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FOREWORD

1. 1o the past two decades MIL-STD-188, a Military Standard covering Military Com-
munication Systermn Technical Standards, bas evolved from one applicable to all mill.ary
communications (MIL-STD-188, MIL-STD-188A, and MIL~STD-188B) to one applicable

to tactical communications only (MIL-STD-188C).

2. In the past decade, the Defense Communications Agency {DCA) has published DCA
Cireulars promulgating standards and criteria applicable to the Defense Communications
System and to the technical support of the National Military Command System (NMCS3).

3. Future standards for all military communications will be published as part of a
MIL-STD-188 series of documents, Military Communication System Technical Standards
will be subdivided into Common Standards (MIL-STD-188-100 series), Tactical Standards
(MIL-STD-188-200 series), and Long Haul Standards (MIL-STD-188~300 series).

4. This document deals with system, subsystem, and equipment standards pertinent to
multichannel communications circuite which traverse both long haul and tactical com-
munications systems. The standards contained herein are common to both systems un-

iegs stated otherwise.

5. Values appearing herein may differ from those previously publiched in MIL-STD-188-
300, based on later data or errats corrections. In case of conflict, MIL-STD-188-100

shall govern.
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1. SCOPE
1.1 Purpose. This document provides common standards (exoept where

atated otherwise) for long haul and tactical communication systems, It specifies electri-
cal channe! and loop characteristios neceasary for the establishment of interconnecting
circuits between long haul and tactical users for voice and data service. Parameters
are provided for nominal 3-kHz and for nominal 4-kHz volce bandwidth circults between
two-wire and four-wire users. Parameters for a nominal 48-kHz FDM group bandwidth
channel are provided for data service between long haul and tactical less maneuverable

users.

1,2 Application, This standard is to be used in the design and inatallation of
new communication facilities for both the long haul and tactical systems. In addition, for
tactical systems, thls standard i8 to be used for the operation of new communication fa-
cilities. These standards are not applicable to commercially leased communications
facilities. In a few cases reference is made to other documents which provide standards
for specific applications, In cases of conflict between this Military Standard and other
long haul or tactical standards documents, the standards berein will prevail,

It i8 not intended that existing systems be immediately converted to comply with the re-
quirements of this Standard. New systems and those undergoing major modification or
rehabilitation must conform to this Standard if economically feasible. Deviations should
only be permitted when there is an overriding necessity and only after the adverse effects
of the deviation on such factors as interoperation, cost training, and logistics have been
considered. The standards shall be adhered to {n development of new equipment and facili-
ties, but care should be exercised that the standards 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 Parameter Values. The parameters contained in
this document are always Communication S8ystem Standards, unless & parameter ls speoifi~
cally identified as a Design Objective (DO).



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

MIL~-STD-188-100
15 Xovember 1972

(BLANK)


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

2,1

2.2

MIL~-8TD-1388-100
15 November 1972

REFERENCED DOCUMENTS
tfioations.
UU-P~-547G Paper, Teletypewriter Raoll,
12 Aprlil 1960
UU~T=-120F Tape, Teletypewriter, Perforator,

31 Ootober 1867

MIL-P-40023D Paper, Teletypewriter, Continuous Flatfold,
9 Beptember 1969

Milt

MIL~STD~188C

MIL~-STD-188-300

MIL-STD-188-310

MIL-STD-188-311

MIL-8TD~188~-315

MIL-STD~188-317

MIL~STD~188~340

MIL~-STD~188-342

MIL~STD-188-344

MIL~-8TD-1280

Military Communicstion System Technical
Standards, 24 November 1969 (to be replaced
by MIL~-8TD-188-200 series)

Standards for Long Haul Communications
System Design Standards Applicable to the
Defense Communications System, 156 July 1871

Military Standard, Subsystem Design and
Exgineering Standards for Teochnioal Control
Facilities, 2 August 1871

Equipment Technical Design Standards for
Multiplexers, 10 December 1971

Subsystem Design/Engineering Standards
for Wire Systems, 30 July 1871

Subsystem Design/Engineering Standards
for Bigh Frequenoy Radio, 30 March 1872

Equipment Technical Design Standards
for Voice Orderwire Multiplex, 21 May 1871

Equipment Technical Design Standards
for Voloe Frequency Telegraph (FSK),
29 February 1972

Modex, Non-Diversity Digital Data,
1200 Bits Per Second, 1 June 1972

Military Standard Keyboard Arrangements,
28 January 1969


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

MIL-STD-188~100
15 November 1972

2.3

2.4

©

Mil} .

MIL~-HDBK~-411 Faollity Design Handbook for Long Haul
(DCS) Power and Environmentxl Control
for Physioal Plant, 21 May 1971

MIL~-HDBK-282 Red/Black Engineering-Installation Guidelines,
14 November 1972

Other Publications,

DCA Circular 330-176-1 Defense Communications Systam (DCS)
Engineering-Instaliation Standards
Manual, 31 July 1963

DCA Circular 370-V185~1 AUTOVON Basic and Special Purpose
Telephone Subscriber Equipment,
1 December 1965

DCA Ciroular 370-D1756~-1 DC8 AUTODIN Interface and Control
Criteria, 20 October 1970

DCA Ciroular 370-V175~86 AUTOVON System Interface Criteria,
1 February 1985

DCA Ciroular 370-8185-9 AUTOS8EVOCOM Network Switching
Plan (U), 1 April 1871

DCA Circular 370-V186-7 Overseas AUTOVON Network Switching
Plan, 31 October 1967

Internatisaal Alphabet No, 2, Ameriosa Version, 24 November 19889,
Internstionsl Alphabet No, 5, CCITT White Book, Volume VIII, 1969.

Feders! Information Prooessing Standard (FIPS) No 1, Code for
Information Interchange, 1 November 1968,

Federal Information Processing Standard (FIPS) No. 2, Perforated
Tape Code for Information Interchange, 1 November 1968,

Federal Information Proceesing Stasdard (FIPS) No. 3, Recorded
Magnetic Tape for Information Interchange (800 CP1, NRZI), 1
November 1968,

Federal Informstion Processing Standard (FIPS) No 7, Implemaentation
of the Code for Information Interchange and Related Media Standards,
7 March 1809,


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

MIL-STD-188~100
15 November 1972

Federal! Information Processing Standard (FTPS) No 14, Hollerith
Punched Card Code, 1 October 1971.

Federal Information Processing Standard (FIPS) No 15, Subsets of the
Standard Code for Information Interchange, 1 October 1971,

Federal Information Processing Standard (FIPS) No. 16, Bit Sequencing
of the Code for Information Interchange in Serial-by-Bit Data Trane-
mission, 1 October 1971.

Federal Information Processing Standard (FIPS) No 17, Character
Structure & Character Parity Sense for Serial-by-Bit Data Communicationa
for Information Interchange, 1 October 1971,

Federal Information Processing Standard (FIPS) No 18, Character
Structure & Character Parity Sense for Parallel-by-Bit Data
Communication in the Code for Information Exchange,

1 October 1971,

Federal Information Processing Standard (FIPS) No 22, Synchronous
Signaling Rates between Data Terminal and Data Communications
Equipment, 1 October 1972,

World Meteorological Organization Publication No 9, Volume C,
December 1970,


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

(BLANK)



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

MIL-STD-168-100
15 November 1872

3. TERMS AND DEFINITIONS

Appendix F oonsists of a set of Terms and Definitions which have been extracted from
Appendix A of MIL-STD-188-300. This appendix is provided as an Interim reference
pending the development of a comprehensive set of terms and definitions applicable to
all facets of communications and electronic technology and practices to be published as

MIL~8TD-188-120,
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4. SYSTEM STANDARDS AND DESIGN OBJECTIVES
4.1 General. This section deals with overall system standards and design

objectives for telecommunications traversing long baul and tactical systems., These
overall system standards include those user-to-user requirements and hypothetical
reference "building blocks' which are essential for developing overall system plans and
subsystem standards. General remarks about the systems and subsystems with which
this document i8 concerned follow., Appendices A and E are provided to explain technical
facts which, in the past, have been found to be confusing. Appendix D oontains informa-
tion on standard measuring procedures. All these appendices apply to appropriate para-
graphs of this section and will not be referenced further,

4.1.1 Distinction Between Long Haul and Tactical Systems. A precise deline-

ation between long haul and tactical communications cannot be clearly stated because
characteristics of each type are sometimes identical. Generally, the long haul system
copsists of fixed or recoverable assets and is described in greater detall in Section 4 of
MI1I~STD-188~300. Tactical systems range from highly maneuverable to less mansuver-
able communications and even some fixed installations used by strategic and tactical
forces for support of mlilitary operations. Tactical communications are currently further
described in Section 3 of MIL-STD-188C (to be replaced by MIL-8TD-188-200 series.)

4.1.2 General Description of Long Haul/Tactical Systems.
4.1.2.1 Types of Traffic, The long baul/tactical military communications cir-

cuits provide communications service in every essential functional area: command and
control, logistice, intelligenoe, weather, and administration. Traffic in the systems
may be In the form of voice, graphics, teletypewriter, and data, and may be transmitted
either as analog or quasi-analog signals, or as digital signals, The systems accept
traffic from and deliver to individual user stations and other systems and subsystems.

4,1,2.2 Network. An eleotrical communication network consists of a number of
user stations equipped with various end instruments intexcomnected by transmlission
facilities, which may be either direct or carried through one or more nodes or centers
where such functions as switching, patching, processing, service superviston, and
technical control may be provided, The transmission system consists of all the trans-
mission circuits between user atations, between user stations and nodes, and between
nodes. It may make use of several means of electrical signaling over metailic or radio
media., Extensive use is made of multiplexing to obtain various numbers of channels by
providing parallel, simultaneous paths of various bamiwidths, or by suocessively assign-
ing the entire bandwidth of & facllity to each of 2 number of channels in rapid time se-
quence to give the effect of parallel continuous channels. Transmisston circults may be
used in a variety of ways, and may be considered with respect to their functions, the
signal modes bandled, kind of multiplexing used, and the type of transmission medium
over which they are provided.

4,1.2.3 Signal Modes. A transmission circuit may be classified by the signal
mode it is designed to handle. Accepted signals may be continuous or discrete signals
(frequently called '"analog’ and “digital" signals respectively). In general, the trans-
mission requirements for these two signal modes vary widely,
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4,1.,2.3.1 Analog Stgnals. Transmission circuits for snalog signals must be able

to tranemit, with scceptable fidelity, signals that may take any value within specified
ranges of amplitude, frequency, and phase. They camnot be provided with signal regener-
ation, since there i8 no physical way to distinguish the desired signal from noise and
distortion at intermediate or recelving points, However, their amplitude may be re~
stored by amplification,

4,1,2,3,2 Digital Signals. Transmission circuits for digital signals are only re-
quired to transmit signals oonstrained to two or more defined and discrete states, For
example, a binary digital link can only handle signals which alternate between two states,
such as marking and spacing, 1 and 0, on and off, etc. The signal which is transmitted
between transitions from one state to another is a "signal element'". In a binary system
a signal element represents ome bit, that {8, either 1 or 0. In & quaternary digital sys-
tem, e.g., a four-phase system, four discrete states may be transmitted; therefore,
each signal element represents two bits; that is, for the firast and second of & pair of ad-
jacent bits in the input, the four avallable signals are assigned values of "1, 1"; "1, 0"';
0, 1'; and "0, 0", Due to the discrete nature of signals, digital clrcuits can be provided
with signal regeneration because, in genersl, the recelving device selects the output
state which most closely corresponds with the signal state received if the signal is above
threshold.

4.1.2.3.3 Quasi-Analog Signals, An analog cirouit can be the medium for the
tranamission aof digital signals if they are converted into a form which meets the spectfi~
cations of an analog circuit, Therefore, a system may be designed to transmit digital
sigonals over an analog cirocuit, by choosing a suitable frequency, modulation principle,
and power level appropriate to the characteristics of the medium providing the analog
cirouit, For axample, physical! wire cirocuits working at audio {requency throughout will
allow almost any modulation principle to be used. Analog clrouits provided over frequen-
cy division multiplexing systems with independent carrier generation may suffer audio
frequency displacement; the modulation scheme for the quaai-analog equipment must
allow for this, Some radio transmission systems suffer multipath effects which may
persist for a number of milliseconds; in such cases, signal element durations longer than
the multipath delays offer one method of coping with the problem and, in turn, this may
require transmission on 2 number of paralle! frequancy channels.

An important consideration in the use of quasi-analog sigoal transmission is that as lomg
as digital signals remain in the quasi~analog form, no full regeneration (retiming and
reshsping) can be performed on them. 8bhould regeneration be required the signal is
usually demodulated and restored to digital form. Also, all the anomalies of the analog
media such as thermal, impulse, and fading-oconnected noise, phase jitter, envelope de-
lay distortion, frequemoy bandwidth reduction, _and level variations, tend to aocumulate
along the cirouit. Over s sufficiently long anpalog otrautt, these effects may cause the
reoelving device to make s large number of errors.

NOTE: Noise impalrments of TDM transmission are oovered
in paragrapb 4.4.3.

4.1.2.4 itiplegting Subgystems. Twanemission links may be provided by mom-
multiplexed or by multiplexed facilities. In gemeral, multipiexed facilities are divided
into frequency division multiplexing and time division maitiplexing. Each method has
distinctive characteristios sffecting the objectives and use of cirouits so derived,

)


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

MIL-STD-188-100
15 November 1972

4.1,2.,4.1 Nonmultiplexed Cirouits. Multipair cables provide parallel pairs for
simultaneous transmission of signals along the route. Thia in often referred to as space

diviston muitiplexing.

4,1.2.4,2 Frequency Division Multiplexing (FDM) Subsystems. FDM is a method
of deriving two or more almultaneous, continuous channels from a transmission m.sdium

connecting two points by asaigning separate portions of the available frequency spectrum
to each of the individual channels. The most extensive exploitation of this principle is
the transmission plant which provides message quality telephone oircults cocupylny ad-
jacent nominal 4-kHz slots in wideband medls, both metallic and radio, and provides an
effective bandwidth from about 300 Hz to 3400 Hz. The prooedures for placing mary
telephone channels in adjacent positions in multiplex basebands extending to 12 MHz and
higher have beoome highly standardized and the practices for utilizing the avallable spec-
trum, which are followed by the North American companies and those recommended by
the CCITT and CCIR, follow similar principles.

Military practice is characterized by extansive use of modular principles. Common
practice is to assemble twelve vwoioe channels by moduldtion processes in the basic group
frequency band 60 kHz to 108 kHz, called "group B" by the CCITT, where they appear as lower
sidebands of twelve carrier frequencies. This group ia the basio building block of iarger
subeystems., Five such groups (60 channels) are assembled by further modulation proo~
eases to adjacent positions (n the basic supergroup frequency band, 312 kHz to 552 kHz.
La.ger subsystems extend this principie by further higher order groupings, such as
mastergroups and supermastergroups, to provide 8 maximum of 2700 voice channels in

a nominal 12-MHz band, and a correspondingly greater number of voice channels in still
wider basebands.

4.1.2.4.3 Time Division Multiplexing (TDM) Subsystsms. TDM is 2 metbod of

deriving two or more apparently simultaneous channels from a given frequency spectrum
of a tranamission mediurn connecting two points by assigning the entire spectrum to the
different channels at different times (usually at regular intervals and by automatic distri-
bution). In general, pulse transmission {8 used in TDM. The multiplexed pulse truin
may be considered to be the interleaved pulse trains of the individual channels. The
individual channel pulses may be modulated in an analog or & digital manner.

Digital information transmitted over the TDM subsystem on an element for element basis
requires that either the contributing individual channels be held in bit synchronism with
the TDM subsystem or that some form of buffering be employed.

4.1.2.5 Anslog to Digital Conversion Technigues.
4.1.2.5.1 Pulse Modulation (Analog or Non-Discrete}. The stream of pulses repre-

senting a given channel may be modulated to carry analog information by changing a se~
lected parameter of each pulse over & continuous range of vaiues within specified limits.
The pulse rate must be adequate to preserve all easential analog information. This is
achieved by using a sampling rate at least twice as high as the highest frequency in the
anslog channel (Nyquist rate). The selected parameter may be pulse amplitude, duration,
or timing. In pulse amplitude modulation (PAM) the amplitude is varied in an analog
manner while the duration and timing are constant; in pulse duration modulation (PDM)
the amplitude and timing remain constant while the duration varies according to the
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sampling information; in pulse position modulation (PPM) the amplitude and duration of
pulses are constant, while the relative time of arrival of each pulse with respect to a
pominal time is varied, Transmissions with analog pulse modulation are not digital;

that is, they cannot be regenerated since the receiver has no way to distinguish the de-
sired signal modulation from the effects of distortion and noise, although the unmodulated
characteristics of pulses can be restored. An analog pulse modulation scheme may han-
die both analog signals and quasi-analog signals, the latter representing digital data.

4.1.2.5.2  Pulse Modujation (Digital or Discrete). With digital pulse modulation, &

salected parameter of each pulse is varied in a discrete manner; that is, esch pulse is
oonstrained to sassume one state out of a set of two or more defined and discrete states,
Such a signal may be regensratad because the receiving device can be designed so that it
is limited to assume a set of output states which correspond to the states of the trans-
mission signal. ¥ poise or distortion, or both, induce the receiver to select an errone-
ous cutput state, the analog causes of the digital error are liquidated; the error is ''clean, '’
Therealore, the noise and distortion do not have cumulative effects az auch; only the errors
add up. The same parameters used ln analog pulse modulation may also be used for
digital modulation, The amplitude may be varied in steps (this includes reversal in
polarity or phase), the durstion may be varied in stepe.or the pulse position may be
discretely varied. In radio systems, pulses are represented by groups of carrier fre-
quency osoclllations; in metallic systems, either oarrier or "direct current”" pulses may

be used.

Amalog information may be tranamitted over a digital subsystem if it is first placed in
digital form. This requires that the analog values be quantized and in some cases coded.
In pulse code modulation (PCM) the designation of the quantum level is generally ex-
pressed (n binary ocode. Sibce the stairstep nature of a quantized signal preveats it from
perfectly represesting & smooth wave, quantizing error or distortion is produced. This
is minimised by adopting a relatively large number of quantizing levels. Differential
PCM and delta modulation operate on similar principles exoept that the digital code trans-
mitted is based on the change from the preceding sampiing time rather than the total
amplitude value.

NOTE: Parameters for differential PCM and for delta modu-
lation are not included in this document since standards for
these digital modulation sechemes have not yet been established.

Speech transmitted in coded digital form does not suffer directly from analog noise and
distortion of the transmission mediurn. The errors In the received oode will have a
random noise effect on the recovered speech, as opposed to the progressive analog
degradation tn bandwidth and speech-to-noise ratic which ooocure in very long analog
olrouits. In addition, iose of synchronization, drop-outs, and similar signal disoontinui-
ties in PCM transmission can cause a distinot clicking noise at the telephone receiver.

4.1.2.¢ Transmission Media. The transmission facllities for links may be pro-
vided by metallic lines or radio. The latter may be divided into relatively stable media
such as millimeter and microwave line of sight (LOS) and satellites, varying media such
as tropospheric soatter, and those media subject to wide and often prolonged variations,

such as high frequency (HF) radio subsystems.
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4.1,2.6.1 Metallic Lines. The term metallic lines includes all facilities obtained
by use of twisted pair cable, multipair cable, coaxial cable, and waveguldes. Charac-~
teristios of these lines which affect the parameters of transmission systems designed to
operats over them include sttenuation, noise, and mutual coupling. Attenuation increases
continuously and smoothly with increase of frequency and |8 also sensitive to temperature,
Noise on metallic lines can be induced by electric power systems and croastalk frox other
similar parallel circuits, the latter tending to rise with volume of traffic. Impulse nolse
may also be introduced by natural static, transients from signaling cirouits, and switch-
ing transients from power systems. In some areas, electric rallways, local rail serv-
ices, and radar equipment may introduce nolse. In the case of baseband dc digital trans-
mission over metallic circuits, the cable shunt capacitance is the principal factor which
determines the upper bound of the data signaling rate. In the case of quasi-analog data
transmission via FDM subsystems, the insertion loss versus frequency characteristic,
envelope delay distortion, and noise are the limiting factors of the modulation rate.

4.1.2,6,2 Radio Relay Subsystems. The term radio relay is generally applied to
radio subsystems which are suitable for the application of either FDM or TDM and which
operate in radio frequency bands where transmission, while varying continually within
a restricted range, is relatively stable. The radio spectrum classlfied as VHF, UHF,
and SHF is currently exploited by radic reiay subsyatems of various types. The channel
capacity of these subsystems varies from about twelve to bundreds of channels. TkLe
lcrzzly defined term "microwave' is also commonly applied to such subsystems.

Although several types of radio propagation may be present at the same time over a
given section, radlio paths for radio reiay subsystems generally may be classified as
line of sight, forward scatter, and satellite relay. In general, an important character-
istic of radio relay subsystems is the use of highly directional antennsa configurations,
which may allow extensive duplication of radio frequency channel assignments in a rela-
tively smull geographicai srea.

4.1.2.6.3 High Frequency (HF) Radio Subsysiems. Radio subsystems using
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. Offsetting this handicap is their range, made posaible by the reflec~
tion or refraction properties of the ionosphere, when frequencies appropriate to the time
of day, season, and distance are chosen, The range of such HF subsystems makes them
useful for maintaining contact with tactical forces with wide operating radil, although
such circuits are frequently of low performance. Due to the congested spectrum condi-
tions, telepbhone channels are limited to 2 3~-kHz maxtmum audio input, and single side~
band and independent sideband techniques are widely used for spectrum efficiency.

4.1.2.6.4 Radio Subsystems Below HF. Radio subsystems using waves classified
as MF, LF, VLF, ILF, and ELF have propagation characteristice which are relatively
stable and which may cover long distances. They are used for special purposes such
as reaching mobile and fixed elements capable of beilng located anywhere in the world.
Standards for radio subsystems below HF are not included in this document.

4.1.2.7 Basic Communication Syastem Characteristics. The basic long haul/
tactical communication system shall provide analog and digital service to the long baul
apd tactical users. The basic communication system configuration (Figure 4.1-1a)
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Figure 4. 1-1. Basic Communication System Configurations
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consists of a long haul user and a tactical user which are interconnected by a trans-
misgion circuit transversing 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 devioce (8ee para-
graph 6.7) or a digital device (see paragraph 5.8). The transmission circuit may oonsist
of a long haul circuit and a tactical circuit with an interface at a technical control fa/ ility,
The basic communication system configurations are represented by Figure 4.1-1. Figure
4.1-~1b shows two analog end instruments interconnected by an analog transmission cir-
cuit. Figure 4.1-1c shows two analog end instruments interconnected by a digital trans-
mission circuit through the use of "analog~to-digital'" and 'digital-to~-analog' communica-
tion equipment (see subparagraph 4.1.2.5). Figure 4,1-1d shows two digital end instru-
ments interconnected by a digital transmission circuit (8ee subpzragraph 4.1,2 . 4.3).
Figure 4.1-1e shows two digital end nstruments Interconnected by an analog or digital
transmisslon circuit through the use of data communication equipment, The data
communication equipment is required to interface the digital end Instruments with the
transmission circuit (see subparagraph4.1. 2 4, 3), Where:tisdesiredto interface with

an analog circuit, the data communication equipment converts the binary dc signsls into

a quasi-analog signal (see subparagraph 4.1.2,3,3)., The basic system configuratioas as
represented by Figure 4.1-1 are not itnclusive of all possible user~transmisasion clrcuit
variations. However, these system configurations are considered as basic system
layouts,

In paragraph 4.1.1, a distinction is made between tactice! and long haul communications.
Long haul communications are characterized by the global distances traversed; hance,
the allocation of electrical characteristics for the different links and sections must in-
herently be more stringent than those for the relatively short distances traversed by
tactical communications. This i8 valid for any analog FDM or analog/digital (FDM/TDM)
transmisslon subsystem. The requirements for some tactical communication systems
are not only different from those for long haul communications but a further distinetion
must be made between highly maneuverable and less mansuverahble tactical system con-
figurations. In & tactical highly maneuverahle system the maximum nominal distance
over which switched communication ts required has been taken as 300 kllometers (km)

or 167 nautical miles (nml); the transmission performance of a hypothetical reference
system for such a distance will be published in MIL-STD~188-200 series, When & FDM
circuit of a tactical highly maneuverable system is connected in tandem with a long haul
circuit nominally 22, 000 km (12, 000 nmi) long, then the length of the tactical eirocult is
limited to keep the total circuit noise, user~to-user, at an acceptable level (see Figure
4.7-3, page 103). Examples of hypothetical common long haul/tactical highly maneaver-
able reference circuits with performance parameters arc given in paragraph 4.7, The
tactical less maneuverable system would be expected to meet much longer distance require-
ments than the tactical highly maneuverable system. In atactical less maneuverable tystem
the maximum nominal distance over which switched communication is required has seen
taken as 1850 km (1000 nmi); the transmission performance of & hypothetical reference
system for such a diastance will be published in MIL-STD~188-200 series. Examples of
hypothetical tactical less maneuverable reference circuits for nominally 1850 km

(1000 nmi) connected in tamdem with hypothetical long baul refersmce clroults are given

in paragraph 4.7.
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4.2 Parameters for Analog Servioce.
4.2.1 General. The following subparagraphs 4.2.2.1 through 4,2.3.8 deal

with standards and design objectives for votce (subparagraph 4.2.2) and facsimile
(subparagraph 4.2, 3) transmission over voice bandwidth circuits on a user-to-user
basis between the line terminals of the end instruments of a common long haul/tactical
circuit, These standards and design objectives are expressed in the form of technical
parameters, such as received noise power or transmitted bandwidth, which shall be
achieved on all common long haul/tactical voice circuits regardless of user-to-user
distances of up to approximately 22, 000 km (12, 000 nmi), tranamission media, and
multiplexing scheme used (FDM, TDM, or a mix of FDM and TDM). Part of these

- parameters are stated as design objectives rather than as standards due to a lack of
measured and verified data avallable at the present time or due to a lack of general
consensus in the interpretation of the data,

4.2.2 Parameters for Voice Servioe.
4.3.2.1 Transmitted Speech Volume. The talker volume distribution at the line

terminals of a telephone set has been found to approximate a normal or Gaussian distri-
bution when expressed in Volume Units (VU). Based on the talker volume distribution,
the transmitted mean speech volume of a two-wire as well as a four-wire telephone set
used in either a long haul or tactical system is assumed to be -10 VU with a standard

deviation (sigma) of 6 VU.

4.2,2.2 Recelved Speech Volume. Subjective tests indicate that received speech
volume at the line terminals of the listener telephone set from =21.56 VU to =33.5 VU
results in satisfactory service, The mean received speech volume at the line terminals
of the listener telephone set should be nominally —28 VU. Table 4.2-1 shows the re-
lationship between received speech volume and the peroentage of calls rated good or
better when the associatad noise level 18 acoeptably low.

Table 4.2-1. Subjective Ratings of Received S8peech Volume

Received Speech Percentage of Calls
Volume vU Rated Good or Better

Maximum -21.5 95

Mean -28.0 100

Mintmuom -38.5 96

NOTE: The mean recelved apsech volume of ~28 VU and the
values given Lr Table 4.2-1 are based ok pubjective tests made
with a commercial type of telephone in a typical office environ-
ment. Subjective ratings for military telephones tn a field
environment are not avallahle at the present time. Experienoce
has shown that mean received speech volumes in a tactical fisld
environment have to be higher than —-28 VU for satiafactory
service due to a generally higher beckground nolse level and to
higher received noise power,
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4.2.2.3 Received Noise Power. With a mean received speech volume of —28 VU
the value of noise power for acceptable service has been set at 44 dBrnoc (DO: 38 dBrno)
at the line terminals of the listener telephone set (8ee Figure 4,2-1). This is the total
noise contribution from all sources.

4.2.2.4 ;_hsertton _loss Versus Frequancy Characteristic. The insertion loss
versus frequency characteristic referenced to 1000 Hz, over the frequency bandwidta
from 400 Hzto 2800 Hz, shall be within the limits of —8 dB to +20 dB, except over the
frequency bandwidth from 600 Hz to 2400 Hz it shall be within the limits of =7 dB to

+12 dB. The insertion loss below 400 Hz and above 2800 Hz shall be equal to or gredter
than =8 dB. Loss is indicated by a (+) and gain by a (~) gign (see Figure 4,.2-2), Ip-
sertion loss versus frequency charaocteristic for data servioe L8 given in subparagraphs
4.3.2,5 and 4.83.3.5.

4.2.2.5 Envelope Delay Distortlon. No standard or design objective is given for
envelope delay distortion with regard to voice service since the human ear is not sensi-
tive to this type of distortion. However, delay distortion plays a significant role in data
transmission through audio channels. Envelope delay distortion for data servioce is given
in subparagraphs 4.3.2.6 and 4.3.3. 6.

4.2,2,8 Single Tope Interference. No interfering tome of a single frequency shall
exceed 30 dBrnc (DO: 24 dBrnc), measured at the line terminala of the listener telephome

sel.

4.2.2.7 Crosstalk. Subjective listener tests have indicated that intelligible
crosstalk {8 more disturbing than unintelligible crosstalk of the same level, Thereafore,

a distinction is made between intelligible and unintelligible crosstalk even if no objectiva
measurement technique exists to separate these two croastalk components. Unintelligible
crosstalkis considered noise for which the acoepted value is stated in subparagraph 4.2.2.83.
Both the near end and far end intelligihle orosstalk shall each be at lesst 56 dB below
signal level in the frequency band transmitted.

4.2.2.8 Echo. In a telephone connection, user-to-user, which is completely
4~-wire, including the telephone sets but excluding any side-tone cirouits, electrical echo
need not be considered. However, if there are 2-wire sections or alemants at either or
both ends of the connection, echo will exist. This ts due to lack of perfect electrical
balance between the impedanoes of the "line" and "balancing network" olrouits associated
with the hybrid circuits at the points where the 2-wire and 4-wire cirouits join. While
both parties may hear echoes, the talker!s themore disturbed by them, so that talker
echo considerations govern overall olrcuit design, Figure 4,2-3 shows the results of
subjective tests giving the relationship between echo magnitude and delay. All points
above the curve represent combinations of echo puth loss and delay considered scoeptable
to 99 percent or more of all the talkers, Any point corresponding to a specific value of
round trip ecbo loss and a specified value of round trip delay time of any oomnection shall
fall on or above the curve of Figure 4.2-3,

NOTE: No standard or design objective for round trip echo
lose over olrcuits traversing satsllite systems can be pro-
vided at the present time. An objective of 30 dB is used by
commercial carriers,
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4.2.2.9 Frequency Displacement. No standard or design objective is given for
speech since the frequency displacement generally encountered over voice-grade circuits
has a negligible effect on intelligibllity. Frequency displacement for data service is

specified in subparagraph 4.3 2 11.

4.2.2.10 Net Loss Variation. The net loas variation between users shall not
exceed +5 dB over any 30 congsecutive days, Net loss varisation for data service is the
same,

4.2,8 Parameters for Facsimile Service.
4.2.3.1 Transmitted Signal Power., The facsimile transmitter output level corre-

sponding to a high signal contrast sball be adjustable from ~10 dBm to +10 dBm, Con-
sidering the loop loss, the transmit leve! shall be =13 dBm at a 0TLP (-13 dBmO) of the
long haul or the tactical less maneuverable system and —10 dBm at & —4 TLP of the tacti-

cal highly maneuverable system.

4,.2.3.2 Recelved Signal Power. The facsimile receiver input level corresponding
to a high signal contrast shall range from —9 dBm to —36 dBm. The average recsived
level should be approximately —20 dBm. The exact value of the received level depends

on the insertion loss of the loop.

4.7.2.3 Received Nolse Power. The value of noise power for acceptable service
has been set at 44 dBrnc (DO: 38 dBroc) at the line terminals of the facaimile receiver.
This is the total noise contribution from all sources.

4.2.3.4 Insertion Loss Versus Irequency Characteristic, Same as sub-
paragrapb 4.2.2.4,

4.2.3.5 Envelope Delay Distortion. No standard or deslign objective Is given for
envelope delay distortion with regard to voice service on a user-to-user basis. However,
delay distortion may play a significant role for analog facsimile transmission and digital
transmission requiring the use of data grade circuits. The envelope delay distortion for
these data grade circuits are given in subparagraphs 4.3.2,6 and 4,3,3.6,

4.2.3.6 Single Tone Interference. No interfering tone of a single frequency shall
exceed 30 dBrnc (DO: 24 dBrnc), measured at the line terminals of the facsimile receiver,

4,2.3.7 Frequency Displacement. No standard or design objectlve is given for
analog facsimile service since the frequency displacement generally encountered over
voice grade circuits has a negligible affect on analog facsimile quality.

4.2.3.8 Net Loss Variation, The net loas variation between user end instruments
shall not exceed 15 dB over any 30 conseccutive days,

4.3 Parameters for Data Service.

4.3.1 General Digital Parameters., The followlng subparagraphs 4.3.1.1

through 4. 3.3.12 deal with standards and design objectives for single channel and multi-
channel clrcuits which provide for transmission of binary dc signals between end lngstru-
ments, These standards and design objectives are expressed in the form of technical
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parameters, which aball be schievad on all common iong baul/tactical data grade ciroults
regardless of user-to-user distances of p W approximately 22, 000 km (12, 000 nml),
transmission medis, ami rauliipiexing schome used ‘'FDOM, TDM, or a mix of FDM and
TDM). Part of these paraineier: sre stuted wa Jesign objentives rather than as standards
due to a lack of measured ana verts ec dair. eoaileiie al whe pragent time or due to a lack

s

of general consensus in the uivsiocetation of o dats,

Data transmission is usually accomplished by converting the biloary dc signal into a quasi-
analog form for transmission over channels which a~e not capable of transmitting signals
in dc digital form, Characteristics of a number of conversion devices (modems) are
standardized Lo order t¢ accommodate the variety of data to be transmitted over the differ-
ent types of tranamission mediz ave{lable. The guasi-anaing signal does not have to be in
binary form sinoe multi-level (m-ary) modulation schemes also are being utllized for
oonverting the binary dc signal into a quasi-aralog form. For wire and cable transmis-
sion media, signals may be transmitted {n dc digital form without conversion to quasi-
analog form over relatively short distances,

The data signaling rate shall be expressed in bits per second (b/8): the modulation rate

shall be expreesed In Baud (Bd). Duta signaling rates in b/s and moduletion rates ln Bd
are the same {f, and only If, all pulses are the same length, all pulses occupy the com-
plete unit interval, and binary (rather than m-srvi signaling (8 used,

(a) Binary Synchronous Serial Systews, ln euch fystems, the sigoal at
the standard digital tnterface i{s serial and lsochronous, i.e., it i8 a two-state gignal,
with all signal elements nominally equa! to the unit interval, or multiple thereof. In this
oase the modulation rate in Bd and the information rate to b/8 are numerically equal and
elther term 18 correct for a binary isochronous signal.

(b) i~Analog S 5. A moder: generntes quasi-analog signals suft-
ahle for the analog otrcuit, # the guasi~anaiog signais sre bupary in a synchronous sys-
tem, the nominai time structure of the de digital signal is not affected by the modem, and
the rate of the quasi-enalog 8ignal rnuy de expressed in either Bd or b/s. But, in more
sophistioated systems, this is generally not true. For instance, 8 4-phase modem
handling 2400 b/s at the standard digital interface cmits a line signal modulated at
1200 Bd. The modulation rate in Bds should be ured at the gquasi-analog side of the modem
and at the transmission equipment o2& & more .ceepingful term, Parenthetical additions
should be used with the modulation rate where this will belp clarify the text, e.g.,

2400 Bds (binary), 1200 Bds (4 level)},

(c) Start-Stop Svsiems, I» ”irvt snap operation, the atop element may
pot be a multiple of the unft intera! ar x 7 17 wel -pev-rhaTaecte~ interval), Also, the
interval between characters in direct keyhoar:' speration 18 pot necessarily a multiple of
the unit interval, To express the 'instantaneous’ modulation rate at which signal ele-
ments are transmitted during a charncter interval {end the required bandwidth is pro-
portional to this), it iB necesra:-v t~ use the unit B2 In geperal, the modulation rate in
Bd Is greater than the informatine ~ade nh/s ¢+ g . ASUL (sever information bits

plus opbe parity bit plus one mtav: " an e @oop Y nay character interval) requires a
moduletion rate of 200 Bds 1o trudist ol b v d il s a i ok
NOTL: o e sxangie w0 s i has teer included as

user informasion
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4,3.1.1 Modulation and Data Signaling Rates. The modulation rates (expressed
tn Bd) and the data signaling rates (expressed in b/8) at the standard interface (Figure
4.3~-1) shall be as follows:

8) 20 x 2”™ Bds or b/s
(b) 50.0 Bde or b/e

(c) 75 x 2™ Bds or b/s, up to and including 9600 Bds or b/s, where m
is n positive integer 0, 1, 2, ... . 7.

(d) The modulation rates (expressed in Bds) and the data signaling rr *~a
(expressed in b/s) above 9600 Bds or b/s are based on 8000 x N and shall be as
follows:

Recognized Rates

Standard Rates Based on Current Inventory
16 kBds or kb/s 50 kBds or kb/s*
32 kBds or kb/s 288 kBds or kb/s
48 kBds or kb/s** 576 kBds or kb/s
56 kBds or kb/s 1152 kBds or kb/s
64 kBds or kb/s 1536 kBds or kb/s
1344 kBds or kb/s 2048 kBds or kb/s
1544 kBds or kb/s 2304 kBds or kb/e

6312 kBde or kb/s***
6336 kBds or kb/p***

*This rate i8 not based on 8000 x N.

«»48 kBds or kb/s is an internationally preferred rate for information transfer over
48 kHz group bandwidth channels, It is also reocognized as a current military rate for
TDM/PCM transmission.

*»*The selection of this rate will depend on CCITT recommendations.
NOTE: For the transmission over nominal 3-kHz and nominal

4-kHz channels, only the interface rates specified under (a), (),
and (c) shall apply.
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DATA TERMINAL —emlee———— DATA TRANSMISSION CIRCUIT —————e—l——DATA TERMINAL
| (Digital or Anolog) |

% % 1 TRANSMISSION s 1y %
DCE DTE
bTE l’ bcE CIRCUIT ‘T
STANDARD INTERFACE STANDARD INTERFACE
(Digitot or Quasi-Anoiog) { Digligt or Quasi-Anclog)
LEGEAD

DTE - Dota Termino! Equipmant
DCE - Dato Communitotion Equipment

NOTE - Modulation and Data Signoling Rotes ot the Standerd intertacs ore Specifled
In Poragreph 4.3.1.1
# Moy include Modems, E7ror Control Devices, Comtrol Units | and Other
Equipmeni os required.

Figure 4, 3-1, Standard Interface Between Data Terminal Equipment
and Data Communication Equipment

4.3.1.2 Application of Federai Information Processing Standards (FIPS).

Federal Information Processing Standards Publications (FIPS PUBS) listed in Section 2
(Referenced Documents) are the official publications within the Federal Government for
information relating to standards adopted and promulgated under provisions of Public
Law 85-306 and Bureau of the Budget Circular A-86, titled: Standardization of Dats
Elements and Codee in Data Systema. This series of publications anpounces the adoption
of standards, provides pokicy, snd administrative guidance information for their effective
implementation and ut{lizatior,

FIPS PUB 1 specffies the standard code for information toterchange that will be used In
those networks of the Federal Government whose primary function is the transmission
of record communications or the tranamission of data reiated to information processing

(see Appemdix B).

FIPS PUB 7 (Supplement to FIPS PUBS 1, £, and 3) prescribes the means of implementing
the code in media, such as perforuted tape, magnetic tape, and punched cards, Other
standards which deal with the use of the Standard nde for nformation Interchange such
as FIPS PUB 16, Subsets of the Standsrd Code for Information Interchange; FIPS PUB 16,
Bit Sequenocing of the Code for IMfaormatior Interchange in Serial-By-Bit Data Transmis-
slon; and FIPS PUB 17, Character Structure and Character Purity Sense for Serial-By~
Bit Data Communication in the Code for Information Interchange, are presented in

Apperdix B,

4.3.1.2.1 Standard Code for Information Interchange. The standard code specified
i» FIPS PUB 1 shall be used for the represenistion of cherscter coded information in
information Interchange and {[)es vasd ‘n dats processing, communications, and related
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equipments by the Departments and Agencies of the Department of Defense. Imple-
mentation of the code for information interchange and related media standards sbhall be
applied in accordance with FIPS PUB 7. (Detalls concerning the applicability and use of
these standards are provided in Appendix B.)

4,3,1,2.2 Interim Codes and Alphabets. Supplementary codes and alphabets are
currently in use and will be used for an indeterminate period. In such cases the Inter-
national Telegraph Alphabet No. 2 (ITA No. 2), American version, shall be considered
first in meeting the requirements of users where a changeover to the standard code is

not advisable or feasible (8ee Figure 14 of Appendix B),

4.3.1.3 Low Level Digital Interfaces.
4.3.1.3.1 General, The low level digital (ntertace has two basic configurations,

one unbalanced and the other balanced. Both are required. The balanced digital interface
allows for longer cable transamission distances than the unbalanced interface. The bal-
anced Interface also reduces interference from ground potemtial differences between
source (driver) and sink (terminator), The use of a balanced cable produces a lower
level of "near end" crosstalk in the metallic cable plant without a requirement for
significant shaping at the source,

In the past, use of low-level balanced dc transmission was not popular due primarfly to
the wnavailability of low~cost solid-state devices for converting unbalanced dc signaly to
baianced dc signals, With the increased avallability of these devices it i8 likely that the
balanced dc interface will experience greater usage. The most likely immediate wide-
spread application of balanced interconnections is between the main or intermediate
distribution frame and the cable pairs to the distant frame.

In general, however, the unbalanced interface will still result in lower system cost since
two fllters, two wires, two jack springs, two cross connects, etc., are required for the
balanced interconnections whereas unbalanced interconnections require only one of these
(8see respective paragraph of MIL~-STD-188-300).

Technology in 1972 permits the manufacture of lntegrated' cirouits which will switch up to
approximately 10 megabaud. Under conditions where the length of the tranamission line
approaches zero, both the balanced and unbalanced interface will, therefore, tunction up

to about 10 megabaud.

4,3.1.3.2 Applicability. The following cbaracteristics sball be applicable to signal,
clock, and control circuits for all digital dc communications where a binary interface
appears. The interface standard applies to teletypewriters, data terminals, the de side
of signal conversion (modem) equipment, both terminal and line side of cryptographic

or cryptographic control equipment, and remotely operated equipment where the inter-
face is at the dc baseband (Bee Figure 4.3-2). These standard interfaces are appllicable
at all data rates regardless of the type of transmission medium used, e.g., & nominal
4-kHz channe], a nominal 48~kHz channel, or a metallic wire or coaxial cable circuit,
These interface standards are design objectives for alarm and control circuits which

are not directly related to the data or timing,
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DRIVER \ | TERMINATOR(S)
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interface
b. Bolonced Low Level intertace

Open Circuit Driver Volloge

Total Effective Driver Resistonce

Total Effective Driver Capacitance {including Weve Shaper)
Driver Output Voitoge, Looded

Terminotor laput Volioge

Cable Terminator Resistonce

Effective Impedance of Each Terminator
Jotol Terminator impedance

Total Line Driver Current

Provided for Noise ond Current Protection
If Required {See Poragraph 4.3.1.3.4.7)

Figure 4.3-2. Low Level Digital Intarfaces
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These standard interfaces shall apply to all equipment other than an equipment complex
connected so a8 to form a completely functional unit and which does pot normally have its
internal stages or componenta connected directly into the communications network.
Where this type of equipment complex interfaces with the transmiseion media, it shall

observe the standard,

The choice of the standard interface, either balanoed or unbalanced, is left to the deuigner
and depends upon the data rate, the distance between driver and terminator(s) and oth.er
factors. For certaln applications the unbalanced driver can be connected to the balanced
terminator and the balanced driver can be conneoted to the unbalanced terminator.

4.3.1.3.3 Ugpbaianced Low Level Digital Interface. An equivalent cirouit of the
unbalanced low level digital interface le illustrated in Figure 4.3-2a. This interface is
represented between a driver and one or more terminators, including ap interconneciing
cable. The driver is represented by parameters Vo, Ry, Co, and V4. The terminator
is represented by parameters Vi and Z1 . The cable parameters {Resistance (R),
Inductance (L), Capacitance (C), and length} are not standardized but will be determined

by application engineering.

4.3.1.3.3.1 Driver Output Resistance (Rg). The total effective driver output res.st-
ance (Ro) shall not exceed 50 chms Including the shaping network for driver line current
(I with magnitude less than or equal to 0.01 amperes (10 milliamperes). The maximum
shor cirouit current delivered to the interface shall not exceed 0.1 amperes,

NOTE: The purpose of the current of 10 milllamperes is
to permit the interface with mercury-wetted mechanical
relays on low-to-high level digital cirouits,

4.3,1.3.3.2 Driver Output Capacitance (Co). The total effective driver output capact-
tance includes tbe internal driver capacitance and apy capacitance required to meet wave
ghape requirements (see subparagraph4.3.1.3. 3 5,., Thevalueof Cois not standardized
but must be considered with respect to the ability of the driver to meet the output voltage
and wave form requirements.

4.3.1.3.3.3 Driver Output Voltage, Open Cirecuit (Vg). The open circuit driver
voltage (Vo) measured at the unloaded driver output terminals shall be positive or nega-~

tive 6 1 volts,

4.3,1.3.3.4 Driver Qutput Voltage, Loaded (V4). The londed driver output voltage
(V4) measured at the output terminals sball be positive or pegative 6 +1 volts when
terminated in a 6000 ohm =10 percent resistive load. The difference in magnitude be-
tween the marking and spacing voltages shall be such that the larger voltage magnituce
is within 10 percent of the smaller,

4.3,1.3.3.5  Driver Qutput Voltage Wave Shape. The voltage wave shape delivered

to a 6000 ohm resistive load shall be such that the rise and fall time (defined a8 the time
required for the pulse to go from 10 percent to 90 percent and from 90 percent to 10 per~
cent of ita peak-to-peak value, respectively) shall each be within 5 percent to 15 percent
of the unit interval at the applicable data signaling rate. Transitions in both directions
shall be reasonably equal within the 1imits specified above and be equally affected by
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shunt capacitance across the output. Properly shaped wave torms shall exhibit smooth
exponential curves and contain no points of inflection prior to obtaining maximum ampli-
tudes (8ee Figure 4.3-3). For those devioes which operate at one specific rate, the

wave shaping network shall be selecter to meet the 5 percent to 16 percent requirements
for that rate. For those devices which may be manually or automaszically shifted to differ-
ent modulation rates, the required wave shaping shall be accomplished at least at the
highest modulation rate. The wave shape shall be measured at the output terminals of

the wave ahaper or the output terminals of the driver if wave shaping is provided inter-
nally., N wave shaping is accomplished externally, interconnecting leads between the
driver and wave shaping unit shall not exoeed 8 inches in length to minimize near ead

cross - UNIT INTERVAL
a } A
T FALL TISE
[} 1
+V, -r._._ _— I:.y.’{o.ODA. i,
{
0.9€—
€
oME— _ ' miSE T
0.054, Min.
v, __| L""“{o. 184, Ve

Rise Time, R, ond Fail Time, F, (0% 1o 90% ene S0% 10 I0% of Fess~ to- Pesk Velteps £
Fespactively) 3ho!l de within 3% 10 B84 of the Unit intervoi, A, of the Applicaiile Meduistion

Rete. The Mopnitude of v <E/2

Figure 4,3-2. Driver Output Voltage for Unbalanced
Low Level Digital Interface

4.3.1.3.3,6 Terminator Input Impedance 1Z1,N)- The resistive component of each
terminator input impedance (2| ,;) shall be between 47, 000 ohms and 68, 000 ohms. The
reactive component is not standardized but should not be inductive, Multiple terminators
are permitted providing that the comblned parallel resistance (Z1,) does not become less
than 6000 ohms as presented to the driver, This may include the cable resistance (R).

4,3.1.3,3.7 Cable Termlmtlog_f_!g_s_lsm.nce_[&). N¢ cable termination resistance is
required or specified.

4,3.1.3.3.8 Terminator Voltages.

4.3.1.3,3.8.1 Input Semsltivity (Sy). A marking voltage magnitude of 0.6 volts or less
shall cause the terminator to rasume the mark g (ONE) muate correctly; a spacing voltage
magnitude of 0.5 volts or iess shali cause the Wrmwmator i assume the spacing (ZERO)

state correctly (see Figure 4,34,
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4.3.1.3.3.8.2 QOperation, Thc terminator shall operate correctly up to a maximum
voltage magnitude of 7 volts,

4.3.1.3.3.9 Protection. Interface circuit protection shall be provided so that any driver
or terminator shall not be damaged by occurrence of any of the following contingencies:

(8) Voltage magnitudes of 25 volts on the terminator leads,

(b) Shorting of the input or output leads to ground or to each other.

(c) Crossing of the leads with any other physical leads of the interface.

(d) Opening of either or both of the input or output leads.

(e) Whepnever the driver or terminator is connected by a metallic oircuit
directly to pairs of an outside cable plant, additional protective circuitry shall be provided
to protect the driver and terminator against the spurious voltage transients and power
surges commonly experienced acrose a cable pair or between elther conductor of a cable
pair and ground. The protective circuitry shall be adequate to ensure that the driver or
terminator will not be damaged by the appearance across the cable pair or between either
conductor and ground, of (1) a voltage tranalent of up to 1000 volts peak voltage with a
S microsecond rise time and decaying to 50 percent of peak voltage Ln 600 microseconds,
(2) a voltage transient of up to 350 volts peak with a 10 microsecond rise time and decay-
ing to 50 percent of peak voltage in 2000 microseconds.

4.3.1.3.4 Balanced Low Level Digital Interface. An equilvalent clrouit of the

balanced low level digital Interface is illustrated in Figure 4.3-2b. This interface is
represented between & driver and one or more terminators, including an interconnecting
cable. The driver is represented by parameters V, Ry, Rg, and V4. The terminator’
is represented by parameters Vi, Ry, R, and Zy )y The cable parameters [Resistance
(R), Inductance (L), Capacitance (C), a.n% length)] are not standardized but will be deter-
mined by application engineering.

NOTE: Some of the parameters of the balanced low level digital
interface may be subject to modification pending final coordination
of a proposed Federal Information Processing Standard (FIPS)
which will supersede the standarde given in this paragraph., There-
fore, before standards of this paragrapb are used, the status of the
pending FIPS should be checked.

4.3.1.3,4.1 Driver Output Resistance (R,). The total effective driver output resist-
ance (R,) sball be 100 ohms +50 percent balanced to ground for driver line currents (Iy )
with magnitudes less than or equal to 0,15 amperee. The resistance balance to ground
shall be within 10 percent, The maximum short circuit current delivered to the inter-
face shall not exceed 0, 25 amperes,

4.3.1.3.4.2 Driver Output Capacitance (C_,). The tota] effective driver output capaci-
tance 18 not standardized,

4,3.1.3.4.8 Driver Output Voltage, Open Circuit (V,). Not standardized,

4.3.1.3.4.4 Driver Output Voltage, Loaded (V4). The loaded driver output voltage (‘Vd)
shall be positive or negalive 0. § wolts to 6. 0 volis peak-to-peak across the terminals and
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b.lanced to ground (+0. 4 volts to +3, 0 volts, when measured from either terminal to ground).
Fur measuring the loaded driver output voltage (V ), the driver output shall be terminated in
a balanced 100 ohm :10 percent resistive load. The voltage balance to ground shall be within
10 percent. The difference In magnitude between the marking and spacing voltages shall be
such 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 shape
;8 not standardized. Wave shaping is not required.

1.3.1,3.4.6 Terminatcr Input Impedunce (Zyy). The resietive component of eacn
srminator input impedance (Z 1)) shall be greater than 5000 ohms., The reactive com.~
onent is not standardized but should not be inductive, Multiple terminators are per-
mitted providing that the combined paraliel resistance (Z7) does not become less than
500 ohms as presented to the driver, This may include the cable resistance (R).

4.3.1,3.4.7 Cable Termination Resistance (R;). The cable termination resistance
(Ry), if required, shall be 100 ohme+10 percent center tapped through a 125 ohms +10
percent resistor (Rg) to ground. Resistance balance to ground shall be within 10 percent,

4.3,1.8.4.8 Terminator Voltages,

4.3.1 2,4.81 Input Sensitivity (S;). A marking voltage magnitude of 0. 06 volts or luss
shall cause the terminator to assume the marking (ONE) state correctly; a spacing voliage
magnitude of 0, 05 volts or less shall cause the terminator to assume the spacing (ZERO)
state correctly (see Figure 4. 3-4),

4.3.1.3.4,8.2 Operation, The terminator shall operate correctly up to a maximum
voltage magnitude of 6 volts (3 volts when measured from either terminsal 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 driver conpected to a termi-
nator shall operate without error in the presence of longitudinal noise or dc common
return potential differences (common return offset) as follows:

{(a) With =2 volts (peak) noise present longitudinally, i.e., algebraically
added to both terminator input terminals simultaneously with respect to the common retur:.; oT

(b) With +4 volts common return offset;

(¢) If common return offset and longitudinal noise are present simultune-
ously, satisfactory operation shall be achieved when:

Common ret;rn offeet, longitudinal noise (peak) = 2 volts ‘or less,
4.3.1.4 High Level Digital Interface. This paragraph describes the high level
interface usedin some existing facilities. THE FOLLOWING SUBPARAGRAPHS,
4.3.1.4.1 THROUGH 4.8.1.4.6, DESCRIBING THE HIGH LEVEL INTERFACE HAVE
BEEN EXTRACTED FROM MIL-STD-1688C FOR INFORMATION PURPOSES ONLY, THIS
INFORMATION IS NOT TO BE USED AS STANDARD FOR THE DESIGN OF NEW EQUIP-
MENT OR SYSTEMS. The user cautioned that telegraph systems with different character-
istice can be encountered throughout the world. The following is provided for guidance.
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Ip the United States:

Voltages: 24, 48, K0, 75, 130 Vdc.

Current: 20, 60, 65, 175 milliamperes,

Sense: Positive and negative in neutral, polar, and
polarential circuits,

Battery Source Impedance: High and low.

In other countries:
Volts Milliamperes Sense (Mark)

United Kingdom 80 20 -
France 48 20 +
Spain 80 20 +
Norway 60 20 -
Germany 60 and 24 20 - and +

International : The standard for international boundary crossing purposes is 48 Vdc polar,
20 mA, positive marking. All normally utilize polar and low impedance battery sources.

4.8.1.4.1 Transmitter Output Current. The interface (bigh level) shall be a polar
signal at 20 mA 10 percent). A neutral interface (high level) is acceptable and may be
either a current of 20 mA (+3 percent) or 60 mA (+3 percent).

4.3.1.4.2 Transmitter Output Magnitude. The standard polar circuit shall be

160 V 2 percent) for high performance facilities and +60 V (+4 percent) for low per-
formance facilities, The standard neutral circuit shall be 130 volts (12 perceat) for high
performance facilities and 130 volts +4 percent) for low performance facilities,

NOTE: Certajip US Military electronic telegrapb terminal
equipment ut{lize upwards of 300 Vdc (referenced to the
signal ground) in their outout circuit. Such equipment shall
be isolated from the cable plant by suitable relays or other
isolation devices to prevent destructior of the cable or hazard
to human life.

4.3.1.4.3 Source Impedance. The battery (or equivalent) source impedance at the
transmit contacts {or equivalents) should not exceed 150 ohms, essentially reeistive.

4,31 4.4 Wave Shaper. The standard polar wave gshaper for dc telegraph signals
witbh data signaling up to 15C b/s shall be 200 ohm, 10 watt wirewound, +10 percent re-
sistor connected between the transmitting device and the line (Figure 4, 3-5). The lne
side of the resistor shall be shunted to the signal ground by a 1 microfarad capacitor,
10 percent tolerance, with a capacitor working voltage of 200 volts. Local circum-
stances may dictate s reduction in the aize of the capacitor on long lines (in excess of
10 miles) or on lines exhibiting high capacity. The objective is to provide the maximum
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wave shaping possible at the transmitting point to reduce or eliminate near end cross-
talk and/or to minimize the tendency of the receive relay to bounce. The RC network
indicated asbove has been shown adequate in almost 2il cases within and outside of the

US. The wave shaper for neutral signals is not specified,

gwo 8
3 O.5wW
be O.1BF zo0fl
200VDC 10w, ww

ol

L oaur l
+130vDe 200voc InF
T

Figure 4. 3-5. High Level Digital Intertace

4,3.1.4.5 Contact Protection. Transmit contacts (or equivalents) shall be pro-
tected by fuses, ballast lamps (such as FSN §906-335-0644), and/or resistors (not to
exceed 150 ohms in each mark and space contact lead).

o
-~

RECEIVE
OEVICE

4.3.1.4.6 Receiver Sensitivity. The input sensitivity of mechanical or electronic,
polar-relay driven, printiung telegraph equipment shall be Ln the 2 to 4 mA operating

differential region; for axsmple, & chande from 32 mA to 28 mA on & 60 mA neutral s.g-
nal shall cause correct operation of the receiver device or, in the case of a polar sigual,

a change from +2 mA through 0 to -2 mA shall cause correct operation of the receiver

device.

4.3.1.5 Logical and Signal Sense for Binary Signals. For data or timing clrouits,

the signal voltage with respect to signal ground shall be positive to represent marking,
and negative to represent spacing, These and other logical and signal states are tabu-

lated as follows:

Application Condition Condition
Voltage to signal ground Positive (+) Negattve (-)
Conventional term Marking Spaocing
Binary digit velue One Zero
Timing signal state On ot
Paper tape Hole No bhole
FSK signal state Lower frequency Higher frequsncy
Neutral system ourrent On o
Tone, single AM system On Ootf
Tone, dual AM system Lower frequency Higber frequency
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Application Condition Condition
Magnetic Tape (See Note 1)
NRZI (See Note 2 Change Polarity No change
Phase Encoding {See Note 3) (See Note 4)

NOTE 1: Two mevhods of recording on magnetic tape have been
standardized by the American Nationdl Standards Institute, The
first is NRZI Recording (see Note 2) standardized for recording
densities up to 500 CPI (Character Per inch), The second is
Phase Encoded recording (see Notes 3, 4, and §) used at 1600
CPI,

NOTE 2: NRZI = Non Return o Zero, change on one, This
means change polarity for 1" data bits and make no change
in polarity for 0" data bits,

NOTE 3. In Phase Encoded recording 2 "'1" data bit is a flux
reversal to the polarity of the mtorhiock gap, when reading
in the forward direction (8ee Note 5),

NOTE 4: In Phase Encoded recording 2 ''0" data bit is a flux
reversal to the polarity opposite to that of the interblock gap,
when reading in the forward direction (8ee Note 5).

NOTE 5: A flux reversal shall be written at the nominal mid-
point between succeszive 1" blts or between successive 0"
bits to establish proper polarity. This flux reversal shall be
ocalled a phase flux reversal,

NOTE 6: An alternative capability to interface with equipment
conforming to other standards, e, g, . industrial and CCITT,
standards, shall be provided tc sccept signals which may

have polarities opposite (o those stated in this paragraph,

4.3.1.6 Clock Equipmenl, Cobntrol, and Tuming. The clock is the device which
provides the time base for controlling overation of digital equipment. An equipment
clock provides the peculiar needs of its equipment and in somé cases may control the
flow of data at {ts equipment intcrface. A master cr station clock, regardless of Its
physical location, controls two or more equipmente which are linked together as a
system. The following subparagraphs, 4.3.1.5.7 “hrough 4 3 1.6.3. 1, are primarily
concerned with master or station clocks,

4,3.1.6.1 Transmission Modes, All fuwure <ominanication equipment requiring
a stable clock or precise character inw:wal control shaly maie provisions for operating
from station clocks in any ov all of the followluy -ndes, specified ip subparagraphs
4.3.1,6.1.,1 through 4.3,1.6,1.3.

4.3.1.6.1.1 Bit Synchronous. In bit syncnroncus operation, clock timing shall be
delivered at twice the data modulatior rate. (For this purpose "data" includes infor -
mation bits plus all bits adde? to the 8tream fo~ whatever nurpose they may serve in
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the system, l.e., error control, framing...etc.). The device shall releasae one bit
within the duration of one oclock cycle. It shall be assumed that, during periods of com-
munlocation difficulty, a clock signal might be dellvered to a send device occasionally

or not at all for periods extending to hours. During periods when the sending equipment
has no traffic to send, an idle pattern or all ''ones" may be tranamitted.

4,3,1.6.1.2 Bit-By~Bit Asynchronous. In bit-by-bit asynchronous operation it ia
assumed that rapid manual, aemiautomatic or automatic shifts in the data modulation
rate will be accomplished by gating or slewing the clock modulation rate. 1t is poss:ble
that equipment may be operated at 50 b/s one moment and the pext moment at 1200 b/s
or 2400b/s, etc. It shall be assumed that, during periods of communication difficulty, a
clock signal might be delivered to & semd device occasionally or not &t all for periods
extending to hours. During periods when the sending equipment has no traffic to send,
an idle pattern or all "ones" may be transmitted.

4,3.1.6.1.3  Character Interval Synchronous. In character interval synchronlized
equipment, any character interval from 4 to 16 unit intervals per character interval
shall be permitted, It is assumed that, baving programmed a given facillty for a pa:=-
ticular character interval, no other character interval operation would be expected
except by reprogramming. An example of such operation would be & 7.0 units per
character interval tape reader being stepped at 8.0 units per character interval.

4.3.1.6.2 Clock Characteristics.

4.3.1.6.,2.1 Modulation Rates. The standard clock modulation rates for compati-
bility with modulation or data signaling rates shall be two times the standard rates aspeci~
fied in subparagraph 4.3 1.1,

4.3.1.6.2.2 Modulation Rate Stability, The stability of synchronlzing or clock timing
supplied in all synchronous digital transmission, switching, terminal, and security equip-
ment shall be gufficient to ensure that synchronism is maintained within +26 percent of
the unit interval between transmitted and received signals for periods of not less than
100, 000 consecutive seconds,

4.3.1.6.2.3 Modulation Rate Phase Adjustment. Means shall be provided in all
digital transmission, switching, terminal, and security equipment so that, at the appii-
cable modulation rate, a shift in phase of the incoming dats stream with relation to the
clocking pulse shall be possible over 2 period af three unit intervals (l.e., & shift of
1.5 unit intervals early or late from theoretical center of the unit interval at the appil-

cable modulation rate).

4.3.1.6.2.4 Qutput Signal. The output of the clock shall be an alternating symmetri-
cally-shaped wave at the required clock modulation rate. In the case of ap unbalanced
digital interface, the clock output signal shall comply with the voltage and 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 shall comply with the voltage re-
quirements of subparagraph 4.3.1.3. 4,4 and shall contain no points of inflection prior
to reaching the maximum amplitudes. When the clock 18 quiescent, the clock signal
state shall be negative,
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4,3.1.68.2.6 Clock Period. A clock period or cycle is defined as having one half-
cycle of positive polarity (sense) and one balf-cycle of pegative polarity (senses). The
duty cyole shall be 50 percent 1.0 percent, Thus, in the binary sense, each olook
period or gyole {8 composed of two clook unit intervals, and it follows that a clook rate
of 50 Hz is a oloock modulation rate of 100 Bds,

4,.3.1.6.3 Clogk/Data Phase Relationship. Arrangemeats which may be used to
supply clock pulses to sources and sinks are shown in subparagraph4,3.1.6 3.1, Typical
standard arrangements are shown from which one may be selected to meet a specitic
application. For those-digital devices opersted at dc baseband which are interconnected
by metallic wire (or other equipment which provides in effect the same funotion as'a
metallic wire) the following clock/data phase ralationships apply if, and only If, interface
cirouit lengths permit. It Is noted that, due to signal propagation delay time differences
over different dc wire circuits or dc equivalent circuits at data modulation rates higher
than 2400 Bd, there may be a significant relative clock/data pbase shift which must be
adjusted in accordance with subparagrapbh4.3.1,.6.2.3. Practical operating experience indi~
cates that typical multiple palr paper cable or polyvinyl chloride (PVC) insulated exchange
grade talephone oable may be axpeocted to function at modulation rates of 4800 Bd data/
9600 Bd clock at distanoes up to 3000 cable feet without any need for concern over relative
pbase shift or noise i the standard low level digital Interface is applied to both clock and
data signals in acocordance with subparagraph 4. 3.1.3.

All data transitions emitted by a source under direct control of an external clock shall
ocour on (be caused by) negative to positive transitions of that clock. The design ob-
jective i 2 minimum delay between the clock transition and the resulting data transition,
but in no oase shall this delay exceed 12.5 peroent of the duration of the data unit interval,
For each equipment, once this delay is fixed in hardware, it ahall be consistent within

11 pervent of {taelf for each clock transition. These delay limits shall apply directly at
the driver interface (see Figure 4, 3-6;j.

Sampling of the data signal by the externa! clock at a sink interface shall ococur on (be
osusec by) positive to negative olook tranaitions (see Flgure 4.3-7).

When the clock is used for controlling intermittent data transmission, data may bot
change state exoept whan requested by a negative to positive clock transition, The
quiescent state of the clock shall be at negative voltage. The quiescent state of the data
ahall be that state resuiting from the last negative to positive clock transition (see

Figure 4.3-8).

The phase relationship between external clock and data is not specifted for devioes in
which the external oloak in related only indirectly to the souroce data; for example, to
maiptain synchronism between & data source apd a data sink for a signal with a constant
modulation rate. However, whatever the phase delay, it shall be consistent to within
11 peroent of the data umit interval at the applicable modulation rate, I the clock at
twice the modulation rate of the same data s also supplied as an output, then data tran-
sitionr shall ooincide withir +1 percent of the data unit interval with the negative to
positive transitions of the output clock (see Figure 4.3-~8), Direct control means oob-
trol of the data by a clock signal at twice the modulation rate of the data, Indirect
control means use of a clock st some hiclier atandavd modulation rate, e . g., 4, 8,

128 times the modulation rete.
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The source data signal transition shall occur consistently within 2.5
percent of the duration of the dats unit interval froa the clock Input
transition from negative to positive. Whatever phase delay |s chosen,
the esguipment design shall insure that data transitions are released
with a consistent phase delay not to exceed plus or minus one percent
of that delay. Measursments shall be made and these limits apply
directly at the source Interface.

Figure 4. 3-6. External Directly Related Source Clock/
Data Relatjonship
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Positive to negative clock transitions shall be utilized for sampling

of the data.

The input data signal to the sink shal) be sampled consistently within
plus/minus one percent of the duration of the unit interval of the data
signal assuming the modulation rate of the clock is twice that of the data.

Figure 4.3-7. External Directly Related Sink Clock/

Data Relationship
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The data transitions shall be coincident within plus/minus one percent with
the negative to positive transitions of the internal clock. No phase rela-
tionship between data and external clock is specified. The modulation rate
and the phase shift of the internal! clock shall be constant within plus/
minus one percent of the duration of the unit interve! of data at the ap-
plicable modulation rate,

Figure 4, 3-9. External Indirectly Related Internal
Clock /Data Relationship
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For devices in which input dats to the terminator are sampled from a clock not directly
related to the data modulation rate, the phase relationship of data to clock shall be main-
talped in such a way that each data unit interval sball be sampled within +1 percent of the
theoretical center of the data unit interval.

In the case aof synchronous devices operating from an external clock directly relatec to
data and outputting start/stop format signals, data transitions sball be coincident with
negative to positive clock transitions within +1 percent of the data untt interval,

For start/stop format devices utilizing internal, low stability sampling souroces, it shall
be permissible to sample inooming data withir +12.5 percent of the data unit interval away
from the actual center, This distortion, however, shall not be passed on to any output
interface. Any further transmissgion of this signal shall be regenerated.

4.3.1.6,3,1 Standard Arrangements for Clock/Data Phase Relationship, The following
definitions apply:

(8) Data modulation rate = M,

(b) Clock modulation rate = 2M, (Clock modulation rate I8 directly
related to data modulation rate.)

(¢) Clock modulation rate = xM, (Clock modulation rate is indirectly
related to data modulation rate.) An external clock, supplied at a higher modulation
rate and divided within the equipment to provide & data modulation rate of M, would be
defined a8 some number (x) multiplied by the data modulation rate; e.g., 128M deslg-
nates that the clock 18 128 times the data modulation rate.

There are five typical cases considered in this standard and the user shall relate his
case to one of the examples given,

CASE ONE: (See Figure 4,3-10) Source to sink data modulation rate is determined by
external clock(s). In some cases the external clock 1s supplied to the source and sink
and in other cases there may be two separate external clocks.

For collocated source and sink driven by the same external clock at rate xM, x may
equal 2; clock is directly related to data modulation rate and center sampling, within
11 percent of the data unit interval, shall be assured.

DATA M
SOURCE SiNK

CLO-C{ XM | o

CLOCK XM

Figure 4, 3-10, Case 1: Standard Arrangement for Clock/Data
Phase Relationship where x > 2

41


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

MIL-STD-188-100
16 November 1972

For oollocated source and sink driven by different clocks, or driven by the same clock
when x is greater than 2 or for electrioally separated source and sink, phasing tech~
niques shall be employed which permit initial adjustment of sample point to within +1
percent of the theoretical data unit interval measured from the cetiter of the data unit

intervala arriving at the sink.

CASE TWO: (See Figure 4,3-11) External clock i8 supplied to the source device at xM;
divided down to 2M to serve as a directly related clock, and determines the data modula-
tion rate; the 2M clock is released along with the M data to ot as an instruction to the
sink that the data lead contains data that are to be sensed, The method of gating the 2M
olock 18 considered an equipment design consideration. The phase relationships of M to
2M shall be maintalned whether gated or nongated clook is furnished.

There is no specific phase relationship between xM and 2M or between xM and M defined
or implied. There 18 a specific modulation rate relationship which is determined by the

ratio xM/2M or xM/M.

DATA M
SOURCE cLOCK oM SINK
EXTERNAL CLOCK EXTERNAL CLOCK
CLOCK XM

Figure 4.3-11. Case 2: Standard Arramgement for Clook/Data
Phase Relationship where x > 2

CASE THREE: (S8ee Figure 4.3-12) Case three is similar to case two exospt the 2M
olock is supplied from the sink toward the source, This clock may be gated or nongated;
in effect It requests the source to release data, There i8 no specific phase relationship
between xM and 2M defined or implied. There is a specific phase relationship defined
between M and 2M at the source: data transitions can oocur only after negative to posi-
tive transitions of 2M. The data line shall not agaln ohange state untll the next negative
to positive transition at the 2M lead. Tbe source shall maintain the phase relationabip
of the data M to clock 2M within +1 percent. The 2M clock is not permitted to change
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state except at transitions of a continuous square wave of the same modulation rate. This
is Intended to preclude data intervals ocourring at other than integral multiples of the

unit interval,

The duration of the unit interval of the data modulation rate shall be maintained within

the accuracy of the external clock to +1 percent.
DATA M

SOURCE CLOCK 2M SINK

G S o G G G— —— — g g wu—

CLOCK XM
Figure 4, 3-12. Case 3: Standard Arrangement for Clock /Data
Phase Relationship where x > 2

CASE FOUR: (See Figure 4.3-18) No external clock is required or lmplied. The control
of the data modulation rate is completely under the control of the source. A 2M clock and
M Jztu iead are supplied to the sink. The "'state" of the clock lead determines the sensing
of the data lead at the sink. The 2M clock shall request (cause) changes in the state of
the data only on the negative to positive transitions. The receiver shall determine the
state of the data lead only on the positive to negative transitions of the 2M clock.

NOTE: For time division multiplexers under development,
the exact configuration for the recovery of timing from the
received data is under consideration.

DATA M
SOURCE CLOCK 2M : SINK

Figure 4.3-13. Case 4: Standard Arrangement for Clock /Data
Phage Relationship

CASE FIVE: For start/stop format sinks utilizing internal, low stability, sampling
sources or external clock at rate xM, it shall be permissible to sample incoming data
within +12.5 percent of the theoretical data unit interval measured from the actual center
of the data unit intervals arriving at the sink. Any data regenerated by this equipment
shall be retimed to prevent any interface distortion, caused by this sampling technique,
to be passed on to the equipment output.

4.3.1.7 Distortion. As a Design Objective, the maximum total distortion, intro-
duced by the data channel carrying binary dc signals, due to any combination of causes
(bias, fortuitous, cyclic, or characteristic) shall pot exceed +25 percent of the umit

interval, on a user-to-user basis,
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4.3.1.8 Digital Error Rates. As a Design Objective, during 99 percent of the
time that & user utilizes the network, the error rate provided by the network to the user
shall not exceed 1 erroneous bit in 10° information bits at a data signaling rate of 1200
b/s employing FSK modulation. As an additional Design Objective, during 99 percent

of the time that a user utilizes the network, the user throughput shall be equal to or
greater than 50 percent. The 99 percent time period, as specified in the two above

design objectives, may occur in a continuous uninterrupted interval or may occur accumu-

latively.

NOTE 1: The two above Design Objectives are applicable to
system designs utilizing a mathematioal model of error
probablility distributions. For other applications, such

as acceptance tests, the unit of time (specified above as

a percentage of time) has to be determined based on the
special requirements of the system under consideration,

NOTE 2: Automatic-request-repeat (ARQ) systems are gener-
ally sensitive to round trip delays. For example, block-by-
blook data transmission in AUTODIN over a satellite system
has throughputs appreciably leas than 50 percent. In addition,
the throughput as a function of error rate is also a function of
block size. These throughput requirements cannot be in-
terpreted as requirements on transmission facilities but
rather must be interpreted as reguirements on the entire
system.

Error oontrol necessary to satisfy special requirements shall be accomplished by anoil-
lary devices or by input/output line units designed for the purpose and shall not be
inciuded in the basic communications petwork design. In cases of special error rate
requirements, it shall be the responsibility of the originator of the requirement to
supply the means, compatible with the communication system, to meet this requirement.

4.32.1.9 8§ Paths. The standard dc signal path shall be either two-wire with
metallic ground or four-wire full metallic for a single full-duplex circuit,

NOTE: The use of earth return {8 not recommended. It l& to
be noted that a distinction i8 implied between grcund and earth
return. Use of the first term is meant to imply that a single
metallic path efther insulated or not insulated from the earth
is employed for the return path of one or more dc circuits;
whereas, use of the term earth return is meant to imply that
the sigpal current literally flows through the earth on a non-
metallic baais,

4.3.1.10 Monitoring. The standard methods of monitoring dc circuits shall be an
essentially nonreactive tap with & minimum dc resistance of 10, 000 ohms (DO: 47, 000
ohms to 88, 000 ohms) for polar signaling, and an essentially nonreactive series insertion
with a maximum de resistance of 200 chms for neutral signaling.
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4.3.2 Parameters for Data Service Over Unconditioned Voioe Bandwidth
Circuits (User-to~User).

4.3.2.1 Geperal., The following subparagraphs 4.3.2.2 through 4.3.2.12 es-~
tablish standards and design objectives for unconditioned voice bandwidth circuits which
are used for transmission of digital information in quasi-analog form. These standirds
and design objectives are applicable to circuits connecting data referenoe terminals for
transmisasion of digital information with data signaling rates of up to 1200 b/a. These
unconditioned circuits may also be used for satisfactory voice and facsimlile service.
Such circuits are provided by the use of controlled loop characteristics and by the use
of TDM derived channels and of those FDM derived channels whick are best suited for
quasi-analog dats service. FDM CHANNELS 1 AND 2 OF GROUP 1 OF SUPERGROUP
1 AND CHANNELS 11 AND 12 OF GROUP 5 OF SUPERGROUP 3 ARE NOT RECOM-~
MENDED FOR THIS PURPOSE. In general, experience has shown that signal discon-
tinuities, such as phase and amplitude hits, impulse noise, and dropouts as well as the
eovelope delay distortion and the insertion loss versus frequency characteristic are
major causes of unsatisfactory data transmission in the form of excessive digital error
rates. If the circuit parameters described herein are achieved, experience has shown
that the design objective for the digital error rate stated in subparagraph 4.3.1. 8 should
also be achievable.

As ceneral guidance for long baul/tactical applications, the data circuit should be equipped
with a regeneration capability if the parameters listed in subparagraphs 4.3, 2. 2 through
4.3.2.12 cannot be achieved, Regeneration is generally not empioyed on tactical data
circuits; however, when tactical data circuits are interconnected with long haul date
circults, regeneration may be necessary at the interface point. In any case, regener-
ation points have to be determined on an individual basis,

4.3.2.2 Transmitted Level {(Quasi-Analog). The quasi-analog transmitted level
of the data modem shall be adjustable from ~18 dBm to +3 dBm, 80 as to provide —13
dBm at the 0TLP (=13 dBm0) at the input of the data trunk or switchboard of the long
haul or the tactical less maneuverahble system and —10 dBm at 2 =4 TLP of the tactical
highly maneuverable system, The power of each data tone, with reference 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 (Quasi-Analog)., The quasi-analog received level of the
datas modem shall range from ~35 dBm to -5 dBm. The average received ievel should
be approximately —20 dBm, The exact value of the received level depends on the inser-
tion loss of the loop.

4.3.2.4 Received Noise Power, The nonimpulse type of circult noise, as
measured at the input terminals of the data modem, shall not exceed 50, 600 pWp0
(approximately 47 dBrnc0) referenced to the long haul O0TL P during 99 percent or more
of the time and shall not exceed 316, 000 pWp0 (approximately 66 dBrnc0) referenced to
the long haul OTLP for 1 peroent or lees of the time. This standard applies to FDM
transmission and metallic cirouits only,

NOTE 1: The commonly used noise measuring sets will measure
total rms noise power including the average impulse noise power,
However, the contribution of the average impulse noise, as
registered by these meters, 18 small enough to be neglected.
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NOTE 2: The allowable noise specified in this standard for
cirouits and channels is 50, 000 pWp0 (approximately 47 dBrnc0).
Circuit engineering must always take the actual loop noise into
acoount, e.g., the channel nolse may be allowed to reach the
full 50, 000 pWp0 if, and only if, the noise of the loops is negli-

gible,
4.3.2.b6 Insertion ILoes Versus Frequency Characteristic. The insertion loss

versus frequency characteristic referenced to 1000 Hz shall not exceed the values given
in Table 4.3-1 over the frequency bandwidths Indicated. Loss is indicated by a (+) and

gain by a (—) sign (see Figure 4,3-14a),
Table 4.3~1. Insertion Loss Versus Frequency Characteristic

Bandwidth in He Insertion Loss in dB
Below 300 Greater than -2
300-2700 -2 to +6
(except 1000-2400)
1000-2400 -1to +3
2700-3000 -3 to +12
Above 3000 Greater than -3
4.3.2.6 Envelope Delay Distortion. The envelope delay distortion over the

frequency bandwidth from 1000 Hz to 2600 Hz shall not exceed 1760 microseconds,
exoept betweean 1000 Hz and 2400 Hz the envelope delay distortion shall not exceed
1000 microseconds (Bee Figure 4,3-14b).

4.3,2,7 Total Harmonic Distortion, As a Design Objective, the total barmonic
distortion produced by any single frequency test signal, within the band between 300 He
and 3000 He, shall be at ieast 40 dB below reference (—40 dBm0). Test signal levels
for measuring total harmonic distortion are given in subparagraph 4, 4.3, 2.7,

4.3.2.8 Intermodulation Distortion. (Under consideration.)
4.3.2.9 Signal Discontinuities.
4.3.2.9.1 Impulse Noige. As a Design Objective, the impulse noise shall not ax-

ceed 15 counts over any 15 consecutive minutes above a level of 71 dBrnc0. The test
instrument shall be capable of counting rates of up to 7.5 counts per second.

NOTE: Impulse noise performance of a connection is most
closely related to the type of switching machine and total
site complex, in terms of relays, battery charging and
filtering, etc. Electronic switching (solid state) subsystems
are approximately 10 dB quieter than mecbanical relay
switchboards.
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Figure 4. 3-14, Parameters for Data Service Over Unconditioned

Voioe Bandwidth Cirouits (User-to-User)
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4.3.2.9.2 Signal Level Dropouts. (Under consideration.)
4.3.2.9.3 Si; Level C e. (Under consideration.)
4.3.2.9.4 Phase Jitter. The total peak-to-peak phase jitter imparted to a test

tone traversing the circuit at any frequency between 300 Hz and 3000 Hz shall not exceed
15 degrees (DO: 10 degrees),

4,3,2,9.5 Phase Hits, As a Design Objective, the number of phase hits of greatsr
than +20° occurring in any 15-minute Lest period shall not exceed 15.

4.3,2.9.6 Amplitude Hits. (Under considersation.)

4.8.2.10 Single Tone Interference. No interfering tone of a single frequency

shall exceed 30 dBrnc (DO: 24 dBrnc), measured at the input terminals of the data
modem .

4.3.2.11 Frequency Displacement., Any audio frequency transmitted over a FDM
derived long haul/tactical cirouit shall be reproduced at the data modem (or regeneration
point) with a frequency error of not more than +1 Hz. Frequency displacement for PCM
derived circults i8 under consideration.

4.3.2.12 Net L.oss Variation. The net lo8s variation from data modem to data
modem {(or regeneration point) shall not exceed 15 dB over any 30 consecutive days.

4.8.3 Parameters for Data Service Over Conditioned Voice Bandwidth Clrouits
{User—to-User).

4.3.3.1 General. The following subparagraphs 4,3.3.2 through 4,.3.3.12 estab-
lish standards and design objectives for conditioned volce bamdwidth circuits (also called
dats grade circuits) which are used for transmission of digital information in quasi-
analog form. These standards and design objectives are applicable to circuits conneoting
data reference terminals for transmission of digital information with modulation rates of
1200 Bds or 2400 Bds, depending on the modulation technique used, Multilevel or "m-ary"
modulators emit a line signal in which each quasi-analog aignal element carries infor-
mation of two or more bits of the dc date signal, Speclal conditioning devices (which
provide equalization for the envelope delay distortion and the insertion loss versus
frequency characteristic of a voice bandwidth chamel) will be required for higher signai-
ing rates, such as 4800 b/s or 9600 b/s. Standards for these special conditioning devices
are not included in this document. Development work continues with the objective of in-
creasing the data signaling rate achievable over voice bandwidth cirouits.

Conditioned voice bandwidth circuits are provided by the use of controlied and conditioned
loop charaoteristics and by the use of TDM derived channe.s and of those FDM derived
channels which are best suited for quasi-anslog data service. FDM CHANNELS 1 AND

2 OF GROUP 1 OF SUPERGROUP 1 AND CHANNELS 11 AND 12 OF GROUP 6 OF SUPER-
GROU.> 3 ARE NOT RECOMMENDED FOR THIS PURPOSE. In general, experience has
shown that signal discontibuities, such as phase and amplitude hits, impulse noise, and
dropouts as well as the envelope delay distortion and the insertion loas versus frequency
characteristic are major causes of unsatisfactory data transmisslon in the form of ex~
cessive digital error rates. I the circuit parameters described herein are achieved,
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experience has shown that the design objective for the digital error rate stated in sub-
paragraph 4.3.1.8 should also be achievable.

As general guidance for long haul/tactical appilcations, the data circuit should be
equipped with a regeneration capability if the parameters listed in subparagraphs 4.3.3,2
through 4.3.3.12 cannot be achieved. Regeneration is generally not employed on tactical
data ciroults; bowever, when tactical data circuits ars interconnected with long haul data
circuits, regeneration may be necessary at the interface point. In any case, regenera-
tion points have to be determined on an individual basls,

4.3.3.2 Transmitted Level (Quasi-Analog), Same as subparagraph 4.3. 2.2,
4.3.3.3 Received Level (Quasi-Analog). Same &5 subparagraph 4.3.2.3.
4,3.3.4 Recelved Noise Power. Same as subparagraph 4.3.2.4.

4.3.3.5 Insertion Loss Versus Frequency Characteristic, The insertion loss

versus frequency characteristic referenced to 1000 Hz, over the frequency bandwidtix
from 300 Hz to 3000 Hz shall be within tne limits of —2 dB to +6 dB, except over the
frequency bandwidth from 500 Hz to 280C Hz shall be within the limits of -1 dB to +3 dB.
The insertion loss beiow 300 Hz and above 3000 Hz shall be squal to or greater than

-2 dB, Loss i8 indicated by a (+) and gain by & (—) sign (see Figure 4.3-15a).

4,3.3.6 Envelope Delay Distortion. The envelope delay distortion over the
frequency bandwidth fror 500 Hz to 2800 Hz shall not exceed 3000 microseconds, except
from 600 Hz to 2600 Hz the envelope delay distortion shall not exceed 1500 microseconds
and between 1000 Hz and 2600 Hz it shall not exoeed 500 microseoonds (see Figure

4,3~18b).

4.3.3.7 Total Harmonic Distortion. Same as suoparagraph 4.3.2. 7,
4.3.3.8 Intermodulation Distortion., (Under consideration).

4.3.3.9 Signal Discontinuities. Same as subparagraph 4.3.2.9,
4.3.3.10 Single Tone Interference. Same as subparagraph 4.3.2.10,
4,3,3.11 Frequency Displacement. Same as subparagrapb 4.3.2,11,
4.3.3.12 Net Loss Varlation, Same as subparagraph 4.3, 2,12,

4.3.4 Parameters for Data Service Over Nominal 48-kHz FDM Group

Bandwidth Circuits (User-to~User). No detailed parameter for dats service over FDM
derived nominal 48-kHz group bandwidth circuits are provided on 2 user-to-user basis,
since loop characteristics for this service cannot be apecified at the present time (see
subparagraph 4.4, 2. 4). Untl] these loop characteristico are available, the channel
parameters stated in subparagraph 4.4.3, 3 should be used as a general guidance for
data service over FDM derived nominal 48-kHz group bandwidth clrcuits,

49


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

MIL-STD-188-100
156 Nevember 1972

N

TR 4 / “

mm oﬁ.ﬂ? e J._wLﬂq
T

% These upper ond lower frequency limits ore ot specified
o. INSERTION LOSS VERSUS FREQUENCY CHARACTERISTIC

L
P 74 4
mmuuooT __ ."
. |
Zx N % "
Y |
5E rooot- || “
3 b |
800} = o= = oed — — )
| ! i | 1
oeru u._uo!_vo .o_oo Hert2 no_oounoo

b. MAXIMUM ENVELOPE DELAY DISTORTION

Figure 4, 3~15. Parameters for Data Servioe Over Conditioned
Voloe Bandwidth Circuit (User-to-User)

50


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

MIL-STD-188-100
156 November 1972

4,3.5 Data Reference Terminais and Circuits.
4,3.5.1 General. The Data Reference Terminals common to long haul and

tactical data communications are depicted in Figure 4,3-~16. The Data Reference
Terminal together with an equivalent termination at the distant end and the tranamission
circuit constitute the Data Reference Circuit. The purpose of Figure 4.3-16 i8 to show
where standards and design objectives for data service stated in various paragraphs of
this document are to be applied and to facilitate interfacing tactical with long haul cata
communications. As geperal guidance for long haul applications the data transmission
circuit should be equipped with & regeneration capabllity f the parameters listed herein
cannot be achieved. Regeneration ls generally not employed on tactiosl data circuits;
however, when tactical data circuits interface with long baul systems, regeneration may
be necessary.

4.3.5.2 Characteristics of Data Reference Terminals and Cirocuits.
4.3.56.2.1 DC Interface Characteristics. The dc interface characteristios at the

point labeled "Digita) Interface” in Figure 4.3-16 are identical to those specifiedin sub-
paragraph 4.3.1.3. RED/BLACK requirements are specified in MIL-HDBK-232,

4.3.5.2.2 si-Analog Characteristica. The quasi-analog characteristics at the
~oiat labeled “'Quasi-Analog Interface' in Figure 4. 3-16 areidentical to those gpecified in
subparagraphs 4, 3.2, 4,3.3, and 4.3.4. Technical control configurations are presented
in MIL-STD-~188-310, Military Standard, Subsystem Design and Engineering Standards
for DCS Technical Controls.

4,3,6.2.3 AUTODIN Interface and Control Criteria, Circuits traversing long
haul and tactical transmission subsystems utilizing AUTODIN shall conform to the
criteria specified in DCAC 370-D176-2, DCS AUTODIN Interface and Control Criteria.

4.4 Tranamission Clrcults,
4.4.1 General. The transmission ciroult is the complete electrical path be-

tween the user's end-terminal instruments (may be either analog or digital) over which
two-way telecommunications are provided. The transmisaion circuit will consist of
loops apd of a channel (see Figure 4.4-1). Paragrapb 4.4 is divided into two parta. The
first part, subparagraph 4.4.2, deals with the characteristica of the loops (local line or
user's line) which connects a user's end instrument and a trunk or individual messayge
distribution point, or a switching center, or a central office, or a node. The second
part, subparagraph 4.4.3, deals with the overall characteristics of the channel which
interconnects the two user loops. In general, a channel will consist of a series of links
connected in tandem. The links may be either FDM modulation links (see subparagraph
4. 5.2) or TDM/PCM voice bandwidth 1inks (see subparagraph 4,5.3). A channel may
also consist of a mix of FDM voice bandwidth links and TDM/PCM voice bandwidth links

in tandem,
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Figure 4. 4~1. Basic Transmission Circuit Configuration
4.4.2 Loop Characteristics. The loops may be identified as efther an analog

loop or a digital loop. The analog loops are used for analog end instruments (see para-
graph 5.7) and for digital end instruments when the digital data modems are located at
the user's terminals (see paragrapb 5.4). The digital loops are used for digital end
instruments (see paragraph 5.8) when the transmission circuit is all digital or the digital
data modems are located at the (digital) loop/(analog) channel interface. Figure 4.4-7
shcv's selected parameters at the channel/loop and at the end lnstrument/loop interface

pouts,

4.4.2.1 Parameters of Single Loop for Analog Service (Voice or Facsimile).
The characteristics of analog loops will vary widely among tactical highly maneuverable
users, tactical less maneuverable users, and long haul users, In addition to the differest
types of loops, the actual loops may range from very short loops, consisting entirely of
local plant facilities, loaded or nonloaded cable pairs, to very long loops, consisting of
one or more facilities of a long haul plant, such as loaded toll grade cable or oarrier
plus an end section consisting of local plant facllities, As may be expected, the charac~
teristics of the loops will vary widely and are predictable only when the specific makeup
of a loop is known. Each loop is a separate problem and each loop must be individually
engineered to ensure adequate user-to-user communication service., 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 Single Loop.

4.4.2.1.1.1 Long Haul Loop., The insertion loss of long haul loops is controlled at
the Technical Control Facility (TCF) and each loop is adjusted on an individual basis,

The insertion loss of a four-wire loop shall be 6§ dB measured at 1000 Hz +25 Hz. The
insertion loss of a two-wire loop shall be adjusted for an average 1088 of 3 dB, measured
at 1000 Hz 25 Hz, with a maximum loss of 7 dB, depending on trunk arrangement and
loop configuration. When & two~wire loop i8 connected to a four-wire PBX, an additional
4 dB of loas is allowed for a two-wire/four-wire hybrid transformer resulting in an over-
al]l maximum loop loss of 11 dB. For detailed loop configuration see DCA Circular
370-V175-6, AUTOVON Interface Criteria.
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4.4.2,1,1.2 Tactical Highly Maneuverable Loop. The insertion loss of tactical
highly maneuverable loops is not controlled and no adjustments are made for loop In-
sertion loss. A statistical distribution of the loop insertion loss ia assumed for the
purpose of system engineering and circult design. The loss of one loop (two-wire vz
four-wire) measured at 1000 Hz +25 Hz is assumed to be exponential distributed with a
mean loss per loop of 3.5 dB and with a standard deviation (sigma) of 3.5 dB.

4.4,2.1,1.3 Tactical Less Maneuverable Loop. The specifications for loop insertion
1088 are not stated in statistical form; rather, recommended minimum and maximura
values are given, The recommended loop 1088 measured at 1000 Hz +25 Hz for one four-
wire loop is between 6 dB and 8 dB with & mean loop loss of 7 dB, For one two-wire
access loop the recommended loop lo8s measured at 1000 Hz +25 Hz is between 6 dE and
12 dB with a mean loop loss of 9 dB. These losses include the two-wire/four-wire
hybrid transformer insertion loss and the two-wire switchboard insertion loss, if

applicable.

Since it is not practical to adjust each individual loop on the basis of loss measurements,
loop loss pads shall be provided as part of switching clrouits and/or multiplex terminal
equipment, When the user 18 connected to the switch, a2 means shall be provided to adjust
for the length 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
meters (5000 feet - 10, 000 feet), and greater than 3000 meters (10, 000 feet).

4.4.2.1.2 Insertion Loss Versus Frequency Characteristic of Single Loop. The
insertion loss versus frequency characteristic, referenced to 1000 Hz, over the frequency
bandwidth from 400 Hz to 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 within the limits of ~4 dB
to +8 dB, Loss is indicated by a (+) and gain by a (~) sign (see Figure 4, 4-2a).

4.4.2.1.3 Envelope Delay Distortion of Single Loop. No standard or design ob-
jective is given for envelope delay distortion with regard to voice and analog facsimile
service (see subparagraphs 4.2 2.5 and 4, 2,3 5), However, delay distortion plays a signifi-
cant role in data transmission through audic.channels. Envelope delay distortion ot loops
for data service is given in subparagraph 4.4.2.2,3,

4.4.2.1.4 Noise of Single Loop. The noise power contributed by a single long aaul
or tactical less maneuverable loop (two-wire or four-wire) to the total circuit noise is
assumed to be 6250 pWp0 (approximately 38 dBrnc0) referenced to the long haul 0TLP.

Noise on field wire and cable loops in the tactical highly maneuverable system is usually
80 much lower than noise on trunks that its effect on a user-to-user circuit may be neg-
lected. Trouble conditions may, however, produce excessive nolse which should be
cleared for satisfactory operation.

4.4.2.1.5 Impedance. The impedance of wire and cable loops varies widely with
frequency, temperature, moisture, and length and is not specified as a standard. How-
ever, the nominpal value of the impedance is assumed to be between 600 ohms and 800
ohms, balanced to ground.
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4.4.2.1.6 Net Loss Variatiop of Single Loop. The net loss variation of a single
long haul or tactical less maneuverable loop shall not exceed 1.5 dB over any 30 con-

secutive days,

NOTE: This value of 1.5 dB does not take into acoount net
loss variations of unprotected loops, such as fleld wire loops
generally installed in the tactical kighly maneuverable system.
Net losses of unprotected loops may very up to 0.7 dB/km
(1.3 dB/nm!) between wet and dry weather conditions,

4.4.2.2 Parameters of Single Loop for Data Service over Unconditioned Voice
Bandwidth Circuit. It should be noted that an unconditioned voice bandwidth cirouit Is

unconditioned only In terms of data conditioning. Such unconditioned voice bandwidth
clrouits may be ''conditioned" In terms of voice service by the use of loading colls, 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 Frequency Characteristic of Single l.oop. The
insertion loss versus frequency characteristic referenced to 1000 Hz, over the frequency
bandwidth from 300 Hz to 3000 Hz, shall be within the limits of +2 dB to +6 dB, except
over the frequency bandwidth from 300 Hz to 2700 Hz it shall be within the limits of

+2 dB to +3 dB. Loss is indicated by a (+) sign (8ee Figure 4.4-3a),

NOTE: No gain is allowed on loops for data service over
unconditioned voice bandwidth circuits, as opposed to loops
for analog service (voice or facsimile) where the insertion
loss versus frequency characteristic given in subparagraph
4.4.2,1 allows loop gain,

4.4,2.2.3 Envelope Delay Distortion of Single Joop. The envelope delay distortion

over the frequenoy bandwidth from 500 Hz to 2800 Hz shall not exceed 3000 microseconds,
except between 600 Hz and 2600 Hz the envelope delay distortion shall not exceed 1500
microseconds and between 1000 Hz and 2600 Hz the envelope delay distortion shall not
exceed 500 microseconds (see Figure 4.4-3b).

NOTE: Delay distortion parameters on unconditioned loops
are based on worst tolerable conditions. They are not in-
tended to "add up" to total allowable delay distortion for
unoonditioned circuits. Circuit engineering which may in-
clude the use of necessary regeneration must take this
situation into account.

4,.4,2.2.4 Noise of Single Loop. Same a5 subparsgrapb 4.4.2.1. 4.

4.4.2.2.5 Impedance. Same as subparagraph 4.4.2.1,5,

4.4.2.2.6 Net Loss Varlation of Single Loop. Same a8 subparagraph 4.4.2.1,6,
4.4.2.3 Parameters of Single Loop for Data Service over Conditioned Volgce

Bandwidth Circuits.
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4.4.2.3.1 Jnsertion Loss of Single Loop. Same as subparegraph 4,.4.2.1.1,

4.4.2.3.2 Insertion Loss Versus Frequency Characteristic of Single Loop. The
insertion loss versus frequency characteristic of a single leop for data service over
oonditioned voice bandwidth circuits should be equal to or better than the characteristios
of a single loop for data service over unconditioned volce bandwidth circuits given in sub-
paragraph 4.4.2.2.2. The use of equalization equipment will be required to meet the
user-to-user circuit characteristics (see subparagraph 4.3.3).

4,4,2,3.3 Envelope Delay Distortion of Single 1oop, The envelope delay distortion
of & single loop for data service over conditioned voice bandwidth circults should be equal

to or better than the characteristics of a single loop for data service over unconditioned
volce bandwidth circuits given in subparagraph4.4. 2, 2. 3. The use of equalization equip~
ment will be required to meet the user-to-user circuit characteristics (see subparagraph
4.3.3).

4.4,.2.3.4 Noise of Single Loop. Same as subparagraph 4.4.2.1.4.

4.4,2.3.5 Impedance, Same as subparagraph 4.4.2.1.5.

4.4.2,3.6 Net Loss Variation of Single Loop. Same as subparagraph 4.4.2.1. 6,
4.4.2.4 Parameters of Single Loop for Data Service over Nominal 48-kHr FDM

Group Bandwidth Circuits. (Under Consideration.)
4.4.2.5 Parameters of Single Loop for Digital Service. The charaoteristios of

a loop tor digital service will vary widely among taotical highly mansuverable users,
tactioal less maneuverable users, and long haul users, In addition to the differemt types
of loops, the cable parameters (impedance, dc resistance, capacitance, and langth) are
not standardized and will be determined by application engineering. For digital inter-
face parameters see subparagraph 4.3.1.3.

4.4.3 Channel Characteristics. In general, a long haul/tactical channel will
be a nominal 4-kHz voice bandwidth channel (see subparagraph 4.4.3.2). Thereis also
within the communication network a nominal 3-kHz voice bandwidth channel! (see subpars-
graph 4.4,3.1), consisting in ite basic configuration of nominal 4~kHz iinks 1n tapaem
with nominal 3-kHz links derived from certain submarine cable circults, HF radio links,
etc. Additionally, a nominal 48-kHz group bandwidth channe] (see subparagraph 4.4.3.38)
may be provided through the use of FDM equipment (see Figure 4.5-1), Figure 4.4-7
(see page 71) shows selected interface parametere of a nominal 48-kHz channel and

of a nominal 3-kHz and a nominal 4-kHz channe! at the ioop/channel interface point.

4.4.3.1 Parameters for Nominal 3-kHz Voice Bandwidth Channel.
4.4.3.1.1 General. A long haul/tactical channel will consist of several links in

tandem. The characteristics of the channel will be determtned by the summation methods
of the transfer characteristics of the individual links in tandem (Bee paragraphs 4.5 and
4.6). When the channel contains nominal 3-kHz links, such as submarine oable links or
HF radio links, the smaller frequency range of the nominal 3-kHz link (=8 opposed to &
pominal 4-kHz link) will determine those channe! characteristics depending on frequency
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parameters. The following subparagraphs 4.4.3.1, 2 through 4.4.3.1.12 deal with
standards and design objectives of a nominal 3-kHz channel between originating node

and terminating node of 2 long haul/tactical circuit. These channels do not include the
loops to and from the user. The standards and design objectives are expressed in the
form of technical parameters, such as received noise power or transmitted bandwidth,
which shall be achieved on all long baul/tactical volce circuits regardlese of channel
distances of up to approximately 22,000 km (12, 000 ami), transmission media, and
multiplexing scheme used (FDM, TDM, or a mix of FDM and TDM). Part of these
parameters are stated as design objectives rather than as standards, due to a lack of
measured and verified data avallable at the present time or due to a lack of general con-
sensus i{n the interpretation of the data. The characteristics for submarine cable links
are belng established and will be published in MIL-HDBK-314. Therefore, the charac-
teristics of a nominal 3~kHz channel derived from submarine cable llnks are not con-
tained in this document (see subparagraph §. 2. 2. 1). The characteristics of a nominal 3-kHz
channel, with an internal HF radio link, are stated in the following subparagraphs

4.4.3.1,2 through 4.4.3.1,12,

4.4.3.1.2 Channel Input Levels, Same as subparagraph 4.4.3.2.2,

4.4.3.1.3 Channel Output Levels,

4.4.3.1.3.1 Speech Volume. Same as subparagraph 4.4.3.2 3.1,

4.4.3.1.3.2 Data Level (Quasi-Analog). Same as subparagraph 4.4.3.2.3.2,

4,4,3,1.3.3 Noise Power. The nonimpulse type of circuit noise shall not exceed

250, 000 pWp0 (approximately 54 dBruc0) referenced to the long haul 0TLP during 99 per-
cent or more of the time and shall not exceed 316, 000 pWp0 (approximately 55 dBrnc0)
referenced to the long haul OTLP for 1 percent or less of the time, This standard applies
to FDM transmission and metallic circuits anly.

NOTE: The commonly used nolse measuring sets will
measure total rms noise power including the average
fmpulse noise power. However, the contribution of the
average impulse noise, as registered by these meters,
is small enough to be neglected.

4.4.3.1.4 Channel Input/Output Impedances. The input and output impedances of

a pominal 3-kHz channe)] shall each be 600 ochms, balanced to ground, with a minimum
return loss of 26 dB against a 600-ohm resistance over the frequency range from 350 Hz
to 3000 Hz. The electrical symmetry shall be sufficient to suppress longitudinal cur-
rents at least 40 dB below the reference aignal level.

4.4.3,1.5 Insertion Loss Versus Freguency Characteristic. The insertion loss
versus frequency characteristic referenced to 1000 Hz over the frequency bandwidth
from 350 Hz to 3000 Hz sball be within the limlits of =5 dB to +8.5 dB, except over the
frequency bandwidth from 400 Hz to 3000 Hr it shall be within the limits of 14,5 dB,
The insertion loss below 350 Hz and above 3000 Hz shall be equal to or greater than
-5 dB. Loss is indicated by a (+) and gain by a (—) sign (8ee Figure 4.4-4a),
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4.4.3.1.6 Envelope Delay Distortion. The envelope delay distortion over the
frequenoy bandwidth from 600 Hz to 3000 Hz shall not exceed 3000 microseconds, except

between 1000 Hz and 2400 Hz the envelope delay distortion aball not exceed 2400 micro~
seconds (see Figure 4.4-4b).

4.4.3.1.7 Total Harmonic Distortion., As 8 Design Objective, the total harmonic
distortion produced by any single frequency test signal, within the frequency band between
350 Hz and 3000 Hz, shall be at least 40 dB below reference (=40 dBm0). A standard test
signal of 0 dBm shall be introduced into a long haul or tactical less mansuverable channal
at the OTLP and the test aignal that appears at the lnputo{lllmmt}plmnshnbeo
dBmo0. The test signal level introduced into s tactical highly maneuverable channel at

the —4 TLP shsll be ~4 dBm or 0 dBm0 referenced to a tactical highly mansuverable

OTLP (see subparagraphs 4.4,3.2.2.3and 4.7.9.1,1),

4.4.3.1.8 Intermodulation Distortion. (Under consideration.)

4.4.3.1.8 St Discontinuities, (See subparagraph 4.4.3.2.9.)

4.4,3.1.10 Single Tone Interference. (Same as subpsragraph 4.4.3.2,10,)

4.4.3.1.11 Frequency Displacement. (Same as subparagraph 4.4, 3.2 11,)

4.4.3.1.12 Net Loss Variation. The net loss variation of 2 channel shall not exoceed
+8 dB over any 30 consecutive days,

4.4.3.2 Parameters for Nominal 4~-kHz Voice Bandwidth Channel.
4.4,3.2.1 General, A long haul/tactical channel will consist of several links In

tandem. The characteristice of 2 channel wlil be determined by the summation methods
of the transter characteristics of the individusl links in tandem (see paragraphs 4.5

and 4.6). The following subparagraphs 4.4,3. 2. 2 through 4.4.3.2.12 deal with standards
and design objectives of a nominal 4-kHz channel between originating node and terminating
node of a long haul/tactical circuit. These channels do not include the loops to and from
the user. The standards and design objectives are expressed in the form of technical
parameters, such as received noise power or transmitted bandwidth, which shall be
achieved ou all long haul/tactical voice circuits regardless of channel distances of up

to approximately 22, 000 km (12,000 nmi), transmissiop media, and multiplexing scheme
used (FDM, TDM, or a mlx of FDM and TDM). Part of these parameters are stated as
design objectives rather than as standards, due to 2 lack of meesured and verified data
available at the present time or due to a lack of general consensus in the interpretation

of the data,

4.4.3.2.2 Channel Input Levels.

4.4,3.2.2.1 Speech Volume, The speech volume at the channel input is & function of
the transmitted speech volume given in subparagraph 4. 2.2.1 and of the loop insertion
loss given in subparagraph 4.4,2.1.1,

4.4.3,2.2.2 Data Level (Quasi-Analog). The quasi-anslog data level at the
channel input shall be —13 dBm at a 0TLP (=13 dBm0) of a long haul or tactical less
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maneuverable channel and —10 dBm at a —4 TLP (—6 dBm0) of a tactical highly maneuver-
able channel. The power of each data tone, with reference to ~13 dBm, shall be equal
to =13 dBm -10 loglo t, where t is the number of tones,

4.4,3,2,2,3 Standard Test Bignal. (See Table 4.4-1.) The standard test aignal is
generally used for testing the peak power transmission capablility and for measuring the
wotal barmonic distortion of a channel. In the tactioal highly maneuverable system, the
standard test signal 1s also used for level alignment of links in tandem providing that
the clrouit to be aligned does not include links of the long haul or the tactioal less ma-
peuverable system. The standard test signal should not be used in the long haul or the
tactical Jess maneuversble system for level alignment of 1inks in tandem sinoe the test
signal may overload FDM derived channels (see subparagraph 4.4.3.2.2.4).

Table 4,.4-1., Test Levels

Long Haul and Tac- Tactical Highly
tical Less Maneuverable | Maneuversble
Systems (dBm0) System* (dBm0)
Standard Test Signal 0 0
Standard Test Tone -10 ~3
Monitoring Test Tone -15 ~B**
Intermodulation Distortion
Measurements (IMD):
Composite Two-Tone -3 -3
Single Tone -6 ~6

*Referenced to a tactical highly maneuverable 0T LP which has to be considered
internal to this system and must not be related to 8 0TLP of either the long
haul or the tacticalless maneuverable system (seesubparagrapb 4.7.6.1.1).

**Normally not used.

The standard test signal shall be 0 dBm0 with a frequency of 1000 Hz, +25 Hz (1020 Hr
nreferred for PCM).

The standard teat signal of 0 dBmo0 shall not be transmitied across a long baul/tactical
highly maneuverable interface or across a tactical less maneuverable/tactical highly
maneuverable interface in either direction SINCE ANY TLP OF A TACTICAL HIGHLY
MANEUVERABLE SYSTEM HAS TO BE CONSIDERED INTERNAL TO THIS BYSTEM
AND MUST NOT BE RELATED TO A TLP OF EITHER A LONG HAUL OR A TACTICAL
LESS MANEUVERABLE SYSTEM IN TERMS OF SIGNAL LEVELS, For interfacing 2
tactical less mqpeuverable circuit see subparagraph 4,7.9.1,

1.4,3.2.2.4 Standard Test Tone, (See Table 4.4-1.) The standard test tone is

generally used for level alignment of single links and of links in tandem in the long haul
and in the tactical less maneuverable systems. The standard test tone i used in long
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baul and tactical less maneuverable channels to prevent overloading of those multi-
channel wideband transmission subsystems which use FDM and radio equipment which
have been designed for voice service with an activity factor as low as 25 percent (see

subparagraph 4.5.2,1.1),

In addition, the standard test tone shall be used for level alignment of tactical highly
maneuverable links if these links interface and form & channel with long haul or tactical
less maneuverable links, Detalls of this level alignment across the lnterface are pro-
vided in subparagraph 4.7.9_1,

In the long baul and in the tactical less maneuverable systems the standard test tone shall
be ~10 dBmO with a frequency of 1000 Hz, +25 Hz (1020 Hz preferred for PCM), In the
tactical bighly maneuverable system the test tone shall be —3 dBm0 with a frequency of
1000 Hz 25 Hz (1020 Hz preferred for PCM).

NOTE: The difference in test tone levels between the
tactical highly maneuverable system and the iong haul or
the tactical 1ees maneuverable system is caussd by differ~
ent traffic signal levels (voice and data) at the respective
OTLP of the system under consideration, Tbhe different
traffic signal levels are based on different cverload charac-
teristics of the scommunication equipmear employed in these
systems. THEREFORE, ANY TLPOF A TACTICAL HIGHLY
MANEUVERABLE SYSTEM HAS TO BE CONSIDERED
INTERNAL TO THIS SYSTEM AND MUST NOT BE RE-
LATED TO A TLP OF EITHER A LONG HAUL OR A
TACTICAL LESS MANEUVERABLE SYSTEM IN TERMS

OF SIGNAL LEVELS. For interfacing & tactical highly
maneuverable circult with a long haul or a tactical less
maneuverable circuit see subparagraph 4. 7.5.1,

4.4.3.2.2.5 Monitoring Test Tone. (See Table 4.4-1.) The monitoring test tone is
used for testing channels of the long haul and the tactical less maneuverable systems
when the test period exceeds approximately 4 hours, e.g., during net loss variation
measurements, The monitoring test tone is used because it is comparable to the long
term loading of the FDM and radio equipment (see subparagrapb4,.5. 2. 1). Themonitoring
test tone i8 not required in the tactical highly maneuverable system since the overload
characteristic of the communication equipment employed Ln this system allows moni-
toring with the test aignal of 0 dBmoO or with the test tone of =3 dBmo0 (see Table 4,4~1)
stated ln subparagraphs 4.4.3.2.2,3 and 4.4.3.2, 2, 4, respectively.

The monitoring test tone shall be —15 dBm0 with a frequency of 1000 Hz +25 Hz for use
in the long haul and tactical less maneuverable systems,

NOTE: I the monitoring test tone is transmlitted across &
long haul/tactical highly maneuverable interface, it will
appear at a level of -12 dBm at the «~4 TLP (~8 dBm0) of
the tactical highly maneuverable system (see gsubparagraph
4.7.9.1.1)., '
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4.,4.3.2,2,6 Intermodulation Distortion (IMD) Measurements. The level of the
composite two-tone test signal for IMD measurements of long haul and tactical less ma-

neuverable channels shall be ~3 dBm( (each single tone shall be -6 dBm0). The power
level of —3 dBm0, composite, results in a comparable peak power loading of either
voloe or quasi-analog dats signals (see subparagraph4.5.2.1). Thelevel of the composite
two-tone test signal for IMD measurements of & tactical highly maneuverable channel
ahall be -3 dBm0 (each single tone shall be —6 dBm0) referenced to a tactical highly
maneuverable 0TLP, resulting ln a composite two-tone signal of —7 dBm or a single
tone signal of =10 dBm &t a tactical highly maneuverable —4 TLP,

4.4,3.2,2.7 Test Levels. The various test levels described In subparagraphs
4.4.3,2,2,.3 through 4.4.3.2.2.6 for the long haul, the tactical less maneuverable, and
the tactical highly maneuverable systems are shown in tabular form for ready reference
in Table 4,4~1.

4.4.3.2.3 Channel Output Levels,

4.4.3.2.3.1 Speech Volume. The speech volurne at the channel output should be the
same as the input speech volume if the channel is adjusted for zero dB loss. In order

to meet interface requirements, there a&re transmission circuits where the loss of the
channel is different from zero such as long baul/tactical bighly maneuverabie connections
shown in Figures 4.7-8 and 4.7~9. It sbould also be noted that the loss of the loops is
used to attenuate the user transmitted speech volume to the desired user received speech
volume (see subparagraphs4.2.2.1, 4.2 2. 2, and Figures4. 7-8 through4.7-13).

4.4.3.2.3.2  Data Level (Quasi-Analog). 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 cases where the loss of the channel is differ-
ent from zero to meet interface requirements, such as long haul/tactical highly ma-
neuverable connections shown in Figures 4.7-8 and 4,7-9.

4.4.3.2.3.3 Noise Power. The nonimpulse type of oircuit noise shall not exceed

50, 000 pWp0 (approximately 47 dBrac0) referenced to the long haul 0TLP during 99 per-
cent or more of the time and shall not exceed 316, 000 pWp0 (approximately 55 dBrnc0)
referenced to the long haul OTLP for 1 percent or less of the time, This standard
applies to FDM transmission and metallic circuits only.

NOTE 1: The commonly used noise measuring sets will
measure total rms noise power including the average impulse
noise power. However the oontribution of the average im-
pulse noise, as registered by these meters, is small enough
to be neglected.

NOTE 2: The allowable noise specified io this standard for
circuits and chamnels 18 50, 000 pWp0 (approximately 47
dBrnc0). Circuit engineering must always take the actual
loop nolse into account, e.g., the channel! noise may be
allowed to reach the full 50, 000 pWp0 if, and only U, the
noise of the loops 18 negligibie.
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4.4.3.2.4 Chapnel Input/Output Impedances. The input and output impedances

of a nominal 4-kHz channe] shall each be 600 ohms, balanced to ground, with a minimum
return loss of 26 dB against a 600-ohm resistance over the frequency range from 300 Hz
to 3400 Hz. The electrical symmetry shall be sufficient to suppress longitudinal currents

at least 40 dB below the reference signal level.

4.4.3.2,5 Insertion Loss Versus Frequency Characteristic. The insertion loss
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 to +8 dB, except over the
frequency bandwidth from 400 Hz to 3000 Hz 1t shall be within the limits of +4 dB, The
{nsertion loas below 300 Hz and above 3400 Hz shall be equal to or greater than —4 dB.
Loss i8 indicated by a (+) and gain by a (~) sign (see Figure 4.4-5a).

4.4,3.2.6 Envelope Delay Distortion. The envelope delay distortion over the
frequency bandwidth from 600 Hz to 3200 Hz shall not exceed 2500 microseconds, except
between 1000 Hz and 3000 Hz the envelope delay distortion shall not exceed 1750 micro-

seconds (See Figure 4,4-50).

4,4.3.2.7 Total Harmonic Distortion, As a Design Objective, the total hermonic
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 dBm0). A standard test
signal of 0 dBm shall be introduced into a long haul or tactical less maneuverable channel
at the 0TLP and the test signal that appears at the input of all multiplexers shall be

0 dBm0. The test signal level introduced into a tactical highly maneuverable channel at
the ~4 TLP shall be —~4 dBm or 0 dBm0 referenced to a tactical highly maneuverabie
O0TLYP (see subparagraphs 4.4, 3.2, 2,3 and 4.7.9.1.1).

4.4.3.2.8 Intermodulation Distortion, (Under consideration,)
4.4.3.2.9 Signal Discontinuities, The statistical characteristics of the various

signal discontinuities are not well enough known to establish prorating or summation
methods at the present time, The wide varlabllity of the loop cbaractertstics further
complicates the prorating problem (see paragraph 4,4.2), However, experience has
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 signal discontinuities, Further, the signal
discontinuities may often be traceable to excessive drive levels in the transmission
circuit, to propagation anomalies, or t0 maintenance procedures. It ls recommended
that the signal discontinuity characteristics given on a user-to-user basis in subparagraph
4,3.2.9 be used as general guldance for the channel signal discontinuities.

4.4.3.2.10 Single Tone Interference. No interfering tone of a single frequency
shall exceed 30 dBrnc0, measured at the output terminals of a channel,

4.4.3.2.11 Frequency Displacement. Any audlio frequency transmitted over a8 FDM
derived long haul/tactical channel shall be reproduced at the channel output with a
frequency error of not more than £1 Hz, Frequency displacement for PCM derived
channels i8 under consideration.

4.4.3.2,12 Net Loss Variation. The net loss variation of a channel shall not exceed
+4.5 dB over any 30 consecutive days.

65


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

MIL-STD-188-10"
15 November 197.

+
)

+4

TO VALUE AT 1000 Hz

Hert2

T

* These upper ond lower fraquency limits ore not specified.

INSERTION LOSS IN d8 RELATIVE

a. INSERTION LOSS VERSUS FREQUENCY CHARACTERISTIC

AR SIS

|
|
_
_
|
|
]
3200

MAXIMUM ENVELOPE DELAY
DISTORTION [N MICROSECONDS

]

_ !

| |

| _

y | |
o ¥ 600 1000 3000

Hert2
b. MAXIMUM ENVELOPE DELAY DISTORTION
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4,4.3,3 Parameters for Nominal 48-kHz FDM Group Bandwidth Channel.
4,4.3,3.1 General. This paragraph establishes standards and design objectives

for analog group bandwidth channels which are used for the transmission of high speed
digital data signals., Such channels are provided over those FDM groups which are best
sulted for high speed digital service, GROUP A (12 kHz to 60 kHz), GROUP 1 OF S JPER-
GROUP 1, AND GROUP 5 OF SUPERGROUP 3 ARE NOT RECOMMENDED FOR THIS
PURPOSE. The group channel normally terminates at each end of the group distribution
frame (GDF) or equivalent points. Its nominal bandwidth extends from 60 kHz to 108

kHz; however, the standard group pilot for system regulation and alarm appears at 104,08
kHz, which effectively prevents the use of the 104-kHz to 108-kHz portion of this band-
width for high speed data. This portion can be used for a voice or medium speed data
circuit for coordination and control of the high speed data channel. The rematning band~
width is suitable for high speed data transmission. In systems having pllots at frequen-
cies other than 104,08 kHz, such pilots must be disabled and the filters associated with
them removed from the group channel befqre this channel may be used for high speed
data. Loop characteristics are not included herein but must be carefully considered and
engineered for user-to-user service. The common standards which follow supplement
paragraph 4.3.1, General Digital Parameters, in describing those parameters which

are essential for quality high speed digital data service. Experience has shown that it
may be necessary for the data to be regenerated after 3 tandem data trunks to provide

sa‘isfactory data service.
4.4.3.3.2 Channel Input Levels.

4.4,3.3.2.1 Data Level (Quasi-Analog). The power of the high speed modulated
data carrier signal when handling traffic shall not exceed 5 dB below standard test signal

level (=5 dBmO0). The power of any singie frequency component of the data signal shall
not exceed 13 dB below standard test signal level (~13 dBm0),

4.4,3.3.2.2 Test Signal. The test signal level at a group channel input, measured
at the group distribution frame (GDF), s8hall be —34.5 dBm,

4.4.3.3,3 Channel Output Levels.

4.4.3.3.3.1 Test Signal. The test signal level at a group channel output, measured
at the group distribution frame (GDF), shall be =12 dBm +0.5 dBm.

4.4.3.3.3.2 Noise Power. The long term median circuit noise shall not exceed
—30 dBm0 (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 impedances of
a nominal 48-kHz channe] shall each be 135 ohms, balanced to ground, with a mintmum
return loss of 20 dB (DO: 26 dB) against a 135-ohm resistance over the frequency band
of interest, The electrical symmetry shall be sufficient to suppress longitudinal 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 termination, balanced to ground,

shall be provided.
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NOTE: If this strapping option is used, the multiplexer
gain may have to be adjusted to meel the test signal level
at the group channel outputglven in subparagraph4.4.3.3. 3.1,

4.4,3.3.5 Ingertion Loss Versus Frequency Characteristic. The insertion loss
versus frequency characteristic of an unconditioned nominal 4s~kHz FDM group band-
width channel, referenced to 83 kHz over the frequency bandwidth from 60.6 kHz to 107.7
kHz, shall be within the limits of +8dB (see Figure 4.4-6a). Conditioning of the channel,
i required, will be provided externally to the grour equipment on a case-by-case basis.

4.4,3.3.6 Envelope Delay Distortior. ‘I'he ervelope delay distortion of an uncon-~
ditioned nominal 48~-kHz FDM group bandwidth channel, over the frequency bandwidth
from 64 kHz to 104 kHz, shall not exceed 800 microseconds, except between 68 kHz and
100 kHz the envelope delay distortion shall pot exceed 500 microseconds (see Figure
4.4-6b). This standard assumes that suitable delay equalizers, if required, will be part

of the group data modem.

4.4,3.3.7 Impulse Noise. The unweighted impuise noise at a group channel output,
measured at the group distribution frame (GDF), shall not exceed 45 counts over any 30
consecutive minutes above a level which is § dB below the total signal power level.

4.4,3.3.8 Net Loss Variation. The net loss variation, measured between group
distributionp frames (CD}'s) or equivalent points, shall not exceed -2,.5 dB over any 30
consecutive days.

4,4.3.4 Parameters for Digital Channel. (Under consideration.)
4.5 Reference Modulation Links.
4.5.1 General, The reference modulation links discufssed herein deal with

"bullding block" configurations of trensmission and modulntion. Historiocally, these con-
figurations were developed for analog speech service and as such they did not dea] with
technical control configurations, nor witk switched subsvstems or networks. However,
with the advent of quasi-analog data service and AUTOVON and AUTODIN switched net-
work applications, additional conditioning and regeneration equipinent must be introduced
to the basic configurations to ensure satisfactory performance, Hypothetical configura-
tions for voice, data, AUTOVON and AUTODIN scrvice are included in this document.
Additional detailed Information about these and other possibie configurations is contsined
in the following documents. Ib case of conflict, MIL-STD-1%8-100 shall govern.

(a) MIL-STD-1R87, Military Standard, )\ ilitary Communicatiop System
Technical Standards, 24 November 19€2 (1o be reopiaced by MIL-STD-188~200 series),

(b) MIL-STD-188-300, Military Standard, Standards for Long Haul Com-
munications, System Design Standards Applicable to the Defense Communications System,
15 July 1971,

(¢) MIL-STD-13%-210, Milvgr. Standawi Subsyvstemn Design end Engi-
neering Standards for Technica: oniro)
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(d) DCAC 370-V'175-6  AI"TAVTN Sygteir Interface Criteris,
(&) DCAC 279-ViE5-7, Oversess al TOVON Network Switching Plan.
(f) DCAC 370-D175-1, DS ALiDDIN Interface and Coutrol Criteria,
&) DCAC 370-S185-9, AUTOSEVOCOM Network Switching Plan.

In the hypothetical reference circuit examples covered in paragraph 4.7, some of the
considerations from the documents noted above w:ill be introduced to illustrate where
the reference voice bandwidth finks fit inl> the overall user-to-uder conmnection.

4.5.2 Characteristics of Single FDM Reicrence Modulation Links. The con-
figuration of a common long baul/tactical less mancuverabie FDM reicrence modulation
lipk {s shown in Figure 4,51, This link, called a Type I link, has no multiplex trans-
lations between the initiating and the terminating HF DFs and the transmission medium
may consist of LOS radio reiay, troposcatter satellite retav, or submarine cable and
each medium may cover different fAominal distapces. iIn tbe long bhaul system, the Type I
link is either & nominal 617 kin (333 nm!} radlo or cable !{nk or a nomical 5556 km
(3000 nmi) submarine cable or satellite relay link, In the tactical }¢as maneuverable
system, the Type I FDM reference mociulation link ran ve aasumed  comprise six LOS
radio repeater links of average length of about 51 km (2¢ runi}, properly sited, resulting
in 2 nominal length of 308 km (167 nmi) of the reference modulation 1ink, Regardiess of
the nomtinal distance, Figure 4.5-1 shows the basic configuration of 8 Type Ilink, The
FDM reference voice bandwidth link begins at the left of Figure 4.5-1 at audio frequency
(A), 15 modulated in Buccessive stages to basic group frequency vand (G) and basic super-
group frequency band (S) and then, as required, to .!ther baseband frequency (B) for
radio tranamission or to line frequency band (L) for metaiiic line transmisslion, over
the appropriate medium. A: the recetiving end of the link, ~orresponding demodulation
stages return to audio frequency (A). The FDM reference group bandwldth line (Type I
begins at the left of Figure 4.5-1 at group frequency band (G), 18 modulaied and demodu-
lated In & similar manner, and terminates at (G) on the right. Figure 4.5-1 sbows only
one direction of trensmission; the other dirsction is identigal

Special requirements for the tactical highly mareuversble system bave led to the de-
velopment of FDM equipment with channe: groupings different from the configuration
shown in Figure 4.5-1. This type of FDM equiproeat capaci mee! all of the standards

of the long haul or the tactical Jess maneuverubie FIN reierebce nodation link given
in paragrapb 4.5.2. Therefore, siandurds and design obieciives for the tactical highly
maneuverable FDM reference volce bandwidth link are steted in separate subparagraphs,
whenever they are different from the corresponding parameters of the long haul or tacti-
cal less maneuverable FDM reference voice bandw.dtl link. However, all FDM derived
channels of the tactical highly maneuverable aystem shall meet the channel character-
istics given in MIL-STD~188C (to bc replacec py tne mIL-5TD-1656-200 series).

Figure 4.5-2 depicts a typical configuration of & lopg haul FDM reference modulation
link with 2 nominal length of 1852 km (1007 pmi), This lirk, calied a Type II link a8
opposcd to a Type I link sbown i Fypere 4, 51 aanti ag asddiituosd multiplex transla-
tions between the Initiating and the wruinaling avdio . requenc v terminale (A). The
translations are accomplished by emplcying through supergroup equipment and through
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Figure 4.5-1. Common Long Haul/Tactical Less Maneuverable FDM
Referenoe Modulation Link (Type I)
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group equipment at the Technical Control Faollities. Figure 4,5-2 is shown Iln order to
{llustrate the configurations of common long haul/tactical reference circuit examples
given in paragraph 4.7.

Other Other Other Other Other
Supergroups Supergroups  Supergroups Supergroups Supergroups
Other Medium Medium Other
Groups Groups
L) S
6 ]
A a

G $ 8/t S-§ 8/L $§ 6-6 S B/L S 6

{ For Media Noise see porogroph 4.5.2.3.3)
LEGEND

A - Audio Freguency ¥-Wire Nominal 4 kMz Circuit

G - Basic Group Frequency Band, 60 kHz ~ )08 kHz

S - Basic Supergroup Frequency Band, 312 kMz - 552 kHz
B - Baseband Frequency for Radic Relay Transmission

L - Line Frequency Band for Cable Transmission

O~ Access Point, Nominal 4 kHz Circuit

A- Access Point, Mominal 48 kiz Circult (Through Group or High Speed Data Modem)
O - Access Point, Nominal 240 kHz Cirauit

T6 - Through Group Equipment

TS - Through Supergroup Equipment

Figure 4. 5-2, Nominal 1850 km (1000 nmi) Long Haul Modulation Link (Type m

Parameters for both types of FDM reference modulation links (Type ! shown in Figure
4.6~1 and Type I shown in Figure 4,5-2) are given in the following subparagraphs
4,5.2.1 through 4.5.2.7. Some of the values appearing in these subparagraphs are
based on recent multiplex tests and are different from the values appearing ln MIL-STD-
188-300 which will be revised accordingly.

4.5.2.1 Loading.

4.5.2.1.1 Voioe Loading (Analog). The total load applied to a multichannel ampli-
fier .8 the sum of the loads in the individual channels. There are certain factors about
speech transmiasion that tend to reduce and stabilize the total load as the number of
channels inoreases. These factors are:

(a) The mumber and distribution of channels aotively transmitiing spesch.

(b) The volumes of speech In the individual channels.
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In determining the channel loading of a multichannel voice system, considerabie adven-
tage may be taken of the statistical distribution of the speech signals. For example,
the activity factor for a channel or the percentage of time in the busiest traffic bour a
channel might be active in multichannel systems is about 25 percent,

For smaller groups of channels this percentage may be larger, but it is highly unlikely
that any increase in group size would change it appreciahly. Utllization of this activity
factor results in a decrease of the mean power (~10 dBm0) of a voice channel (short

term average of active channel) to 8 mean power of —16 dBmo for a voice channel (long

term average),

The volumes of speech in actlve voice channels will also affeot the total load. Speech
volumes are not constant in a channel, but vary oonsiderably, depending on the charac-
teristics of the talker's speech and the loudness of his voice.

The changes ln active channels and in speech volumes concern only the maximum rms
load on & multichannel amplifier, causing more and more gradual variations as the
number of channels (ncreases,

However, it is the total input voltage applied to the amplifier, and not just the rms por -
tlon, that determines whether the amplifier will overioad. This total voltage is the
vector sum of the instantaneous voltages in the separate channels and is a function of
bcth the phase and amplitude of each speech signal,

In consideration of the above statistical aspects of voice and the associated probabilities,
loading formulas were established by Holbrook and Dixon and are recommended by CCIR.
These formulas give the mean absolute power (P ) of the distributed speech signals that
the system must be capable of carrying. The signal power depends on the pumber of
channels involved, and is calculated from one of the two formulas (see Figure 4,.5-3):

Pm = -1+ 41log N, (12 < N < 240 channels) dBm0

or
Pm = =15 + 10 log N, (N > 240 channels) dBm0

The formulas include a small margin for loads caused by signaling tones, pilot signals,
and carrier leak.

4.5.2.1.2 Data Loading (Quasi-Analog). Data signals are, more or less, of
constant amplitude in contrast to the wide variations of speech. Thus, the average
power of a data signal is continuous and !mposes greater loads on the multichannel
amplifier than that of a voice signal which is present only part of the time. The loading
imposed by telegraph and data signals is calculated from the following formula (8ee
Figure 4,5-3):

P =P.+10log N

76


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

MIL-STD-188-100
15 November 1972

20

(LN o LOADING CURYE FOR ///

DATA CIRCUITS /
/ {~15+10LOC N)

2 (= 10410 LOGN) —

NN

2wt /
@
= . b WHEN N2 240
£ ‘ / A
Zor //7 LOADING CURVE FOR
= -1+ 41L06K) VOICE SIRCUITS
zep | HEN 12< N<240 {HOLBROOK- DIXON)
=
ER S ///
~13 410 LOG N
0 K

N

0 1R 20 ¥ 60 100 200 300 600
120 240

NUNBER OF CHANMELS (N}

Equivalent Gaussian Noise test pignal for simulating load provided
by various pumbers of channels., Lower values for simulating voice
channels result from lower activity factor. V alues shown may be
used directly for noise load ratio when converting NPR to S/N dBrnc
(see Notes 1 and 2, subparagraph 4.5.2.1.2).

Figure 4.5-3. FDM Channels Loading Curves
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where

Pm = rms power of the multichannel signal (dBm0)

1'1'C = rms power of the input telegrapb or data signal

N = number of channels carrying telegrapb or data sigpals,

NOTE 1: In contemporary switched multichannel systems,
the combination of voice, teletype, and data loading (with a
data loading of —10 dBm0 mean power per channel) pro~
duces a resultant composite loading level that is reasonably
compatible with the specific overload characteristics of
FDM equipment hased on Holbrook and Dixon and on CCIR
criteria.

NOTE 2: When all or nearly all of the FDM channels are
devoted to data, telegraph, or digital facsimlle, the re-
sultant loading (~10 +10 log N) dBra0 is approximately

3.2 times higher than the CCIR loading, Thus, if there
were a need for 300 data channels, and cnly voice type
FDM and radio equipment (not designed for continuous
data loading of (~10 +10 log N) dBmo0 are available, then
the system engineering loading must be the same as if a
960-channe] voice loaded system were deployed. In actual
system practice, where both types of FDM and radlo equip-
ment (designed for volice service only or for volce and data
service) may be found, the data loading is reduced from
=10 dBmO to ~13 dBm0 meap power per channel ib order
to prevent overloading the system.

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

4.5.2.2 Standard Test Signal Levels, The test signal levels of a long haul or
of a tactical FDM reference modulation link shall be as shown in Table 4,5-1. Figure
4.5-4 summarizes test and traffic levels for long haul and for tactical (highly and less
maneuverable) FDM reference voice bandwidth 1inks,

4.5,2.3 Noise. This parameter is divided into multiplex noise (idle and loaded)
and noise due to the transmission media, Noise values for voice bandwidth links are
psophometrically weighted (pWp0) and noise values for group bandwidth links are flat
welghted (pW0) over the nominal 48-kHz bandwidth. For the highly maneuverable tactical
system, media noise and multiplex noise for FDM transmission are not separated but the
total noise (multiplex plus media) is allocated on a per link basis as shown in subpara-

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 & 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 5ignal Levels of FDM Reference
Modulation Link

Standard Test
Signal Levels
Test Point System (dBm)*

Channel Modulator In (lnput to channel Long Haul/Tactical, ~16
translating equipment) less manueverable

Tactioal, highly -4

mansuverable
Channel Demodulator Out (Output from Long Haul/Tactical, +7
channel translating equipment) less maneuverable

Tactical, highly -4

maneuverable,

4-wire termination

Tactical, highly +1

maneuverable,

2-wire termination
Transmit Group Distribution Frame Long Haul/Tactical -34.6
Receive Group Distribution Frame Long Haul/Tactical -12
Transmit Supergroup Distribution Frame | Long Haul/Tactical -18
Receive Supergroup Distribution Frame Long Haul/Tactical ~-28
Transmit High Frequency Distribution Long Haul/Tactical ~45
Frame
Receive High Frequency Distribution Long Haul/Tactical -15
Frame

*These values equate to a 1000 Hz 125 Hz test signal level of 0 dBm (1 mW across
600 ohms) at the 0TLP (0 dBmO) (see subparagraph4.4, 3.2, 2, 3), andshould notbe
confused with the standard test tone of -10 dBm0 for the long bhaul and tactical less
maneuverable systems and of -3 dBm0 for the tactical highly maneuverable system

(see subparagraph 4.4.3.2, 2. 4).
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Table 4,5-2. Multiplex Idle Channel and Loaded Noise of FDM
Reference Voice Bandwidth Links

T ¥FDM Noigse Allocation
"I1dle Noise | Loaded Noise
Configuration (pWp0) (PWp0)
Pair, channel translation sets 10 \ a1
Pair, group translation sets 40 50
Pair, supergroup translation sets 25 50
Through group equipment N/A 10
Through supergroup equipment 25 50
Multiplex Noise of FDM Reference 75 131
Voice Bandwidth Link (Type I)
Multiplex Noise of FDM Reference 245 341
Voice Bandwidth Link (Type II)
4.5,2,.3,2 Multiplex Noise of Group Bandwidth Links. The multiplex idle channel

polse and the loaded noise of a long haul or of a tactical less maneuversble FDM refer-
ence group bandwidth link when referenced to a OTLP shall not exceed the values given
i\ Table 4.5-3

Table 4, 5-3. Multiplex ldle Channel and Loaded Noise of FDM
Reference Group Bandwidth Links

FDM Noise Allocation
1dle Noise | Loaded Noise

Configuration w0y - {(pW0)
Pair, group translation sets 1,140 1,425
Pair, supergroup transiation sets 710 1,425
Through group equipment N/A 284
Through supergroup equipment 710 1,425
Multiplex Noise of FDM Reference 1,860 2,850
Group Bandwidth Link (Type I)
Multiplex Notse of FDM Reference 5,120 8,834
Group Bandwidth Link (Type II)

4,5.2,3.3 Media Noilse. The allocation of noise due to the transmission media
(see Pigures 4.5~1 and 4.65-2) depands on the type of medium and on the type of com-~
munication system, Tbe media noise when referenced to & 0TLP shall not exceed the
values given ln Table 4.5-4. Media noise for a tactical bighly maneuverable system is
given In subparagraph 4.5.2.3.4.
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Table 4, 5-4. Noise Allocation of Transmission Media

4 kRz 48 kHe

Media System Media Noise Media Noise
Land metallic or | Long Haul 3-1/38 pWp0/nmi 100 pWO0/nmi
radio relay
Radio relay Tactical, less | 6-2/3 pWp0/nmi 200 pWo/nmi

maneuverable

Submarine cable | Long Haul 1.5 pWp0/nmi 50 pW0/nmi
Communication Long Haul 10, 000 pWp0/hop | 310,000 pWO/hop
satellite

NOTE: The reference circults addressed in this standard
do not include short links, Noise for sbort LOS links (with
the exception of the highly maneuverable tactical system)
can be calculated as follows:

Section Length

(Nautical Miles) Allowable Noise
27 < L < 161 nm 2.76 L pWp0 + 85. 5 pWp0
L <27 nm 160 pWp0

where L is the distance of the bop of subsystem in nautical miles,

4.5.2,3.4 Total Noise for Tactical Highly Maneuverable System. The total noise

(multiplex plus medis noise) of & tactical highly maneuverable FDM referemnce voice
bandwidth link when referenced to a tactical bhighly maneuverable OTLP shall not exceed
25,000 pWp0 (approximately 44 dBrnc0) per link during 99 percent or more of the time.

4,5,2.4 Link ut/Output 08s .

4.6,2.4.1 Voice Bandwidth Link. The audio imput and output impedances of a noml-
nal 4-kHz channel of a long haul or of a tactical FDM reference voice bandwidth link

shal]l each be 600 chms, balanced to ground, with a mintmum return loas of 26 dB against
a 600~ohm resistance over the frequency range of 300 Hz to 3400 Hz, The electrical
symmetry ahall be sufficient to suppress longitudinal currents at least 40 dB below the

reference signal level,

4.5.2.4.2 Group Bandwidth Link, The input and output impedances of a nominal
48-kHz channel of & long haul or of a tactical FDM reference group bandwidth link shall
each be 1356 chms, balanced to ground, with a minimum return loss of 20 dB (DO: 26 dB)
against a 1356-ohm resistance over the frequenoy band of interest. The electrical symme-
try shall be sufficient to suppress longitudinal currents at ieast 40 dB below the reference
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signal level. For the purpose of interfacing with other equipment, a strapping option
for 150-ohm impedance termination, balanced to ground, shall be provided.

NOTE: If this strapping option i8 used, the multiplexer gain
may have to be adjusted to meet the standard test signal ievel
at the group channel output given in subparagraph 4.5.2. 2,

4.5.2.4.3 Multiplex Baseband. The input and output impedances at the multiplex
baseband of a iong haul or of a tactical FDM reference modulation link shail each be
75 ohms, one side grounded, with a minimum return loss of 20 dB (DO: 26 dB) agalnst
& 75-ohm reslistance over the frequency band of interest.

4.5.2.5 Insertion 1oss Versus Frequency Characteristic.
4.5.2.5.1 Volce Bandwidth Link of Long Haul or Tactical Less Maneuverable

System. The insertion loss versus frequency characteristic referenced to 1000 Hz of a
long haul or a tactical less maneuverablie F DM reference voice bandwidth link shall pot
exceed the values given in Table 4.6-5. Loss is indicated by a (+) and gain by a (=) sign.
The contributions to the insertion loss versus frequency characteristic of wideband trans-
mission subsystems are considered negligible for stable media (see Figures 4.5-5a and
4.5~6a).

Table 4,5-5. Insertion Loss Versus Frequenocy Characteristics
of FDM Reference Voice Bandwidth Links

Loss in dB referenced
to 1000 Hy Below 300 Hz
300 Hz-3400 He (ex~| 400 He- and above
Configuration cept 400 Hg~3000 Hz) | 3000 Hz 3400 Hz

Pair, chanpel translation msets -0.3, +1.5 +0.3 -0.3
Pajir, group translation sets +0. 8 %0, 3 -0.3
Pair, supergroup translation sets %0, 5 +0.5 -0.5
Through group equipment 0.5 0.6 -0.5
Through supergroup equipment +0. 5 +0.5 -0.5
FDM Reference Voice Bandwidth -0.7, +1,9 +0, 7 -0.7
Link (Type I)

FDM Reference Voioe Bandwidth -1.1, +2.2 x1.1 -1.1
Link (Type )

'4.5.2,5.2 Voice Bandwidth Link of Tactical Highly Maneuverable System, The

insertion loss versus frequency characteristic referenced to 1000 Hz of a tactical highly
manseuverable FDM reference voice bandwidth link, over the frequency bandwidth from
300 Hz to 3400 Hzx, shall be within the limits of —1 dB to +2 dB, except over the {requency
bandwidth from 400 Hz tc 3000 Hr it shall be within the limits of +1 dB. The insertion
loss below 300 Hx and above 3400 Hr ahall be equal to or greater than —1 dB. Loss is
indioated by a (+) and galn by a (—) sign (see Figure 4.5-7a).
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4,5.2.5.3 Group Bandwidth Link of Loong Haul or Tactical l.ess Maneuverabie
System. The spread of the insertion loas versus frequency characteristic of & long haul
or a tactical less maneuverabie ¥ DM reference group bandwidth link shall not exceed the
values given in Table 4.5-6. Loss Is indioated by a (+) and gain by a (~) sign. The con-
tributions to the lnsertion loss of wideband transmission subsystems are oconsidered
negligible for stable media.

Table 4, 5-6. Insertion Loss Versus Frequency Characteristic
for FDM Group Bandwidth Links

Loss in dB
60. 6 kHz~
Configuration 107.7 kRz
Pair, group translation sets 20,6
Pair, supergroup translation sets +2,0
Through grouw equipment +1.0
Through supergroup equipment x1,.4
FDM Reference Group Bandwidth 22,1
Link (Type I)
FDM Reference Group Bandwidth *4, 0
Link (Type II)
4.5.2.6 Envelope Delay Distortion,

4.6.2.6.1 Yoice Bandwidth Link of Iong Haul or Tactical Less Mansuverable
System. The envelope delay distortion of a long haul or a tactical less mansuverable
FDM voioe bandwidth link shall not exceed the wlues given in Table 4.5-7. The ocontri-
butions to the envelope delay distortion of wideband tranamission subsystems are ocon-
sidered negligible for stable media (see Figures 4.5-6b and 4.5-6b).

4.5.2.6,2 Voioe Bandwidth Link of Tactioal Highly Maneuverabie System. Tbe
envelope delay distortion of a tactical highly mansuverable FDM reference voloe band-

width link over the frequency bandwidth from 600 He to 3200 Hz shall not exceed 200
microseconds (DO: 150 microsecands), except between 1000 Hz and 2500 Hr the emvelope
delay distortion shall not exceed 100 microseconds (see Figure 4.5-7b),

4.5.2,6.3 Group Bandwidth Link. The envelope delay distortion of a long haul or
a tactical less maneuverable FDM group bandwidth link shall not exceed the values given
in Table 4.5-8. The contributions to the envelope delay distortion of wideband trans-
mission subsystems are oonsidered negligible for stable media,

4.5.2.7 Net Loss Variation.

4.5.2.7.1 M tion Link of Haul or Tactlcal 8 Maneuverable .
The net 1088 variation of a long haul or a tactical less maneuverable FDM reference
modulation link over any 30 consecutive days shall not exceed the values given In
Table 4.5-9.

8é


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

MIL-ST D-188-100
15 November 1972

-

Table 4.5-7. Envelope Delay Distortion of FDM Reference
Voice Bandwidth Links

Envelope Delay Distortion in

Microgeconds (ug) |
600 Hz-3200 He (ex- 1000 Hz-
Configuration oept 1000 Hz-2500 Hz) 2500 Hz
Pair, channel translation sets 120 80

Pair, group translation sets

(4 us in any 4-kHz channel
slot, 60 kHz~108-kHz band)

Pair, supergroup translation sets

(3 us in any 4-kHz chamnel .s'lot, euoem- |
channels 1 and 2, group 1, supergroup 1

and channels 11, and 12, group 5,

supergroup 3)
Through group equipment 20 20
Through supergroup equipment 30 30
FDM Reference Voice Bandwidth 127 87
Link (Type I)
FDM Reference Voice Bandwidth 187 147
Link (Type II)

Table 4, 5-8. Envelope Delay Distortion of FDM Reference
Group Bandwidth Links

Configuration

Pair, group translation sets
Peair, supergroup translation sets

Through group equipment
Through supergroup equipment
FDM Reference Group Bandwidth
Link (Type I)

FDM Reference Group Bandwidth
Link (Type ID

Envelope Delay Distortion in
Microseconds (us)
64 kHz-104 kHz (ex-| 68 kHz-
oept 68 kHz~-100 kHz)] 100 kHe
12 12
10* 10+
56.' 20#‘
120 40
70 70
22* 22*
68.. 32.‘
244+ 164*
882 194 %=

NOTES

* Only for Supergroup 2, and 4 through 10.
*= For Supergroup 1 and 3, except Group 1 of Supergroup 1
and Group 5 of Supergroup 3.

87



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

MIL~8TD-188~100
15 November 1972

Table 4.5-9. Net Losr Variatwn of F)OM Reference
Modulation Links

[ I Net Loss
Configuration | Vartation (dB)

Pair, channel translation sets ] +0.5
Pair, group transialioo scis J +0.5
Pair, supergroup traneiation sets i +0.5
Through group equipment : %0, 2
Through supergroup cquipment %0, 2
FDM Reference Voice Bandwidth 1.0
Link (Type D) ;

FDM Reference Voice Bandwidth |  +1.4°
Link (Type ID !

FDM Reference Group Bandwidth +0, 9*
Link (Type I)

FDM Reference Group Bandwidth ! =1, 3+
Link (Type 1) 4

*These values include an estimate of +0.5 dB due
to the medium and ars hased on the Root-Sum-
Square Law apecified in sutpsragrapb 4.6.5.

4.56.2.7.2 Voice Bandwidtk Link of Tactical Highly Maneuverable System. As &
Design Objective, the net loss variation of 2 tactical highly maneuverable FDM reference
voice bandwidth 1ink shall not exceed 12 dB over any 30 copsecutive days.

4.5.3 Characteristics of Singie TDM/PCM Reference Voice Bandwidth Link.
Basic features of PCM have been outlined in subparagraph 4.1.2.5.2. Due to the advan-
tages of digital transmission in general and of PCM in particular, this modulation scheme
ts gaining wide acoeptance not oniy in military but also o commercial communications.
Since PCM transmission is compatible with the sudio channel described in subparagraphs
4.4.3.1 and 4.4.3,2, TDM/PCM reference vnice handwidth links can be connected in
tandem with FDM reference voice bandwidth ltnks or ap sudio channel-by-channel basis.
Thus, & hybrid communication system can be engineered employing digital (TDM/PCM)
and analog (FDM) transmissions. An example of such a bybrid system (s the planned
introduction of TDM/PCM satellite transmission links into the DCS, This satellite sub-
system will employ 8-bit PCM with a sampltng rate of 8000 samples per second resulting
in a digital bit stream of 64 kb/ 3 for each purio channel, Ou the other hand, the tactical
highly maneuverabie communication systers uses a 6-bit PCM scbeme with 48 kb/s for
each audio channel, resulting i less bandwidth requirement of the radio spectrum and in
lower voice quality as compared witk the DCS satellite subnsystem,

The TDM/PCM reference voice handwidth link for long haul and tactical communications
ls abown in Figure 4.5~8. The voice bandwidth Link starts with a group of audio channels
at the multiplexer input. Each audio channel has a nominal bandwidth of 4 kHz and t8
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capable of transmitting voice or, under certain conditions, data in quasi-analog form.
The amplitudes of the analog signal carried in each audio channel are periodically
sampled in time and converted into a time division multipiexed PAM signal. Each PAM
sample is then coded into a n-bit code word and this PCM signal, together with framing
and synchrontzation pulses, appears at the multiplexer output where'it is fed into a eable
interface converter or a radio for transmission.

Audio

Audio
Cheanels Channals
Input Output
P Su— TRANSMISSION MEOIUM fr—— |
: (RADIO OR ‘ 2
2 O~ rouspcu | _ _ woEBAND cage) | vowsecw [~
(A) MUX DEMUX (A)
N s N

Figure 4,.5-8. TDM/PCM Reference Voice Bandwidth Link

The coding process of PCM approximates the infinite number of possible sampled ampli-
tudes of the analog signal by a discrete and therefore finite number of digital code words
(quantization), Due to this quantization process, a certain amount of approximation
error is inherently introduced. This type of error is called quantizing noise which is

an important parameter for describing and measuring the quality of digitized voice trans-
mission, Once the analog information is converted intoc a quantized digital signal it can
be tranamitted over tactical and global distances by using regenerative repeaters with
little or no additional degradation if the signal is above threshold. Noise can cause er-
rors which regeneration including error control may not be able to correct, Thus, the
consideration of media noise specified in subparagraph 4.5.2.3, 3 is not applicable to
PCM transmission. However, demodulating the digital signal to analog baseband for
analog processing (switching, patohing, etc.) and modulating it back into a digital form
for further transmission will introduce additional quantizing notse and thus degrade the
voice quality, Therefore, in such systems, the number of analog/digital -digital/anslog
conversions has to be limited in order to keep the received quantizing noise sufficiemtly
low,

At the receiving end the pulse stream is decoded, demultiplexed, and the PAM samples
are demodulated to analog baseband. PCM quantizing noise i8 not present per se when
the audio channel is idle but appears together with the analog signal at the receiver and
varies with the instantaneous amplitude of the analog signal. However, PCM idle channel
noise is presept whenever information is not transmitted (see subparagraph 4.5.3.4.1).
Therefore, quantizing noise influences intelligibility in a different way than thermal noise
does, Ome method of determining the influenoe of quantizing noise on intelligibility is by
comparing subjective listener tests of speech received through two parallel audio chan-
nels. In one channel the speech is transmitted in digitized form derived from PCM; in
the other channel the same speech is transmitted in analog (non-digitized) form. For
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this comparison, the thermal noise in the non-digitized speech channel is simulated by a
poise generator which has an adjustable noise power output. An amount of therma! noise
power in the non-digitized speech channel can be determined such that the thermal noise
has a similar effect on the speech quality us the quantizing nolse which is generated in
the PCM channel. The amount of thermal noise power determined by this comparison 18
called the equivalent PCM nolse. For the purpose of this standard, the equivalent PCM
noise is used to determine the coatributions by TDM/PCM links to the total olrouit noise
when FDM and TDM/PCM links arc connected in tandem for voice service (see subpara-

graph 4.5.3.4.3).

The following parameters given in subparagraphs 4.5.3.2 through 4.5,3.12 are for s
single link when properly terminated. A single link in this context comprises a channel
which joins two points and wherein the anslog signal is coded into digital form at the
originating end of the channel, for transmission over the entire channel under consider-
ation, and decoded into analog at the terminating end of the channel. The characteristics
of this nominal 4~kHz channel are specified for the four-wire analog input and output
terminals of the link (see Figure 4,6-8). The characteristics of the TDM/PCM refer-
ence volce bandwidth iink are based on the characteristios of the multiplex eignal of the
TDM/PCM equipment described in subparagraph 4.5.3.1,

4.5.3.1 Characteristics_of the Multiplex Signal.
4.56.3.1.1 Sampling Rate, Each nominal 4~kHz ohannel of a long haul or of a

tactieal TDM/PCM reference voice bandwidth link shall be sampled at a nominal rate of
8000 samples per second,

4,5.3.1,.2 Number of Digits per Sample.
4.5.3.1.2.1 Long Hauli TDM/PCM Reference Volce Bandwidth Link. Each sample

from a nominal 4-kHr audio channel shall be encoded tnto an 8-bit folded binary code
word with the most significant bit transmlitted first.

4,.5.3.1.2,2 Tactical TDM/PCM Reference Voice Bandwidth Link. Each sample
from a nominal 4-kHz sudio chanmel shall be encoded into & 6-bit binary code word with
the mowt significant bit tranamitted first.

4.5.3.1.3 Compandor Characteristios.

4,5.3.1.3.1 long Haul TDM/PCM Reference Voice Baodwidth Link. An ipstantane-
ous compandor shall be used. As a Design Objective, the compressor ahall bave a 15-
segment characteristic with the input step size oo each segment twice that of the segment
next closest to the center of the range. The expandor shall have the complementary
transfer characteristic of the compresscr.

4.6.3.1.3.2 Tactical TDM/PCM Reference Voice Bandwidth Link. Ap instantaneous

ocompandor sball be used. The compresaor shall have a 3~segment, straight-line trans-
fer charaoteristic. The expandor shall have the complementary transfer characteristic
of tt e compressor. The compression ratio, defined as the Initial to average slope, shall
be 20 dB, +1 dB. For detalls see M{L-S1TD-188C (to be replaced by the MIL~-STD-188-
200 series).
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4,5.3.1.4 Frame Synchronization.

4.5.3.1.4.1 Long Haul TDM/PCM Reference Voice Bandwidth Link, There presently
is no standard PCM frame synchronization technigue used in long haul communications.

Currently two methods are applicable and will rematn in effeot until such time that a
technique has been standardized. The two methods presently applicable on a subsystem-

by-subsystem basis are described below:

(a) The framing information shall be generated at the tranamit portions
of the PCM multiplexer and added to the PCM output, The framing information shall be
submultiplexed into the PCM output using the least significant bit of the 8-bit code word
of each channel in ope out of every twelve frames, Detectors at the PCM input to the
demultiplexer shall extract this information for synchronizing the recelve olrouits with
the lnooming PCM bit stream,

(b) Framing information shall be generated at the transmit portion of
the PCM multiplexer and added to the PCM output. The framing information shall be
obtained by adding an additional bit (193'rd bit) after each twenty-four 8-bit channels
(192 bits). Detectors at the PCM input to the demultiplexer shall extract this informa-
tion for synchronizing receive clrcuits with the incoming PCM blt stream,

4,5.3.1.4.2  Tactical TDM/PCM Reference Voice Bandwidth Link, Frame synchro-
nizat.on information shall be added to the PCM output of the multiplexer., This informa-
tion shall consist of one frame bit substituted for the least significant bit of the blnary
code word in the last channel of the channel group. The frame bit shall have the same '
shape and amplitude characteristics as the remaining code word bits,

4,5.3.2 Standard Test Signal Levels.

4.5.3.2.1 Long Haul TDM/PCM Reference Voice Bandwidth Link. The test signal
level at the four-wire input of the long baul TDM/PCM reference voice bandwidth ltnk
shall be =16 dBm. The test signal level at the four-wire output of the long haul TDM/
PCM reference voice bandwidth link shall be +7 dBm,

4.5.3.2.2 Tactical TDM/PCM Reference Voice Bandwidth Link. The test signal
levels at the four-wire input and at the four-wire output of the tactical TDM/PCM refer-
ence voice bandwidth link shall be -4 dBm, In tactical TDM/PCM reference volce band-
width links with two-wire terminations (hybrids), the test signal levels at the four-wire
point of & conneoction to the hybrid shall be —~4 dBm transmitting into the reference voice
bandwidth link and +1 dBm reoeiving from the reference voice bandwidth link.

4.5.3.3 Standard Test Signal Frequency. The signal used for transmission
testing on long haul and tactical TDM/PCM reference voice bandwidth links shall have
a frequency of 1000 Hz +25 Hz, preferably 1020 Hz.

NOTE: PCM signsal processing can generate unique forms af
nonlinear distortior which have no direct counterpart in
analog transmission, The sources of theae types of nonlinear
PCM distortion are sampling, quantizing, mistracking of the
instantaneous compandor, and filtering.methods used to 1imit

91


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

MIL-STD-188-100
15 November 1972

the demuitiplexed PAM samples to audio bandwidth signals,
Test signal frequencies which are exactly rational fractions
of the 8000-Hz PCM sampling rate, such as 800~Hz2, 1000-Hz,
1600-He, etc., can cause nonlinear PCM distortion and
therefore should not be used. This nonlinear PCM distortion
results in fluctuating meter reacdings which can be avoided by
changing the 1000-Hz test signal frequency by a few hertz,
Changing the 1000-Hz test signal frequency could have an
impact on current test equipment.

4.5.3.4 Noise.
4.5.3.4.1 Idle Channel Notse. PCM idle channel noise of 2 single voice bandwidth

link and of several links in tandem is generally much lower than FDM idle ohannel noise.
Therefore, to the operation/maintenance personnel and to the user, the PCM channel may
appear out of service when information i8 not transmitted, One method of avoiding this
misjudgment is employing a nolse generator in the PCM multiplexer which inserts a

small amount of thermal noise into the TDM/PAM signal common to an audio channel
group before the PAM signal 18 coded into a PCM sigpal. The noise generator is adjusted
at a mean noise level which will cause a variation of one coder level, This random change
of a coder level will create the subjective impression of an FDM idle channel noise level
at each PCM audio channel output.

4.5.3.4.1.1 Long Haul TDM/PCM Referemce Voice Bandwidth Link. As a Design
Objective, the noise measured at the receiving end of any idle audio channel of a long
haul TDM/PCM reference voice bandwidth link, when referenced to the Zero Transmis-
sion Level Point (0OTLP), shall not exceed 400 pWp0 (approximately 26 dBrne0).

4.5.3.4.1.2  Tactical TDM/PCM Reference Voice Bandwidth Link. The roise mea-
sured at the recelving end of any idle audio channel of a tactioal TDM/PCM reference
voice bandwidth link, when referenced to the tactical, highly maneuverable OTLP, shall
not exoeed 4000 pWp0 (approximately 36 dBmc0).

4.5.3.4.2 Test Sigmal-to-Quantizing Noise Ratio.
4.5.3.4.2,1  Long Haul TDM/PCM Reference Voice Bandwidth Link, As & Design

Objective, a sine wave signal with a frequency of 1000 Hz 426 Hz, preferably 1020 Hz,

at the tnput of any audio channe! of a long haul TDM/PCM reference voice bandwidth link
shall produce at the output of the same audio channel a minimum test signal-to-quantizing
nolse ratlio, C~message weighted, as follows:

Minimum Test Signal-to-
Input Signal Input Signal tn Quantizing Noise Ratio
in dBmo dBm at -16 TLP in dB
0 to =25 -16 to ~41 34
~26 to -30 -42 to -46 33
-31 to -40 -47 to -56 27
-41 to -45 -57 to -61 22
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4.5.3.4.2.2 Tactical TDM/PCM Reference Voice Bandwidth Link. A sine wave
signal with a frequency of 1000 Hz +25 Hz, preferably 1020 Hz, at the input of any audio
channel of a tactical TDM/PCM reference voice bandwidth link shall produce at the out-
put of the same audio channel a minimum test signal-to-quantizing noise ratio as stated
below. The quantizing noise shall be measured with flat weighting over the frequency
bandwidth from 300 Hz to 3400 Hz of a nominal 4-kHz channel,

Minimum Test Signal-to-
Quantizing Noise Ratio
Input Signal | Input Signal in in CB
in dBmo0 dBm at -4 TLP DO | Standard
0 -4 30
-1 to -16 =5 to =20 30 17
-17 to -26 -21 to -30 25 15
~27 to -36 -31 to -40 16 14
4.5.3.4.3 Equivalent PCM Noise.

4.5.3.4 3.1 Long Haul TDM/PCM Reference Voice Bandwidth Link, As a Design
Objective, the equivalent PCM noise of a long haul TDM/PCM reference voice bandwidth
link when referenced to 2 OTLP shall not exceed 160 pWp0 (approximately 22 dBrnc0).

4.5.3.4.3.2  Tactical TDM/PCM Reference Voice Bandwidth Link. As a Design
Objective, the equivalent PCM noise of a tactical TDM/PCM reference voice bandwidth
link when referenced to 2 tactical highly maneuverable 0TLP shall not exceed 12, 500
pWpO (approximately 41 dBrne0),

4.5.3.5 Link Input/Output Impedances. The audio input and output impedances
of a nominal 4-kHz channel of a long haul or of a tactical TDM/PCM reference voice
bandwidth link shall each be 600 ohms, balanced to ground, with a minimum return loss
of 26 dB against a 600~ohm resistance over the frequency bandwidth from 300 Hz to
3400 Hz. The electrical symmetry shall be sufficient to suppress longitudinal currents
at least 40 dB below the reference signal level.

4.5.3.6 Link Input/Output Linearity.

4.5.3.6.1 Long Haul TDM/PCM Reference Voice Bandwidth Link. As a Design
Objective, the input/output level characteristic of a nominal 4-kHz channel of a long
haul TDM 'PCM reference voice bandwidth link shall be linear within +0.5 dB for input
signals f{rom ~16 dBm to —53 dBm; x1.0 dB for input signals between —53 dBm and

~67 dBm; and 13,0 dB for input signals between —67 dBm and —-70 dBm; at an input level
of —11 dBm, the output level shall not be greater than +11,2 dBm.,

4.5.3.6.2 Tactical TDM/PCM Reference Volce Bandwidth Link. As a Design
Objective, the input/output level characteristic of & nominal 4-kHz four-wire channel
of a tactical TDM/PCM reference voice bandwidth link shall be linear within +0.5 dB
(with a mean of zero) for input signal levels from -4 dBm w0 —40 dBm,
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4.5.3.7 Insertion Loss Versus Frequency Characteristic.
4.5.3.7.1 Long Baul TDM/PCM Referenoce Voice Bandwidth Link. As a Design

Objective, the insertion loss versus frequency charaoteristic referenced to 1000 He of
a long haul TDM/PCM reference voice bandwidth link shall not exceed the values given
in Table 4,5-10. Loss is indicated by a (+) and gain by a (~) sign (see Figure 4,5-9a),

Table 4, 5-10. Insertiop Loss Versus Frequency Characteristic of Long
Haul TDM/PCM Reference Voice Bandwidth Link

Frequency in Hz Insertion Loss in dB
Below 200 Greater than 0
200-300 Greater than ~0. 7
300-400 -0.7t0o +3. 0
400-800 -0.7to +1. 56
600-2400 -0.7% +0.7

2400-3000 -0.7t0 +1.5
3000-3400 -0.7to +3.0
3400-4600 Greater than -0, 7
Above 4600 Greater than +40, 0
4.5.3.7.2 Tactical TDM/PCM Reference Voice Bandwidth Link. The insestion

loss versus frequency characteristic, referenced to 1000 Hz of a tactical TDM/PCM
reference voice bandwidth link over the frequency bandwidth from 300 Hz to 3400 Hsz,
shall be within the l1imits of =1 dB to +2 dB, except over the {requency bandwidth from
400 Hz to 3000 Hz it shall be within the limits of +1 dB. JLoss is indicated by a (+) and
gain by a (—) aign (see Figure 4,.5-10a).

4,5,3.8 Envelope Delay Distortion,
4.5.3.8.1 Long Haul TDM/PCM Reference Volce Bandwidth Link, As a Design

Objective, the envelope delry distortion of & long haul TDM/PCM reference voice band-
width link over the frequency bandwidth from 600 Hz to 3200 Hz shall not exosed 300
microseconds, except between 1000 Hz and 2600 Hz the envelope delay distortion sball
not exceed 125 microseconds (see Figure 4.5-9b),

NOTE: The rather large value of this parameter as
compared to the envelope delay distortion of a tactical
(6-bit) TDM/PCM reference voice bandwidth link is due
to other characteristics of the 8-bit PCM multiplexer
equipment,

4.5.3.8.2 Factical TDM/PCM Reference Voice Bandwidth Link. The envelope
delay distortion of a tactical TDM/PCM reference voice bandwidth link over the frequency
bandwidth from 600 Hz to 3200 Hz shall not exoeed 200 microseconds (DO: 150 micro-
seconds), except between 1000 Hz and 2500 Hz the envelope delay distortion shall not
exoeed 100 microseconds (see Figure 4.5-10b),
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4.5.3.9 Total Harmonic Distortion.
4.5.38.8.1 Long Haul TDM/PCM Reference Volce Bandwidth Link., As a Design

Objective, the total harmonic distortion of any audio channel of a long haul TDM/PCl.
reference volce bandwidth link produced by any single frequency test signal within the
frequency band between 300 Hz and 3400 Hz shall be at least 34 dB below the demulti~
plexer output signal ievel. The test signal shall be introduced into the link at & level of
0 dBm0, that is, -16 dBm at the —16 TLP (see subparagraph 4.4,3.2.2.3).

4.5.3.9.2 Tacticai TDM/PCM Reference Voice Bandwidth Link, The total har-
monic distortion of any audio channel of a tactical TDM/PCM reference volce bandwidth

link produced by any single frequency test signal within the frequency band between 300 Hz
and 3400 Hz shall be at least 30 dB (DO: 40 dB) below the demultiplexer output signal level,
The test signal shall be introduced into the four-wire link at a level of 0 dBm0, that is,

-3 dBm at the —4 TLP (see subparagraph 4.4.3.2,2. 3).

4.5.38.10 Intermodulation Distortion.

4.5.3.10.1 Long Haul TDM/PCM Reference Voice Bandwidth Link., As a Design
Objective, the individual intermodulation distortion products of any audio channel of a
long haul TDM/PCM reference voice bandwidth link produced by any two equal level
singie frequency tones within the frequency band between 300 Hz and 3400 Hz shall be at
least 38 dB below the demultiplexer output signal level. Each single frequency tone shall
be introduced into the reference voice bandwidth link at a level of -6 dBm0, that is,

~22 dBm at the —16 TLP.

NOTE: The nominal input level of the long haul 8~bit
PCM multiplexer is ~16 dBm (=16 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

i8 =19 dBm which i1s 3 dB below the nominal input level
of the multiplexer. This power level of ~19 dBm results
in a2 peak power identical with the nominal -16 dBm input
level of the multiplexer,

4.5.3.10.2 Tactical TDM/PCM Reference Voice Bandwidth Link. The individual
intermodulation distortion products of any audio channel of a tactical TDM/PCM refer-

ence volce bandwidth link produced by any two equal level single frequency tones within
the frequency band between 300 Hz and 3400 Hz shall be at least 38 dB (DO: 46 dB)
below the demultiplexer output signal level. Each single frequency tone shall be intro-
duced into the reference voice bandwidth link at a level of —6 dBmO0, that is, —10 dBm
at the -4 TLP.

NOTE: The nominal input level of the tactical 6-bit PCM
multiplexer is =4 dBm (— 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
which 18 3 dB below the nominal input level of the multi-
plexer. This power level of —7 dBm results in a peak
power identical with the nominal —4 dBm input level of
the multiplexer.
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4.5.3.11 Crosstalk.

4,5,3.11,1 Long Haul TDM/PCM Referencc Voice Bandwidth Link. As a Design
Objective the near end or the far end test-signal-to-noise plus crosstalk ratio in any
idle audio channel of a long haul TDM/PCM reference voice bandwidth link, due to full
test signal modulation of ~16 dBm at the ~16 TLP of any other audio channel, 8hall be
at least 65 dB, C-message weighted, below the demultiplexer output signal level,

4.5.3.11.2 Tactical TDM/PCM Reference Voice Bandwidth Link. The near end or
the far end test-signal -to-noise plus crosstalk ratio in any idie audio channel of a tactical
TDM/PCM reference voice bandwidth link due to full test signal modulation of —~4 dBm at
the -4 TLP of any other audic channel shall be at least 53 dB F1A 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 baul or of 2 tactical TDM/PCM reference voice bandwidth link shall not exceed
+0,25 dB over any 24 consecutive hours (short term variation) and shall not exceed
+1.0 dB over any 30 consecutive days (long term variation).

4.6 Transfer Characteristice of Reference Links \n Tandem.
4.6.1 Geperal, Assumed methods for summation of the individual link transfer

characteristios to obtain the corresponding tandem characteristic are given in the follow-
ing subparagraphs 4.6, 2 through 4.6.5. In general, these assumed methods should only
be used if the parameters contributed by the single links are specified over identical
frequency ranges. However, if the parameters are specified over different frequency
ranges, then the smaller frequency range will govern the overall frequency reaponse

and the summation rule should only be applied to the smaller frequency range. For
example, when the insertion loss versus frequency characteristic of loops and links in
tandem are combined to obtain the reference circuit charaoteristics of paragraph 4.7,
the summatiop rules have been applied with respect to the frequency bandwidth assumed
for the loops,

These summation methods are applicable to analog service (voice and facsimile) on a
user-to-user basis by considering loop and channel characteristics in tandem. These
methods are also applicable to data service from the transmitting quasi~analog modem
output to the receiving quasi-analog modem input, providing there is no regeneration
employed between the modems. If regeneration is employed then each regeneration
point acts as a data sink/data Bource combination and the summation methods will only
be applicable from regeneration point to regeneration point and not on & circuit basis
from user-to-user.

4.6.2 Noise. It is assumed that the total noise power in picowatts of FDM or
TDM/PCM reference links in tandem is the sum of the noise powers in picowatts contrib-
uted by the single links, provided the poise powers are referenced to the same trans~
mission level point (TLP) and represent the same type of poise, e.g., worst hour median
noise or all year medlan noise. ¥ the noise powers are not referenced to the same TLP
then they have to be converted to 2 common TLP before they can be summed. Noise
powers expressed in units of dB cannot be added algebraically but must be oonverted
first to units of picowatts. When FDM and TDM/PC>M links are connected in tandem for
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voice service, the equivalent PCM noise is used to determine the contributions by TDM/
PCM links to the total circuit noise (see subparagraphs 4.5.3 and 4.5.3.4.3).

NOTE: For the purpose of this standard, the following
approximate relationship between y units of dBrnc and
x units of pWp is used: y= 10 log10 X.

4,6.3 Insertion Loss Versus Frequency Characteristic, It is assumed that
the insertion loss versus frequency characteristic (in dB) over the band of interest of
FDM or TDM/PCM reference links in tandem is obtained by summing the squares of the
wnsertion loss (in dB) contributed by the single links and taking the square root of this
sum (Root-Sum-Square Law).

4.6.4 Envelope Delay Distortion. It is assumed that the envelope delay dis-
tortion of FDM or TDM/PCM reference links in tandem is the sum of the envelope delay

distortion contributed by the single lnks,

4.6.5 Net Loss Variation., It is assumed that the net 1088 variation (in dB) of
FDM or TDM/PCM reference links in tandem is obtained by summing the squares of the
variations (in dB) contributed by the single links and taking the square root of this sum
(Root-Sum-Square Law).

4.7 Hypothetical Reference Circuit Examples.
4.7.1 General. Common long haul/tactical hypothetical reference circuits

consist of combinations of the previously defined 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 hypothetical connections are discussed
in the following subparagraphs,

The first four examples depict the use of noise proration or allocation in tandem trunks.
and do not include the effects of loops.

The parameters of Examples 1 through 4, such as noise and envelope delay distortion
shown in subparagraphs 4.7.2 through 4. 7.5, are only applicable to analog service
(voice and facsimile) and to quasi-analog data service without regeneration between the
end terminals of a channel, See subparagraph 4. 6.1 for calculating the transfer charac-
teristics 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 including tactical iess
maneuverable assets while Example 3 considers one including tactical highly maneuver-

able assets.

Examples 2 and 4 show what 18 hypothetically possible utilizing the long haul TDM/PCM
llnks. 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-to-~user circuit.
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Examples 9 through 12 show signal level diagrams for a user-to-user circuit traversing
long haul and tactical trunks and loops.

4.7.2 Exampie 1: Long Haul/Tactical Less Maneuverable FDM Connection.

Figure 4.7-1 shows an 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 visualization, but it is not drawn to scale. The circles in the
line disgram represent nodes which may include technical control facilities and switches,
The first column from the left shows the nominal length of the reference links between
the nodes. The Roman numeral I indicates a reference voice bandwidth itnk Type I with
no multiplex translations between the end multiplexers of the link (see Figure 4,56-1),
whereas Roman numeral II indicates a reference voice bandwidth link Type II with multi-
plex translations between the end multiplexers 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 indicates that an overall connection with
a noise performance of about 35, 000 pWp0 (approximately 45.5 dBrnc0) is possible. This
addition utilizes the summation method defined in subparagraph 4.6.2.

4.7.2.2 Insertion loss Versus Freguency Characteristic. By applying the sum-
mation method defined in subparagraph 4.6,3, the following are the expected values of
the insertion loss versus frequency characteristic referenced to 1000 Hz for the connec-
tion of Example 1:

300 Hz to 3400 Hz

{Exocept 400 Hz to 3000 Hz) 400 Hz to 3000 Hz
~3.3dB, +8,1 dB +3.3 dB
4.7.2.3 Envelope Delay Distortion, By utilizing the summation method defined

in subparagraph 4.6.4, the following are the expected values of envelope delay distortion
over the range of frequencies indicated:

600 Hz to 3200 Hz

(Except 1000 Hz to 2500 Hz) 1000 Hz to 2500 Hz
2, 339 microseconds 1, 659 microseconds
4.7.2.4 Net Loss Variation, By utilizing the summation method defined {n sub-

paragraph 4,6.5, the expected value of net loas variation is +4.5 dB.

4.7.3 Example 2: Long Haul/Tactical Less Maneuverable FDM-TDM/PCM
Connection. Figure 4.7-2 shows an example utilizing TDM/PCM techniques on & long
haul satellite system and FDM techniques on other links. The general layout is the same
as described ln Example 1.

4,7.3.1 Noise. The results indicate that a connection with a noise performance
of abuut 26, 000 pWp0 (approximately 44. 2 dBrpc0) is hypothetically attainable, following
the summation method defined in subparagraph 4.6.2,
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Figure 4. 7-1. Reference Channel Example 1: Long Haul/Tactical Less

Maneuverable FDM Connection Excluding Loops
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NOMIRAL YOICE TOTAL MAX,
DISTANCE BANDWI OTH NOISE (BUX
LINK(FOu MEDIA angd Nedia)
or PONY! (Example) W0
mietien www |
NARENYER- (1000 mmi) (8 in Radio 1,453
MLE) s tandem)
Pl T | e [ vea
N —
n (g;; :l) 1 Radio ‘,2‘2
~ 1854 ke . .
. (1000 nmi) o Radio 3,64
—
! RS Mdio 242
—
180
11,112 ke (Equivalent
:.M'lf (8000 nmi) Poy Satel)ite pCY
(8L3) %o1se)
— 817 &
n )
: I Rasio |, 242
EL—— (333 nmi)
1850 km ‘
? (1000 nai) jot Radio 3.874
e
1050 ke :
d (1080 ) I Radio 3.874
o e s
(:;; :‘:” I Ragio 1,242
i ! (g;; ::” 1 Radio i, 242
R R TOTAL 26,007 pWp0
(12,000 nmi) NO) SE (Mpprox. 442 dBencl)

Figure 4. 7-2. Reference Channel Example 2: Long Haul/Tactical Less
Maneuverable FDM-TDM/PCM C onbection Excluding Loops
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4,7.3.2 Insertion Loss Versus Frequency Characteristic. By applying the sum-
mation method defined in subparagraph 4.6.3, the following are the expeoted values of
the {nsertion loss versus frequency charscteristic referenced to 1000 Hz for the connec-

tion of Example 2:

300 Hz to 3400 Hz

(Except 400 Hz to 3000 Hz) 400 Hz to 3000 Hz
-3.2dB, +8.2dB ~3.2dB, +3.4dB
4.7.3,3 Envelope Delay Distortion, By utilizing the summation method defined in

subparagraph 4.6.4, the following are the expeoted values of envelope delay distortion
over the range of frequencies indicated:

600 He to 3200 Hz

(Except 1000 Hz to 2500 Hz) 1000 Hz to 2500 Hz
2, 385 microseconds 1,610 microseconds
4.7.3.4 Net Loss Veriation. By utilizing the summation method deflned in sub-

paragraph 4.6.5, the expected value of net loss variation is 4.4 dB.

4.7.4 Example 3: Long Haul/Tactical Highly Maneuverable ¥FDM Cobnection.
Figure 4,7-3 (Example 3) shows a oonnection of long haul FDM voice bandwidth links in
tandem with tactical highly maneuverable FDM voice bandwidth links. The general lay-

out |8 the same a8 described ln Example 1,

4.7.4.1 Noise, In Figure 4.7-3, the total maximum noise of 16, 000 pWp0 of
three tactical highly maneuverable FDM links in tandem is referenced to the OTLP of
the long haul eirocuit for both directions of transmission. Using the summation method
defined in subparagraph 4.6.2, the result indicates that & noise performance of about
46, 000 pWp0 (approximately 46,6 dBrnc0) I8 hypothetically attxinable, provided that the
taotical portion of the connectlon is limited to three tandem links,

NOTE: Acocording to subparagraph 4.5.2.3.4, each tactical
highly maneuverable FDM link contributes a maximum noise
of 25, 000 pWp0O at the OTLP or 10, 000 pWp at the —4 TLP of
a tactical highly maneuverable circuit, The total maximum
nolse of three tactical highly maneuverable FDM links in
tandem is 30, 000 pWp at the —4 TLP. Since the —4 TLP of
a tactical highly maneuverable circuit is connected to the
OTLP of & long haul cirouit either by a 3 dB amplifier or a

3 dB attenuator (see Figure 4.7-8), the total maximum noise
of three tactical FDM tandem links i8 15, 000 pWp0 referenced
to the long haul 0TLP for both transmission directions of the
ocommon conpection shown in Figure 4.7-3.

4.7.4.2 Insertion Loss Versus Frequency Charaoteristic. By applying the sum-
mation method defined in subparagraph 4.6. 3, the following are the expected values of
the insertion loss versus frequancy characteristic referenced to 1000 Hz for the connec-

tion of Example 3:
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NOTE:  TYactical (highlv maneuverabie) chanel is
limited to three tinks

NOMINAL VOICE TOTA. MAX.
DISTANCE BANOWIDTH NOISE (MUX
' L INK NEDIA and Medi a)
-l _—g-— (FOM) (Example) pd
TACTICAL 150 & ‘
(HIGHLY " 2 000
MANEUYER- (84 nmi) 1(320'!:) Radio
_ABLE) -
309 km 585
:_—_ (|s7 ﬂﬂl) I Radio
617 km
. (333 nm1) 1 Rad1o 1,242
1850 km o Redio 3 674
- —— (1000 _nmi)
1850 km
(1000 nmi) ha g Radic 3,614
il 511 ka 1 Radio 1,242
H (333 n»pi) ! .
LONG - 5556 km
1
) o —
5556 km
| : (3000 nm1) 1 Sub Caole 4,62
617 km
(333 nmi) 1 Radio 1,242
1850 k»
" (1000 nmi) o Radio 3.874
1850 &km
Jb—— (1000 nm:) o Ragio 3.674
617 ka y
(333 nmt) I Ragio 1,242
F - B17 kn
}_ br (333 nm1) 1 Radio LY
77,056 km TOTAL 45,854 pWpD
(11,818 nmi ) no1SE (hpprox. 48,6 dBrncd)

Figure 4. 7-3. Reference Channel Example 3: Long Haul/Tactical Highly
Manueverable FDM Connection Excluding Loops
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300 Hz to 3400 Hz

{Except 400 Hz to 3000 Hz, 400 Hz to 3000 Hz
-3.4 dB, +7.8dB +3.4 dB
4,7.4.3 Envelope Delay Distortion, By utilizing the summation method defined

in subparagraph 4.6.4, the following are the expected values of envelope delay distortion
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 1,584 microseconds
4.7.4.4 Net Loss Variation. By utilizing the summation method defined in sub-

paragraph 4.6.5, the expected value of net loss variation is +4.3 dB.

4.17.5 Example 4: Long Haul/Tactical Highly Maneuverable FDM-TDM/PCM

Connection. Figure 4.7~4 (Example 4) shows a connection of long haul FDM voice band-
width links including a TDM/PCM satellite link in tandem with tactical highly maneuver-
able TDM/PCM voice bandwidth links. The general layout of the connection is the same

as described in Example 1.

4,7.5.1 Noise. In Figure 4.7-4, the total maximum poise of 15, 000 pWp0
{equivalent PCM noise) of six tactical highly maneuverable TDM/PCM links in tandem 1s
referenced to the 0TLP of the long haul circuit for both directions of trapsmission. Using
the summation method defined in subparagraph 4.6, 2, the result indicates that a noise
periormance of about 37, 000 pWp0 (approximately 45.7 dBrnc0) is hypothetically attain-
able for the connection shown in Example 4,

NOTE: According to subparagraph 4.5.3.4.3.2, cach tactical
highly maneuverable TDM/PCM link contributes a maximum
equivalent PCM noise of 12, 500 pWp0 at the OTLP or 5, 000
pWp at the —4 TLP of a tactical highly maneuverable circuit.
The total maximum equivalent PCM noise of six tactical bighly
maneuverable TDM/PCM links in tandem is 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 haul circuit
either by a 3-dB amplifier or a 3-dB attenuator (see Figure
4,7-8), the total maximum equivalent PCM noise of six
tactical TDM/PCM tandem links is 15, 000 pWp0 referenced
to the long hawl 0T LP for both transmission directions of

the common connectiob shown in Figure 4, 7-4.

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

300 Hz to 3400 Hz
(Except 400 Hz to 3000 Hz) 400 Hz to 3000 Hz
~3.8 dB, +8.6 dB -3.8 dB, +4.0 dB
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*Eguivaient PCH Noise

NONINAL YOICE TOTAL WAX.
DISTMNCE BANDWIDTN NDISE (WUX
LINK (FOM NEDIA and Nedia)
TACTICAL
(NiGHLY E 323 K (5";,“ Radio 15,000 #
WAEUVER- (162 i Tandem)
_"LQ""b"_"‘
-‘ 308 m
PJ___ (]67 i) I Radro 886
[ BiT k. 1 Radio 1,242
H____ (333 nmi}
1850 km .
o (1000 nm: ) I Radio 3,874
i 1850 km
H (1000 _nmi) o Radio 3,874
617 km Rad | 242
' (333 nmi) L 8010 2
LONG T 11112 kn
HAUL bL_ (8000 nm1) PO Satelitte 160 *
617 km
:L (333 nei) L Ragio 1,242
1850 km
H_ (1000 omi) ja Radio 3.674
1850 ke
N (1000 a1 ) o hd1o 3.674
617 km
]
CI—-—— (333 nmi) I Rs0i0 242
817 km .
._.!..__EL__ (333 nmi) I Radio 1,242
22,206 «km TOTAL 36,752 pWp0
(12,080 nmi) NQISE (Approx. 45.7 dBrncO)

Figure 4. 7-4. Reference Channel Example 4: Long Haul/Tactical
Highly Maneuverabie FDM-TDM/PCM Hybrid

Connection Excluding Loops
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4.7.6.3 Envelope Delay Distortion, By utilizing the summation method delined
in subparagraph 4.6.4, the following are the expeoted values of envelope delay distortion

over the range of frequencies indicated:

600 Hz to 3200 Hz

(Except 1000 Hr to 2500 Hz) 1000 Hz to 2500 Hz
3, 010 microseoconds 1, 835 mioroseoonds
4.7.6.4 Net Loss Variation, By utilizing the summation method defined in sub-

paragraph 4,6.5, the expected value of net loss variation is +4.6 dB,

4.7.6 Example 5: AUTODIN Long Haul/Tactical Connection. Figure 4.7-5

(Example 5) illustrates bow and where the reference voloe bandwidth links and the data
reference terminations are applicable in an AUTODIN long baul/tactical connectior, In
this example, applicable standards and criteria otber than standards cited berein are
introduced to (llustrate the locatiop where they are applicable. Otherwise, the figure

is self-explanatory.

4.7.7 Example 6: AUTOVON Long Haul/Tactical Connection with AUTQVON

4-Wire Instrument in Tactical Area, Figure 4,7-6 (Example 6) Ullustrates the applica~-
bllity of the reference volce bandwidth links in an AUTOVON connection with & 4-wire
AUTOVON instrument in the tactical area. The figure alsc lndicates other standards
anu criteria in addition to those cited herein which are applicable.

4.7.8 Example 7: AUTOVON Lopg Haul/Tactical Conneoction with 2-Wire
Switches at Both Terminations (Worst Allowable Configuration). Figure 4.7-7

{Example 7) shows a worst case exampie of an AUTOVON connection with 2-wire switches
in tandem at each termination; two of the switches are in tte taotical area, Applicuble
standards and criteria are aiso shown in the figure. The 2-wire switch (in the tactiosl
area) connecting the tactical circuit with the long haul circuit must have AUTOVON com-
patible signaling specified in DCAC 370-V185-7, Overseas AUTOVON Network Switching

Plan,

4.7.9 Example 8: User-to-User Charaocteristics Based on Examples 1

through 4. The user-to-user characteristice may be determined by combining the char-
acteristics of a bypothetical reference circuit (Examples 1 through 4) with the charac-
teristics of the loops, which connect the users to the reference circuit. The character-
istics of loops will vary widely among tactical highly maneuverable users, tactical less
maneuverable users, and long haul users. In addition to the different types of loope, the
length may range from very short loops consisting entirely of local plant facilities or
loaded/nonloaded cable pairs, to very long 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. As may be expected, the inherent characteristics of the
loops will vary widely and are predictable only when the specific makeup of a loop i8
known, Each loop is a separate problem and each loop must be individually engineered.
Thus, for purposes of demonstrating the calculation of hypothetical user-to-user char-
acteristics (for Examples 1 through 4), it is necessary to assume characteriatics for
the loop. The reader is cautioned that these assumed characteristics are not real val-
ues and are not to be used literally for the calculation of actual user-to-user character-
istics.
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Both Terminations (Worst Allowable Configuration)

61 12q8AON ST

el

001-981-ALS-TIN


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

MIL-STD-188-100
15 November 1972

4.7.9.1 Signal Level and Interface Diagrams of Long Haul and Tactical Reference
Clreuits {User-to-User). Flgures 4,7-8 through 4.7-13 show exampies of circuits con~
sisting of long haul and tactical (highly and less maneuverable) links based on Examples 1
through 4, and of two-wire or four-wire loops extending to the terminal equipment. The
insértion loss of the loops are identical with the values given in subparagraph 4.4.2 1.1.
Figures 4.7-8 through 4.7-13 show test levels and traffic signal levels for voice and

data and the interface levels between any of the three systems, long haul, tactical bighly
maneuverable, and tactical less maneuverable.

4,7,9.1.1 Long Haul/Tactical Highly Maneuverable Four-Wire Reference Circuit.
Different requirements for the long baul and the tactical highly maneuverable systems
have led to the development of equipment, such as multiplexers and radios, with signifi-
cantly different traffic signal levels (voice and data) and overload characteristics.
THEREFORE, SPECIAL METHODS BAVE TO BE USED FOR INTERFACING LONG
HAUL WITH TACTICAL HIGHLY MANEUVERABLE LINKS,

Figure 4.7-8 (Example 8a) shows a signal level and interface diagram of a long haul/
tactical highly maneuverable four-wire reference circuit, The interface shall be accom-
plished on the basis of the standard test tone defined in subparagraph 4.4.3.2.2.4 as
~10 dBmO for the long haul and —3 dBmO for the tactical highly maneuverable system,

It should be emphasized that the standard test tone of —10 dBmo for the long haul system
is referenced to the long haul 0TLP, whereas the test tone of ~3 dBmo0 for the tactical
highly maneuverable system is referenced to the tactical highly maneuverabie 0TLP and
not to the long haul 0TLP.

The method of interfacing on the basis of the standard test tone results in a 3 dB gain at
the interface 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
traveraing from the tactical highly maneuverable to the long haul portion of a circuit,
THE TLPS OF THE TACTICAL HIGHLY MANEUVERABLE SYSTEM CANNOT BE
DIRECTLY EQUATED TO THE TLPS OF THE LONG HAUL SYSTEM, SAVE IN TERMS
OF ACTUAL POWER LEVELS (dBm). THEREFORE, THESE TLPS SHALL BE CON-
SIDERED AS INTERNAL REFERENCES FOR EACH SYSTEM ONLY, AND MUST NOT
BE TRANSFERRED ACROSS THE INTERFACE. For this reason, the standard test
signal and the signal for intermodulation distortion measurements (IMD) shall not be
transmitted across a long haul /tactica! highly maneuverabie 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 monitoring teat tone may be
transmitted acroses the interface, if required, and would appear at a level of -12 dBm
at 8 -4 TLP of a tactica! highly maneuverable circuit. ?

In Flgure 4.7-8, the transmitted speech volumes at the telephones have been assumed

a8 =10 VU for both the long baul and the tactical highly maneuverable users in acoord-
ance with subparagraph 4.2.2.1. The received speech volume of —16.5 VU at the tacti-
cal highly maneuverable telephone is higher than the nominal wlue of —28 VU stated in
subparagraph 4.2.2. 2 but the higher value is considered desirable for satisfactory serv-
lce in a tactical highly maneuverable snvironment. The received speech volume of ~22.5
VU at the long haul telephone is within the range of volume units given in subparagraph
4,2,.2.2 indloating that more than 96 peroent of calis would be rated good or better. The
data levela shown in Figure 4,7-8 are identical with the values stated in subparagraphs

4.3.2,2and 4,4.3.2.2.2.
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NOTE: Tbe following items have been considered fur the
development cl aun interizce standard between the tactical
nighly maneuverable system and the long baul or the tacti-
cal less maneuverable systems:

(a) The level difference across the interface is caused by
the current lnventory which cannot be changed significantly
in the foreseeable future bdsed on economic factors, such
as equipment life cycles,

(b) Any solution of the interface problem should have a
minimum impact on existing procedures and practices
used ip all syster:s to be interfaced.

(¢) The introduction of a new definition into the tactical
highly maneuverable system, pamely the standard test

tone of —3 dBmO0, is considered less confusing to commu-~
nications personnpel than a change of established procedures
and methods employed within a system, such as the TLP
concept.

(d) The method of interfacing on the basis of the standard
test tone will affect only circuits traversing the long baul/
tactical highly maneuverable system or the tactical less
maneuverable/tactical highly maneuverable system and
will not change established test or alignment procedures
within any of these systems,

4.7,9.1.2 Long Haul/Tactical Highly Maneuverable Two-Wire Reference Circuit.

Figure 4.7-9 depicts an example of a long haul/tactical highly maneuvcrable two-wire
reference circuit showing signal levels for testing and aligning of links and traffic signal
levels (voice and data) from user-to-user. The interface method is the same &s shown

in Figure 4.7-8 and described in subparagraph 4.7.9.1.1, The TLPs and the correspond-
ing test levels and speech volumes are the same as shown Ln Figure 4. 7-8, except the
two-wire termination in the receiving direction of the tactical highly maneuverable links
has a +1 TLP in accordance with subparagraphs 4.5,2.2 and 4,5.3.2.2. The transmitted
speech volumes at the telephones have been assumed as ~10 VU for both the long haul and
the tactical highly maneuverable users in accordance with subparagraph 4.2.2.1, The
received speech volume of —20.5 VU at the tactical highly mansuverable telephone ia
higher than the nominsl value of —28 VU stated in subparagraph 4.2.2.2 but the higher
value i8 considered desirable for satisfactory servic: io & tactical highly maneuverahie
environment, The received speech volume of =31.5 VU at the long haul telephone is
within the range of volume unite given in subparagraph -+.2.2, 2 indicating that more than
96 percent of oslls would be rated good or better. The data levels shown in Figure 4.7-8
are identical with the values stated in subparagraphs 4.3.2.2 and 4.4.3.2.2.2.

4,7.9,1.3 Long Haul/Tactical Less Mapeuverahlie Four~-Wire Reference Ctrouilt,

A sigoal level and interface diagram for a long haul/tactical less maneuverable four-
wire circuit is shown in Figure 4, 7-10 (Exampie 8c¢). An interface conneotion between
these two types of systems is relatively simple, nasmuoch as both systems employ &
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OTLP at thelr reapective Technical Control Facllities, The difference between the two
systems is in the area of loops., Long haul four-wire reference cirouits maintain 2 € dB
loss in the loop. The 1ess maneuverable tacticel four-wire reference circuits have loops
with 2 mean loas of 7 dB. This difference causes the transmitted and received levels of

speech and data to differ slightly as shown in Figure 4,7-10,

4,7.9.1.4 Long Haul/Tactical 1.ess Maneuverahle Two-Wire Reference Circuit.

Figure 4,7-11 (Exampie 8d) provides a signal level and interface diagram for a loog haul/
tactical less maneuverahble two-wire reference circuit. Thise is very similar to Figure
4,7-10 which addresses a long haul/less maneuverable tactical four-wire reference cir-
cuit, the major difference between them being the additional loop loas shown for both the
long haul two-wire reference circuits (11 dB including a 4~dB two-wire to four-wire hy-
brid loss) and the tactical less maneuverable two-wire reference circuits (9 dB including
two-wireto four~wire hybrid loss). As a result of these additional loop losses, the values of
data and voice signal levels change accordingly from the values shown on Figure <.7-10
(Example 8c). The major impact {8 in the received speech volume (—~30 VU) at both the
long haul and the tactical less maneuverable telephone instrument, However, thic level
of =30 VU is within the range of received speech volume required for satisfactory voice

service (see subparagraph 4,2,2,2).

4,7.9.1.5 Tactical Less Maneuverable/Tactical Highly Maneuverable Four-Wire
Reference Circuit. Figure 4,7-12 (Example S¢) provides a signal level and interface
diagram of a tactical less maneuverable/tactical highly maneuverable four-wire reference
cireuit, This diagram is almost identical to the long haul/tactical highly maneuverabie
four-wire oirouit shown in Figure 4.7-8 (Exampie 8a). The differences in signal leval
values shown on the diagram are due to the 7-dB loop ioss on the tactical less maneuver-
able system as compared to the 6—~dB loop loss shown on the long haul system illustrated

in Figure 4, 7-8.

4.7.9.1.6 Tactical Less Maneuverable/Tactical Highly Mapeuverable Two-Wire

Reference Circuit. Figure 4.7-13 (Example 8f) provides a signal level and interface
diagram for a tactical less maneuverable/tactical highly maneuverable two-wire circuit.
The interface arrangement shown is identical to the interface arrangement provided in
Figure 4, 7-9 (Example 8b) and is described in subparagraph 4.7.9,1,.2. The only change
between the level and interface diagram shown In Figure 4,7-13 and Figure 4.7-9 is the
difference in voice and dats levels due to a difference in loop loas in the tactical less
maneuverahble two-wire reference clrcuit (9 dB) and the long haul two-wire reference
circuit (11 dB),

4.7.9,2 Calculation of Hypothetical Noise Power at User Terminals. The total
received nolse at the user terminals will consist of channel noise plus the noise coptrib-
uted by the two loops, attemuated by the one-way insertion loss of the loop comecting the
user terminals to the channel (see Figure 4.4-1). It is accepted practice in cirouit
engineering to reference each noise power value, contributed by the different portions

of a circuit, to the OTLP of the circuit under consideration and thus arrive at the total
clrouit noise power expressed in units of pWp0 or dBrnc0, The total cirouit noise power
referenced to the 0TLP oan be transferred from the OTLP to any other TLP of the oir-
cult by considering the transmission levei difference between the OTLP and the other
TLP (see Appendix F, Terms and Definitions, under: Transmission Level}.
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Table 4. 7-1 shows the noise power contributed by a channel and the loops, aund the total
recelved circuit noise power at the Jong haul or tactical user terminals based on the
reference circuit Examples 1 through 4.

The parameters of Examples 1 through 4, such as noise and envelope delay distortion
shown in subparagraphs 4. 7.2 through 4. 7.5, are only applicable to analog service (voice
and facsimile) and to quasi~-anslog data service without regeneration between the end ter-
minals of 2 channel. See subparagraph 4.6,1 for caloulating the transfer characteristics
of data )inks in tandem with regeneration employed. In the first column of Table 4, 7-1,
the numbers of the reference circuit examples are listed which correspond to Figures
4,7-1 through 4.7-4. The second column of Table 4, 7-1 shows the channel noise power
refercnced to the long haul or the tactioul less maneuverable 0TLP. The values of chan-
ncl noise power listed in Table 4. 7-1 are identical with the values shown in Figures
4.7~1 through 4.7-4, The noise contributed by one loop (8ee subparagraph 4.4.2.1.4)

is listed in the third colump of Table 4,7-1, It ahould be noted that {n the tactioal highly
maneuverable system the loop noise is generally so much lower than the noise ocontributed
by trunks and links that the effect of loop nolse on a user~-to-user cirouit Is considered
negligible. Consequently, the total circuit poise of Examples 3 and 4 consists of channel
noise plus noise of one long haul loop, whereas the total circuit noise of Examples 1 and
2 is the snm of channel noise plus the noise contributed by one long haul loop and one
tactical less maneuverable loop, The fifth column of Table 4.7-1 shows a —6 TLP as-
sumed at & long haul end instrument and 8 ~7 TLP assumed at a tactical less maneuver-
able end instrument, based on the four-wire loop insertion loss stated in subparagraphs
4.4.2,1.1.1 and 4.4,2.1.1.3, respectively, Examples 3 and 4 also show & —6 TLP
assumed at a long haul end Instrument and a —7.5 TLP assumed at a tactical highly ma-
neuverable end instrument in accordance with Figure 4,7-8., The last column of Table
4.7-~1 shows the total received circvit nolse power at the assumed TLPs of long baul or
tactical end instruments. For Examples 1 and 2, the total noise at the user TLP is
calculated by subtracting from the circult noise (expressed in dBrnc0) 6 dB for a long
haw user or 7 dB for a tactical highly maneuverable user in accordance with the corre-

- sponding assumed TLPs. Since the TLP of a tactical highly maneuverable cirouit is not
related to the long haul 0TLP in terms of tranamission power levels, the calculation of
total circuit noise at the tactical highly maneuverable end instrument (Examples 3 and 4
of Table 4.7-1) must not be performed by the conventional method used for Examples 1
and 2 but has to be based on the interface diagran shown in Figure 4.7-8. According
to Figure 4.7-8, a signal traversing the interface from the long haul 0TLP to the tactical
highly maneuverable —4 TLP i8 amplified by 3 dB. Lilkewise, circuit noise power refer-
enced to the long haul 0TLP, as shown in the fourth column of Table 4.7-1, will be 3 dB
bigher at the tactical highly maneuverable ~4 TLP. This amount of noise power at the
—~4 TLP is attenuated by the loop loss of 3.5 dB at the tactical highly maneuverable user
terminal. For instance, reference circuit Example 3 of Table 4, 7-1 has a total cirouit
nolse of 47,2 dBrncO (referenced to the lang haul 0TLP) plus 3 dB (gain at the long baul/
tactical interface) minus 3.5 dB (of tactical loop inseriion loss) resulting in 46.7 dBrnc
of total circult noise power at the tactical (highly maneuverible) user terminale. The
total circuit noise shown in the last column of Figure 4, 7~1 is within the limits of re-
ceived noise power for voice, analog facsimile and data service given in subparagraphs
4.2.2.3, 4.2.3.3, and 4,3,2.4 respectively. The permissibie noise of 44 dBrnc shown
in subparagraph 4.2.2.3 is based on a mean received speech volume of ~28 VU. The
tactical highly maneuverable system has a higher recetlved speech volume (see Figure
4,7-8) and therefore can tolerate more noise power at the user terminals than stated In

subparagraph 4.2.2,3.
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Table 4. 7-1, Noise Contributions and Circuit Noise for Reference Circuit Examples 1 through 4

Total Circuit Noise
Reference Circuit|{Noise of 2ne long|(Channel Noise Plus Total Circuit
Noise (Channel |Haul or Tactical |Noise of Long Haul Noise Received
Reference Circuit | Noilse) at long |Loop at long Haul|and Tactical Lopp) at TLP of User
Exampies (see Fig- Haul OTLP OTLP 1 at_iong Haul OTLP |Assumed TLP Terminals
ures 4.7-1 through Appr. Appr. Appr. of User Ter- Appr.
4.7-4) pWp0 dBrnc0 | pWp0 dBrnc0 pWp0 dBrncO minals pWp dBrnc
Long Haul 6,250 38.0 -6 TLP 12,000 |40.8
1 | Tactical Less }35,189 45.5 47,689 46.8
Maneuverable 6,250 38.0 -1 TLP 9,550 1{39.8
Long Haul ] 6,250 38.0 -6 TLP 9,770 [39.9
2 | Tactical Less |26,087 44.2 38,587 45.9,
Maneuverable 6,250 3g.0 -7 TLP 7,760 (38,9
Long Haul 6,250 38.0 " -6 TLp  |13,180 [41.2
3 [Tactlcal HighTy|45,854 46.6 52,104 47.2
Maneuverable o o* “7.5 TLR** 146,770%%{46.7%
Long Haul 6,250 38.0 -6 TLP 10,720 |40.3
4 | Tactical Highly 36,752 45.7 43,002 46.3
Maneuverable O* o -7.5 TLP** |38,020%*%|45.8%%

*Roise of tactical highly maneuverable loops 1s assumed to be negligible (see subparagraph 4.4.2.1,4)
**The TLP of a tactical highly maneuverable circuit {9 not related to the TLP of a long haul circuit

in terms of transmission levels.
of a common long haul/tactical highly maneuverable circuit.

See subparagraph 4.7.9,2 for details to calculate the naise
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NOTE: Reference circutts 3 apd 4 seemingly es.:cc. the
44 dBrnc standare stated in s.hparagraph 4.2,2,3, Umne
must remuember, however, that the 44 dBrnc in subpara-
graph 4,2.2.3 is tied Lo 2 =28 VU speech volume. In the
reference circuits, the speech level at the tacticel highly
maneuverable user terminals i3 considerably higber
(=17 VU).

o real circuits there will be some attenuation at all switch and interconnect points which
will amount to several dB effective attenuation of the signais arriving at either user ter-
minals, thus droppling the noise power within the standard limit of 44 dBrnc while the

speech volume will stay above —28 VU,

4.7.9.3 Caloulation of Hypothetical Insertion Loss Vorsus Frequency Character-
istic at User Terminals. By applying the summation method defined in subparagraph
4,6, 3 the total resultant hypothetical insertion loss versus frequency characieristic at
the user terminals may be obtained. This ibvolves the summarizing of the insertion loss
versus frequency characteristic for the bypothetical reference links Examples 1 through 4
described in subparagraph 4, 7.2 and the loop characteristics given in subparagraph
4,4,2,2.2 considering the contributions of two loops. The following examples are for
unconditioned data loops and unconditioned data circuits only. The same method of sum-
marizing would apply to other types of loope and circuits.

(a) Example ]
300 Hz to 3000 Hz
(Except 300 H« to 2700 Hz) 300 Hz to 2700 Hz
-1.7dB, +11.7dB -1,7 dB, +5.4 dB

(b) Example 2

300 Hz to 3000 Hz

{Except 300 Hz to 2700 Hz) 300 He to 2700 Hz
-1.5dB, +11.8 dB -1.5dB, +5.4 dB
(c) Example 3
300 Hz to 3000 Hz
(Except 300 Hz to 2700 He) 300 Hz to 2700 Hz
-1,9dB, +11.5 dB -1,9dB, +5.4dB
(d) Example 4
300 Hz to 3000 Hz
(Except 400 Hz to 2700 Hz) 401 Hr to 2700 He
-2.56dB, +12,1 4B -2.5dB, +5.8 dB
4,.7,9.4 Calculation of Hypothetical Envelope Delay Distortion at the User

Terminals. By applying the summation method defined in subparagraph 4.6.4, the total
resultant hypothetical envelope delay distortion at the user terminals may be obtained.
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This involves the summarizing of the envelope delay distortion for the hypothetical refer-
ence links Examples 1 through 4 described in subparagraph 4.7.2 and the loop character-
istics given in subparagraph 4.4.2.2.3 considering the contributions of two loops. The
following examples are for unconditioned data loops and unconditioned data circuite only.
The same method of summariziag would apply to other types of loops and clrcuits. The
summed values exceed the llmits established for unconditioned data cirouits, Hence re-
generation, at intermediate points, may be required (see subparagraphs 4.3.2.1 and
4.3.2.5).

(&) Example 1
600 Hz to 2800 He
{Except 1000 Hz to 2600 Hr) 1000 Hz to 2500 Hz
8, 339 microseconds 2,659 microseconds
(b) Example 2
600 Hz to 2800 Hz
(Except 1000 Hz to 2500 Hz) 1000 Hz to 2500 Hx
8, 385 microseconds 2,610 mioroseconds
(c) Example 3
600 Hz to 2800 Hz
(Except 1000 Hz to 2500 Hz) 1000 Hz to 2500 Hz
8, 364 microseconds 2,584 microseoconds
(d) Example 4
600 Hz to 2800 Hz
(Except 1000 Hz to 2500 Hz) 1000 Hz to 2600 Hx
9, 010 microseconds 2, 836 microseconds
4.7.9.5 Calculation of Hypothetical Net Loss Variation at the User Terminals.

By applying the summation method defined in subparagraph 4.6.5, the total resultant
hypothetical net 1088 variation at the user terminals may be obtained. This involves the
summarizing of the net loss variation for the hypothetical reference links Example 1
through 4 described in subparagraph 4.7.2 and the loop characteristics given in subpara-
graph 4.4.2. 2.6 considering the contributions of two loops. The results are shown
below:

(a) Example 1: §.0dB
(b) Example 2: 4.9 dB
(c) Example 3: 4.8 dB
(d) Example 4: 5.1 dB

4.8 Volce Channel Network Standards.
4.8.1 General. This paragraph deals with network aspeots of volce channels.

In other paragraphs, parameters for transmission links such as insertion loss versus
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frequency characteristic, envelope delay distortion, noise, etc.. are given, based upon
their contribution to the parameters for the appropriate bypothetical referenoe cireail.
However, circuit net ioss and signaling are not covered. These are the subject of the
following subparagraphs 4.8.2 and 4.8,3.

4.8.2 Net 1.0ss Design. Net ioss ia the nominal insertion loss st test tone
frequency of any transmission link, measured between polnts at which they interconneot
with another link at a switching equipment, or to the line terminals of a ielepbone. This
includes trunks, subacriber or switch acoess lines, switch tie lines, and user loops,
The sum of the net losses of all links Iln tandem between the line terminals of the two
ic.erconpected telephones is the net loas of the connection. The overall net loss allow~
able takes into acoount the user-to-user requirements and, If there are any 2-wire links
or 2-wire telephones which may form part of the connection, echo control must be con~
sidered (see subparagraph 4.2.2.8),

Although the net loss design of the tactical systems and the long haul system do not
entirely agree, the net loss of a 4-wire trunk, between switching points, shall be 0 dB
and the net loss of a 2-wire trunk, between switching points, shall be 3 dB,

4.8.3 Signaling.

4.8,3.1 Dual Tone Multi-Frequency Signaling. In general, signaling In tactical
aystems and in the long haul (AUTOVON) systems is quite different ip most details., How-
ever, both make some use of telephones with Dual Tone Multi-Frequency (DTMF) sigoal-
ing. The numbers 1 - 0 and the four precedence signals are identical. The DTMF
signals shown in Table 4, 8-1 below are common.

Table 4. 8~1. Dual Tone Multi-Freguency Signals

‘Tone Group
Frequencies (Hy
DTMF Key Lower | Upper
1 697 1209
2 697 1336
3 697 1477
4 770 1209
5 770 1336
6 770 1477
7T 852 1209
8 862 1336
9 852 1477
0 941 1336
Precedence 0: (FO) Flash Overric= 697 1633
Precedence 1: (F) Flash 770 1633
Precedence 2: (1) Immediate 852 1633
Precedence 3: (P) Priority 941 1633
End of Signaling 941 1477
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4,8.3.2 Dial Pulse Signaling. For telephone Bets requiring dial pulsing for
operating with switching equipment, the following standards apply . Two categories of
dial pulsing are recognized: low speed (for step-by-step systems), and high speed (or
oommon control systems, e.g., orossbar systems).

Low Speed High Speed
(a) Bresak period: percent 60% to 67% 60% to 8T%
of combined make and
break period
(b) Speed, pulses per 9.6 t0 10.5 17t0 19
second
{c) Minimum interdigital 0.6 sec +5% 0.35 sec 5%
period
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5. SUBSYSTEM STANDARDS ANL DESICXN OBJECTIVES.

51 General. In paragraph 4 overall system standards having general
application to both long haul and tactical systems are given, with application to circuits
up to approximately 22, 000 km (12,000 nmi). Paragraph 5 {s devoted to standards and
design objectives for multiplexing, transmission, and end instrument subsystems or
equipments which may be employed to implement an overall system. in particular, this
paragraph is divided into the following:

Paragraph Subject
52 FDM Subsystems
53 TDM/PCM Subsgystems
5 4 Digital Data Modem Subgystems
5.5 Radio Transmission Subsystems
5.6 Wire Transmission Subsystems
5.7 End Instruments, Analog
5.8 End Instruments, Digital

Some of the paragraphs listed above cannot be supported at this time by a substantial
number of common standard parameters. Therefore, several of these subject headings
are included only for completeness and foresight ae revisions and expansions to the doc-
ument become appropriate.

5.2 Frequency Division Multiplexed {FDM) Subsystems
5.2.1 General. Frequency division multiplexed subfystems can be catego-

rized according to type of multiplex channel used. In ttis regard 3-kHz FDM, 4-kHz
FDM, and volce frequency carrier telegrapl (V§(CT) subsystems are of general interest,

522 Frequency Division Multiplex Fquipment (3 kHz).

5221 Wideband Applications. This type of 3-kHz chanpel multiplexing 18
used on many wideband underseas cable transm!ission subsystems. Most-DoD underseas
cable subsystems are leased Military Standards for this application, therefore, are
limited and a common standard is not included st this time (see subparagraph4.4,3.1.1),

.22 2 HF Radlo Applications. See subparagraphs 4.4,.3.1.1 and 5.6,2,

6.2 3 Frequency Division Multiplex Equipment (4 kHz) Subparagraph4.5 2
of this document lists numerous characteristics of 4-1Hz FDM equipment which are appli-
cable to the development of the long haul,/tectical rererence circuit examples of para~
graph 4 7. For further information, reference should be made to MIL-STD-188-311 and
MIL-STD-188C (to be replaced by MIL-3TI-188-200 series) for the respective long haul
and tactical standards. Reasor: Technica! ¢nmpleteness.

6.2.4 Voioe Frequency Carrier Telegraph (VFCi) The standacd VFCT sub-
system is configured for 16 duplex telegraph circuits. Frequepcy shift modulation shall
be emplayed The mark signa) shall be at the renter {requency mtnus 42. 5 Hz and the
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space frequency shall be at the center frequency plus 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 System Center, Mark, and Space Frequencies

Channel Mark Center Space
Designation | Frequency (Hz) | Frequency (Hz) | Frequency (Hz)

1 382.6 425 467.5

2 552, 5 595 637.5

3 722.5 765 807.5

4 892.5 935 977.5

5 1062.5 1105 1147.5

6 1232.5 1275 1317.5

7 1402. 5 1445 1487.5

8 1572.5 1615 1657. 5

9 1742.5 1785 1827.5

10 1912, 5 1955 1997.5

11 2082.5 2125 2167.5

12 2252.5 2295 2337.5

13 2422.5 2465 2507.5

14 2592.5 2635 26717.5

15 2762.5 2805 2847.5

16 2982.5 2975 3017.5

5241 Frequency Tolerance. The tolerance allowed on the "mark" and

"space' frequencies, as generated, shall be +4 Hz.

5242 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 band. The minimum return loss shall be 26 dB measured
against a resistance of 600 ohms. The electrical symmetry shall be sufficient to sup-
press longitudinal currents at least 40 dB below the reference signal level.

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

524 4 Distortion. With the transmit and receive terminals connected back to
back, with sending and receiving loops properly terminated, with all transmit tones acti-
vated at proper levels, and with random undistorted signals keyed simultaneously into
each sending loop at the maximum modulation rate of the terminal design, the maximum
peak telegraph distortion, as measured in the receiving loops, shall nnt exceed 4 per-
cent, (DO: 2 percent).
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5245 Low Level Interface for Loop Circuits. It is the usual practice to
terminate the {ndividual telegraph channels in a digital loop circuit. The standard low
level interface described in subparagraph 4. 3, 1.3 shall be provided for these toops.

5.3 TDM/PCM Subsystcms. IParagraph 4. 5. 3 of this document compares
the respective long haul and tactical standards for TDM,/PCM subsystems. Thie com-~
parison readily indicates that there are very few subsystem commonalities in this area.
Reference is made to MIL-STD-188C for further information on tactical TDM/PCM sub-
@yectems,

5.4 Digital Data Modem Subsystemes. Digital data modems are devices
which allow digital information to be transmitted over analog facilities. The sending
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
transmission facility and converts them into dc pulses for use by the end instrument.
Included herein are standards which are common to modems used for tactical 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 High -Speed Modems, In-
cluded herein are standards common to low, medium, and high-speed tactical and long-
haul modems. This paragraph has been formatted to allow for future expansion; at the
present time, however, the only parameters exhibiting the required degree of common-
ality are those falling within the standard digital interface criteria.

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 which are
equipped for high level operation shall be used in conjunction with dc level converters
to provide a low level interface; the interim high level digital interface criteria de-
scribed in 4. 3. 1 4 shall apply to these modems.

5412 Additional Parameters Common to All Modems. (Under consideration).
5.4.2 Digital Data Modems for 150 b/s t> 9600 b/s.
5.4.2,1 DPSK Dats Modems, The following subparagraphs, 5.4.2.1.1

through 5.4.2.1. 13, establish standards and design objectives for 2400 b/s modems for
those applications where differential phase shift keying {DPSK) 1s used on nominal 4-kHz
volice channels.

542,11 Modulator Input Signal Characteristics. T.e modulator shall acoept as
a modulating signal synchronous serial digital data at data signaling rates of 1200 b/s

or 2400 b/s. This signal shall be presented to the modulator input as a binary dc signal
in polar form with nominal significant states of plus and minus 6 volts 1 volt, These
states are representative of a mark or space, binary 1 or 0 condition, respectively, of
the input digital signal. The modulator-shall be equipped with a means of reversing the
sense of the received digital data.
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5.4.2.1.2 Isochronous Distortion of Input Data. The modem shall operate in
accordance with the performance requirements specified herein when the isochronous
disiortion of the input data is less than or equal to 10 percent measured at the data sig-

naling rate of the modem.

54213 Binary Encoder. Prior to translation into a phase shift line signral, the
digital input signal, describedin subparagraph5.4.2.1.1, shallbe subjected to an er.coding
process utilizing a binary encoder. This encoder shall consist of a modulo 2 addcr and
a 2-hit shift register arranged as {llustrated in Figure 5.4-1. Encoding shall be iccom-
plished at a data signaling rate of 2400 b/s for the two input data aignal rates. The en-
coder shall be an integral part of the modem but capable of being inserted or bypassed
ori an optional basis.

54.2.14 Modulator Output Signal Characteristics, The information signai at the
output of the modulator shall be a synchronous differentially coherent quaternary phase
shift keyed signal. - I'or a data signaling rate of 1200 b/'s or 2400 b/s at the mouuiator
put, the line signal shall always be 1200 baud. This line signal shall be obtained by
grouping the serial stream of binary digital signals from the binary encoder (or, if the
encoder is bypassed, the data source) into dibits. Upon determining which of four pos-
sibie bit sequences are contained in the dibit under consideration, i.e., 00, 01, 10, or
11, the phase of an 1800-Hz carrier shall be shifted by +45, +135, -45, or -135 degrees
rescec.ively from the phase position of the carrier at the beginning of the immediztely
preceding dibit interval (see Figure 5,4-2). The left hand digit of the dibit is the one
occurring first in the data stream. Figure 5. 4-3 is an example of the phase shifts of the
1500-Hz carrier, prior to filtering, which would result from eight random bits at the

2400 b/s input data rate.

3.4.2.1.8 Modulator Qutput Level. The output level of the modulator shall be ad-
justable from -18 dBm to +3 dBm in steps no greater than 1, 0 dB.

54.2.1.6 Modulator Carrier. The carrier frequency of the modulator shal| be

1800 Hz and shall be manually adjustable to within +0. 5 Hz of the required carrier fre-
quency. The long term frequency stability of the carrier shall be better than 1 part in
107 per day.

54.2.1.7 Modulator Output Impedance, Return Loss, and Balance. The output
impedance of the modulator, over the frequency band 370 Hz to 3400 Hz, shall be 600
ohms balanced to ground with 2 minimum return loas of 26 dB against a nonreactive 600-
ohm resistance. The electrical symmetry shall be sufficient to suppress longitudinal
currents at least 40 dB below the reference signal level,

5.4.2.1.8 Demodulator Input Impedance, Return Loss, and Balance. The input
impedance of the demodulator, over the frequency band 370 Hz to 3400 Hz, shall be 600
ohms balanced to ground with a minimum return loss of 26 dB against a nonreactive
600-ohm resistance, The electrical symmetry shall be sufficient to suppress longitudi-
nal currents at least 40 dB below the reference signal level,

5.4.2.1.9 Demodulator Input Signal Characteristics. The demodulator input sig-
na! shall be the synchronous quaternary phase shift keyed signal cited in 5.4.2.1.4, as
modified by passage through the transmission channel. The demodulator shall accept
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this signal, synchronize the timing output signal to the received digita: signal, and oro-
duce regenerated and retimed digital signa!s at 1200 b/s or 2400 b/s respectively, cor-
responding to the signals applied to the distant complementary modulator,

5.4,2.1.10 Demodulator Dynamic Range. The demodulator shall have & dynamic
range of 30 dB, sufficient to acoept and process, without degradation of performance,
irput signal levels from -35 dBm to -5 dBm.

54,2111 Binary Decoder. Following demodulation of the signal describedin sub-
paragraph 5.4.2.1.9 and prior to the application of the demodulated signal to the de-
modulator output terminals, the demodulator shall subject the signal to a deooding pro-
cess using a binary decoder, This decoder shall consist of 2 modulo 2 adder and 2-bit
shift register as {llustrated in Figure 5.4-4. Decoding shall be accomplished at a data
signaling rate of 2400 b/s for the two data rates. The decoder complements the encoder
discussed in 5.4.2.1. 3 and, like the encoder, shall be capable of being inserted or by-
passed on an optional basis,

1] AND ™™E

SIONAL STATE | SIONAL STATE |SIGNAL STATE

AY POINT C7 | AT POINT "A™ | AT POINT 8"
18 [5) MALL BE
' [+ ]
o ] [}
' ! [
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TronS s Sion eumen PRASE ADDER e
Foevllry DEMODUL ATOR (EXCLUSIVE OR)

)

IREE

LE00 My Timing commmmeedpei £ 81T SHIFT REOISTER

Figure 6,.4-4. Binary Decoder

5.4.2.1,12 Isochronous Distortion of Demodulator Qutput. The isochronous dis-
tortion of the output data signal when measured at the operating dats signaling rate shall

be less than 4 peroent (DO: 1 percent),

54.2.1.13 Timing Requirements. The modem shall be equipped with an internal
clock which shall provide all necessary timing for generation of the multiplex line sig-
nals and date signal regeneration, as well as timing for other modem components and
associated terminal equipment. In addttion, the modem modulator and demodulator
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shall be capable of operation from an external station.clock. The characteristice of the
timing signals shall be as described in 4.3.1. 6.

55 Radio Transmission Subsystems,
§.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
subparagraphg 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 (HF) Radio Subsystems, Untfl common standards be-
come avallable, reference shall be made to MIL-STD-188C and MIL-STD-188-317 for the

respective tactical and long haul standards.

5.5.3 Line-of-Sight (LOS) Radio Subsystems. The long hau! 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 DCAC 330-175-1 for long haul LOS
standards. Tactical LOS standards are covered in MIL-STD-188C (to be replaced by
MIL-STD-188-200 series). Until common LOS standards become available, reference
shall be made to the respective long haul and tactical LOS standards.

5. 5.4 Tropospheric Scatter (Tropo) Radio Subsystems. The long haul stand-
ard s {or tropo are currently being revised and updated and will 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 long haul and
tactical tropo standards.

555 Communication Satellite Radio Relay Subsystems, Common standards
for satellite service have not yet been developed.

5.6 Wire Transmission Subgystems. (Under Consideration)
57 End instruments - Analog.
5.7.1 General. The following paragraphs deal with standards which are zom-

mon to long-haul and tactical end instruments which transmit or receive an analog tignal
over & nominal voice bandwidth channel, Specifically, telephone instruments (both 2-
wire and 4-wire) and facsimile instruments (both meteorological and general purpose)
are discussed.

5.7.2 Telephone Instruments.
5.7.2.1 General. This section discusses those parameters which are common

to long-haul and tactical telephone ingtruments, The instruments discussed herein are
categorized as either 2-wire or 4-wire instruments. When 4-wire instrument standarde
are identical to 2-wire instrument standards, the discussion of the parameter appears
under the 2-wire paragraph heading,
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5 17.2.2 Two-Wire Instruments
R 7.2.2.1 Impedance. The terminal impedance of a 2-wire telephone subset wiih-
out automatic regulator features sic tt bho 600 ohms £20% at 1000 Hz. The reactive por-

tion of this impedance shall be inuctive and shall not exceed 300 ohms at 1000 Hz. The
Inngitudinal terminal balance tor ic'cnhone instruments shall be at least 40 db.

5.7.2.2.2 Acoustical/Electrical Conversion.

5.7.2.2.2.1 Transmit Direction, A 1000-Hz signa! with an rms sound pressure of
20 dynes per square centimeter at the grid of the transmitter shall produce -6 dBm
+2 dB at the 2-wire output of the telephone set (see Figure 5 7-1a).

Acousticol Electrico/
Inpu! TELEPHONE Output
Tes’ SUBSET Test
Point Woint

. TRANSMIT DIRECTION

Electrical Acousticol
Input H TELEPHONE Outpu?
Tes/ SUBSET Tes?

Point Point

b. RECEIVE DIRECTION

Figure 5. 7-1. Test Points for Measurement of Amplitude
Versus Frequency Characteristics

5.7.2.2.2,2 Receive Direction. A 1000-Hz signal of -22 dBm at the input of the
telephone set shall produce an rms sound pressure of not less than 3. 6 dynes per square
centlineter at the receiver output (see Figure * T-ih) (DO: -32 dBm at the 2-wire input
shall produce 2 dynes per square centimeter at the receiver outpnt.)

5.17.2.2.2.3 Sidetone. A design objective for sidetone coupling loss between the
transmitter input end the receiver output shall be between 15 dB and 40 dB and shall be
determined by the formula:

Transmit rms Sound Pressure
Reeciver rms Sound Pressure

Sidetone (dB) - 20 log10

The actual value is not criticai, but sidetone should not result in sound levels greatly in
excess of those being received frem the distant end nor should they be below audibility.

5.7.2.2.3 Amplitude vs. Frequency Characteriatics.

5,7.2.2.3.1 Transmit Direction. Figure 5. 7-1a sho-vs the test points for meas-
uring the amplitude versus frequency characteristics of the complete telephone trans-
mitter. Standards for this parame:er are urder consideration,
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5.7.2.2.3,2 Receive Direction. Figure 5, 7-1b shows the test poltnts for measuring
the amplitude versus frequency characteristics of the complete telephone receiver.
Standards for this parameter are under consideration.

57,2.2.4 Level Regulation. Telephones which employ automatic level regulation
equipment ghall incorporate passive nonlinear devices to automatically adjust the trans-
mission loss in the subset to deliver a relatively constant level at the local switchboard
or automatic switching center when connected to a short or long loop circuit. The ievel
adjustment shall be controlled by the local loop resistance and local battery curren: that
decreases as the length of the loop and its resigtance is increased. Receiver level reg-
ulation shall be within the limits shown tn Figure 5. 7-2 when comnected to typical 26
gauge nonloaded exchange cable, and the tranamitter level regulation shall be within the
limits shown in Figure 5. 7-3. The above characteristics are based on the commercial
type 500 subset. On older type instruments, many of which are currently ip use, the
loop resistance should not exceed 850 ohms to provide suitable levels. The limits shown
in Figures 5. 7-2 and 5. 7-3 may be exceeded by 4 dB at the 10, 000-ft. length (830 ochms
approximately) where older instruments are in use, Although this standard does not
cover exchange cable, it is necessary to consider the loop characteristics in the design
of the telephone instrument,

§7.2.2.5 Control and Supervision.

5.7.2,2.5.1 Local Battery. For the local battery mode of operation, microphone
power shall be integral with the telephone set, Signaling to the other end of the line
(magneto switchboard or other telephone) shall be achieved by a hand driven 20-Hz zen-
erator integral to the telephone set or other means.

5.7.2.2.5.2 Common Battery Supervision. In the common battery supervision mode
of operation, microphone power shall be integral with the telephone set., Signaling o the
other end of the line (switchboard only) shall be achieved by dc closure,

57.2.2.5.3 Common Battery. In the common battery mode of operation, miero~
phone power shall be provided by the switchboard over the line. Signaling to the switch-
board shall be by dc closure,

5.7.2.2.6 Ringing. Telephone instruments used in tactical and long-haul systems
shall have an integral ringer with an arrangement to manually adjust the acoustic level,
Provision shall also be made for connection of remote ringing units and visual signals
when required, The ringer shall have the following characteristica:

(s) Impedance. The ringer shall have at leagt 6000 ohms impedance
bridged across the line throughout the frequency range of 200 Hz to 3000 Hz,

(b) Frequency. The ringer shall operate on any frequency between 15
Hz and 25 Hz, and shall not respond to frequencies in the 200 Hz to 4000 Hz voice range.

(¢) Current. Nominal ringing current shall be 0, 04 amperes at 16 Hz
to 20 Hz supplied by the switchhoard.

(d) Voltage. The nominal ringing voltage shall be 90 volts,
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572217 Dia! Pulse Signaling. See subparagraph 4. 8. 3,2 for common stand-
ard-, _
<.7.2.2.8 {iz.nonic Distortion. The total harmonic distortion in the receiver

#irect:on shall .. less than 5 percent for &1l input signals within the band 300 Hz 0
3500 Hz with input level at 0 dBm,

57.2.3 Four-wire Instruments,
5.7.2,3.1 Impedance. The terminal impedance on the transmit and receive sides

of 8 4-wire telephone subset shall be 600 ohms +20% at 1000 Hz. When level regulation
features are empioyed in the transmit section of the set, the above standard appl.es for
a transmitter loop current of 50 mA. The longitudinal terminal balance for the input and

~utput of 4-wire telephone instruments shall be at least 40 dB,

57.2.3.2 Acoustical/Electrical Conversion. See subparagraph 5.7.2.2 % for
common standard.

5.7.2.3.3 Amplitude vs, Frequency Characteristics. 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.
5.7.2,8.5 Control and Supervision. See subparagraph 5.7.2.2,5 for common
standard,

5.7.2.3.6 Ringing.

5.7.2.3.6,1 20-Hz Ringing, See subparagraph 5.7.2.2.6 for common standard.
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 provided 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 +400 Hz
acoustic tone, interrupted 12 +4 times per second. The output tone level g8hall be man-~
ually adjustable from the outside of the instrument. The adjustment, however, shall
not completely disable the tone.

(¢) The acoustic power output of the tone ringer, when measured in a
free fleld perpendicular to the telephone face piate at a distance of two feet, with the
ringer volume control in the maximum output position, sball be greater than +70 dB, re-
ferred to 2 x 1074 dynes/cn®,
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5.7.2,3.7 Dual Tone Multi- Frequenry (IXTMF) Signaling. For present common
standard see subparagraph 4. 8 3. 1. Other arees of commonality are under considera-
tion due to the need for a higher derree of commonality in DTMF techniques,

5.7.2,3.8 Harmonic Jstoriion, See sabpuragraph 5 7.2.2.8 for common stand-
ard,

573 Facsimile Equipmenrnt,

51731 Meteorological Facsimile Equipment, Facaimile is extensively em-

ployed throughout the world for meteorological communications. The majority of the
systems in use are scheduled broadcasts employing wire or radio facilitles. When em-
ploying wire, amplitude moduiation is employed. When employing radio, either ampli-
tude modulation or frequency modulation (FSK) is employed. When frequency modulation
is employed, an ancillary devioe to convert amplitude to/from frequency modulation is
requirec. It 18 expected that the use of digitized facsimile will be expanded in the future.
There a~e two general types of facsimlle equipment in use in the long haul /tactical en-
vironment. They are meteorological and general purpose types.

5.7.3.1.1 Meteoroiogical Facsimile Transmitter.

5§17.3.1.1.1 Original Copyv Size.

5.9.3.1.1.1.1 Drum Scanners, The scanning system of the transmitter shall be con-
figured ‘o accept an original copy 19-5/8 inches (473 mm) wide with tolerances not to ex~
ceed +1,/16 inch (1, 6 mm) to -3/32 inch (2. 4 mm) and either 12 inches (305 mm) in length
or an in‘egral multiple thereo! &and of thickness not greater than 0. C10 inch (0.25 mm).

NOTE: The World Metecrological Organization Standards
specify a drum length of 550 mm, which will suitably ac-
commodate this size original copy.

5.7.3.1.1.1.2 Continuous Scanners. A contnucus (flat bed) scanner shall accept and
proper!y scan an original copv 18-5/8 {nches (473 mm) wide, At least 2 {nches (50. 8 mm)
of pape; will be provided in the direction of feed to accommoriate the paper feed mecha-
nism. "he copy need not be precisely sized or have square edges.

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

5.7,3,1.1.2 Original Copy Characteristics. The facsimile scznner shall be de-
signed ‘> accept eny original copy normallv used for meteorologica! charta and shall
have & r pectral sensitivity corresponding to the RMA S—4 photo-su-face. It shall trans-
mit ma-&e on the copy made by any visible color used for rrinting.

NOTE: The inclusiorn of an automatic levei control system
capable of compeunsating for variations in the background
density or color of the criginal copy is derirable ‘o elimi-
nate manng: adiuetments betweern copies.

144


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

MIL-STI-188-180
15 November 1972

57.3.1.1.3 Scanning Line Length. The total length of the scanning line shall
be 18.85 inches (478 mm).

NOTE: The total scanning line length includes the length
of the dead sector, which 1s not optically scanned in

the transmission process (see subparagraph 5.7.3.1.1.5
for dead sector length).

57.3.1.14 Scanning Direction. The scanning direction shall be normal (corre-
sponding to a left~hand helix).

5,7.3.1.1.86 Dead Sector. A sector at the end of the scanning Iine which is 1 per-
cent to 5 percent +0. 5 percent of the scanning line length shall be provided. This dead
sector shall coincide with the time position of the phasing signal (see subparagraph
5.7.3.1.1 13 2) when the phasing signal is transmitted. The signal transmitted by the
transmitter during the dead sector shall be the equivalent of scanning 50 percent of full
black and then 50 percent of full white.

NOTE: This characteristic signal is specified to permit
manually phasing « {acsimile recorder under adverse
transmission conditions and to provide information for
an automatic control system for the recorder.

5.7.3.1.1. 6 Scanning Speeds. The scanning speed shall be 60, 90, and 120 strokes
per minute. The selection of the scanning speed shall be by means of a suitable control
on the device and rapidly made by the machine operator.

5.7.3.1,1.7 Line Advance. The line advance shall be 1/96 inch (0.26 mm).
57.3.1.1.8 Scanning Spot Size, The scanning spot size shall be 0. 0104 inch

(0 26 mm) x 0. 0104 inch (0.26 mm), and be constant along the scanning line.

5.7.3.1,1.9 Index of Cooperation. The index of cooperation shall 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 system,
the physical position of the scanning spot shall not depart from the theoretical position
thereof by more than 1/96 inch (0. 26 mm) per inch (25. 4 mm) of scanned copy. This
relation applies in the direction of the scanning line as well as perpendicular to it.

57.3.1.1.11 Signal Characteristics,

5.7.3.1.1.11.1 Signal Output Chracteristics. The signal output of the facsimile trans-
mitter corresponding to a high signal contrast shall be adjustable between +10 dBm and
~10 dBm. The output impedance shall be 600 obms, balanced to ground, with a mini-
mum return loss of 20 dB against a 600-ohm resistance over the frequency range of
300 Hz to 3400 Hz. The electrical symmetry shall be sufficient to suppress longitudinal
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currents at least 40 dB. No signal shall be transmitied when the transmitter 18 {n
standby or idle condition. A suitable output signa! level monitor will be provided, The
carrier frequency shall be maintained at un accuracy of at lteast 3 paris per 106,

5 7.3.1.111.2 Signal Contrast. The signal contrast =shall be 20 dB 12 dB. Both biack
and white transmission shall be provided on a selectable basis (see also subparagraph
5.7.3,1.2.11.

5,7.3.1.1.11.3 Halftone Chracteristic. The voltage output/copy density relation of the
tranamitted signal shall be nominally linear

57.31 112 Synchronization. The scanning rates of the transmitter shall be con-
trolled by a self-contained frequency standard maintained at the assigned frequency
within 3 parts per million. The frequency driving the synchronous drive system of the
scanner shall be 300 Hz or an integral multiple thereof.

NOTE: The World Meteorologica! Organization Standards
specify a frequency standard maintained at only 5 parts
per million for synchronization purposes.

5.7.3.1.1.13 Control Functions, To effect automatic operation, it is necessary to
transmit to a facsimile recorder a start command, a signal to permit recorder phasing,
and a stop command. The tranamitter operating cycle shal! conform to this cycle as
follows.

5,7.3.1.1 13.1 Start Signal. When activated, the transmitter shall transmit alternate
black and white levels (corresponding to high and low signal levels) modulated at a rate
of 300 +0. 1 times per second for a period of five seconds,

NOTE 1: If an index of 288 (or index of 576 with alter-
nate line scanning) is employed, the transmitter shall
transmit alternate black and white levels modulated at
a rate of 675 times per second [ur a period of five sec~
onds,

NOTE 2: If the index selection signals described in

this paragraph are not employed, transmission of the
phasing signal described in subparagraph 5.7.3.1,1.13.2
shall be sufficfent to start the facsimile recorder,

5.7.3,1.1.13.2 Phasing 8ignal (Accepted as an interim measure). A 30-second trans-
mission o alternating white and black signale of the ioliowing frequencies:

1.0 Hz for speed of 60 strokes per minuie
1.5 Hz for speed of 90 strokes per minute
2.0 Hz for speed of 120 strokes per minute

The waveform may be etther symmetrical, i, ¢ white and black, each lasting half the

line of scanning, or asymmetrical provided that in such event the white will last for §
percent and the black for 95 percent of the line of scanning
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Published data of facsimile transmissions shall include details of the phasing signsl
transmitted, e.g., 50 percent or 5 percent white phasing, Phasing is actuated by the
leading edge of the signal. This leading edge must correspond in phase with the entry of
the scanning-beam into the dead secior of the subsequent tracsmission. The envelopes
of the aignals transmitted will be roughly rectanguliar.

5.7.3,1.1,13.3 8top Signal, Upon completion of the scanning, the transmitter chall
automatically transmit an alternate black and white signal interrupted at a rate of 450
+0. 1 times per second for a period of five seconds foliowed by 10 seconds of sigrals
corresponding to continuous black. 7The enve.opes of the 450-Hz aignals will be oughly

rectangular,

5 .7.3.1.1.13.4 Manual Operation. Controls shall be provided on the tranamitter to
permit the operator to start or stop the transmitter, or tranemit phasing signais manu-
ally. Provisions shall also be included within the transmitter to permit the operator to
transmit unmodulated biack or white aignals indefinitely for circuit adjustment p.irposes,

5.7.3.1.1.14 Power Requiremen-s. No power requirements are stipulated ir these
standards; however, no information o> frequency obiained from the power source shall
be used to derive any frequency or uming rates witkir the transmitter,

5.7.3.1,1.15 Modulation Characteriatics.

(a) Amplitude modulation (AM):
The maximum amplitude of the carrying freguency
should correspond to the transmission of signal
black. Vvalue of the carrier frequency shall be
1800 Hz or 2400 Hz.

NOTE: When vestigaal sideband transmission is
used over & nomina! 4-kHz voice bandwidth cir-
cuit, a carrier frequency of 2400 Hz will be em-
ployed. The upper sideband will be completely
attenuated. Also 1800 Hz is normally used for
scanning speeds of 60 strokes per minute and
2400 Hz for 80 or 120 strokes per minute,

(b) Modulation by frequency deviation (FM):
Value of the central frequency - 1900 Hz
Value of the frequency for black - 1500 He
Value of the frequency for white ~ 2300 Hez

The frequencies for black and white should not vary by more thas '8 Hz over a period of
30 seconds and by more than 18 Hz over a period of 15 minutes.

5.7.38.1.2, Meteorological Facsimile Reo&mr (Iarge Format)

5.7.3.1.2.1 Recorded Copy Size.
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§.7.3.1,2.1,1 Drum Recorders. The drum of these recorders shall accept recording
media 18-5/8 inches (473 mm) wide with tolerances not to exceed +1/16 inch (1. 6 mm)
to -3/32 inch (2. 4 mm) and either 12 incires {305 mm) in length or an integral muiltiple
thereof.

57.3.1212 Continuous Recorders. The continuous recorder shall accept a 400~
foot (121.9 m) roll of recording media, wound on a core of 1 inch, +1/4 fnch (256.4 mm,
+6.4 mm) inside dameter, and 18-5/8 inchea (473 mm) wide with tolerances not to ex-
ceed +1/16 inch (+1. 6 mm) to -3/32 inch (-2.4 mm). If preasure sensitive recording
technigques are employed, the transfer tissue shall be supplied from a spool 400 foet
(121.9 m) in length, wound on a core of 1 inch, +1/4 inch (25.4 mm, +6.4 mm) inside
diameter, and 18-5/8 inches (473 mm) wide with tolerances not to exceed +3/8 inch

(+9. 5 mm) to 0 inch,

5.7.3.1.2.2 Recorded Line Length. The total length of the recorded line shall be
1885 inches (478 mm),

§7.3.123 Recording Direction. The recording direction ahall be normal (vor-
responding to a left-hand belix).

5.7.3.1.2.4 Recording Speed The recording speed shall be 60, 90, and 120 strokes
per minute. The selection of the recording speed shall be by means of a suitable control
on the receiver and made by the machine operator,

517.3.1.2.5 Line Advance. The line advance shall be 1/986 inch (0,26 mm).

5.7.8.1.2,6 Recording Spot Size. The recorded spot shall be 0. 0104 inches x
0.0104 inches (0.26 mm x 0,26 mm).

5.7.3.1.2.7 Index of Cooperation. The index of cooperation shall be 576,

NOTE: The World Metsorological Organization Standards
permit 288 (or 576 with alternate line scanners).

6§.7.3.1.2.8 Deed Sector. The signal transmitted during the interval the transmitter
is scanning the dead sector msy be blanked within the recorder if operationally desfrabte.

57.3,1.2.8 Dimensional Stabtlity. Dimensional distortion between the transmitted
and received copy shall not exceed 1/96 inch (0. 26 mm) per linear inch (25. 4 mm) when
measured along the scanning line or perpendicular to the scamning line.

5.7.3.1.2.10  Signal Charscteristics,

6.7.3.1.2,10.1 Input Circuit The input circuit shall have a nominal impedance of 600
ohms, balanced to ground, with.a orinimaam return loss of 20 dB aguinat a 600-chm re-

sistance over the frequency rangs of 300 Hx to 3400 Hz. The electrical symmetry shallbe
sufficient to suppress longitudinel currents at least 40 dB. The input circuit shall be de-
sigeed 1o withstand the-ringtny voltage TmpTesed on a telepbome cirouit.
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5.7.8.1.2,10.2 Input Power Level. The receiver shall operate properly when tnput
signals corresponding to e high signal contrast between -9 dBm and -36 dBm are re-
celved.

§7.3.1.2.11 Operating Controls. A gain control, an independent density countrol, s
manual phasing control, a start-stop control, and a white/black transmtssion selector
shall be provided in a convenient location on the receiver.

5.7.8.1,2,12 Synchronization. The scanning rates of the recorder shall be controlied
by a self-contained frequency standard maintained at the assigned frequency within 3
parts per million. The frequency driving the synchronous drive system of the receiver
shall be 300 Hz or an integral muitiple thereof.

NOTE: The World Meteorological Organization Standards
specify a frequency standard mainteined at only five parts
per million for synchronization purposes.

§7.3.1.2.18 Control Functions, The facstmile recorder shall reliably start, phase,
and stop when mignals are received from the transmitter. It shall be possible for the
operator to override any automatic funotion with operating controls described above.

5.7.3.1.2. 14 Power Requirements. No power requirements are stipulated in these
standards; however, no information or frequency obtained from the power source shall
be used to derive any frequency or timing rate within the receiver.

57.3.1.3 Metsorological Facsimile Receiver (Small Format).

6.7.3.1.8.1 Genera!., The facsimile receiver shall employ continnous recording
techniques and a recording medium capabie of resolving at least 200 ines per inocd
(25.4 mm), The receiver shall employ a recording medium that iz stable in its oper-
ating environment, has indefinite storage life, and does not fade upon exposure to light,

5.7.3.1.38.2 Recorded Copy Size, The recorded copy ahall be 8-1/2 inches (216 mm)
wide, The length ia dependent on the duration of the transmission, The recorder shall
acoept & 400-foot (121, 9 m) roll of recording medium spooled on a 1 inch +1/4 inch

(25.4 mm + 6. 4 mm) inside diameter core and, if carbon tissue is employed, the carbon
tissue shall be supplied from a separate roll of 400 feet (121, 9 m) spooled on a core

1 inch +1/4 inch (25.4 mm +6.4 mm) inside diametsr,

5.7.3.183 Recorded Line Length. The total recorded line length shall be 8. 64
inches (220 mm).

5.7.3.1.3.4 Recording Direction. The recording direction shall be normal (corre-
sponding to a left-hand belix).

5.7.3.1.3.5 Recording Speed. The recording speed shall be 60, 50, and 120
strokes per minute, The selection of the recording speed ahall be by means of a suit-
able control on the receiver and made hy the machine operator.
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5,7.3.1.3.6 Index of Cooperation. The indices of cooperation shall be 576 and 264.
Selection of the index shall be accomplished by a suitable control on the receiver and
made by the machine opersator,

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

§17.3.1.3.7 Line Advance. The !ine advance shall be 1/209 5 inch (0. 12 mm) for
an index of cooperation of 576 or 1/96 inch (0.26 mm) for an index of cooperation of
284, selected by the index of cooperation control.

5.7.3.1.3.8 Recording Spot Size. The recording spot size shall be 1/209.5 inch

by 1/209.5 inch (0. 12 mm by 0. 12 mm) for an index of cooperation of 576 or 1/96 inch
by 1/96 inch (0. 26 mm by 0.26 mm\ for an index of cooperation of 264, with the marking
stylus or element being changed for the particular index of cooperation being employed.

65.7.3.1.3.9 Dead Sector. The signal transmitted during the interval the transmit-
ter is scanning the dead sector may be blanked if operationsally desirable.

5.7.3.1.3.10 Signal Characteristics.

5.7.3.1.3.10.1 Input Circuit. Theinput circuit shall have a nominal impedance of 600
ohms, balanced to ground, with 8 maximum return loss of 20 dB against a 600-ohm re-
sistance over the frequency range of 300 Hz to 3400 Hz. The electrical symmetry ahal}
be sufficient to suppress longitudinal currents at least 40 dB. A high impedance bridging
input of at least 25600 ochms shall also be provided. The input circuits shall be designed
to withstand the ringing voltage normally impreased on & telephone ctrcuit for sigsaling.

6.7.8.1.3.10.2 Input Power Level. The receiver shall operate properly when input
signals corresponding to a high signal contrast between -8 dBm mxnd -36 dBm are Te-
ceived.

§,7.8.1.3. 11 Operating Controls. A gain-control, an independent density oountrdl, 3
manual phasing control, & start/stop control, and a white/black transmission selector
shall be provided in a convenient locatior on the reosiver,

5.7.3.1.8.12 Synchronizetion. The scanning rates of the recorder shall be contralied
by a self-contained frequency standard maintained at the assigsed frequency within three
parts per million. The frequency driviag the synchronous drive aystem of the receiver
shall be 300 Hz or ap integral! multiple thereof.

NOTE: The World Metsorological Organisation Stxndards
specify s frequency siandard maintained nt only nve-pcrta
‘fer nilllion {or synchromzation purposes.
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5§.7.3.1.3.13 Control Functions. The faceimile recorder shall reliably start, phase,
and stop when activated by the transmitted sigoal. It shall be possible for the operator

to override any automatic function with the operating controls described in "Opercting
Controls" above. The receiver shall start one to three seconds after receipt of a 1800-Hz
or 2400-Hz signal from the transmitier, sutomatically switch ipto a phasing modc for
10-12 seconds, and then automatically switch into the recording mode. The receiver
shall stop three to five seconds after the 1800-Hz or 2400-Hz signal digappears and shall
then be capable of immediate recycling. This mode: of operation is not fully compatible
with the World Meteorological Organization Standards,

5.7.3.1.3. 14 Power Reguirements, No power requirements are ptipulated in taese
atandards; however, no information or frequency obtained from the power source shall
be used to derive any frequency or timing rate within the receiver.

5.7.3.2 General Purpose (Black/White) Facsimile Equipment. (Under cunsid-
eration. )

5.7.3.3 Commonality between Meteorological and General Purpose Facsimile
Equipment. {Under consideration).

5.8 End Instruments - Digital.

5.8.1 General. The following paragraphs contain standards which are com-

mon to long haul and tactical end instruments which transmit or receive a digital signal.
Specifically included are teletypewriter equipment (including page printers, paper tape
readers, and paper tape punches), recording media, polar relays, and optical chiracter
recognition equipment.

5.8.1.1 Standard Code for Information Interchange. The standard code and

character setshall be as specifiedin subparagraph4.3.1.2.1. Appendix B 1s applicable
to the representation of character-coded information in information interchange anc de~
scribes the alphabet that 18 to be used as common basic 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 subparagraph
4 3. 1.2 2 shall be used for those equipments which are presently in existence anc. for
modifications or additions to existing equipments where it is impractical or impossible
to utilize the standard code. For nmew equipment, see subparagraph 4.3.1.2.1.

5813 Character Interval. The character intervals for start/stop trancmission
and for synch:onous transmission arc showr and described in Appendix B,

6.8.1.4 Modulation Rate. The modulation rate at the end instrument shall con~
form to the requirements of subparagraph 4.8.1.1,

6.8.1.5 Interface Characteristics, The standard low level digital interface
specified in subparagraph 4. 3.1 3 shall apply.
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§.8.2 Teletypewriter Equipment,
5.8.2.1 Functional Characteristics.
5.8.2.1.1 Page Printing Equipment. The basic unit employed in printing teleg-

raphy is the page printer, This is & 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,

§86211.1 Line Length, Page Copy. The printer shall be capable of printing 80
characters (printing positions) per line.

58212 Keyboards. Refer to MIL-STD-128C for standard keyboard arrange-
ments.

6.8.2.1.3 Paper Tape Readers. There are two basic classes of mechanical

tape readers: (1) Coincident selection in which all pins of the tape reader sense the
tape simultaneously; and (2) sequential selection readers in which pins are successively
presented to the tape to determine the presence or absence of a perforation. Each
method of selection has certain mechanical design advantages.

Many of the modern tape readers employ a photosensitive technique for determining the
presence or absence of a perforation. Some of these readers operate on the "sequential
selection" principle but operation on the "'coincident selection' principie is more pre-
dominant.

There are no standards established at this time for the method of sensing punched tape
beyond that the reader can correctly sense the standard tape without modification of, or

damage to, the standard tape.

5.8.2,1.4 Paper Tape Punches. The paper tape punch is an end instrument de-
signed for the recording of information on punched paper tape. The drive pulses re-
quired to activate the punch may be furnished by a typewriter keyboard, data communi-
cations circuit, or other digital instrumentation, There are two basic types of punches:
(1) Nonprinting punches in which only data and feed holes are punched in the tape; and
(2) printing punches in which, in addition to punching data and feed holes, the characters
are printed on the tape (see Figure 5 8-1),

There are two methods of printing the tape: (1) The printing is in line with the feed holes
and six characters behind the corresponding data holes; and (2) the printing is between
the sixth and seventh feed holes following the corresponding data holes (see Figure 5 8-2).

In each type of punch there are two methods of punching the holes: (1) Chadless or par-
tially punched holes; and (2) chadded or fully punched holes.

Each punching method has its advantages but the chadded or fully punched method shall
be standa d.
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58,22 Performance Characteristics,

§.8.2.2.1 Transmitting Equipment Output Distortion. The output distortion
(all types) of high performance electromechanical, electronic, or composite transmit-
ting devices (either sequential or coincidental eelection) shall not exceed one purcent,

5.8.2,2,2 Recelving Device Distortion Tolerance. The following standr>ds are
applicable to high performance recelving devices.

5.8.2,2.21 Electromechenical Receiving Devices. Electromechanical receiving
devices shall be capable of tolerating signal distortion in accordance with the following

tabulation:

Receiving Device Performance

f Mark Space
i &) %)
(_S;ltched Bias Distortion 46 46
l
Bias Distortion 45 45
i
i End Distortion 45 45
i
{
{ Cyclic Distortion | 22.5 | 22.5
5.8.2.2.2.2 Electronic~Input Receiving Devices. Receiving devices utilizing elec-

tronic fnput circuitry shall be capable of tolerating signa! diastortion in accordance with
the following tabulation.

Electronic Receiving Device Performance

Mark Space
L& | &
Switched Bias Distortion 49 49
Bias Distortion 49 49
End Diatortion 49 49
Cyclic Distortion 24.56 24.5
58223 Modulation Rate Accuracy (Start/Stop Distortion). High performance

transmitting and receiving equipment shall maintain a modulation rate acocursoy so that,
in each character interval, every transition shall be within one percent of the theoreti-
cally correct transition point measured with reference to the start transition of that

character at the given modulation rate,

582214 Paper Line Feed Operation. Start/stop receiving equipment for 15
characters per second or less shall be capable, in ope character interval, of returning

155
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the printing point to the left side of the page and advancing the page one step (1 or 2
lines) in response to the code comoination for Line feed. (For higher speed equipment
appropriate techniques may be applied. )

5.8.2.2.5 Bit Stepped Operation. Equipment employing electronic input/output

shall be capable of operating under external bit stepped contro! 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.)

58.2.2.6 Character Stepped Operation. Start/stop equipment shall be capable
of operating under external character stepped control where the step interval 18 equal
to or greater than the character interval at the applicable modulation rate.

58.2.3 Recording Media.

58,231 Teletypewriter Roll Paper. The standard roll paper is for use with
friction feed operation; it ghall be 8-1/2 inches wide and 5 inches in diameter, and shalil
be in accordance with Federal Specification [IU-P-547,

5.8.2.3.2 Teletypewriter §-1/2 Inch Fanfold Paper. The standard 8-1/2 inch
fanfold paper is for sprocket feed operation and shall be in accordance with MIL~P-~
40023, The paper colors and nwmber of parts may be varied since these parameters
do not adversely affect the standardization of the printing machines.

5.8.2.33 Paper Tape.
5.8.2.3.3.1 Information Tracks. Standard teleprinter punched tape shall have 5

or 8 information tracks, as appropriate for the coded character set being used. A per-
foratiop sball represent a "'mark" or "one" and po perforation shall represent a “space”
or "“zero". Two standard printing and punching plans for paper tape are specified (see -
Figures 5 8-1 and 5. 8-2).

(a) Systems which utilize three Information tracks between the guid-
ing edge and the feed hole,

(b) Systems which utilize two information tracks between the guiding
edge and the feed hole.

5.8.2.3 3.2 Tape Width

§.8.2.3.3.2.1 Minimum Tape Width of 1 Inch. A minimum tape width of 1 inch (with
tolerances as specified in Federal Specification UU-T-120B) is established for systemse
with the capability of utilizing three information levels betweer the guiding edge and the
feed hole.

6.6.2,3.3.2.2 Minimum Tape Width of 11/16 Inch and 7/8 Inch. Minimum taps width
of 11/16 inch and 7/8 tnch (with tolerance as specified tn Federal Specification UD-T-
120B) are established for systems with the capability of utilizring two information levels
only betveen the guiding edge and the feed hole
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5.8,2,3,3.3 Chadded Tape. Where perforated tape is used, holes shall be com-
pletely perforated (chadded).

5.8.3 Line Relay Characteriatios.
5.6.8.1 Electromechanical Polar Relays. Standards for electromechani al

polar relays are not specified. Subparagraph 4.3. 1.3 provides atandards for low level
digital interfaces. The performance characteristios in the following subparagraphs
6.8.8.1.1 through 5 8. 3.2. 10 are for information purposes only,

5.8.3.1.1 Side Stable. The relays shall be side stable, {.e., they shall remain
in the last signaled ocntaot position.

6.8.3.12 Operating Differential. § milliamperes (maximum),

5.8.3.1.3 Distortion. Total distortion introduced into the transmission facilities,
attributable to the relgy, shall be less than two percent,

5.8.3.1.4 Winding Current. The operating current per winding shall not exoceed
80 milliamperes.

5.8.3.1.6 Winding DC Resistance. The relay shali contain two operating wind-

ings each having 8 dc resistance of not less than 100 chms and not greater than 200
ohms,

6.8.3.1.8 Winding Reactance. Not specified.
§.8.8,1.7 Contact Material. Not specified.
§8.3.1.8 International Ootal Base Pin Connections. Relxys shall be of a piug~

in type configured for an international octal base with pin connections as viewed from
‘he bottom of the socket as follows:

Pin #1, Cofl #1 positive (potential causing relay armature to make
marking contact) termination

Pin #2, Coll #2 negative termination

Pin #3, Coil #2 positive termination

Pin #4, Bpace contact

Pin #5, Ground of relay case if applioable
Pin #6, Armature (tongue) of relay

Pin #7, Marking contact

Pin #8, Coil #1 negative termination
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58.3.2 Electronic Polar Relays Great care must be made in accepting an
electronic (8olid state) substitute for the electromechanics! polar relay, It shall meet
the following minimum requiremernta

NOTE: With the shift from high to low level operention,
the need for this device is minimal.

5.8.3.2.1 Side Stable. The relays shall be side stable, i e., they shall remain
in the last signaled contact position.

58322 Operating Differential. 2 milliamperes (maximum).

5.8.3.2.3 Modulation Rates, Modulation rates up to 4800 Bauds are considered

desirable. However, to minimize the relay's response to transients, it may be useful
to dampen the relay in a manner that 1imits its operation in a given application to
ranges under 100, 500, 10060, 1500, 2500, 5000, etc., Bauds,

5832 1% Distortfon. Tota! distortion introduced into the tranamission facili-
ties, attributable to the relay, shall be less than one percent,

58325 Winding Current. The relay shall contain the equivalent circuitry for
two independent windings. This equivaient circuitry shall be capable of passing currents
up to and including 80 milliamperes.

582325 Winding DC Resistance The relay shall contain the equivalent circuitry
for two independent windings, and this equivalent circuitry shall present an almost pure
resistive load to the source of not less than 100 ohms and not more than 200 ohms.

5832717 Winding Reactance. The winding reactance shall be essentially zero
ohms at the applicable modulation rate.

5.8,3.2.3 Output Characteristics. The output impedance shall be less than 50
ohms, The maximum signal current shail be 150 mil}lamperes. The maximum potential
applied across the mark and the tongue or space and tongue shall be 260 volts.

5823.29 Contacts. The relay shel! contain the equivalent circuitry for ap
electro-mechanical relay armaiure and two independent and isolated contacts. The
equivalent circuitry shal] be capable of carrying up to and including 0. 150 ampere of
current at 260 volts. (The maximum voltage referenced to signal ground shall be 130 V.)

5.8.3.2 10 International Octal Base Pin Connections. Relsys shall be of a plug-in
type conf{.gured for an internationai octal base aa described in subparagraph 5.8.3,1. 8.

5.8.4 Optical Character Recognition Equipment. (Under considerstion -
see Appendix C )

i


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

MIl-8TL-~188-100
15 November 1972

| CUSTODIANS:

ARMY - SC, EL
NAVY - EC
AIR FORCE - 17

~ REVIEW ACTIVITIES: PREPARING ACTIVITIES:

ARMY - BC, EL, CE, ME DCA - DC

NAVY - AS, 05, YD, MC, CG, SH ARMY - EL
AIR FORCE - 1, 11, 13, 71, 80, 89

USER ACTIVITIES:

| ARMY

; NAVY - MC, YD, SH

E ATR FORCE OTHER INTEREST:
ics - 36
NSA - NS
TRI - TAC
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APPENDIX A
10, DESIGNATION OF EMISBSIONS AND BANDWIDTH

This Appendix contains Tutorial Information in
support of MI1L-8TD-188-100,
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FOREWORD

The content of this appendix is dertved from ITU Radio Regulations,
Genevs, 1959. Emisasjons are designated according to their claasification and their nec—
essary bandwidth,
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10. DESIGNATION OF EMISSIONS AND BANDWIDTH
10.1 Degignation of Emissions and Bandwidth,
10.1.1 Classification of Emissions. Emissions are classified and syinbolizsed

according to the following characteristica:

{(a) Type of modulation of main carrier.
(b) Type of transmission.
(c) Supplementary characteristics.

10.1.1.1 Types of Modulation of Main Carrier.
Symbol

{a; Amplitude
(b} Frequency (or phase)
{c) Pulse

10.1,1.2 Types of Transmiasion.

(a) Absenoce of any modulation intended to carry tnformation

(b) Telegraphy without the use of a modulsting audio frequency 1

(c) Telegraphy by the on-off keying of & modulating audio
frequency or audio frequencies, or by the on-off keying
of the modulated emission (special oase: an unkeyed
modulated emiasion)

(d) Telephony (including sound broadcasting)

(e) Facsimfle (with modulation of main carrier either direotly
or by a frequency modulated suboarrier)

{f) Television (vision only)

() Four-frequency diplex telegraphy

(h) Multichannel voice-frequency telegraphy

(1) Cases not covered by the above

Wy

[T )

o200

10.1.1.3 Supplementary Characteristios.

(&) Double sideband
(b) Singie sideband:
Reduced carrier
Full carrier
Suppressed oarrier
(¢) Two independent sidebands
{3) Vestigia) sideband
(e) Pulse:
Amplitude modulated
Width (or duration) modulated
Phase (or poaition) modunliated
Code modulated

DMy oY L4“md> E
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The classification of typical emissions is tabu-

10.1.1. 4 Examples of Emigsions.
lated as follows:
Type of :
Moduletion l
of Main i Supplementary
Carrier Type of Tranamission t Characteristios Symbol
Amplitude With no modulation f A0
modulation Telegraphy withou: the use of 8 | Al
modulating audio frequency (by
on-off keying)
Telegraphy by the on-off keying of A2
an amplitude-modulating audio
frequency or audio frequencies,
or by the on-off keying of the
modulated emission (special
case: an unkeyed emission
amplitude modulated), i
Telephony ' Double sideband A8
Single sideband, reduced | A3SA
oarrier
Single sideband, sup- Al
reased carrier
Single sideband, full ASH
{_carrier
Two independent side- ASB
bands
Faosimile (with modulation of Ad
main carrier either directty i
or by & frequency modulated |
subcarrier) [ Single sideband, reduced | A4A
{ oarrier
Television Ve 1 sideband ABC
Multichanne! voioe-freguency Single sideband, reduced | ATA
{ telegraphy carrier
| Cases not coverec by the above, 'Two independent side- A9B
{ e.g., a oumbinatior cf telsph- ; bands
ony and telegraphy }
Frequency (or |Telegraphy by frequency ahift ( Fl
phase) modu- keying without the use of & i
lation modulating audio frequency: !
one of two frequencies being l
emitted at any instant e
Telegraphy by the on-off keving | r2

of 8 frequency modulsting !
audic frequency or by the on-
off keying of a frequency 5
modulsted emission (special |
oase: an wkeyed eminsion,

frequency modulated: f

A-2
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Type of
Modulation
of Main Supplementary
Carrier Type of Transmission Characteristics Symbol
Telephony F3
Faosimile by direct frequency F4
modulation of the carrier
Television . FS5
Four-frequency diplex teleg- Fé
raphy
Cases not covered by the F9
above, in which the main
carrier is frequency moda-
lated
Pulse modu~ A pulsed carrier without any PO
lation modulation intended to carry
information (e.g., radar)
Telegraphy by the on-off keying P1D

of a pulsed carrier withoutthe
use of 8 modulating audio

frequency
Telegraphy by the on-off keying jAudio frequency or P2D
of a modulating audio frequency| audio frequencies
or audio frequencies, or by modulating the
the on-off keying of a modu~ amplitude of the

lated pulsed carrier (special pulses

case: an unkeyed modulated ;

puised orrrier) Audio frequenocy or P2E
audio frequencies
modulating the width
{or duration) of the
pulses

Audio frequenoy or P2F
audio frequenciss
modulating the phase
(or poaition) of the

T pulses
Telephony Amplitude modulated P3D
pulses
Width (or duration) P3E
modulated pulses
Phase (or position) P3F

modulated pulses
Code modulated pulses PSG

(after sampling and
F‘— quantization)

Cases not covered by the above in P8
which the main oarrier is pulse
modulated
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10.1.2 Bandwidthe. Whepever the wilidemignastion of an emission is necassary,
the symbo! for that emission, as given above, ahall be preceded by a number indioating
in kiloberts the necessary bandwidth of the emiasion. Banrdwidths shaill generailly be ex-
pressed tc 2 maximum of three sign!rfwam: Sgures, lhe third figure being almost always

& nought or & five,

10.1.2.1 ep 0f Necessary Bandwidths and Designations of Emissior, The
seoessary bandwidth may be determined by one of the following methods:

(a) Use of the formulae included i the following table which also gives
examplsp of necessary bandwidths and designation of corresponding emissions.

(b) Compitation in accordanoce with CCIR recommendations.
(¢) Measurement, in csses not covered by (8) or (b) above.

The value so determined should be used when the full designation of an emission is re-
quired. However, the necessary bandwidth so determined is not the only characteristic
of an eminsion to be constdered in evaluating the interference that may be caused by that

smission,

In the formulation of the following table, these terms have been employed:

:Bh = Necessary bandwidth in Hx.

B = Telegraph speed in baods.

szmmmrdmmmwelemwu
tramemitied per second, tn faosimile and television.

M = Maximam moduolation freqoency tn He.

C = Suboarrier freguency ix Hs.

D = Half the affference between the maximum and mindmurm values of
the instamismoous frequency. instantanecus frequency is the rate
of chaagye of phase.

t = Pulse duration in seconds.

K = An oversall mumeries! factor which varies scoording to the emis-
shon apd widch depends upon the allowable signal distortion.

Desorigtion and T Designa-
Clasr of Mml tiom of
Emistion {By) H Examdse - Details Emission
1. AMPLITUDE MODULATION
Coutinious wave | B = BK [M‘nrm oode at 38 words per minute,
slegraphy, A1 | ° | B30, K- S5,
K = b for fading cir- Bandwidth: . 100 He 0. 1A1
oults
K = 3 for nonfading {Fmr-» =hawme] time-diviston malti-
oirouits pAnn | Teunli wocke, 42,5 baade
;o chaneel, B - 170, K = §;
’ Bandwidil:: 850 Hx 0. 88A1

A4
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Description and Designa-
Class of Necegsary Bandwidth tion of
Emission (Hz) Examples ~ Details Emission
Telegraphy B =BK + 2M Morse code at 25 wpm, B = 20,
modulated by » M= 1000, K = 5,
an audio fre- K = § for fading cir- Bandwidth: 2100 Hz 2. 1A2
quency, A2 cuits '
K = 8 for nonfading
cuits
Telephony, A3 Bn = M for single Double sideband telephony,
M = 3000;
sideband Bandwidth: 6000 Hz A3
Bn = 2M for double | Single sideband telephony, re~
duced carrier, M = 3000;
sideband Bandwidth: 3000 Hy HA3A
Telephony, two independent side-
bands, M = 3000;
Bandwidth: 6000 Hz 6A3B
Sound broad- Bn = 2M Speech and rausic, M = 4000;
casting, A3 M may vary between Bandwidth: 8000 Hg BAS
4000 and 10,000
depending on the
quality desired
Facesimile, car- Bn =KN + 2M The tota! number of picture ele-
rier modulated K=15 ments (black plus white) trans-
by tone and by ‘ mitted per second is equal to
eying, A4 the circumierence of the cyl-
inder multiplied by the number
of lines per unit length and by
the speed of rotation of the
oylinder in revolutions per
second
Diameter of cylinder = 70 mm,
number of iines per mm = §,
speed of rotation = 1 rps,
N = 1100, M = 1900;
Bandwidth: 5450 Re 5. 45A4
Television Refer to relevant Number of lines = 626; number
(vision and CCIR documents for | of lines per second = 15, 625;
sound), A5 the bandwidths of the | Video bandwidth: 5 MHz
and F3 ocommonly used tele~ | Total viasion bandwidth 6. 25 MHz
vision systems FM sound bandwidth including
guard bands; 0. 76 MHz,
Total bandwidth: 7 MHz 6250A56C
750F3
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A-6

Description and Designa-
Class of Necessary Bandwidth tion of
Emission {Hz) Examples - Details Emission

I FPREQUENTY MODULATION
Fregquenoy-shift Bn =2.6D+ 0.55B Fouar-channe! time-~division mutti-
telegraphy, F1 for plex with 7-unit code, 432, 5 bauds
1.5 <2D/B < 5.5 per channel, B = 170, D = 200;
2D/B = 2. 35, therefore the first
formula in column 2 applies
Bn =2,1D+1 8B Bandwidth: 613 Hz 0. 6811
for
5.5 < 2D/B < 20
Commercial Bn = 2M + 2IK For an average case of commer-
telepbony, F3 X is normally 1 but cial telephony, D = 15,000,
d broad- upnder certain con- M = 3000;
casting, F3 ditions a higher Bandwidth: 36,000 Hz 36¥F3
valse may be nec-
essary
Bn=2M-v2DK D= 176,000, M = 15,000 and
assuming K = 1;
Bandwidth: 180,000 Hz 18073
Facsimile, F4 Bn =KN + 2M + 2D | (Bee facsimile, amplitude modu-
K=15 lation. ) Diameter of cylinder
o = 70 mm, number of lines per
mm = 5, speed of rotation = 1 rps,
N = 1100, M = 1900, D= 10,000;
Bandwidth: 28,450 Hx 25, 54

Four-frequency | If the channels are |Four-frequency diplex system

diplex teleg- not synchroumixed, with 400 Hz spacing between

raphy, Fé Bn =2,6D+ 2 7T5B frequencies, chamnels not

where Bisthe apeed m" each l ed, l";?:g;k yiee
of the chamnel B = 170: ’ !
If the chanmels are L
' 6
synchromized the Bandwidth: 2027 Rz 2. O6F
bandwidth: is as for
F1, B being the
spoed of either
channat
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Description and
Class of
Emission

Neoessary Bandwidth
(Hx)

Examples - Details

Designa-
tion of
Emission

m. PULSE MODULATION

Unmodulated
pulse, PO

B =&/t

K depends upon the
ratio of pulse dn-
ration to pulse rise
time. Its value
usually falls be-
ween 1 and 10 and
in many osses it
does not .exceed &

t=8x106, K = 6;
Bandwidth: 4 x 106 He

4000P0

Modulated
pulse, P2 or

The bandwidth de-
pends on the par-
ticular types of
modulation used,
many of these
being still in the
development

stage
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APPENIXX B
20, STANDARD CODE FOR INFORMATION INTERCHANGE AND
RELATED DATA TRANSMIBERION STANDARDS

This Appendix contains Suppiementary Information and is
part of MIL-8TD-188-100.
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20. STANDARD CODE FOR INFORMATION INTERCHANGE AND RELATED
DATA TRANSMISSION 8TANDARDS

20.1 Scope. This Appendix contains the criteria and other deslgn considera-
tions that were used in the development of the standard,

20,2 Purpose. ThisAppendix is a part of MIL~-STD~188-100 and is included
to facilitate its understanding and use,

20.3 Criteria. The following criteria were adopted to reflect the reeded tran-
sitions from historically developed divergent coded character set designs to a standard
that i8 compatible for use in Federal information processing systems, communications

systems, and assoclated equipments.

20.3.1 Name of Standard. The standard ocoded character set used is titied
"'Code for Information Interchange”. The standard code may be identified by the use of
the notation ASCI (pronounced as'-key) and should ordinarily be taken to mear the code
preacribed by the latest issue of the standard that was approved as a USA Standard by

the United States of America Standards Institute on Qotober 10, 1968, This USA Standard
was adopted as a Federal Information Processing Standard and approved by the President

of the United States on March 11, 1968,

The Code for Information Interchange was issued by the National Bureau of Staadards as
a Federal Information Processing Standard (FIPS) on November 1, 1968, FIP: PUB 1
adopted in whole the USA Standard Code for Information Interchange X3.4-196% and In
part X3.4-1968 (a revision of X3.4-1967). That portion of XS.4-1968 which has not beemn
adopted in this Federal standard is the '"New Line" (NL) convention as oited in the defi-
nition of LF (Line Feed) in subparagraph 20.3. 6.2 of this Appendix.

20.3.2 Staadard Coded Character Set. The standard coded charaoter set to be
used for the general interchange of information among information processing systems,
communlications systems, and assoclated equipment (8 shown in Figure 1,

20.3,.3 Charaoter Representation, The standard 7-bit charaoter representation
with b, the high-order bit and b; the low-order bit, is shown below:

EXAMPLE: The bit representation for the character "K",
positioned in column 4, row 11 is

The code table position for the character "K'' may also be represented by the notation
"oolumn 4, row 11" or alternatively as ''4/11", The decimal equivalent of the binary
number formed by bits b7, bs, and b_, collectively, forma the column number, and the
dectmal equivalent of the binary numger formed by bits b4, b3' b2' and bl' oollectlvely,
forms the row number,


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

9poD) paspusls [ aunBid

15 November 1972

MIL-STD-188-100

5-2

30| o l 0 ¢ / sn | IS st JuJv
~ v o N < . sy | 0S pr O]}
w { N s — $9 | ¥O gt {1 o] |
| \ g > ¢ sS4 | 44 2t [o]o]t{l
* L ] N ‘ + | 283 ] 1A nli[r]of
2 { 2 r : *» |1gns| 40 ol Joji1]o}
A { A 1 6 { w3l | 1iH 6 |1jolof
X u X H 8 ) |[NVD| S8 8 {ofo[o]1
) b M 9 L , gL3 | 138 L tlil]o
A ) A 3 9 \: NAS | %IV 9 olitlti}jo
s T o T ol 3 15 1% [wnjona| s [1{o] |0
[ P 1 a 14 $ |00} 103 | & |OjOli]oO
s 2 S J 3 # | €20 | X13 € t{i1{ojo
) q y ] 2 w | 230 ] X1S 2 |olilo]o
b o o) v | i 120 | HOS it J1]olo]o
d N d ® (v} dS { 3710 | NN 40 0jojoj|o
oy 4 t
] 9 S 7 £ 2 | 0 le=~l1q mﬁ. £q Ma
Vol o %0 1 1% e |%0 T
| | | I 0 0 0 0 -



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

20.3.4 Control Charaoters.

NUL Null

SOH Start of Heading (CC)

BTX Start of Text (CC)

ETX End of Text (CC)

EOT End of Transmission (CC)

ENQ Enquiry (CC)

ACK Acknowledge (CC)

BEL Bell (audible or attention signal)

BS Backspaoe (FE)

HT Horivontal Tabulation (punched
oard skip) (FE)

LF Line Feed (FE)

vT Vertical Tabulation (FE)

FF Form Feed (FE)

CR Carriage Return (FE)

80 Shift Out

81 Shift In

20.3.5 Graphic Charucters.

Column/Row Symbol

2/0 SP
21 :
2/2 "
2/3 #
2/4 $
2/ %
2/6 &
2/7 !

2/8 (
2/9 )
2/10 hd
2/11 +
2/12 ,

NOTES

(CC) Communication Control (FE) Format Effector

DLE
DC1
DC2
DC3
DC4

SYN
ETB
CAN
EM
8UB
ESC
FS
GS

Us
DEL

MIL-8TD-188-100
15 November 1972

Data Link Escape (CC)
Device Comrol 1

Device Control 2

Device Control 3

Device Control 4 (Stop)
Negative Acknowledge (CC)
Synohronous Idie (CC)

End of Tranamission Block (CC)
Cancel

End of Medlum

Substitute

Escape

File Separator (IS)

Group Separator (IS)
Record Separator (IS)

Unit Separator (IB)

Delete (1)

Name

Space (Normally Non-Printing)
Exclamation Point

Quotation Marks (Diaeresis (2)
Number Sign (3,4)

Dollar 8ign

Percent

Ampersand

Apostrophe (Closing Single Quotation

Mark; Acute Acocent) (2)

Opening Parenthesis
Closing Parenthesis
Asterisk

Plus

Comma (Cedilla) (2)

(IS) Information Separator

(1) In the atrict sense, DEL is not & control character, (See Definitions, subparagraph

20.3.6.2).

(2) The use of the symbols in 2/2, 2/7, 2/12, 5/14, 6/0, and 7/14 as discritioal marks
is described in subparagraph 20.3. 7¢4).

(3) These oharacters should not be nsed in international interchinge without determining
that there is agreemont between sender and recipient. See subparagraph 20. 3. 7(2).

(4) In applications where there is no requirement for the symbol #, the symbol £ may be

used in position 2/3.
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Column/Row Symbol Name
2/18 - Hyphen (Minus)
2/14 . Pertiod (Decimal Point)
2/16 / Slant
8/10 : Colon
3/11 H Semicolon
3/12 < Less Than
3/13 = Equals
3/14 > Greater Than
3/18 ? Question Mark
4/0 € Commercial At (3)
5/11 { Opening Braoket (3)
5/12 \ Reverse Slant (3)
5/13 ] Closing Bracket (3)
5/14 - Circumflex (2,3)
5/16 _ Underlipe
8/0 . Grave Accent (2,3) (Opening Single

Quotation Mark)
7/11 { Opening Brace (3)
7/12 f Vertical Line (3)
7/18 ) Closing Brace (3)
7/14 ~ Overline (3) [Tilde(2); General
Accent(2)}
20.3.6 Definitions.
20.3.6.1 General,

(CC)} Communication Control. A functional charaoter intended to con-
trol or facilitate transmission of information over communication networks.

(FE) Format Effeqtor. A functional character which controls the lay-
out or positioning of information in printing or display devices,

(IS) Informatton Separator. A character which 18 used to separate and

quallfy information in & logical sense, There is a group of four such characters which
are to be used in a hierarchical order.

20.3.6.2 Control Characters.
NUL. The all zeros character,
SQH (Start of Heading). A communication control character used st the

beginning of a sequence of characters which constitutes a machine-sensible address of
e s referred tn as the "heading”. An 8TX charaoter

—routing information. Such 8 sequenc
has th s effect of terminating a heading.

B-4
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STX (Start of Text}). A communication control character which pre-
cedes a sequence of characters that L8 to be treated as an entity and entirely transmitted
through to the ultimate destination. Such & sequence is relerred to as "text", STX may
be used to terminate a sequence of characters started by SOH.

ETX (End of Text). A communication control character used to termi-
nate a sequence of charaoters started with STX and transmitted as an entity,

EOT (End of Transmission). A communicatioh cobtrol character, used
to indicate the conclusion of a transmission which may have contained one or more texts

and any associated headings.

ENQ_ (Epquiry). A communication control character used ln cata com-
munlcation systems as a8 request for a response from 2 remote station, It may be used
a8 a "Who Are You" (WRU) to obtain identification, or may be used to obtain station sta-

tus, or both,

ACK (Acknowledge). A communication control charaoter trausmitted
by a receiver as an affirmative response to a sender.

BEL. A character for use when there is a need to call for human atten-
tion, It may control alarm or attention devices,

BS (Backspace). A format effector which controls the movement of the
printing position one printing space backward on the same printing line (applicable to

display devices),

HT Horizontal Tabulation). A format effector which controls the move-
ment of the printing position to the next in a series of predetermined positions along the
printing line. (Applicable also to display devices and the skip funotion on punched cards.)

LF (Line Feed}., A format effector which controls the movement of the
printing position to the next printing line (applicable also to display devices). Where
appropriate, this charaoter may have the meaning ''New Line" (NL), a2 format effector
which controls the movement of the printing point to the first printing position on the
next printing Iine. Use of this oconvention requires agreement between sender and recip-

lent of data.

VT (Vertical Tabulation). A format effector which controls the move-
ment of the printing position to the next In a series of predetermined printing lines

(applicable also to display devices).

FF¥_(Form Feed). A format effector which controls the movement of
the printing position to the first predetermined printing line on the next form or page
(applicable also to display devices).

CR_(Carriage Return). A format effector which controls the movement
of the printing position to the first printing position on the same printing line (applicablie
to display devices).


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

MIL-8TD-188-100
15 November 1972

8O_(8hift Out). A oontrol character indicating that the code combina-
tions which follow shsall be interpreted ra outside of the character set of the standard
oode table until a Shift In character(s) is (are) reached.

81 (Shift In). A oontrol charaater indicating that the code combinations
which follow shall be interpreted according to the standard oode table.

DLE (Data Link Escape). A communication control character which will
change the meaning of s limited number of contiguously followtng charscters. L s used
exoclusively to provide supplementary controle in dats communication networks, DLE is
usually terminsted by a Shift In character(s).

DC1l, DC2, DC3, DC4 (Device Coptrols). Characters for the comtrol of

ancillary devioes assoclated with dats prooessing or telecommunioation systems, more
especially switching devices "on' or "off''. (If & aingle "stop' comtrol is required to
interrupt or turn off anoiliary devices, DC4 is the preferred assignment. )

NAK (Negative Acknowledge). A oommunication control character trans-
mitted by s receiver as 2 negative response to the sender.

SY. ldle}. A communication control character used by a
synchronous transmisslon system iu the absence of any other character to provide a
signal from which synchronism may be achieved or retained.

ETB (End of Transmisesion Biock). A ocommunication control charsoter
used to indicate the end of 2 block of data for communication purposes. ETB is used for
biocking data where the block structure is not necessarily related to the processing for-
mat,

CAN (Canoel). A ocontrol ahempoter used to indioate that the data with
which it la sent ip in error or 8 to be disragarded.

EM (End of Medium). A cantrol character associated with the sent data
which may be used to ldentity the physical endt of the medium or the end of the used, or
wanted, portior of information recorded on 8 medtum. (The position of the character
does not necessarily correspoad to the physioal end of the medium, )

SUB (Bubatitite). A charaoter that may be substituted for a charaster
which is determined to be invalid or in error.

ESC (Escaps). A comtral charscter intemded to provide code extension
(supplementary characters) in gemerxl information interchange. The Escape obaracter
itself is a prefix affecting the interpretation of a limited number of contiguously following
characters. ESC is usually terminsted by a Shift In character(s).

Fs (Flle Separator), GS (Group rd
apd US (Unit Separator). These lnformation separators may be used within data in op-
tiomal fashion, except that thelr birrarchicnd relaticuship shall be: F6 is the most inelu-
sive, then (38, then RS, and US is lesst inclusive. (The contant and length of a File,
Group, Record, or Unit are not specified.) :

B¢
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DEL (Delste}. This character i8 used primarily to "erase" o: "ohlit-
srate” errodeous or unwanted characters in perforited tape. (In the sirict sense, DEL
is not a oontrol character.)

20.3.6.3 (€] ¢ Characters. SP (Space): A normally nonprinting gra; .ic char-
acter used to separate words, It .2 also a {ormat effector which controls the n.ovement
of the printing position, one printing position forward. (Applicable aiso to dispiay de-

vioes.)

20.3.7 Genersal Copsiderstions.

(a) This standard does not define the mesans hy which the coded set is
to be recorded in any physical medium, nor does it include any redundancy or cefine
techniques for error ocantrol, Further, this standard does not define data comriunioation
formats, cods extension techniques, or graphic representation of control charasters,

(d) Devistions from the standard may create serious difficulties in
information interchange and should be used only with full cognizance of the parties
involved,

(¢) The relative sequanoce of any two characters, when used as a basis
for oollation, is defined by their binary values.

{d) No specific meaning is prescribed for any of the graphics .n the
oode table axcept that which is understood by the users. Furthermore, this staadard
does not specify a type style for the priniing or display of the various graphic caaracters,
In specific applications, it may be desirable to employ distinotive atyling of ind:vidual
graphiocs to facilitate their use for spectic purposes as, for example, to styliz¢ the
graphios in code pocitions 2/1 anc §/14 Into those frequently assoclated with logioal OR
(}) andlogical NOT (=), respeoctively. It is to be noted that these two symbols are not

standard,

20.4 Charaoter Structure and Character Parity Sense for Serial-by-3it Data

the Code { ormation Inter . Federal Information Prooces-
sing Standards Publioation 17 (FIPS PURB 17) specifies the method of transmitting the
Standard Code for Information Interchange (FIPS 1) in the seriai~by-bit, serial-by-char-
aoter dats transmission, Icluded in the standard is the position and sense of tie char-
aoter parity bit, This standard 18 applicable to the transmission of the Standarc Code
(refer to subparagraph4. 3,1, 2)in a serial=by~bit stream form at the interfacebetween
dae terminal equipment and data communioations equipment, Dats terminal equipments
transmitting an approved Federal subset or superset of FIPS 1 are not precluded.

20.4.1 Synchronous Datp Commupication. The standard character structure

for synchronous data communication shall consist of eight bits (seven ASCII bits plus
ons ocharacter parity bit) having equal time intervals (see Figure 2).

The standard sense of character parity for synchronous data communtication sha!l be
"odd'' over the eight bits, i.e., an odd number of "'1" (marking) bits per charaocter.

B-7
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Figure 2, Standard Character Interval Structure for
Synchronous Transmission

20.4.2 Asynchrooous Data Communication. The standard character struoture
for asynchronous data communication shall consiat of ten (10) signal elements baving
equal time intervals; one 0" (spacing) start element, seven ASCI bits, one character
parity bit, and one '"1" (Marking) stop element. The intercharacter interval (the time
interval between the end of a stop element and the beginning of the next start element)
may be of any length, and is of the same sense as the ntop element, i.e., "1" (marking)

(soe Figure 3).

The standard sense of character parity for asynchronous dats communication shall be
even over the eight bits (seven ASCII bits and character parity bit), i.e., an even pum-
ber of "1" (marking) bits per character.

; | 13 : ' T T T ;
| i ! i ; ‘ i ' :
PACE E 1 ! 2 : 3 ; 4 , 5 : ] i 1 i [} g AR
! 1 . H H H : '
l L e AN BITS / l l
START ELBMENT CHAR PARITY BIT
S0P ELBMENT

THE GROER OF TRAMSHISSION [S FRON LEFT TO RIGNT

Figure 3. Standard Character Imerval Structure for
Asynchronous T ransmission

NOTE 1: Some configurations of communication facilities
cannot operate satiafactorily with the stop elemeant specified
in the asynchronous character structure., Where this is the
oase, a Btop element of two time intervals will be necessary.
This exception to character structure is intended to provide
relief where character regemerators are employed (as on
long-hau), multi-station networks), and 'ts use will require
prior agreement between users,

B-g&
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NCTE 2: Recelving equipments must be capable of
operation with any iniercharaocter lnterval, or with a
single~-unit stop element whose duration will be reduced
by a time Interval equal to the deviation corresponding
to the degree of gross start-stop distortion permitted
at the receiver unit,

NOTE 3: In AUTODIN, odd parity is used for transmission
of message characters ln both the synchronous and asynchro-
nous modee. Even parity is used for transmission of control
characters for channel control and ooordination,

20.5 Bit Sequencing of the Code for Informstion Interchange {n Serial-bv~-Bit

| Duta Transmission. Federal Informstion Processing Standards Publication 16 (FIPS

? PUB 16) speocifies the position of the character parity bit, if transmitted with the informa-
tion bits of the Standard Code for Information Interchange (FIPS 1), In serial-by=-bt.,
serial~by-character data transmission, This standard is applicable to the tranamission
of the standard code in a serial bit stream form at the interface between data terminal

equipment and data communications equipment.

20.5.1 Standard Bit Sequence. The standard bit sequence for an ASCII cheraoc~
~ ter shall be least signtficant bit first to most significant bit—-in terms of FIPS noman-
olature (Standard Code for Information Interchange) b; through b7 in ascending (conseo-
utive) order,

NOTE: This statement does not specify that a character
el ~ parity bit shall or shall not be transmitted, nor does it
specify the total number of bits per character, the bit
rate, tbe character rate, or the transmisaion technique,
However, in the DD the equipment ordinarily should be
designed to transmit and receive a bit in the parity posi-
tion. If the bit 18 not used a8 a parity bit, it should be
transmitted as & mark and ignored by the receiver. If
used as a parity bit, the transmitter and receiver must
be programmed or adjusted acoordingly. The reason is
to preciude several types of equipment that are inocompat-
ible and limited in their use. Any equipments designed not
to transmit and receive a parity bit must be used in limited
and closed networks where parity is not needed and trans-
mission efficiency is paramount over equipment logistics.
Character and bit rates are defined elsewhere in these
standards,

20.5.2 Character Parity. A character parity, If transmittad. is to follow the
most significant bit, b;, of the character to whioh it applies.

! 20.6 Character Structure and Character Parity Sense for Parallel-by-Bit
Data Commumication in the Code for Information Interchange. Federal Information
Processing Standards Publication 18 (FIPS PUB 18) specifies the channel assignment
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for tranamitting the Standard Code for Information Interchange (FIPS 1) Ln parallel-by~
bit serial-by-character data transmission. Inoluded in the standard is the position and
sense of the charaocter parity bit applioable to the Standard Code in & parallel bit form
at the Interface between data termind] equipment and 3ata communications eqilpment,
Dats terminal equipments tranamitting an approved subset of FIPS 1 are not precluded.

20.6.1 Standard Character Structure. The standard character structure shall
oonsist of elght bita, i.e., seven information bits plus one charaocter parity bit.
20.6.2 Standard Bit~to-Chagnel Halationship. The seven information bits

(b1 through b7) plus the character parity bit (P) shall be assigned to an ordered series
of channel designators as follows: b, to the lowest designator and, in ascending order,
with P to the highest designator.

Information-Bit: b1 b2 b3 b 4 b5 bs b,, P

Channel 1 2 3 4 5 ] 7 [}
20.6.3 Standard Sense of Character Parity.

(a) Where the transmission system is of the type where charaoter timing
is not separately signaled, the sense of the character parity shall be ODD; that is, the
parity bit for each Character shall be such that there are an odd number of "'1" (marking)
bits in the character.

(b) Where the transmission system is of the type providing character
timing information by means of & separate timing channel, the sanse of the cbaraoter
parity ahall be EVEN; that is, the parity bit for esch character shall be such that there
are an even number of "1" (marking) bits Ln the character,

20.7 Coded Subsets of the Bianderd Code for Information Interchange. ¥ the
full character set of the Federal Standard Code for Information Interchange (FIPS 1) can-

not be applied, the largest possible character subset should be used, and the FIPS 1 col~
lating sequence observed.

Subsets of 96, 64, and 16 graphic characters that conform to the specifi-
cations clied in FIPS PUB 15 are provided Ln this standard. These character subsets
are to be used for printers, display devices, punched card equipment and other data pro-
cessing or communiocations equipment in those systems or applications that do not require
the full 128~character set disoussed I paragraph 20.8.1. Each subset is defined and,
where appropriate, this standard requires that one of the three specific subsets desoribed
herein will be specified when & subset i3 used.

20.7.1 ~ ifications for 96~-Character o Charaoter Subset. This grapblo
character subset is derived from the Federal Standard Code for Information Interobange
(FIPS 1 which in turn was sdopted from the American National Standard Code for hfor-
mation nterchange (ASCH). This character subset i intended tobe used in those systems
or applications whose needs are adequataly served by a 95~character graphic subset of
the standard 128~character set oontained in FIPS 1. This 95-character graphic subset
contains all of the characters in columns 2, 3, 4, 5, 6, and 7 of the FIPS 1 code table,
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exoept the character Delete (DEL) in position 7/16. Figure 4 shows the 7-bit coce table
of FIPS 1 with the 85-character grapaic subset of this standard outlined. It i8 empha-
sized that the coded representation of this 95-character subset in tnput/output media
and data communications will conform to the specifications cited tn other applicable

Federal Information Proocessing Standards.

20.7.2 Specifications for 64-Character Graphic Character Subset. This graphic
character subset is derived from the Federal Standard Code for Information Interchange
(FIPS 1) which in turn was adopted from the American National Standard Code for Infor-
mation Interchange (ASCII). This character subset is .ntended to be used in thos: systems
or applications whose needs are adequately served by a 64-charscter graphic subaet of the
standard 128-character set contalned in FIPS 1. This 64~character grapbic subset con-
tains zll the characters in columns 2, 3, 4, and 5 of the FIPS code table, Figure 5

shows the 7-bit code table of FIPS 1 with the 64-character graphic subset of this stand-
ard outlined. It {s emphasized that the coded representation of this 64-character sub-

set in input/output media and data communiostion will canform to the specifications

cited in other applicable Federal Information Processing Standards,

20.7.3 Specificattons for 16-Charnoter Numeric Subset. This numeric nubset
s derived from the Federal Standard Code for Informstion Interchange (FIPS 1) v'hich
in turn was adopted from the American National Standard Code for Information In.er-
change (ASCH). This subset is intended to be used in those systems or applicaticos
whose needs are adequately served by a 16~character numeric subset of the stancard
128-charaoter set contained in FIPS 1. This 16-character graphic numeric subs.t con-
tains the ten numerals from the top ten positions of column 3 and six symbols: Asterisk,
Plus, Comma, Hyphen (Minus), Period (Decimal Point) and Slant, from the bottom six
positions of oolumn 2. Figure 6 ahows the 7-bit code table of FIPS 1 with the 16-char-
acter graphic subset of this standard outlined. It is emphasized that the coded repre-
sentation of this 16~character subset in input/output media and data communications will
oconform to the specifications cited lu other applicable Federal Information Proceusing

Standards.

Systems and applications employing this limited 16-character set, when recetving tufor-
mation vie standard media or communiocations from systems employing the full 128-
character set, the 95-character graphic set, or the 84-character graphic subset, should
ignore all characters outside of this numeric subset. This feature is desirable ir most
instances, but is not mandatory for applications requiring some other interpretation of
the characters outside of this mimeric subset,

20.8 Printing Subsets of the Standard Code for Information Interchange. The
last paragraph considers coded subsets. These coded subsets refer to the transn.ltter/
receiver repertoire of coded characters used. On the other hand, printing subsets refer
to receiver printing capabllity using specific symbols for certain or all charaoters. For
example, & transmitter/receiver system may use all ASCII characters but not print all
of them. The following printing sets or subsets are standard.

20.8.1 128-Character Printing Subset. This printing set ahall be used for spe-
olal applications such as high quality monitoring receivers, line quality research, etc.
The set invalves all of the graphics shown in Figure 1 plus the symbols shown in Figure
9 for the 32 control characters, space, and delete for a total of 128 characters, Figure 9
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symbols are included for guidance only and are extracted from the CCITT White Book,
Volume VIII, Supplement 2, page 2, Mar Del Plata 1968. A FIPS I8 in preparstion on
this subject that is subatantially the same as Figure 9. When published, the FIPS ahall

take precedence over Figure S,

20.8.2 94-Character Printing Subset. This set consists of the 94 gra; hics
shown on Figure 1, It omits the 32 control characters, space, and delete shown in
Figure 9. This printing set is used for high quality data and narrative messagu record-
ing where both upper and lower case printing is desired (see Figure 7). Thise printing
set may be used also for less exacting raonitoring appllcations than those discussed in
the previous paragraph by printing a heart () for the 34-symbols shown in Figure 9.
This adds a 95th symbol to the 94-character printing set.

20.8.3 63-Character Printing Subaet. This set consists of the same graphics
in the 94-character printing set minus the 31 characters, ofbier than Delete in columns

6 and 7; in other words all of the graphics in columus 2, 3, 4, and 5, This is tae nor-
mal communication printing subset that prints in upper case only (see Figure 8.

20.8.4 95- and 64-Character Printipg Subset. These two subgets are the same
as the 94- and 63-character printing subset with the addition of the symbol for the sub-
stitute character (position 1/10 in Figure 9). When error detection is used, this symbol
is printed to indicate that the character it replaced was in error but that the ocorrect
character is unknown.

20.9 The Standard Punched Card Code. ASCII can be used as a puncaed card
code. Devices have been manufactured that punch both paper tape and edged punched
cards., There has been some objection to using ASCII to punch cards because pire nu-
merlcal work results in punching bits 5 and 6 in all columus of the card. This 18 calied
laclng and weakens the card. For that reason, plus the great investment in Holierith
Card punching and reading equipment, the Hollerith punched card code is still used in
most applications, The code, shown in Figure 10, has been extended to cover 256 char-
acters, including the 128 ASCH characters and 128 additional but, as yet, undefined
characters. This code is standardized in FIPS PUB 14. When using punched cards the
codes given in Figures 10, 11, and 12 shall be used. This standard permits the use of
only certain characters but equipment should have a capability of operating with a com-
plete ASCII set or a complete 95- or 64~character subset of ASCI. At present AUTODIN
uses a Hollerith punched card code set that differs from FIPS PUB 14 standard by & few
characters. FPlans are being formulated to rectify this situation. A third version of the
Hollerith punched card code as published in JCS PUB 7 i8 employed in the National Mili-
tary Command System, These three versions are given in Figure 13, It is a Design
Objective to convert all systems to the FIPS 14 standard,

20.9.1 Standard Physical Properties. The standard physical properties of the
punched card are defined in FIPS PUB 13,
20.10 Five Unit Teletypewriter Coded Character Set. Teletypewriter message

transmission systems have been employed in Department of Defense communiocations for
a pumber of years and are expected to be used for some time to come. The five unit
teletypewriter coded character set (Figure 14) used throughout these systems has for
many years been established as a standard and is included in this publication as an in-
terim standard since it will remain in use for an undetermined period of time.
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Posi tion Position

N Bt Foiottoltl Bt T | | |
set tadble set table

/0 [N NL i1 |ee, o1 @
0/1 | (TC,)S0H | S [ 11w o, 02 CB
0/2 | (TC)STX | s¥ _L /3 |oc, 03 @
0/3 | (TCHETX | EX I R RZE D4 4))
0/¢ | (TCHEOT | ET N || jaTeonak | NK \7(
o/ | (TeEND | EQ g /6 (LS | sy _ﬂ_
0/6 | (TCOACK | AK o |l v |acEm | e —
07 | BEL BL O e |om o Z
0/8 | FE,(BS) | GBS N e | EW }
0/5 | FE,(AT) | HT > 110 |sus 58 C
0/10 | FE,(LF) LF — || v jesc ES @
LR L || v s s

0/12 | FE,(FF) P \]// 113 |18,(68) | 68

0/13 | FEL(CR) R é /4 LIS,(RS) | BS

6/14 | S0 50 QD || s isws | s

015 | Si S| @ 270 |sp sp JAN
18 | (TCHBE | DL 115 |OKL DE %

Figure 9. Control Characters, Spacr, and Delete Symbols
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NOTE:

A cord code position thef
has not been assigned o cor-
responding ASCI] Code chor-
acter is designoted with the
corresponding, though not yet
assigned, column/row of the
ASCI] Codes.

Figure 10. Standard Hollerith Punched Card Code
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Figure 11. Hollerith Holc-Pattern Cross Reference
to ASCTI (128 Characters)
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WOTE: The eight columns of Figure |1 present the 128 hole-patterns for the
128 characters of USASCII. The above eight columns present the ex-
tension of the code to 256 characters. This extension has been ap-
proved by ANS! and wi)l be published as AX Standard X3.26-1968. For
the present, only the hole-patterns have been assigned to the bit-
patterns in the extension.

Figure 12, Hollerith Hole-Pattern Cross-Reference to
ASCIl (Extension of 128 Characters)
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CCITT NO.2

CHARACTERS CODE SIGNALS
UPPER CASE
LONER  coumwrarnenistant] © [ 2 | 3 1 4l s [sTOP *
A - [ L AL '/
B 2 ) g YA
c : ) AL g7
D 5 rd "7 v 7/ 7 7 WRU
E 3 3 A V /A
F il - A AL Y/ /| UNASSIGNED
[ [ Ny /] /Y A UNASSIGNED
H STOP  { | '/ '/ A/ /] UNASSIGNED
] ] e A7/ 7.
J ' P s 94 Y / /] /7 A AUDIBLE SIGNAL
K { -— S AN L AL 4
L ) N Z. e
M . . /A XN
N s [1] VA s
0 ® 9 "/ / V' /.
4 o (-] AL L XA
Q | ! oY AL
R 4 4 77 "7 "7
— 8 BELL BELL '/ /7 7] "(APOSTROPHE]
T ) ) A7/
v kd 7 Y V' /4
v i [o1] SN A
X / / V' / /i V / V' /A
Y K v/ 17 /]
i . + gy " IR
BLANK _ "7
_SPACE ____ g 74
GAR. RET. V' / /]
LINE FEED /) P/ A
FIGURES Z A4 X LAL
LETTERS V. / 77

NOTE: UPPER CASE M (COMM) MAY SE STOP on ¥

MARKING PULSE
[ ) sracims ruLse

#* THIS
oMLY
WHICH DFFER

COLUMN 8
THOSE CHARACTERS
FROM

U. 5. A. VARIATION

Hows
THE

Figure 14,
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20.11 Kevboard Arrangements, Tle hevioard arrapgement used has no
bearing on interoperability of eguipment but w3 important irom training and efficlency

standpoints.

20.11.1 ASCII Kevboard Arracgements. Four-vow keyboards are standard for
the impiementation of ASCII and for OCR message preparation units, Thbe standard
arrangements are included in Figures 15, 18, and 17. For details on the application
of thesc arrangements, the designer is advtsed to consult MIL-STD~1280, Keyboard
Arrangements, No FIPS PUB has been approved for keyboard arrangements for
Government use but action is being taken to develop a federal standard. When such a
standard is approved, MIL-STD-1280 wili be revised accordingly.

20.11.2 ITA No. 2 Keyboard Arrungements, The atandard keyboard arrange-
nients or use of the International Telegruph Alphabet (ITA) No. 2 USA variation are
given in Figure 18,

20.12 EBCDIC Card Code. The EBCDIC card code is widely used but is not
a US, Federal, or DoD standard. It is shown in Figure 19 for informational purposes
only. The 128 characters of ASCII each have EBCDIC punched card hole patterns. The
remaining 128 characters of this 256 character code hive no charucter assxgnment.a as

is the case with the Hollerith punched card code.
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APPENDIX C
30. OPTICAL CHARACTER RECOGNITION EQUIPMENT

This Appendix Contains Supplementary Information
and i part of MIL-STD-188-100,
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FOREWORD

1 DoD policy on font standardization {s contained in OASD (Telecommu-
nications) Memorandum dated 16 Dec. 70 which 18 gquoted in part below:

*The development of high resolution scanners and improved character recognition units
permlits procurement of multi-font OCRE on 8 competitive bagis from several firma. The
current generation OCRE permits expansion of the font reading capability by changes in
the software and logic of the recognition units. Should there be significant quantities of
OCR-A font equipped typewriters at a facility scheduled to recetve OCRE, it is expected
that OCR-A will be specified as one of the character sets capable of being processed by
the equipment. In all other situations selection of OCRE should be based on a cost effec-
tiveness analysis with appropriate consideration given to the type fonts on the equipment
previously procured or programmed to be used with the OCRE. "

2, As of this printing, the only ANSI (American National Standard Insti-
tute) standard for OCRE is X3. 17-1966 which is for OCR-style A (OCR-A), Accordingly,
the characteristics of subparagraph 30.5.4 are those for OCR (Style A) size I. Tt is ax-
pected that these parameters will be essentially the same in the style B font standard
currently being developed by ANSI subcommittee X3A1.
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30. OPTICAL CHARACTER RECOGNITION EQUIPMENT
30.1 Scope. This appendix concerning Optical Character Recognitior Equip~

ment (OCRE) is applicable to communications only. This OCRE is to be used to generate
binary electrical signals in the approp=iate code and slphabet by a process of read.ng
{scanning) mesasages prepared in a standard manner on & standard message format using
typewriters suitable for preparation of messages accurately readable by OCRE. The
message format is discussed in subparagraph 30. 8.2 of this appendix. Suitable tyne-
writers are discussed in paragraph 30. 6 of this appendix.

30.2 Purpose. This appendix is a part of MIL-STD-188-100and is ircluded
to facilitate its use in connection with OCRE.

30.3 Use of OCRE, The OCRE may be used on-line, feeding the generated
signals directly to the line or to any of a number of lines as required by the traffic situ-
ation; or the OCRE may be used off-1ine by recording on paper tape, magnetic tape,
drum, etc. When used off-line the recorded message is subsequently read to the appro-
priate line, Which method of operation is used 18 a matter of command prerogative, but
the design should be such that both on-line and off-line operation is possibie.

30.4 OCRE Signals.
30.4.1 Code and Alphabet, The binary signels generated by the OCRE shall

be coded in the "Code for Information Exchange' which is alsc known as ASCII (pro-
nounced as'~key) or USASCTI (pronounced you-sas'-key). This coded character set is
discussed in Appendix B.

30.4.2 Low Level Signaling. The signals generated by the OCRE shall be in
accordance with subparagraph 4. 9. 1. 3 (Low Level Digital Interfaces) of the basic stand-

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 Character Reading Rate. The character reading (scanning) rate bears
2 definite relationship to the rate at which signals are dispersed to the line unless a buffer
storage is provided between the two. The maximum scanning rate shall be consistent
with the headquarters traffic load, economics, accuracy in reading, and sound engineer-
ing practices.

30.4.6 Bit Transemission. Bits (per character) tranamission between the
OCRE and the off-line recorder may be in serial or parallel form, When the OCRE is
operating on-line the bit stream muat uitimately be serialized before transmission.

30.4 6 Parity, When the ASCH s used pursuant to subparagraph 30.4. 1 of
this appendix, the parity bit shall be generated by the OCRE in accordance with subpara-

graphs 20.4. 1 and 20, 4, 2 of Appendix B,
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30.5 OCRE Capabilities.

30.5.1 Monocage ASCII OCRE (Preferred Standard for Message Preparation).
The mirimum reading capability of monocase OCRE operating in an ASCH communication
link shall be the characters given i Table I of this appendix. Any additional character
reading capability shall be limlited to those characters given in Figure 1 of Appendix B.

30.5.2 Duslcase ASCII OCRE. Dualcase readers shall have the same capability
of reading lower case alphabetic characters printed in the same font design as the upper
case alphabetic characters. Duslcase OCRE is not recommended for ordinary communi-
cations use because dualcase receiving teleprinters will not generally be available. The
use of dualcase OCRE 1is appropriate only in properly equipped closed networks, when
dualcase recelving teleprinters are generally ava{lable and when using ASCII (see Figure

4 of Appendix B)

30.5.3 Character Set Capabilities.
30.5.3.1 Single Character Set OCRE (Monocase). The use of monocase charac-

ter set OCRE (upper case only) has the disadvantages of necessitating more complete
standardization of message preparation typewriters throughout the headquarters than does
OCRE utilizing dualcase and multiple character sets. However, monocase OCRE has an
advantage in cost and reliability of reading over dualcase OCRE and it has & very 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 appendix,

30.5.3.2 Multiple Character Set OCRE. OCRE having multiple character set
capability allows more flexibility in the use of typewriters but it coste considerably more
and {s much less reliable in reading than the single character set OCRE, Multiple charac-
ter get OCRE shall have the capability of the character set described in Table I and sub-
paragraph 30 5. 4 of this appendix

30.5.4 Minimum Character 8et Capability. OCRE shall have the minimum
capability of reading a character set defined by Table 1 when the:

(a) Horizontal character epacing is 10 per inch,

) Lipne spacing ‘s 6 lines per inch,

(c) Maximun: character height, H, is 0. 094 inches,

(d) Maximum charaoter width, W, is 0. 055 inches, and
(8) Nominal stroke width, T is 0. 014 inches.

The character height and width are defined as centerline height and width, Therefore,
the actual maximum height is H + T and the actual maximum width is W + T,

30.5.5 Multiple Character Set Capability. One of the character sets shall be
as deecribed in subparagraph 30 5.4 of this appendix. All other character sets are spec-
{fied cnly to the extent of having the character spacing of subparagraph 30 5. 4 of this
appendix.

30.5.6 Automatic Message Heading (Optional). OCRE equipped for automatic
message heading generation sha!l read the heading elements which are typed in the

C.z
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appropriate places on DD Form 173. Using this information, the OCRE shall automsat-
ically generate an appropriate message heading.

30.6.7 Automatic Message Endin&(Optionnl). OCRE equipped for automatic
message heading generation shall aleo automatically generate a compatible and appropri-
ate end~of-message format,

30.86 Typewriters.
30.6.1 General Performance Characteristics. Adequate typing quality i

mandatory in order to minimize OCRE reading errors. This requires appropriate t 'pe-
writers, ribbons, maintenance, and a consistently strong touch. All of this can be co-
tatned most adequately by using electrical typewriters and one-time ribbons. Makirg
such practice mandatory will pay dividends in added message reliability.

30.6.2 Dualcase Typewriters. Dusalcase typewriters shall ordinarfly be used
for message preparation so that they also may be used for other work. The lower case
characters mey be any suitable style unless the headquarters {s equipped with an OCRE
with both an upper and a lower case reading capability. In such a case the lower churac-
tera shall be the appropriate characters as provided in subparagraph 30.5. 2 of this
appendix,

30.6.3 Monocase Typewriters, Monocase typewriters shall ordinarily not be
used for message preparation even though messages normally will continue to be prepared
in upper case letters only.

30.8.4 Keyboard Arrangement, The detail requirements for a standard <ey-
board arrangement for OCR typewriters are given in MIL-STD-1280, Military Standard
Keyboard Arrangements,

30.7 Print Quality Print quality is a combination of the following: Mini-
mum print contrast signal (PCS) within character outline, the maxdmum (PCS) outside the
character outline, voids, extraneous ink areas, stroke width variation, snd conformance
of character shapes to nominal character shapes specification. These factors are iargely
determined by the printing systems employed, The performance of OCR systems dependa
to a large extent on the print quality. Hence, every effort should be made to provids

"good" print quality, {. e.:

(a) ‘The printed character should present as high a contrast as
posgible to the background document.

()} Stroke width should be held as close as possible to the nominal.

(c) Insofar as possible, there ahould be no voids within the stroke
outlipe. When these cannot be prevented, the number of void areas within a stroke should
be mintmized, The size of individual voids should not exoeed half of the nominal stroke
width, and the distance between individual voids should be as great as possible.

(&) Insofar as possfble there should be no extraneous ink within the
clear area. When this cannot be preventad, the number of extraneous ink spots should

C-8
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be minimized, the size of the spots should not exceed half the nominal stroke width, and
the distance between unit spots should be as great as possible.

30.8 Standard Message Form Use.

30.8.1 Paper Specifications. The quality of the paper used in message forms
must be controlled for OCRE applications. A suitable specification 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 17-1966). This standard is
published Yy the United States of America Standards Institute, 10 East 40th Street, New
York, N. Y. 10016

30.8.2 Printed Format,

30.8,2.1 First Sheet DD Form 173 (OCR). The joint message form includes
the heading information required for a computer to generate the appropriate standard
format for the message heading in accordance with JANAP 128 (AUTODIN), ACP
127 (NATO Traffic Only), or other appropriate format as determined by the require-
ments .

80.8.2.2 Continuation Sheet., The eame form is used as a continuation sheet
for those messages that require more than one page.

30.8.2.3 Printed Detaile. See Figure 1.
30.8.2.4 Message Component Symbolization.
30.8.2.4.1 Orientation (Benchmark) Symbol. It shell be standard not to use a

special printed symbol for the OCRE to orient itself with respect 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 background, or may be oriented on the
first typed character In the event & reader 1z used that does not have such a capability,
the typist may be inatructed to type in a special symbol 8t an appropriate place on the
page. In any event the OCRE shall be programmed to start its scan at the first line of
typing after becoming oriented.

30.8.2.4.2 Start of Heading (SOH). No Btart of Heading (SOH) symbol is used in
the interert of economy. Such a eymbol would have to be printsd in biack. A two ocolor
form would be more costly than a single color (blue) printed form. To have the typist
type in & SOH would complicate her job unnecessarily The OCRE shall be programmed
to recognize the Start of Heading by the mesnage pagination, that ie page ""1'' or "X"

pages.

30.8.2. 4.3 Action Addressee Symbol. Not used, handled by scftware. The first
Action Addressee may be recognized by the OCRE as being indented 20 spaces. Subse-
guent Actinn Addresseee, if any, are also indented 20 spaces. Double spacing (s used
vertically .

30.8.2. 4 4 Informastior Addreasee Symbol. The sequepce '"INFO:" shall be used
to indicate the first Information Addressee The oolor is nsed to prevent a8 random
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sequence "INFO' in the message from giving a false result. "INFO:" is typed by the
drafter's typist two lines below the last Action Addressee, starting Immediately to the
right of the left blue margin line using noindentation. The Info Addressees are [ndented
20 spaces as are the Action Addressees and are also double spaced vertically. The
OCRE may thus recognize the end of Action Addressees and the beginning of Infurmation
Addressees by the typed "INFO:" starting at the margin. If there are no Informn.gtion
Addressees the OCRE will recognize this fact by finding "XMT:" at the left marsin line,
no indentation, using double spacing from the last Action or Information Addressee as
the case may be. The exempted headquarters or routing indicator(s) shall be typed ino
startivg directly under the start of the addreasees, namely 20 apaces from the ieft mar-
gin line. If there be more than one line of exempted routing indicators, the second line
shall also be indented 20 spaces. Thus, the OCRE can recognize the Start of Text by the
next nonindented typing,

30.8.2.4.5 Start of Text (STX) Symbol. Not used, handled by software.

30.8.2.4.6 End of Text (Measage) (ETX) Symbol. Not used, handled by software.
The OCRE can recognize the ETX by the end of the printing in the last page of the mes-~
sage. The 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 a8 the number of pages,
such as page 2 of 2.

30.8.2.4.7 Indentation Symbol It shall be standard to program the computer to
effect indentation and tabulation at the receiver by counting and transmitting the appro-
priate number of spaces. This method allows for tabulation without any prearrangement
between the originator or drafter and the addressee. When the ASCII is used, however,
tabular material can be sent by prearrangement between the transmitter and receiver.
This requires sending tabular codes rather than spaces and also employing appropriate
page printers at the receiver.

30.8.2.4.8 Automatic Local Distribution. If the OCRE ie used in conjunction
with 3 Local Message Distribution Unit (LDMX) the local distribution may be typed in the
appropriate place on the Joint Message form. A vertical line is used to indicate that
this data is for local distribution and not part of the message.

30.8.2.6 Use of Erase Symbols.

30.8.2.5.1 Group Erase Symbol. It shall be standard to use a continuous dash
(Group Erase Symbol) through the first three characters in a line to indicate that the line
is in error and must be omitted by the OCRE. This symbol is shown in Table IT.

30.8.2.5.2 Character Erase Symbol. The standard character erase gsymbol shall
be a solid black printed rectangle having a size equal to & nominal character space. In
use the character erase symbol is printed over a character to ipdicate that the character
i8 in error,
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TABLE I
APPENDIX €

Repertoire of Characters to be Used in Msssage Preparation
for OCRE Handling*

COLUMN — D i 2 | 3 | a8 6 7
b7b‘b5 0 o°| O'o o'l 'oo |°| l'o "l S
b bs b2 bi NON—PRINT ING —————96-SYMBOL PRINTING SUBSE f——i |
0000 SP| @ P °
000 I | Al Q !
o010 * 2 |/ B|R 2
001! 3 c S 3
0i00 $ 4 o T 4
0! 0 % |5 E VU s
o110 & 6 F v s
011 ——l T 16| W 7
00O ( 8 H X 8
00| ) 9 1 Y °
1010 . J Z 10
1011 + ; K "
1100 . L [
101 - s | M 13
1110 N g
R / ? 0 19

*Baved on ASCH, Figure 1}, Appexiix B
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% TABLE II
APPENDIX €
| OCR-A CHARACTER SET FOR MONOCASE OCRE
OCR-A Character Set R.pr.scnting ASCII Characters
Alphabet Numerals Punctuation
f A N ! Symbols  Name
: 8 0 2 . Period
‘ C P 3 - Comma
; )} Q ] : Calon
{ € R 5 3 semi-Colon
1 F s b - Equals
(4 T ? * Plus
M v . / Slant
1 v 9 Dollar Sign
J ] 4] 3 Asterisk
K X ” guotation hMark
N L Y Ampersand
n 1 ' Apastrophe
- Hyphen
{ Left Parenthe:is
b 2 Right parenthcesis
7 Parcent
T guestion NMark

vertical Line

special ANSI Syabols

Sx-bols Name Use
¢ Hook None
L4 Fork None
o Chair None ‘
- Group Erase Erase complete line
H Character Erase Erase Character

C-1
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&0. COMMON TEST METHODS

40.1 Scope.

Trin t.ppendix provides general measurement techiiques and methods o1 measuving
the values for the common parameters of voice and data service specified in the

other sections of MIL-STD-188-100.

40.1.1 Pyrpose. Appendix D is nct a part of MIL-STD-188-100. £ 1s provided
for information 2and to facilitate understanding of the parameters includec in the
standard. When using these test techniques some precautions must be observed so
that satisfactory results may be obtained and, in some cases, to insure the s&<ety
of the personnel and equipment involved.

40.1.2 Application.

This sppendix discusses test methods which sre common to all voice frequercy
channels derived from taciical or long-haul subsystems. It is essential to
recognize that this appendix discusses general methods of testing rather than
step-by-step procedures for performing & particular test. The latter wou.d
vary considersbly smong the meny different equipment configuratioms which
exist and would involve a level of detail not sppropriste to an appendix of

a general standards document. The test methods discussed herein can be used
as a guide to develop detsiled procedures for measuring the critical psram-
eters for voice or date service over voice frequancy channels.

40.2 General Meagurement Techmiques.

The following paragraphs have general application to the voice frequency
test methods discussed in paragraph 40.3.

40.2.1 Accuracy of Measurements.

The messurement techniques used in measuring the various operating parame.ers
of long haul and tsctical systems should be devised tc reduce the number >i
errors which can contribute to the final accuracy of nessurement. In gemarzl,
more thsn one method wmaey be available for meassurement of a8 particular peram-
eter. The method which results in the least number of errores should be
chosen whenever posgsible. For exsmple, insertion loss measurements could be
asde by either the direct method or by the compsrison method (see paragraph
40.3.1.4). 1In the direct method, all the inaccuracies inberent in the equip-~
ment contribute to the overall accuracy of the test, vhile in the comperison
method the insccuracies of only one piece of equipment (i.e., an attenustor)
contribute to the overall measurement accuracy. Other technical and economic
factors mey hsve significsnce when selecting a test method; however, con-
atderstion should always be given to reducimg the sources of messurement
error. The following sources of error should be copsidered:

a. Impedance Matching
Attention must be paid to matching the sending and receiving impedances

of the testing equipment to the nominal input apd output impedances respectively
of the system or network under test.
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b. Calibration

Improperly calibrated instruments will always yield measuremant
errors when direct reading methods are employed.

c. Equipment Errors

Equipment errors are caused by many factors. For example, a direct
reading selective level measuring set will be subject to variances in level
indication as & function of frequency, temperature variations, and attenuator
sccuracies when switching ranges.

d. Human Errors

Humsn errors result in ineccuracies which can easily exceed the
cumulative inaccuracies due to all the other sources of errors. It is there-
fore essentisl that test personnel becowe thoroughly familiar with the test
equipment and the system under test. Test equipments can #lso be provided
with numerous features vhich reduce the possibility of human error, e.g. scale
calibrations which allow for easy interpolationm.

40.2.2 Use of Digital Displays.

[NOTE: A distinction should be drawn between instrumants which
displeay a digital representation of 8 continuously variable
quantity (e.g., & digits]l decibelmetsr) snd instruments which are
essentially event-counters and thus naturally lend themselves to
8 digital displasy (e.g., an error-rate counter). The latter are
not the subject of this discussion.]

In general it is considered that the use of digital displsys is desirable
for some (but not all) transmission measurements. The quantity being mess-
ured should preferably be steady for a digital display since it is more dif-
ficult to form an estimate of the rate and extent of fluctustions of a
varying quentity with this forw of presentstion thsn with & conventional
scale-and-pointer display.

Digital displays would be suitable for non-specialized steff, but economic
considerations, technical complexity, and the possible physical size of
portable equipment might limit their extemsive use.

Digitsal display instruments can be used for messurements raquiring the

highest sccurscy. Human errars sre reduced and (for a given cost) it {is
often essier to make » digital displey instrument more eccurste then en
analog displey instrument in that the least-significant-figure error can
often resdily be made less then the scale error of s conventionsl meter.

In general, a digital display takes less time to read than s scale indicatiom;
hence, digital displays would be superior to analog displays for making mess-
uremsnts in quick succession. A facility for s printed or punched output
might be provided usefully by the instrument for this purpose.

A digital display is not considered suitable 1{f the quantity being messured
is varylig continuously (es, for example, when the level of » signal s
being adiusted with a potentiometer) and for this type of messurement a con-
-ventions]l pointer and meter displey is preferred. However, {f the adjust-
ment is made in steps, then s digitsl displsy would be satisfactory.
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Digitsl display instruments are, in generel, not considered quite sa suitible
for localizing sources of trouble giving rise to varistions in level as snslog
displays slthough they might be used for such s purpose if there was facility
for 2 printed output. They are not considered suitable for studies of inter-
mittent faults.

Digital display instruments have been used or could be used for the following
pur poses:

Automstic recording of messured results particularly with & view to sub-
saquent evaluacion by a computer

In conjunction with automstic loss and level messuring equipaents

40.2.3 Direct-Reading Methodg Versus Null or Comparjison Methods.

(It should be noted that meny types of digital display instruments sre inher-
ently comparison or null systema, the accuracy of which depends on the long-
term stability of some internal reference device, for exsmple, a zener diode.
However, this section refers to comparison or null methods performed menually;
bhence, digital display inscruments are regarded here as direct-resding in-
struments.)

In genersl, compsrison or null methods requiring the operator manuslly tc
adjust a control should be used only for measurementes requiring the highest
accuracy (e.g., messurement of crosstalk ratios and noise levels).

Portable instruments could use this method with advantage in that the ste-
bility is, in principle, vested in comparatively robust components such ss
attanuators, rather than in s meter,.

In general, direct-reading techniques are considered suitable for most other
types of measurements, particularly when cost or time must be conserved.

Some messuring sets capable of precise measurements combine menuslly-operated
controls with a direct-reading instrument. These are the so~called 'level
lens' or "off-set zero" instruments in which, for example, the input level
being messured is set equal to within say £0.5 dB of the reference signs. by
means of switched attenuators, the least step of which 18 in this case 1 dB,
and the residusl difference between the measured signal and reference signal
is displayed on & center-zero decibelmeter which indicates the gign as well
a8 the magnitude of the difference. The level measured is given by the sum
of the attenuator setting and the metar reading. The meter can be engraved
resdily to permit essy interpolation.

40.2.4 Upe of Selectjive Measpuring Sets.

Selective messuring sets are necessary when the wanted signal is accomperied

by other signsls or noise at relatively high levels, for example, crosstslk
levels. Selective measuring sets may be either fixed-frequency or comtinu-
ously variable. Fixed-frequency selective measuring sets sare in general
sccurate and fast and tend to reduce human &rrors. However, they are restricted
in umse and it would be costly to provide & great variety of them. On the

other hand continuously varisble selective measuring sets require more skill

to use and sometimes, and for some applications, they are not so accurate or

so fast,
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40.2.5 Compensating for the lopges of Tegt-Trunkg and Tept Cords.

A broad distinction can be msde usefully between centrelized messuring ap-
peratus (vhich is often necessarily remote from the transmission equipmsat,
rack-mounted messuring appsracus (which can be instslled near the transmissicn
equipment) or mob{le measuring apparatus (which can be brought up close to

the transmission equipment).

40.2.5.1 a d X8 . Examples of this are automatic ssa-
suring apparatus for circuits, etc., or centralized measuring centers serving
remote installations. In these cases it 1s often convenient to build out the
loss of the test-trunk or test-circuit with peds or smplifiers, sometimas
equalizing if necessery, snd off-setting any residusl loss by suicebly in-
cressing the sending level or the receiving sensitivity so that the mesasuring
instrument effectively indicates the level at the remote transmission equipment.

40.2.5.2 apur A ratus Mounted or Br ht Close to the

Equippent. In this cese, the preferred technique is to keep the testing cords
a8 short as possible. The calibration technique can often be arranged to
allow for the loss of the test cords.

The test cords should be short compared with the shortest wavelength within
the spectrum of signals being messured. When this is not possible, a test
lesd mey be derived which is effectively decoupled from the trensmission
peth (for example, by mesns of & test hybrid which mey be a transformer or

s network of resistors), the test lead being properly terminated by the
measuring apperatus. In these circumstances it 1is useful to arrange for the
test lead to be similar in composition and length to the trsnsmission path
from the transmission equipment to the associsced distribution frame so that
measurements at the end of the test lead are as if they were wade at the
distribution frame.

40.3 Voice Frequency Test Met

40.3.1 Insertion lose.

40.3.1.1 Applicabjlity. Thase measurements are applicable to all voice fre-
quency channels, circuits and two-terminal pair networks.

40.3.1.2 Principles of Test. The insertion loss of a two-terminal pair network
inserted between & sending impedance Zy and a receiving impedance Zg 18 the ratio
P;/P; expressed in dB, where P; and P, represent the apparent power in the re-
ceiving impedance Zp before and after the i{nsertiom of the two-terminal pair net-
work concernmed.

This loss 18 given by the expresgsion:

P

10 log, ;’2- B

If cthe result has a negative sign, an insertion gain is indicated.
The measurement of insertion is made in accordance with Figure D-1. The ratio

of apparent power is usually based on the ratio of the voltages across Zy bafore
and after the insertion of the two-terminal pair network.
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Pigure D-15. Overall Change in Audio Frequency, End to End of a Channel

through 8 voice frequency channel. Phase jitter results from phase moduletion
(or varistion) of the input signsl as it i8 processed through & communications
system. As the result of phase jitter, the received aignal will consist of »
finite frequency signal which also exhibits rapid incremenctal changes in phase
angie. Large instantaneous changes in phase of & single frequemncy signal trans-
mitted through a voice channel are defined as phase hits, and will not be re-
corded as part of this test. Detz transmission at 1200 bits per second and
higher is psrticularly sensitive to phsse jitter, which ranks in importance
with impulse noise, signal-to-noise rstio, insertion loss versus frequency
characteristic, and envelope deley distortion es & ceuse of channel errors.
Formerly, measurement of phase jitter involved use of an oscilloacope and
considerable care was required in the setting up and use of the equipment.
Phase jitter meters are now available, which allow thase messurements to be
made more simply. A typical phsase jitter meter messures psak-to-pesk phase
jitter on 3 degree and 30 degree full scale ranges, and input levels on 0 dBa
and -20 dBm weter ranges, #nd can be used with channels derived by either FDM
or TDM/PCM multiplex equipments. Test signals from an sudio oscillator can be
used, and the meter will sccept signals in the vicinity of 1000 or 1020 herts,
over 8 very limited range. The jitter of the test oscillator should be checked.

It should be under one degree, pesk-to-pesk.

40.3.7.3 Apparatus.
Reference in

Teat Unit ~Eigure D-16
Audio Frequency Oscillator A
Phase Jitter Meter B

40.3.7.4 Test Method. The test oacillator is connected to the sending end of
the circuit, end adjusted to » level below standard test tome level, for
instance -10 or -13 dBm0, end to a frequency of 1000 Hz. (For PCM systems,
this should be changed to 1020 Hz to avoid submultiples of the sampling fre-
quency of the PCM system.) At the receiving end, the phase jitter oeter is
connected to the output of the circuit under test, and measurement msde fol-
lowing ipstructions provided {n the Technical Order or the msnufacturer's

handbook (see Figure D-16).
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e Y | Circuit to be Messwred el
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Figure D-16

40.3.8 Crosstalk.

40.3.8.1 Applicability. These measurements are applicable to all voice-fre-
quency bandwidth channels and circuits.

40.3.8.2 Principles of Test The basic testing arrangement is shown ir Figure
D-17. The disturbing signal 13 applied to the disturbing chsnnel, at & level
which generslly should not exceed O dBmO (1 wW at a zero relative level point),
and the crosstalk level on the disturbed channel is then messured. Near-end
crosstalk {s measured at the end of the disturbed channel nesrest to the
source of the disturbing signal ({.e., in Pigure D-17 nesr-end crosstalk would
be that measured by M1), Pasr-end crosstalk is measured st the end of the dis-
turbed channel remote from the source of the disturbance (i.e., in Figure D-17
far-end crosstalk would be that measured by M2).

DISTURBING CHANNEL

(1]

A b
Sewrce of “'"‘---. 3
Distwrding mme ()G o \ >
Sigmel ‘
Neor End ,' For Env
Crosssm / )/ ! Croastels
/‘. c( yd
' ORTS
M $ a--sIl-T TN ‘:::—-- ‘E N2
{ Tl c-" ———— 1

Figure D-17
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The disturbing end disturbed channels oay comprise the two directfons of trans~-
mission of the same four-wire circuit in which case it is the near-end crosscalk
(go-to-return crosstsalk) which should be measured. When the disturbing and
disturbed chamnels are in different circuits the crosstalk is known as the be-

tveen-circuit crosstalk.

If the two channels are for opposite directions of transmission near-end cross-
calk is important wheress when the channels are for the same direction of trans-
mission it is the far-end croestalk which must be considered.

Crosstalk messurements are expressed in two different ways, as follows:
a. Crosstalk Attenuation

This is the ratio expressed in transmission units of the power
delivered by a source (G in Pigure D-17) to a disturbing channel to the power
received at the point of meesurement on the disturbed channel, both channels
being correctly terminated at both ends. Messurements of crosstalk attenua-
tion are msinly used for direct messurewent of crosstalk between cable pairs.

b. Signal/Crosstalk Ratio

It is generally more meaningful, when dealing with complete Crans-
mission systems, to express crosstalk in terms of & signal/crosstalk ratio
which takes into sccount any difference in the nominal relative levels of the
measuring points A, B, and D. This i3 achieved by expressing both of the
measured levels in dBm0.

40.3.8.3 Apparatus. The choice of apparatus depends on the test method chosen
(see paragraph 40.3.8.4).

Single frequency near-end and far-end crosstalk measurements can be made using
the following:

® Chennel Terminating Resistors

® Voice Frequency Oscillator

® Lavel Meassuring Set
If the noise spectrum approsch is selected, the oscillator snd level msssuring

set should be replaced with » noise generator and & noise measuring set respec-
tively. Shaping and weighting filters cen also be used in this type of test.

A noise measuring set and a spectrum analyzer csn occeésionally be used to dis-
tinguish crosstelk levels from noise levels or pickup.

40.3.8.4 Test Methods. The folloving alternative methods of msasurement are
available.

a. Messurement of the crosstalk et » single frequancy, generally the
referance frequency 1000 He.

b. Measurements wede using a uniform spsctrum random noise or closely
spaced harmonic series shaped in accordance with & spsech power
density curve. The measuremants are msde in this case by means of
& noise medsuring set.

D-23
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c. Volce/ear subjective tests, in which speech is used as the dis-
turbing source and the crosstalk is measured by listening and
comparing the received level with a reference source the level
of which can be adjusted by some form of calibrating network.

The first method is the preferred approach for routine measurements.

The apparatus is arranged as in Figure D-17 and level measurements are made in
dBw0 .

Precaution is necessary in shielding and grounding srrangemsnta to svoid stray
coupling. The operating procedure should permit positive distinction between
crosstaslk and other disturbances such as circuit noise and stray pickup.

40.3.9 [ppedance.

40.3.9.1 Applicabilifty. In testing transmission systems, input and output im-
pedance are measured at important system interfaces. In addition measurements
oy be required on individual items of equipment prior to installationm,i.e.,
either in the factory or in the field.

The various sections of these standards specify these impedances generally as a
return loss against a nominal value. The preferred method of measurement in these
cases is a direct measuremsnt of return loss as described in paragraph 40.3.10.

The stendard bridge method of impedance meeasuremant described herein mey be
used as an alternstive to the return loss msssurement. Should sections that
specify impedsnce directly be added to these stsndards, it would in these
csses be the preferred method.

Direct meaguremencs of impedance can be used to obtain return loss as described
under paragraph 40.3.10. lmpedance maasuremsnts at radio frequencies are not in-
cluded here.

40.3.9.2 Principles of Test. This method uses a standard alternating-current
bridge to measure the impedances. Normelly, the impedance of transmission
systems inputs and outputs should be weasured at the test tone level used at that
point of the system. For instance, the input impedance of s standard voice
chennel modulsator should be messured at s test tone level of -16 dBm, This 1is
assured by measuring the power level acroes the impedance to be messured. Test
methods are described for two kimds of AC bridges.

40.3.9.3 Apparstys.

Iest Unit Refersnce
Oscillator A
Impedance Bridgs )]
Detector Amplifier c

Lavel Mesasuring Sest

2aro Belsnce Rssistors (75,135,150,600
or 900 ohms, as required)
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40.3.9.4 Test Method.

a. Comnect the test units together as shown in Figure D-18. The test
lead from the X terminals of Impedance Bridge B connects with the system inter-
face or equipment under test (point A).

3
| Input Terminols of
! System or Eguipment
< Under Tes!
o
! 1
t 3 ¥ (Ground Comnection)
X Yermino/s {
h 4
[ S
OSCILLATOR 1MPEDANCE DETECTOR
{A) BRIDGE AMPLIFIER
?—q-————--q} -? {8) L o it ————-P-q ()
4 4 4
Notes:

I. Equipment used will depend on specific test.

2. Test iecds either screened twisted pair or cooxial
poir (see text).

FPigure D-18. Measurement of Input or Output Impedance
of a System or Equipment

In general bridge measurements, the test lead would be on open cir-
cuit at point A while the bridge zero bslance was carried out. However, the
system impedances under test range from 75 to 900 ochme (low impedance). and for
greatest accuracy & 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 +*1lZ) as the nominal value of the sys-
tem or equipment point under test.

Carry out the bridge zero balance with the test lead connected to
the X teruinals of Impedance Bridge B terminated in the appropriste zero balance
resistor at ite other end (point A).

Remove the zero balance resistor and connect the test lead to the
system or equipment point under test.

¢c. Set the Impedance Bridge B decades to a rough balance (this is
known) and using the Level Measuring Set in its high impedance position adjust
Oscillator A output so that the correct test level is applied to the system or

equipment point under test. In the case of low level points the sensitivity

mey be incressed by 10 to 20 dB above the test tone level for one channel but
the effect of this on the measurement should be checked.
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The Level Measuring Set {8 not shown in Figure D-18 but i{s listed
under subparagraph 40.3.9.3. It should be disconnected from the circuit when a
measurement is made.

1f the Level Measurtng Set used is & VIVM, the tabulation below
will serve as a guide in setting the test level.

Impedance of
Test Point - 750 13545 1500 6000 | 9008

Gecillator Out- | VIVM | VIVM | VIVM | VIVH | VIVM
put Point ¢ ¢ (mV) (aV) (mV) (aV) | (mV)

0 dbam Po274 | 368 | 387 | 775| 950
-10 dBm 87 | 116 | 122 | 245| 300
20 dBa 27 .4 37 | 38.7 | 77.5]95.0
-30 dBm ;8.7 11.6] 12.2 | 24.5} 30.0

d, Measure the impedance of the system or equipment point under test
in accordance with the handbook instructions for the particular bridge ir use.

Figure D-19 is a schematic illustrating the basic structure of & parallel RC
bridge. The schematic iliuastrates the position of the standard resistance (R)
and capacitance (C) decades for the measurement of either a capacitive or induc-
tive minimum reading on the detector and is given in terms of parallel R and C
components. The zero balance components, switches, and range switches are not
shown in the achemaric. The arrengement of these will differ for differemt
makes of bridges. Both balanced and unbalanced impedance sre involved in these
measurements. Follow specific directions on the particular meke of bridge em-
ployed to assure sccuracy in cases vwhere balance impedances must be weasured
with the umbalenced bridge.

The impedance modulus and angle are given by the formula:

Zlg - R nn-l W’
\-/1 + (@ RO/
vhere

R = the value of psrallel resistance as read from the bridge

C = the value of capacitance as resd from the bridge

40.3.10 Return logs.

40.3.10.1 Applicability. This test is used to measure the impedance mismstch
characteristics of voice bandwidth junction points or end instruments.

40.3.10.2 Pripciples of Test. A transmission line or interface equipment is
normally terminated in its characteristic impedance. A mismatch in impedance
produces a discontinuity to the normal propagstion of the voltags amd curremt

*1f the impedanee i3 imduettve; the-bridge ‘wast -be configored ds in Figure D-19
(B) and the angle of the impedance will be +tan”™* w RC.
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OSCILLATOR OSCILLATOR
e m—
4 To Te
XC DETECTOR /mpodiance smpodence
oA Unser Toor R DETECTOR uUnder Test
s " ol O @ o] —
~ x 'rz<u NALS ~
STANDARD ' X TERMINALS
DECADES ey
(A) CAPACITIVE IMPEDANCE {B) INDUCTIVE IMPEDANCE
(NEGATIVE ANGLE) - {POSITIVE ANGLE)

Figure D-19. Schematic Illustrating Measurement of Impedance
Using Parallel RC Bridge

waves and gives rise to the reflection of & portion of the incident waves.

The reflected wsves may result in conditions such as singing, distortion and
echo. Reflected waves on a communication channel appear as echos Lo the
telephone user. The magnitude of echo signals is determined by the overall
circuit loss undergome by & signal traveliing through the transmission facili-
ties to the distsnt termination and/or intermediate points of impedance mis-
match and returning to the signal source,

Return loss is the ratio of the incident to reflected power (expressed in dB)
at 8 point of discontinuity csused by an impedance mismatch. Return loss is

2 measure of the extent to which impedances of connected equipment are matched.
Figure D-20 grephically describes the relationship of return loss as a measure
of impedance mismatch with a 600 ohm reference load. Return loss in terms of
the two different absolute impedance values &t an interface point is expressed

as follows:

22 + Z
Return loss = 20 10310 I 22 - 21 dB
vhere Z1 and 22 are the two impadances
10.3.10.3 Apparatus.
Figure D-21
Test Unit Reference
Signal Generator (Oscillator) (A)
Frequency Counter (F)
Return Loss Bridge (of suit- )
able impedance) (
Voltmeter (level measuring set) (), (D)
Matching/Isolation Transformer (As required)
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40.3.10.4 Test Method (see Figure D-21). Measurements of return loss of an im-
pedeance compared with a stated resistance can be made with a return loss bridge.
The return loss bridge is essentially a hybrid transformer made into & con-
venient piece of test apparatus. See Figure D-21 which shows one type of hybrid
coil used in a return loss measuring circuit. Currents from the oscillator (A)
flow through one winding of the hybrid transformer (C). The two parts of the
second winding are carefully matched so that the same potential is induced in
esch, The left part causes current to flow in resistance R. The right part
causes current to flow in the X branch. If an impedance equal to R is connected
through switch (E), the currents in the left and right branches will be equal,
so that no potential exists across R/2. This will be indicated by & zero voltage
at the level measuring set (B), representing a perfect balance, which is an
infinite return loss.

FREQUENCY
COUNTER
{F)
rt—=j=
] 1
LT
OSCILLATOR hd
(A) | e
SWITCH
HYBRIO A {€)
TRANSFORMER v |
3 SYSTEM
< N
LEVEL LEVEL
MEASURING MEASURING
SET (B) SET (D}

Figure D-21. Principles of Return Loss Bridge Test Arrangement

However, 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 substantislly larger. The difference
between the short circuit reading and the reading when the system to be tested
is connected is the return loss in dB. The second level measuring set D is
used to 8et the test tone level into the system under test at the normal
value (e.g. -16 dBm for standard multiplex modulator inputs). Resistance R

is 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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40.3.11 Lopgitudinal Ralapce.

40.3.11.1 Applicability. This test measuremant is applicable to balanced voice
frequency circuits and the balanced end instruments which terminate these cir-

cuits.

40.3.11.2 Principles of Test. Because a transmission patch has to operate in th
resl world, it can never be entirely isolated from the electricel influences
that exist there. The line mey be exposed in different ways. A power line mey
perailel it. It may be in s cable or wire line with similar circuits parallieling
1t. It pssses through central offices where it msy pick up substantisl tran-
sients from switching equipment. It is necesssry to consider such sources of
interference. In the sarly days of telsphony, gromnd-return circuite wers used,
but with the rise of electric power lines, which tended to follow the same
routes, and the change from open wire to cable facilities, balanced psirs be-
came standard. The grest advantage of & balanced psir is that interfering cur-
rents induced equally in both wires balance out. By fllustration, Figure D-22
shows & balsnced circuit between the two line trsneformera. The signal voltage,
Eg, causes # line current, Igyg, to flow through the two wires of the peir. The
current flows {n opposite directions on the two wires, and thus pesses through
the line winding of the right-hand trsnsformer, causing current to flow through
the load Zy. The generators in series with the two wires, E] and E2, represant
an tnterference which 1s induced by an exterusl source. The currents 1) and I,
flow in the same direction and, if they are equal, these currents will cencel

in the balsnced windings of the transformer, so thet no current flows in 2.
The termn '‘metallic circuit currents”" is applied to the currents which flow in
opposite directions in the wires of the peir, while those that flow in the same
direction are called "longitudinal curremts™. If there is any difference be-
tween the longitudinal currents in the line winding of the transformer, they
will not completely balance out, causing unwanted currents to flow in the load
2. This unbalance mey be due to & highar resistance in one wire then in the
other, such as s bad splice. Or, if the two windings of the transformer are

not perfectly balanced, the effects of the two parts of the longitudinal cur-
rent will not cancel and Z; will receive unwanted currents. The degree of such
an unbalance i1s mesasured by the tests describad ip this peragreaph.

lare

s —_— laie
—— e
N/
Zq T
b X%
lg
< /E,\
LINE N/ LINE
TRANSFORMER lsie TRANSFORMER

Figure D-22. Signale and Interterences in a Balanced Pair
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40.3.11.3 Apparatus.
Reference {n

st t JLFigure D-23
Audio Oscillator A
Frequency Selective Voltmeter B
AC Voltmeter c
Center Tapped Transformer (if not included in D

audio oscillator or transmission measuring set)

1solation Transformer (Lf not included in the E
voltweter C)
Terminating Resistor (Ry/4 ohme, where Ry is the r
nomipal circuit impedance)
| 4
IBOLATION "
TRANSPORMER
A CENTER TAPPED . ¢
- TRAMBFORMER ° ¢ i{ LI
OSCHLLATOR D - ;wcmnn
- L oy
j UNDER TEST
4
r »
n o PRECUENCY
Lsa sTLECY
wear #, i3 TNE Vv
NowmaL CCUIT
IPEDANCE

® May pe port of @ Trassmission
Mossyring Set (TMS)
Pigure D-23. Longitudinal Balance

40.3.11.4 Test Methods (see Figure D-23).

a. Ipput Circujts. This method is used for input circuics, and other
circults not hsving an ocutput at the rerminals to be tested. In the circuit
shown, sdjust the cacillator to the desired test frequency and to ths proper
power level for the spparatus to be tested, as resd on voltmeter C. For sxam~
ple, for standerd voice chsnnal multiplex inputs, it is -16 dBm. With the
frequency-selective voltmeter B in its narrov bandwidth position, tume it to
maximum response at the test frequency used. The use of a2 frequancy selective
voltmeter is necesssry at B because the wide bandwidth of an ordinsry sc volt-
meter mey allow it to pick up common mode signals other than the low level im-
balance signal. Tne difference, in aB, between the reading of C, in dBm, and the
reading of B, {n dBm, is taken as the longitudinal balance. This test should be
repaated for different frequencies over the audioc band as required.

b. Qutput Circuits. Check the output circuit to make sure that no
other signal is prasent, as it would {nterfere with the results of this test.
Using the ssme circuit as above, follow the procedure described for input cir-
cults. In this case, the test signal is inserted "backwsrds", i.e., inro
the output of the channal with the distant end terminated. This is immsterisl
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for the purpose of this test. Again, the longitudinal balance 1s the difference
between the reading of C and the reading of B.

For example: 1if C reads 16 dBm, and B reads -56 dBm, then the longitudinal bal-
ance is 40 dB which ts» calculated as follows:

Longitudinal Balance = C - B
= (-16 dBm) - (-56 dBm)
= 40 dB
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50. DELAY DISTORTION

J 50.1 Definition, The following explanatory information is provided for s better
} understanding of definitions for Delay Distortion, Envelope Delay Distortion, Phase Dis-
| tortion Standards for limits on these distortion phenomena,

50.1,1 Phase Delay (T,). The time delay between an input sinusoidal wlve:torm'
to a olrcuit or network and the output waveform is oalled Phase Delay. This may be de~
termined from the phase shift characteristic as shown in the following figure. The phase

delay at any frequency 4) can be computed as:

)
= 1 radians - .
'rp = w] Tadiana/second’ where wl 2x fl' also
a2
'rp= Z;; at frequency f_, where o, = foz.
i B
! nw
!
/
-
= |
N {
!
i
! {
( !
' |
|
. J'l 1 1.1 s gt
' " rateernd an } '
Figure E-1
50.1,2 Delay Distortion (Tq). The distortion of a complex waveform, made up

of two or more differeni Irequencies, caused by the difference in arrival time of each
frequency at the output, is called delay distortion. It is the direct result of a nonlinear
phase-ghift characteristic in the transmission medium. Delay distortion may be defined
as

B

E]l ™
L4
vt

Td-—-

5]

2 1

which is the difference in phase delays at the two frequencies,
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50.1.3 Absalute Envelope Delay (envelope delay) is the amount of delay snooun-
tered by the modulating anergy in a signal between the input and output of any oircuit, It
is measured by tranamitting a narrowband signal at the frequency(s) of interest and using
the same reforence at-the receiver. b is the derivetive of the-phase—-ehift curve (as-
shown in Figure E-1) at the frequency of measurement (see Figure E-2),

-»
]

-
T

-

ADSOLOTE ESVELOPE BELAT AT 1000 Ay
[ 3 2

ERVELOPE DELAY, BSEC
~
T

’ - J
) ] ? 3 4
FREQUENLY M2
Figure E-2
50.1.4 Relative Envelope Delay. Relative envelope delay is the differemoe in

envelope delay at various frequencies but with a specific frequency selected as a refer-

ence point for all other frequencies. The delay at the reference frequency is considered
to be 0 microseconds, and all other irequenblea will either have more (positive) or less

(negative) delay than the reference freguency (Figure E-3).

1
+
[

ADSOLUTE ENVELOPE DELAY, WSEC
e
l
|
.
+
RELATIVE ENVELORE ORLAY, BSEC

----- o SR
| { |
[ l ‘
! | - -
L L 1
o [ ? 3 l 4
FREQUENCY IX ANz
RELATIVE ENVELOPE DELAY AT
JaNz BITH RESPELT TO
ENVELOPE DELAY AT 13
Figure E~3
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50.1.5 Envelope Delay Distortion. True delay distortion as determined from

the pbase characteristic is often confused with envelope delay distortion as determinsd
from the envelope delay characteristic. Envelope delay distortion is the maximum differ-
ence of the envelope delay characteristic in a band between any two specified frequencies
(Figure E—4). I is not directly related to delay distortion (Tg).

-~

RATHON ITEREME I DADD
MEYSIER 800 ADD N B2

CUMLOPE BELAY, MEC
o d

-l

Figure E—4
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APPENDKX F
60. GLOSSARY OF TERMS AND DEFINITIONB

This Appendix contains definitions of key-
tarms used in MIL~STD-188-100.
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144-LINE WEIGHTING. See WEIGHTING. 1LL-1IRE,
144 -RECEIVER WEIQHTING, See WEIGHTING, .&4-RECEIVER.

ABSORPTION., Absorption ‘s the loss of energy in the transmission of waves over radlo or
wire paths due to conversion into heat or other forms of energy. In wire transmission, the
term is usually applied to loss of energ) in extraneous media.

ACTIVITY FACTOR. See FACTOR, ACTIVITY.
ADDRESS. Addreas in communication usage s the coded representation of the destination of

a message. In data processirg it 1s an identification, represented by a name, label or
number, for a register or location in stcrage. Addresses are also a part of an instruction

word along with commands, tags, and other symbols,
ADDRESS PATTERN., See PATTERN, ADDRESS.

ALPHABET. See ALPHABET, DIGITAL.

ALPHABET, DIGITAL. A table of correspondence between characters and functions and the bit
structures which represent them.

ALPHABET TRANSLATION, See TRANSLATION, ALIHABET,
ALPHANUMERIC. Alphabetic and numeric, including letters, numbers and symbols,.

AMPLITUDE DISTORTION, Amplitude distortion is distortion occurring in an amplifier or other
device when the amplitude of the output is not a linear function of the input amplitude.

NOTE: Amplitude distortion is measured with the system operating under steady-state
conditions with a sinusoldal input signal. When other frequencies are present, the term
amplitude refers to that of the fundamental only. This term is sometimes used when non-
linear dlstortion is intended. Non-linear distortion ca:n be measured using multiple tones or

nolse loading.

AMPLITUDE FREQUENCY RESPONSE., Amplitude frequency response 1s the amplitude transfer func-
tion of frequency. The amplitude respcnse may be stated as actual galn, loss, amplifica-
tion or attenuation, or &s a rstio of eny one of these gquantities, at a particular frequency

with respect to that at e specified reference,
AMPLITUDE MODULATION, See MCDULATION, AMNPLITUDE,
AMPLITUDE VS FREQUENCY DISTORTION, See DISTORTION, AMPILITUDE VS FREQUENCY,

ANALOG DATA. See DATA.
ANALOG SIGNAL. See SIGNAL, 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 is exactly equal to the nominal line width.

NOTE: Elemental area is not necessarily the same as the scanning spot.
ARG SYSTEM, See SYSTEM, ERROR DETECTING AND FEEIBACK.
ASSIGNED FREQUENCY. See FREQUENCY, ASSIGNED.
ASYNCHRONOUS TRANSMISSION., See TRANSMISSION, ASYNCHRONOUS,

ATTENUATION. The action by which, or the result of which, the power of an electricel
signel 1s decreased; expressed in dB.

ATTENUATION, ECHO. 1In a four-wire {or two-wire) circuilt in which the two directiong of
transmission can be separated from eacr <trher, the attenuatlion, Rg, of the echo currents
{which return to the input of the c¢circul- under congideration) is determined by the ratio

of the transmitted power, F;, to the ecrc power received, Po; expressed in dB.

-1 75
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AVAILABLE LINE. See LINE, AVAILABLE,

BALANCE, LONGITUDINAL. The electrical symmetry of the two wires of a palr with respect
to ground. See BALANCED,

BALANCED, Electrically symmetrical with respect to ground.

BALANCED LINE (TWO-CONDUCTOR). A transmission line consisting of two conductors in the
presence of ground and capeble of being operated in such & way that when the voltages of the
two conductors at all transverse planes are egual in magnitude and opposite in polarity

with respect to ground, the currents in the two conductors are equal in magnitude and

opposite in direction.
BALANCED WIRE CIRCUIT. See CIRCUIT, BALANCED WIRE.

BALUN. An impedance-matching device for converting between balanced and unbalanced trans-
mission lines, normally used between equipment and transmission lines or transmission lines

and antennas.

BAND, GUARD. A frequency band between two channels which gives a margin of safety against
mutual interference.

BAND-PASS FILTER. A filter having a single transmission band, neither of the cut-off fre-
quencies being zero or infinite.

BAND-STOP FILTER. A filter having & single attenuation band, nelther of the ocut-off fre-
quencies belng zero or infinite.

BAND, TIME GUARD. A time interval before or after {or both) the detection/integration
interval which may be used to reduce the effects of intersymbol interference in the time
domain.

BANIWIDTH . The Qifference between the limitl rrequencies of a contlauous
frequency band. The bandwidth of a device 1s the difference between the limiting fre-
quencies within which performance in respect to some characteristic falls within specified

limits.

BANIWIDTH, PACSIMILE., In a given facaimile system, the difference in hert: between the
higheat and the lowest frequency components required for adequate transmission of the
facsimile sBignals.

BANIWIDTH, NECESSARY., PFor a given class of emisaion, the minimum value of the occupied
bandwidth sufficient to insure the transmission of information at the rate and with the
quality required for the system employed, under specified conditions. Emissions requires for
the proper functioning of the recelving eauipment, &8s, for example, the emission corresponding
to the carrier of reduced carrier systems, shall be included in the necessary bandwidth,

(This is used for frequency assignment purposes.)

BANDWIDTH, NOMINAL. The maximum band of frequencies, inclusive of guard bands, assigned
to a channel {(not to be confused with the term radio-frequency emission).

BANDWIDTH, OCCUPIED (POR A TRANSMITTER). The frequency bandwidth such that, below its
lower and above its upper frequency limits, the mean powers radiated are each equal to 0.5
percent of the total mean power radiated by a given emission. In some ocases, for example,
multichannel frequency division systems, the percentage of 0.5 percent may lead to certain
difficulties in the practical applicatlon of the definitions of occupled and necessary
bandwidth; in such cases a different percentage may prove useful,.

BANDWIDTH, RF (FOR A TRANSMITTER), The difference between the highest and the lowest
emisslion frequencies 1in the region of the carrier or principal carrier frequendcy.

NOTE: 1In practice, the region of the carrier or principal cerrisr frequency is consid-
ered to be that region which the amplitude of any frequency resulting from mcdulation by sigmal
snd/or subcerrier frequencies and their distortion products is less than 5 percent (—26 dB)
of the rated peak output amplitude cf:

a. The carrier or a single-tone sideband, whichever is greater, for single-channel

F-2 .
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emisasion; or

b. Any carrier or s single-tone sldeband thereof, whilchever is grester, for
maltiplex emission.

BASEBAND, In the proceas of modulation, the frequency dand ocoupied by the aggregate of
the transmitted signals when first used to modulate a carrier., The term is commonly applied
to cases where the ratio of the upper to the lower limit of the frequency band is large

compared to unity.

BASEBAND, MULTIPLEX. The frequency band occuplied by the aggregate of the tranamitted sig-
nals applied to the facZlity interconnecting the multiplexing and radio or line equipments.
The miltiplex baseband is also defined as the frequency band occupied by the aggregate of
the received signals obtained from the facility interconnecting the radio or line and

multiplexing equipment.
BASEBAND, MULTIPLEX RECEIVE TERMINALS, The point in the baseband circult nearest the

multiplex equipment from which connection 1s normally made to the radic baseband receive
terminals or intermediate facility.,

BASEBAND, MULTIPLEX SEND TERMINALS, The point in the baseband circuit nearest the milti-
plex equipment from which connection is normally made to the radioc baseband send terminals

or intermediate facility.

BASEBAND, RADIO. The frequency band available for the transmission of all the combined
telephone channels and/or cther communication channels,

BASEBAND, RADIO RECEIVE TERMINALS. The point in the baseband circuit nearest the radio
receiver from which connecticn 1s normally made to the multiplex basebarnd recelve terminale

or intermediate facility,

BASEBAND, RADIO SEND TERMINALS., The point in the baseband cirocuit nearest the radioc trans-
mitter from which connection ie normally made to the multiplex baseband send terminal or

intermediate facility.
BAUD, The unit of modulation rate. One baud corresponds to a rate of one unit interval

per second. The modulation rate is expressed as the reciprocal of the duration in seconds
of the unit interval. Example: If the duration of the unit interval is 20 milliseconds,

the modulation rate 1s 50 bauds.
BIAS, INTERNAL (TELETYPEWRITER). That bias, either marking or spacing that may occur with-

in a start-stop teletypewriter recelving mechanism and which will have the same effect on™
the margin of operation as bias external to the receiver. See DISTORTION, BIAS,

BIAS DISTORTION, See DISTORTION, BIAS.

BINARY CODE, 3ee CODE, BINARY.

BINARY DIGIT. See DIGIT, BINARY.

BINARY NOTATION, See NOTATION, BINARY,

BINARY NUMBER. 3See NUMBER, BINARY.

BIT. A contraction cf the term dinary adigit. There are several types of bits,

PIT, CHECK., See BIT, PARITY.

BIT, ERRONEOUS. A bit which 1B not in accordance with that which should have been received.
BIT ERROR RATE (BER). The number of incorrect or erronecus bvits divided by the total
number (correct plus incorrect bite) over some stipulated period of time. The two types
are: Transmission BER - number of erronecus bits received versus total number of bits

transmitted; and Information BER - number of erroneous decoded {corrected) bits versus
total number of decoded (corrected) bite. The BER is usually sxpressed /n a number in 109,
.

©.8., 2.5 x 1075, See RATE, ERROR.
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BIT, FRAMING, A bit used to denote the beginning or end of a predetermined group of bits,

BIT, INFORMATION. A bit which 18 generated by the data source and delivered to the data
sink and which 12 not used by the data transmission system.

BIT INVERSION. See INVERSION, BIT,
BIT, OVERHEAD, A bit other than an information bit.
BIT PAIRING. See PAIRING, BIT,

BIT, PARITY. A bit associated with a character or block for the purpose of checking the
absence of error within the character or blook. '

BIT, SERVICE. An overhead bit which is not a parity bit (i.e., request for repetition,
numbering sequence, etc.).

BIT STREAM, See TRANSMISSION, LOCAL,

BLTERNARY TRANSMISSION, See TRANSMISSION, BITERNARY.

BLACK FACSIMILE TRANSMISSION., See TRANSMISSION, BLACK FACSIMILE.

BLACK RECORDING (PACSIMILE). In an amplitude-modulation system, that form of reocording in
which the maximum received power corresponds to the maximum density of the record medium.
In a frequency-modulation system, that form of recording in which the lowest received fre-
quency corresponds to the maximum density of the record medium.

BLACK TRANSMISSION (FACSIMILE). See TRANSMISSION, BLACX FACSIMILE.

BLOCK. A group of bits, or binary digits, transmitted as & unit over which an encoding
procedure is genarally applied for errox-control purposes.

BLOCK, ERRONEOUS. A block in which there are one or more erroneous bits,

BREAK, To break, 1n a communication circluit, i1s for the receiving user to interrupt t!
sending user and take control of the circuit; used especially 1n connection with half- x
telegraph circuits and two-way telephone circuits equipped with volce-operated devioces. —
BROADBAND SYSTEM. See WIDEBAND SYSTEM,

BROADCAST OPERATION. See OPERATION, BROADCAST.

BROADCAST REPRATER, See REPEATER, BROADCAST.

SUFFER, DATA. A storage device used to compensate for a difference in rate of flow of in-
formation or time of occurrence of events.

BURST, FRROR. A group of bits in which two succeassive erroneous bits are always separated
by leas than a given number{(M) of correct bits.

C-MESSAGE WEIOHTING. See WEIGHTING, C-MESSAGE,
CARRIER.

4. A wave suitable for modulation by the intelligence to be transmitted over s communi-
cation system. The carrier can be a sinusoidal wave or a recurring series of pulses. See

also SUBCARRIER,

b. An unmodulated emission.
CARRIER BEAT (IN FACSIMILE). The undesirable heterodyne of signals each synchronous with a
different stable reference oscillator causing a pattern in received copy. Where one or
more of the oscillators is fork controlled, this is called Pork Beat.

CARRIER FREQUENCY. See FREQUENCY, CARRIER.
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CARRIER NOISE LEVEL., See LEVEL, CARRIER NOISE.
CARRIER POWER. See POWER, CARRIER (RADIO TRANSMITTER).

CARRIER TERMINAL.. A carrier terminal is the assemblage of apparatus at one end of a
carrier transmission system, whereby the process of modulation, demodulation, filtering,

amplificetion, and assoclated lunctions are effected.

CARRIER-TO-NOISE RATIO (CNR). The ratioin decibels of the value of the carrier to that
of the noise after selection and before any non-linear process such as amplitude limiting

and detection.
CASE SKHIPT. The change-over of the translating mechanism of a telegraph receiving machine
from letters-case to filgures-case or vice versa, This shift is normally performed in

telegraph apparatus by preceding the transmission of letters~case characters or functions
by a letters-shift signal and the transmigsion of figures-case characters or functions by a

figures-shift signal.

CENTER, SWITCHING. (Alsc called Switching Facllity, Switching Exchange or Central Office).
An installation in a communication system in which switching equipment is used to inter-
connect communication circuits on a message or circuit switching basis,

CENTRAL OFFICE, See CENTER, SWITCHING.

CHANNEL., The term channel may S1gnify elther a one-way path providing tranamission in one
direction only or & two-way path providing transmission in two directions. The word
"path" 18 to be interpreted irn & broad sense to include separation by frequency or time

division,
CHANNEL NOISE LEVEL, See NOISE LEVEL.

CHARACTER, ILetter, figure, number, punctuation,or other sign contained in a message. Be-
sides such characters, there may be additional charecters for special symbolas and for some

control functions.

CHARACTER, CODE, The representation of a discrete value or symbol in accordance with &
code, See ALPHABET, DIGITAL,

CHARACTER AND BIT COUNT INTEGRITY. See INTEGRITY, CHARACTER AND BIT COUNT.
CHARACTER INTERVAL. See INTERVAL, CHARACTER.

CHARACTER SET. See SET, CHARACTER.

CHARACTERISTIC DISTORTION, See DISTORTION, CHARACTERISTIC.

CHARACTERISTIC FREQUENCY. See FREQUENCY, CHARACTERISTIC.

CHARACTERISTIC, HALFTONE (FAX). A relation between the density of the recorded copy and
the density of the subject copy.

NOTE: The term may also be used to relate the amplitude of the facsimlile signal to the
density of the subjlect copy or the record copy when only & portion of the system is under
conaideration. In a frequency-nodulation system an appropriate parameter is to be used

instead of the amplitude.

CHARACTERISTIC, LOADING /MULTICHANNEL TELEPHONY SYSTEMS). Loading for multi-channel tele-
phony systems indicates for the busy hour the equivalent mean power and the peak power of
multi-channel systems e&s a function of the number of voice channels. The equivalent power
of a complex multi-channel signal, referred to zerc relative level (0 dBr) is a function
of the number of channels and has for its basis a specified mean voloce channel power.

CHECK BIT. S8See BIT, PARITY,
CHECK DIGIT., A 9igit used for checking purposes but otherwise redundant.
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CHECK PARITY. See PARITY, CHECK.

CIRCUIT. The complete electrical path between end-terminal instruments over which one-way
or two.way telecommunications are is provided.

CIRCUIT, BALANCED-WIRE. A circuit whose two sides sye electrically

alike and symmetrical with respect to ground and other conductors. The term is cowmonly
used to indiocate & circuit whose two sides differ only by chance.

CIRCUIT, COMPOSITED. A circuit which can be used simul taneously

for telephony and direct-current telegraphy, Or signalling, separation between the two
being accomplished by frequency discrimination.

CIRCUIT, DUPLEX., A duplex circuit, or system, 1s a telegraph circuit or system whioch af'fords
simultanecus independent operation in opposite directions over the same channel.

CIRCUIT, POUR-WIRE. A four-wire circuit 1s a two-way cirocuit using two paths so arranged
that the electric waves are transmitted in one direction only by one path and in the oppo-
site direction only by the othsr path.

NOTE: 'The transmission paths may or may not employ four wires.
CIRCUIT, OROUND-RETURN. A circult which has & conductor {or
two or more in parallel) between two points and which is completed through the ground or
earth.

CIRCUIT, HALFP-DUPLEX, A circuilt designed for duplex opsration, but which on account of the
nature of the terminal eguipment can be operated alternately only.

CIRCUIT, METALLIC. A circuit of which the ground or earth forms no part.

CIRCUIT, SIMPLEX., A circuit derived from & pair of wires by using
the wires in parallel with ground return.

CIRCUIT, SIMPLEXED. £ two-wire metallic circult from which & simplex circult is derived,
the metslllc and simplex circuits being capsble of simul taneous use.
CIRCUIT SWITCHING., See SWITCHING, CIRCUIT,

CIRCUIT, TWO-WIRE. A metallir cilrcult formed by two conductors
insulated from each other,

NOTE: The term 1s alsc used in contrast with four-wire circuit to indicate a circult
using one line or channel for transmiseion of eleotric waves in both directions.

CIRCUIT, UNBALANCED WIRE. 4 circult whose two sides Bre inherently electricslly vnlike.
CIRCUIT WORKING, CLOSED. A method of single-current operation in which a current exists 1in
the circuilt while the tranamitting device i1s at rest.

CIRCUIT WORKING, OPEN. 4 method of single=-current operation in which no ocurrent exists in
the circult while the transmitting device is at rest.

CLIPPER, See LIMITER,

CLOCK. A reference source of timing information for a machine or system,

GIDSED-CIRW WORKING., See CIRCUIT WORKING, CLOSED,

CODE (Telegrapn or Data), A system of rules and conventions according to which the tele-

graph signals forming a message or the data signal forming a block sre formed, trensmitted,
received, 8nd processed.
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CODE, BINARY. A code composed of a combination of entitied, each of which can assume one
of two possible sgtates.

CODE, CHARACTER. See CHARACTER, CODE.

CODE CONVERSION, 3ee CONVERSION, CODE,

CODE ELEMENT, See ELEMENT, CODE.

CODE, ERROR-CORRECTING. A code in which each telegraph or datsz signal conforms to specifilc
rules of construction so that departures from this construction in the recelved signals

can be detected automatically, snd which permits the sutomstic correction, at the receiving

terminal, of some or 511 ¢f the errcrs. Such codes reguire more signel elements than are
necessary to convey the basic information.

CODE, ERROR-DETECTING. A code in which each telegraph or data signal conforms to specific
rules of construction, so that departures from this construction in the recelved signals

can be detected automaticaliy. Suech c¢codes require more signal elements than are necessary
to convey the fundamental information.

CODE, M -ARY. See N-ARY INFORMATION ELEMENT.

CODE, REDUNDANT., A code using more signel elements than necessary to represent the in-
trinsic information. For example:

a. A 5-unit code ucing all the characters of International Telegraph Alphabet No.2 is
not redundant.

t. A S-unit code using the digits only in International Telegraph Alphabet No.2 is
redundant.

¢c. A T-unit code using only signals made of U4 space and 3 mark digits is redundant.
d. An 8-unit code using one of the bits for parity 1s redundant.

CODE SET OR DIGITAL ALPHABET. See ALPHABET, DIGITAL,

COEFFICIENT, REFLECTION,

a. The reflectior coe! . icient at the Junction of a uniform transmission line and a
mismatched terminating impecance is the vector ratio of the electric fleld associated wilth
the reflected wave to that associated with the lncident wave.

b. At any specified pliace in & uniform trensmission line between a source of power
and an absorber of power, the reflection coefficient is the vector ratio of the electric
rfield associated with the reflected wave to that assoclated with the incident wave, It is
given by the formule

(2p - 23)/(2p + 23) or (SWR - 1)/(SWR + 1)
where 27 18 the impedurce ¢f the eource and 2p is the impedance of the load.

COHERENT PULSE OPERATION. k method of pulse operatlon 1in
which &2 fixed phase relationship is maintained from one pulse to the next.

COMMON BATTERY SIGNALLING. See SIGNALLING, COMMON BATTERY.

COMMUNICATION SINK. 3ee SINK, COMMUNICATION,

COMMUNICATION SOURCE, See SQOURCE, COMMUNICATION.

COMPANDOR. A contraction of the terms compressor and expander. The compressor is used to
compress the dynamic range of an analoeg signal which i1s to be processed and transmitted,
The expandor inverts the compressor functlon to restore the origineal dynamic range of the

processed or trensmitted snalog signel. Dependling on the resctlon time, compendors are
often referred to as s.ow acting, syllsbic, fast mcting, or instentaneous.
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COMPATIBLE SIDEFANDT TRANSMISSION. 5See TRANSMISSIOM, STDERAND, COMPATIBLE,
COMPOSITED CIRC.IZT, See CIRCUIT, COMPOSITED,

COMPUTER WORD. J3<e WORD, COMPUTER,

CONFPERENCE OPERATION. See OPERATION, CONFERENCE.

CONFERENCE REPEATER, See REFEATER, CONFERENCE.

CONGRUENCY (FAX;. Tre ability of g facsimlle transmitter or recelver to perform in an
identical manner tc the transmitter or receiver of snother fecsimile system.

CONTRAST, SIGNAL (FAX). The ratio expressed in decibels between white signal and black
aignal,

CONTROL EQUIPMENT, REMOTE. The apparatus used for monltoring, controlling,
supersivising, or a combination of these, a prescribed function or functions at a distance
by electrical means.

CONVERSION, CODE. The process by which & code of some pre determined bit structure (feor
example, 5, €, 14 tits per character interval) is converted tc a second code with more or
less bits per character interval., No alphabetical significance 1s assumed in this process.
In certain cases, such as the conversion from start/stop telegraph equipment to synchronous
equipmert, a code conversion process may only consist of discarding the stop and start
element and adding a sixth element to indicate the stop and start condition. In other
cases, 1t may consist of addition or deletion of control and/or parity bits.

CONVERTER, FACSIMILE, A device which changes the type of modulation.

CONVERTER, FACSIMILE RECEIVING. (FS TO AM CONVERTER). A device which changes the type of
wodulation from freguency-shift to amplitude,

CONVERTER, FACSIMILE TRANSMITTING, (AM TQ FS CONVERTER). A device which changes the type
of modulation fror. amplitude to freguency-shift.

CONVERTER, SIGNAL. A device in which the input and output signals are formed according to
the same code, but not according to the same type of electrical modulation.

COOPERATION, INDEX OF, DIAMETRAL OR INTERNATIONAL (IN PACSIMILE). The product of the drum
diameter and the line advance in scanning lines per unit length. The unit length must be
the same as that used for expressing the drum diameter.

COPY, SUBJECT (FAX). The material in graphic form whic¢h is to be transmitted for
facsimile reproduction.

CRITICAL FREQUENCY. 1In radio propagation Dy way of the ionosphere, the critical frequency
is the limiting frequency below which a wave component is reflected by, and above which 1t
penetrates through, an lonospheric layer of vertical incidence.

NOTE: The existence of the critical frequency is the result of electron limitation
1.,e,, the inadequacy of the existing number of free electrons tc support reflection at

higher frequencies,

CROSSBAR SWITCH. See SWITCH, CROSSBAR.

CROSSTALK. The phenomenon in which & signal transmitted on one circult or channel of a
transmission syster 1s detectabie An ancther circuit or channel.

CROSSTALK COUPLINZ LOSS. See LOSS, CROSSTALX COUPLING.
CROSSTALX, FPAR-ENDL, Crosstslk which 1s propagsted in 2 disturbed communicstion
channel in the same direction ms the propagation in the disturbing channel. The terminals

of the disturbed shannel and the energized terminal of the disturbing channel are usually
remote from each otrer.

F-g


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

MIL~STD-.58-100
15 November 1972

CROSSTALK, NEAR-END., Crosstalk whizr is propagated in & disturbed

channel in the direction opposite tc the direction of propagation of the current in the
disturbing channel. The terminal of tre disturbed channel at which the near-end crosstalk
i1s present 18 ordinarily near or coincides with the energized terminal of the disturbing

channel.
CX SIGNALLING. See SIGNALLING, CX,
CYCLIC DISTORTION. See DISTORTION, CYCLIC.

DATA. (ANALOG OR DIGITAL). Materisl “ransmitted or processed to provide information or to
control a process.

DATA BUFFER., See BUFFER, DATA,

DATA SIGNALLING RATE, See RATE, DATA SIGNALLING.

DATA SINK, See SINK, DATA,

DATA SOURCE. See SOURCE, DATA.

DATA TERMINAL, See TERMINAL, DATA.

dB. Decibel. The standard unit for expressing transmission gain or loss and relative

power ratios. The decibel 18 one-tenth of a bel, the latter being too large 8 unit for
convenient use. Both units are expressecd in terms of the logarithm to the base 10 of a

power ratio, the decitel formuls being:
dR = 10 10glo P.'l
2

Power ratics may be expressed in terms ¢f voltage or current. If the resistances for both
the power measurements are tne same, they cancel out in the power ratio so the formilas in
terms of voltage or current become as fcllows:

r~ . Vﬁ
(£¥ foo. (2 &,
dB = 10 log [== /¥=(= 10 log|-—a—==
Ry F;J 2 R,
2

dB - 10 log EF = 1¢ log T2
2

5 15
dB = 20 log Ej = 20 log Iy where Ry = Rp

E o)

dBa, dBrn ADJUSTED. Weignhted circuit nciise power in dB referred to 3.16 picowatts (-85
dBm)., which is O dBau. Use of FlA-line or HAl-recelver weighting shall be indicated in
parentheses as required. When the precper weighting 1s not specified, FlA weighting is
assumed. See WEIGHTING, NOISE.

NOTE: A one milliwatt, 1000 Hz tcnme will read +85 dBa, but the same power &s white
noise, randomly distrituted over A 2 ¥¥z band (nominally ﬁOO to0 3300 Hz), will read
+82 dBa due to the freaquency weighting.

dBa (FlA). Welghted circuit noise power in dBa, measured on & line by & nolse-measuring
set with Fla-line welgnting. See WEITHTING, NOISE.

dBa (HAl)}. Welghted circuit noise pcwer in dBa, measured across the receiver of a 302

type or similar subset, by a noise-measuring set with HAl-receiver weighting. See
WEIGHTING, NOISE.
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dRaC. Circuit nolse pOower .- 1z& referred Lo or measured At a point cf zer: relative trans-
miseion level (O dBr). Whe:r t-e proper weighting is not specified, FlA weigchting is sssumed.

NOTE: It 1s preferred :t: 2onvert circult noise readings from dBa to dBal, as this
makes 1t unnecessary to kncw . ctate the relative transmission level at the point of sctusl

measurement.

3111watt; employed in communication work as a measure of
. cquals one milliwatet,

dBm. a. dB referred to oo
absolute power values. Zerc

b. In noise power mez:s.rement, nolse power in dB referred to one milliwatt.

NOTE: 1In American practlce unweighted measurement is normally understocd, applicable

to & certain bvandwidth whic:.. —.st be stated or ‘mnlied, as indicated by context.
dBm (PSOPH). A unit of nolss power in dBm, measured with psophometric weignting. See
WEIGHTING, NOISE.
NOTE: Cunversion refule<i.: witlh other weighted units:
\ r.. ¥
dBm (psoph) = (=0 o (prB - 90 = dBa - B84

dBm CONVERSION TO VU. 3ee TAL:EFR VOLUME DISTRIBUTION, MEANR POWER OF THE,

dBm0. 1In power measurement, £-wer in dBm, referred to or measured at a point of zero
transmission level (OTLP'.

dBmOp. Circuit power !n dB~., r~easured on & line by a psophometer or measuring set having
psophometric weighting. See WZIGHTING, NOISE.

dBr. See TRANSMISSION LEVEL.

dBrn. (Decibels Above Reference Noise). Weighted circuit noise power in dB referred to
1.0 picowatt (~90 dBm), whicr s 2 dBrn. Use of i1dd-line, 14l-receiver, C-message (@Brnc),
or flat welghting chall te fndliczied ir parentheses as regulred. See WEIGHTING, NOISE,

NOTE: (1) With C-message welghting, & one milliwatt, 1000 Hertz tone will read +90
dBrn, but the same power as wh’.e noise, randomly distributed over a*g kHz band (nominally
300 to 3300 Hz) will read aprroximately +88.5 dBrn, (rounded off %o +8B8 dBrn), due to the
frequency weighting. (2) Wity 1Ly weightings, & <ne milliwatt, 100C Hz tone will also read
+90 dBrn, but Lhe same 3 kHz wvi.lte noise power wil. read only +32 dBrn, due to the dif-
ferent freguency welghting.

dBrn (144 LINE). Weighted circult noise power in dBrn, measured on a line by & nolse
measuring set with 14L-line welght’ng. See WEIGHTING, NOISE,

dBrn (144 RECEIVER)., Welghted circult nolse power in dBrn, measurec across the receiver of
8 subset with a No.ldd-receiver by 8 nolse mearuring set with 1ldl-receiver weighting. See
WEIGHTING, NOISE,

dbrri (C-message). ALBC show:r e

€ aBrnc. Welghted circuit nolse power in dern, measured
onn 2 line by & nouise measurirz se:

with C-message weighting.

" in dBrn, measured over the frequency band between fre-

daBrn. (F1-F2), Flat ncise zcwer
JETING, NOISE (FLAT WEIGHTING).

quencles f, and f;. See WEI

-

dBrnc. See NOISE.
dBrncO., See NOISE,

DECAY TIME, PULSE. The time rejuired for the instantanecus amplitude to gz from 90% to
1% of the peak value,
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DEFINITION (PAX). Distinctness or clarity of detall or outline in & record sheet or
other reproduction.

DEGREE OF DISTORTION. See DISTORTION, DEGREE OF,

DEGREE OF INDIVIDUAL DISTORTION OF A PARTICULAR SIGNIFICANT INSTANT (OF A MODULATION OR OF
A RESTITUTION). See DISTORTION, DEGREE OF INDIVIDUAL.

DEGREE OF ISOCHRONOUS DISTORTION. See DISTORTION, DEGREE OF ISOCHRONOUS,
DEGREE OF SIGNIFICANT INSTANT DISTORTION. See DISTORTION, DEGREE OF INDIVIDUAL.
DEGREE OF START-STOP DISTORTION. See DISTORTION, DEGREE OF START-STOP,

DELAY ,ABSOLUTE. The amount of time by which & signal 1s delayed. It may be expressed 1in
time (milliseconds, etc.) or in number of characters (pulse times, word times, major cycles,

minor cycles, ecc.s.

DELAY, DIPFERENTIAL., The difference between the maximum and the minimum frequency delays
occurring across & band.

DELAY DISTORTION. See DISTORTION, ENVELOPE DELAY,
DELAY DISTORTION (FAX). ‘See DISTORTION, ENVELOPE DELAY.

DELAY EQUALIZER, A corrective network designed to maeke the
phase delay or envelope delay of a circuit or system substantially constant over a desired

frequency range.

DELAY LINE, a). A real or artificial trensmission or equivalent device designed to introduce
delay. b). A sequentlal logic element or device with one input channel

in which the output channel state at a glven instant, t, 15 the same as the input channel
state at the instant t-n; l.e., the input sejuence undergoes & delay of n units. There may
be additional taps yielding output channels with smaller values of n.

DELAY, PHASE (PAX). 1In the transfer of a single-frequency wave from one point to another
An a aystem, the time delay of & part of the wave ldentifying 1ts phase.

NOTE: The phase delay 1s measured by the ratic of the total phase shift in cycles to
the frequency in cycles per second (Hz}.

DELTA MODULATION, See MODULATION, DELTA,

DEMODULATION, A functicon wherein & 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 is expressed by the common logarithm of the ratio of incident to transmitted or reflected

light flux.

NOTE: There are many typese of density which will usually have different numerical
values for a given material; e.g., Diffuse Density, Double Diffuse Density, Specular
Density. The relevant type of density depends upon the geometry cf the opticel system in
which the material 1s used. :‘

DESIGN OBJECTIVE, See OBJECTTVE, DESIGN.
DESIGNATION, FREQUENCY SPECTRUM. See FREQUENCY, SPECTRUM DESIGNATION OF,

DEVICE, INPUT-OUTPUT, (I/0). Any equipment which introduces data into or extracts data
from a data communication system.

DIBIT, A group of two bite. The four possible states for a dibit are 00, 01, 10, and 11.
DIFPERENTIAL MODULATION. See MODULATION, DIFFERENTIAL.
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DIGIT, BINARY. An information state in binary notation {e.g., O or 1).
DIGITAL ALPHABET OR CODE SET. See¢ ALPHAPET, DIGITAL.

DIGITAL DATA, 3ee DATA.
DIGITAL SIGNAL., See SIGNAL, DIGITAL.

DIPLEX. Permitting simultaneously and in the same direction the transwmission or recep-
tion of two signals over a ciprcuit or channel.

DIPLEXER, A multicoupler device for permitting the simultaneous use of .
several transmitters or several receivers in connection with a common element such as
antenna system; the diplexer does not permit simultanecuts transmit and recelve,

DIRECT RECORDING (FAX). See RECORDING, DIRECT (FAX),
DIRECTION OF SCANNING (FAX), See SCANNING, DIRECTION OF (PAX).

DIRECTIONAL COUPLER. R transmission coupling device for separstely

(1deally) sampling, through 8 known coupling loss for meesuring purposes, eithsr the for-
ward (incident) or the backward (reflected) wave in a transmission line. Similarly, 1t may
be used to excite in the transmission line either a forward Oor backwerd weve.

A unidirectional coupler has available termindls or connectlons for sampling only one
direction of transmission; e bidirectional coupler has available terminals for sampling
both directions,

DIRECTIVE GAIN. The power gain of an antenna is L times the power delivered to a unit
solid angle dlvided by the power delivered to 4 steradians.

DISTORTION, AMPLITUDE VS FREQUENCY {of a tranamimsion system). That distortion caused Dy
the nonuniform attenuation, or gain, of the system with respect tc frequency under apecified
terminal conditions.

DISTORTION, BIAS. Distortion affecting a two-condition {or binary) modulation in which all
the significant intervals corresponding to cne of the two significant conditions have
uniformly longer or shorter duration than the corresponding theoretical durstions.

DISTORTION, CHARACTERISTIC. Diatortior. ceused by transients which, as a result of module-
tion, are present in the transmission channel and depend on 1ts transmission qualities,.

DISTORTION, CYCLIC. (of telegraph signals). Distortion which 13 neither characteristio,
bias, nor fortultous and which, in genersl, has a periodic character. Its causes are, for
example, irregularities in the duration of contact time of the brushes of a transmitter
dlatributor, interference by disturting alternsting currents, etc.

DISTORTION, DEOREE OF. A measurement of the deviation of a digital signal from the
theoretically perfect signal. I* is expressed as a percent aof the theoretically perfect
unit interval.

DISTORTION, DEGREE OF INDIVIDUAL, OF A PARTICULAR SIGNIPICANT INSTANT (OF A MODULATION OR A
RESTITUTION). Ratlio to the unit irnterval cof the diesplacement, expressed algebraloally, of
this significant instant from an ideal instant, This displacement 1s considered positive
when a significant instant occurs after the ideal instant. The degree of individual dis-
tortion is usually expressed as & percentage.

DISTORTION, DEGREE OF ISOCHRONOUS, Ratic to the unit interval of the maximum measured
difference, irrespective of sign, tetween the actual and the theoretical intervals separa-
ting any two significant instants of modulation {(oxr restitution), these instants being not
wecessarily consecUtive. The degree of distcrtion {(of an isochronous modulstion or resti-
.ution) 18 usually expressed as z percentage.

NOTE: The result of the measz.remer* shnuld be completed by an indication of the period,
usually limited, of the obserrp:!rrn. ¥or g prolonged modulation (or reatitution) 1t will


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

MIL~STD-168-100
15 November 1972

be aprrcopriate to consider the probability that an assigned value of the degree of Adls-
torticr will be exceeded,

DISTOSTION, DEGREE OF SIGNIFICANT INSTANT, 3See DISTORTION, DEGREE OF INDIVIDUAL.

DISTORTICN, DEGREE OF START-3TOP, Ratio to the unit interval of the maximum measured
difference, irrespective of sign, between the acturl and theoretical intervals separating
any sizrificant instant of modulation (or of restitution) from the significant instant of
the star--stop modulation (or restitution), usually expressed as 8 percentage.

DISTORTION, DELAY., See DISTCRTION, ENVELOPE DELAY.

DISTORTION, DELAY (OF A TRANSMISSION SYSTEM). The distorticn of a complex waveform, made
up of twc or more different frequencies, caused by the difference in arrival time of each

frequency: at the output,

DISTORTION, END (OF START-STOP TELETYPEWRITER SIGNALS). The shifting of the end of all
markinz pulses from their proper positions in relation to the beginning of the start pulse.

DISTORTICN, ENVELOPE DELAY, FEnvelope delay dietortion 1s the maximum difference of the
envelope delay characteristic in & band between any two specified frequencies.

DISTORTION, FORTUITOUS {( OF TELEGRAPH SIONALS), Distortion resulting from causes generally
subject to random lawes, ror =xample, accidential irregularities in the operation of the
apparatus and moving parts, disturbences affecting the transmiassion channel, ete.

DISTORTION, INTERMODULATION. Nonlinear distortion characterized by the appearance in the
output ¢’ freguencies egual <o sums and differences cof integral multiples of the component

frequencies present in the input.

NOTE. Harmonic componerts also present in the output are usually not included as part
of the intermodulation distcrtion. When harmonics are included, a statement to that effect

should te made.

DISTORTION, NONLINEAR, DTistortion caused by a deviation from a linear relationship between
the inpu: and output ol a system or component,

DISTORTION, PHASE. Se: DISTORTION, ENVELOPE DELAY.

DISTORTTION, SINGLE-HARMCNIC, fThe ratic of the power at th2 fundamental frequency, measured
at the cutput of the transmission system considered,to the power of any single harmonic
observed at the output of the system becsuse of its nonlinearity, when & single frequency
gignal cf specified power it applied to the input of the system; expressed in @B,

DISTORTION, START-STOF TTY. The shifting of the transition of the signal pulses from their
proper positions relative to the beginning of the start pulse. The magnitude of the disa-
tortion 4s expressed in percent of a perfect unit pulse length.

DISTORTION, TELETYPEWRITER SIGNAL. See DISTORTION, START-STOP TTY.

DISTORTION, TOTAL HARMONIC., The ratio of the power at the fundamental frequency, measured
at the output of the transmission system considered, to the power of all harmonics observed
at the cuzput of the system because of its nonlinearity, when & single frequency signal of
specified power 313 applied To the input of the system; expressed in dB.

DISTRIP"TION FRAME, A structure for terminating wires and connecting them together in any
desired order.

DIVERSITY. That method of transmission and/or reception, whereby, in order to reduce the
effects ¢f fading, a single received information signel 1s derived from & combination of,
or selecticn from, & plurality of signals containing the same information. Improvement
galned sra’l be expressed in dB.

DIVERSITY, DUAL, The tern applied to the simultaneous combining of, or selection from, two
signals and their detectlor. through the use of space, frequency, angle or polarization
characteristics,
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DIVERSITY, FREQUENZ:, #ny method of transmission and rec wherein the same informa-
tion signal 1s transw.:ted and received simultaneously on more distinct frequencies.

DIVERSITY, POLARIZATZ?!!., A method of tranemission and/or reception of information ao-
complished Ly the :se¢ ¢ separate vertically and horizontally polarized antennas.

DIVERSITY, QUADRUPLE, The term applied to the simultanecus combining of, or selection from,
four signals and <re‘r detection through the use of space, frequency, angle, or polarigation
characteristice or comoinations thereof.

DIVERSITY, RECEPTIZ:. That method of radio reception whereby, in order to minimize the
effects of fading, z resultant signsl is obteained by combination of and/or

selection from two ¢ rcre sources of received-signal energy which carry the same

modulation or intel_.gence, but which may differ in strength or signal-to-noise ratio at
any given instant.

DIVERSITY, SPACE. Ar> metho@ of transmission and/or reception which employs antennas
having spatial separaticr.

DOPPLER EFFECT, Sec¢ ZFTECT, DOPPLER.
DOUBLE-CURRENT TRANSIIZ33ION, See TRANSMISSION, DOUBLE-CURRENT,

DOUBLE -SIDEBAND TRAIIS:TSSION, See TRANSMISSION, SIDEBAND, DOUBLE, REDUCED OR SUPPRESSED
CARRIER and TRANSMISSION, SIDEBAND, DOUBLE.

DRUM FACTOR (FAX). See FACTOR, DRUM (PAX).
DRUM SPEED (FAX)., See 3PEED, DRUM (FAX).

DUAL DIVERSITY. See DIVERSITY, DUAL.

DUPLEX CIRCUIT. See CIRCUIT, IXJPLEX.

DUPLEX, OFERATION. 3ee OPERATION, DUPLEX,
DUPLEX SYSTEM OR CI®C/IT, See CIRCUIT, DUPLEX.

DUPLEXER. & device fcr permitting the simultaneous use of a transmitter and
8 recelver in conneztlon with a common element such as an antenna system.

DX SIGNALLING. See SIZINALLING, DX.

DYNAMIC RANGE., Tre ¢:manic range of a transmission system 1s the difference in decibels
between the noise levcl of the system and 1its overload level.

E&M LEAD SIGNALLINZ, 3ee SIGNALLING, E&M LEAD,

ECHO. A wave whicrh tz- %een reflected and otherwise returned with sufficient magnitude
and delay to be percel-ed.

ECHO ATTENUATION, 3ece ATTENUATION, ECHO.

ECBC SUPPRESSOR. ¢ "iilce~-gperated device for connection to a two-ws
telephone circuit to a~“enuate echo currents in one direction caused {y telephone currents
in the other directicr.

EVPECT, DOPPLER, T{e crenomemon evidenced by the change in the cbserved frequency of a
wave in a transmissicr. system and caused by & time rate of change in the effective length of
the path of travel “e<wcen the source and the point of observation.

EFPECT, KENDALL (FAX)!. A spurious pattern or other distortion in a facsimile record caused
by umwante¢ modulaticn products arising from the transmission of a carrier signal and

:Egzzrﬂng in the for~ o & rectified baseband that interferes with the lower sideband of the
er.
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NOTE: This occurs principally when the single sideband width 18 greater than half the
facaimile carrier frequency.

EFFECTIVE HEIGHT.

a. The effective height of an antenna 1s the height of 1ts center of radiation above
the effective ground level.

b. In low-frequency applications the term effective height is applied to loaded or
nonloaded vertical antennas and 1S equal to the moment of the current distribution in the

vertical section divided by the input current.

NOTE: For an antennz with symmetrical current distribution the center of radiation ia
the center of distribution. For an antenna with asymmetrical current distribution the
center of radiation is the center of current moments when viewed from directions near the

direction of maximum radiation,
EFFECTIVE RADIATED POWER. <See POWER, EFFECTIVE RADIATED,
EFFECTIVE SPEED OF TRANSMISSION. The rate at which information 1s processed by a trans-

mission facility expressed as 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. (Rate of transmission, average 18 more common usage.)

EFFICIENCY FACTOR, IN TIME (OF A TELEGRAPH COMMUNICATION). See EFFICIENCY, TELEGRAPH
COMMUNICATION.

EFFICIENCY, TELEGRAFH COMMUNICATION. The efficiency factor of a communication is the
ratio of the time to transmit a text automatically and at a specified modulation rate to
the time actually taken to receive the Bame text with & specifled error rate.

NOTE: (&) The whole of the apparatus comprising the communication ia assumed to be
in the normal conditlon of adjustment and operation.

(b) A telegraph communication may have g different efficiency factor in time
Tfor the two directions of transmission,

(c) The practical conditlions of measurement should be specified; in particulasr,
the duration.

EHF. EXTREMELY HIGH FREQUENCY, 30 to 30C GHz.

ELECTRICALLY-POWERED TELEPHONE., See TELEPHONE, ELECTRICALLY-POWERED.
ELECTROCHEMICAL RECORDING {FAX). See RECORDING, FLECTROCHEMICAL {PAX).
ELECTROLYTIC RECORDING (FAX). See RECORDING, ELECTROLYTIC (FAX).
ELECTROMECHANICAL RECORDING (FAX). See RECORDING, ELECTROMECHANICAL (FAX).
ELECTRONIC LINE SCANNING {FAX). See SCANNING, ELECTRONIC LINE (FAX}.
ELECTROSTATIC RECORDING (PAX). See RECORDING, ELECTROSTATIC (FAX).

ELEMENT, CODE, One of a finite set of parts of which the characters in a given code may
be composed.

ELEMENT, SIGNAL, Each of the parts constituting a telegraph or data signal and distin-
guished from the other by its nature, magnitude, duretion, and relative position (or Dy ome
or some of these features only).

ELEMENTAL AREA (PAX). See AREA, ELEMENTAL (FAX).

FLP. EXTREMELY LOW FREQUENCY., Below 30C Hz.

ENI DISTORTION, See DISTORTION, END.
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END INSTRUMENT. See INSTRUMENT, END,

ENVELOPE DELAY DISTORTION. See DISTORTION, ENVELOFE DELAY,

EQUALIZATIZ. The process of reducing emplitude, frequency, and/or phase distortion of a
circuit by the introduction of networks to compensate for the difference in attenuation
and/or tirme delay at the various frequenciea in the transmission band.

EQUIPMENT, OFF-LINE. The equipment or devices not in direct communication with the
distant terminal,.

EQUIPMENT, ON-LINE. The equipment or devices in direct communfoation with the distant
terminal,

EQUTPMENT, REMOTE CONTROL. See CONTROL BQUIPMENT, REMOTE,

ERLANG, A measure of the volume ol teiephone oall traffic. An Erlang = wp where m - 100
pources, P = € - minute call/hours; thus, P = 6/60 = 0,1 erlangs = 100 X 0.1. In "loat
call design” the grade of mervice is the probability that s call not be loat to traffic
congesticn; a grade of service of 0.999 means that the probability of a call being lost 1s
.00 or 1 out of a 1000 calls.

ERRONEOUS BIT. See BIT, ERRONBOUS.

ERROR. See ERROR; SINGLE, DOUBLE, TRIPLE, ETC.

ERROR BURST., 3ee BURST, BRROR.

ERROR~CORRECTING CODE. See CODE, ERROR-CORRECTING,

ERROR-CORRECTING SYSTEM. See SYSTEM, ERROR CORRECTING.

ERROR~DETECTING AND FEEIBACK SYSTEM. 3See SYSTEM, ERROR-DETECTING AND FEEDBACK.
ERROR~DETECTING CODE. See CODE, ERROR-DETECTING.

FRROR-DETECTING SYSTEM. See SYSTEM, ERROR-DETECTING.

ERROR RATE. See RATE, ERROR.

ERROR~RATE, RESIDUAL., (Undetected error-rate), The ratic of the number of bits, unit elements,
characters, or bdlocks incorrectly received but undetected or uncorrected by the error-control
equipment tc the total number of bits, unit elements, characters, or blocks sent.

ERROR: SINGLE, DOUBLE, TRIPLE, ETC., A group of 1, 2, 3,etc., consecutive srrohecus bits,
charecters, words, blocks or elements preceded and followed immediately. by at least one
correct blt, character, word, block, or element.

EXALTED CARRIER RECEFTION. See RECEPTION, EXALTED CARRIER,

F1A-LINE WEIGHTING. See WEIOGHTING, F1A-LINE,

PACSIMILE, A line scanning systewm of talecommnioation for the tranamissiaon of fixed
images, with or without half-tones, with a view to their reproduction in- a permanent form.
(¥irephoto and telephotc are faosimile through wire circuits; rediophote 1s facsimlle via
radio.) See ORAPHICS.

FACSIMILE BANIWIDTH. See BANDWIDIH, PACSIMILE.

FACSIMILR CONVERTER, See COWVERTER, FPACSIMILE.

PACSIMILF REZCEIVER, Ses RECEIVER, FACSYMILE.

FACSIMILE RECORDER. 3ee RECORDER, PACSIMILE.

FACSINILE SIONAL. Ses SIGNAL, PACSIMILE.
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FACSIMILE SIGNAL LEVEL, J3ee SIGNAL LEVEL, FACSIMILE.
FACSIMILE TRANSMITTER. Sew TRANSMITTER, TACSIMILE,

FACTOR, ACTIVITY. Ac*tivity factor, for & volce~-communication channel, 18 the pevnentage
of the time during the dbusiest traffic rour when a signal is present in the channel in one

direction,

FACTOR, DRUM (PAX). The ratio of drum length used to drum diameter.
Where Arums are not used it is the ratio of the equivalent dimensions.

FADING, The fluctuation in intensity and ‘or relative phase of any or all frequency compo-
nents of the received radio signal due t:c changes in the characteristics of the propaga-

tion path.

FADING, FLAT. That type of fading in which all frequency components of the received radio
signal fluctuate in the same proportion simultaneously.

FADING, SELECTIVE. That type of fading in which the various frequency componenta of the
recelived radic signal fluctuate independently.

PALL TIME, See DECAY TIME, PULSE,
FAR-END CROSSTALK, See CROSSTALK, FAR-END,

FAULT. A malfunction that 12 reproducible, as contrasted to an error which is defined as
a malfunction which is not reproducible. A malfunction 1s considered reproducidle 1if 1t

occurs consistently under the same circumstances.
FAX, A shorthand reference to facsimile.

FIDELITY. J3ee LINEARITY,
FIXED REFERENCE MODULATION, See MODULATION, PIXED REFERENCE.

FLAT FADING. See FPADING, FLAT.
FLAT WEIGHTING. See WLEIGhIING, FLAT,

FLUTTER. In communication practice, flutter is:

(1) Distortion due to variation in loss resulting from the simultaneous transmission
of a signal at another frequency.

(2) A similar effect Gue to phase distortion.

(3) 1In recording and reproducing, deviation of frequency which resulta, in general,
from irregular motion during recording, curlication, or reproduction.

{(4) A radio wave characterized by rapidly changing signal amplitude levels, together
with variable multipath time delays, caused by the reflection and possible partial absorp-
tion of the radio signal from sircraft fl:ing through the beam or common scattcr voulume,

NOTE: One important uaage 1s to denote the effect of variation in the transmission
characteristics of a loaded telephone cirzult caused by the action of telegraph direct

currents on the loading coils.

FPORMAT. Arrangement of bits or characters within a group, such a8 & word, message or
language; shape, size, and general makeup ¢f s document.

PORTUITOUS DISTORTION. See DISTORTION, FORTUITOUS,

POUR-WIRE CIRCUIT. See CIRCUIT, POUR-WIRE,.

PRAME (PAX). A rectangular area, the widsh of which is2 the available line and the length
of which 18 determined by the asrvice regiirements.
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FRAME (TDM). The condition which exists when there is a channel-to-channel and bit-to-bit
ocorrespondence (exoclusive of transmission errors) between all inputs of s time division
multiplexer and the ocutput of its associmted demultiplexer.

FRANE - The frame frequenocy »e the sJumber of times per second that a freme -of
information is transmitted or recelved.

FRAMING BIT. See BIT, FRAMING,

PRAMING (PAX). The adjustment of *he picture tc a desired position in the dirsction of
line progression,

FRAMING SIOGNAL. A signal used for sdjustment of the pioture to a desired position in the
direotion of line progression.

PREQUENCIES, PICTURE (PAX). The frequencies whic¢h result solely from soanning subdbjeot
oopy.

NOTE: This does not include frequencies which are part of a modulated carrier signal.

FREQUENCY. The number of complete cycles per unit of time. When the unit of time is one
second, the measurement unit is hertz {(cycles per second).

FREQUENCY ACCURACY. The degree of precision relative to a specified value of s frequency,
FREQUENCY ASSIONED, The frequency of the center of the radisted bdanfiwidth shall be des-
ignated the assigned frequency. {The frequency of the RF omrrier, whether suppressed or
radiated, shall be referred to in parentheses fellowing the assigned frequency and shall

be the frequency appearing in the dial settings of RF equipment intended for single side-
band or indapendent sideband.)

NOTE: The frequency of the RF carrier is usually referred to in this standard as f,
and the assigned frequency as 7.

FRBQUENCY CARRIER. The frequency of the unmsdulated oarrier.
FREQUENCY -CHANGE SIONALLING. See SIONALLING, FREQUENCY CHRNOE,

PRRQUENCY, CRARACTERISTIC. A frequency which can bs sasily idantified and msesured in a
given exission.

FRRQUENCY DEVIATION. PFrequency deviation, in freguemcy modulation, 18 the beak ¢ifference
between the instantansocus frequericy of the modulated weve and the c'.\u-rin frequeancy.

PREQUENCY DIVERSITY. See ITVERSITY, FREQUENCY.
PREQUENCY DIVISION WOLTIFLEX (FDM). See MUILOTFLEX, FPREQURNTY DIVISION (FIN).
PREQUIDICY - EXCHANOR STONALLING, TWO-BOSURUE WHEQUENCY. See STUNALLING FROEJDNICY TXORANGE .

PREQUENCY, MMEDNN SEYING (J4X). The Treguency in opodes second TUNrL sgual to
the spot ;n-l 8ivits8 by twlve The "-mw!mm’:ﬁu." selly

FREGOUNECY, ARSIV NRDULING (MRYX) . L
faosimile tomnsmiexitn wu:—.( The MMBwst pisture frequency Tequired for the

WOTE: The mamimum modilx P
.. 1 ] . ting Treguanay e the BAXINUER kKeying TreqQquency are not

PREQUEKY, SNEZAYION. Sse WCDULATION, FNBEANDY.
» REPEREDGR. ) frequancy Smwing & Tized e aperifisd Position with regpeet to
frexpmncy.. mnmaquwmttoaoum

the assigned
frugmency hus the sume sdbsolute valne und of the shareocteristide
frequenocy has with rewpest to the tontar of fregquency band occocugied by Whe smissien.
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FREQUENCY, SAMPLING. The ratce at which signals in an individual channel are sampled for
subsequent modulation, guantization, and/or coding.

PREQUENCY, SCANNING LINE (FAX). See SPEED, STROKE (FAX),
FREQUENCY-SHIFT KEYING, See KEYING, FREQUENCY-SHIFT.

FREQUENCY SHIFT, SIGNAL (FAX). In a frequency-shift facsimile system, the numerical
difference between the frequencies corresponding to white signal and black signal at any

point in the system,
FREQUENCY ~SHIFT SIGNALLING., See KEYING, FREQUENCY -SHIFT.
FREQUENCY, SPECTRUM DESIGNATION OF. A method of referring to a range or band of communica-

tion frequencies. In Amnericsn practice the designator is & two or three letter abbrevia-
tion of the name. 1In ITU practice the designator 1s a numeric. These ranges or bands are:

AMERICAN BANL FREQUENCY ITU BAND

ELF (Extremely Low Frequency) Below 300 Hz -
ILF (Infre Low Freguency; 300 -~ 3000 Hz -
VLF (Very Low Frequency) 5 - 30 kHz i
LF (Low Frequency) - 30° -~ 300 kHz 5
MF {Medium Frequency) 300 ~ 3000 kHz 6
HF High Freguency) 2 - 30 MHz T
VHF (Very High Frequerncy: 33U =~ 300 MHz 8
UHF (Ultra High Frecuency) 200 - 300C MHz S
SHF (Super High Freguency| i - 30 GHz 10
EHF (Extremely High Frequency) 3¢ - 300 GHz 11

- - - = an- 200 - 3000 GHz 12

PREQUENCY STABILITY. The &bllity of a device {transmitter, receiver, etc.) to maintain
an assigned frequency.

FREQUENCY TOLERANCE, The maximum permissitle departure of the center frequency of the [re-
quency band occupied by an emission from the assigned frequency or of the characteriatic
frequency of an emissicn from the reference frequency. Thls lncludes both the initial
setting tclerance and excursions to short-and long-ternm stadility and aging. The frequency
tolerance is expressed In*parts 1in 10", 1in nertz or in percentages,

FREQUENCY TRANSLATION. The <ransfer en bloc of signals occupying a def'inlte frequency banc
(such as a channel or group of channels) from one position in the frequency spectrum to
gnother, 1in such & way that the arithmetic freguency difference ¢f slgnals within the band
18 unaltered.

FULL DUPLEX OPERATION. See OPERATION, DUPLEX.

GATN. The action by which, or the result ¢f which, the power of an electrical signal is
increased; expressed 1n dB.

GAIN, ANTENNA, Antenna gain is commonly defined as the ratio of the maximum radiation
intensity in & given direction to the maximum radiation intensity produced in the same
direction from a reference antenns witn the same power input.

GAIN, INSERTION. The insertion gain of & transmission system (or component thereof) in-
serted between two impedances Zg (transmitter) and Z, (receiver) is the ratio of the power
mea sured across the receiver 2, after insertion of the trensmission system considered to the
power measured before insertion; expressel In db. IS the resulting number in dB thus
obttained i3 negatlve, an insertion loss is indiceted. See LOSS, INSERTION.

GAIN, NET. See LOSS, NET.
GHz. GIGAHERTZ. 10 tc power of 9, hertz.
GRAPHICS. The art or science of conveylng intelligence through the use of graphs, letters,

lines, drawings, plctures, etz. [(Facsimile 1s one form of technology for electrically
transporting intelligence irn graphic form from one point to another.)
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GRAY SCALE. An optical pattern in discreote steps betweer .. .ght and dark.
GROUND-RETURN CTRCUIT. 8See CIRCUIT, >ROUND-RETURN,

GROUP, Sece WIDERBAND SYSTEM,

QROUF DELAY (EMVELOPE NELAY). The Aistortion caused by the difference between the
maximum transit time and the minimur <ransit time of frequencies with the normal (48 kHr)
FDM group bandwidth,

GROUP, TRUNK, Two or more trunks bertween the same two points.

GROUPING (FAX). Periodic error in the spacing of recorded lines,

QUARD BAND, See BAND, GUARD.

GUARD BAND, TIME, See BAND, TIME GUAFL.

HA1-RECEIVER WEIGHTING, See WEIGHIING, HAl-RECEIVER,

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

HALF-DUPLEX OPERATION. See OPERATION, HALF-DUPLEX,

HALFTONE CHAKACTERISTIC (TAX). See CHARACTERISTIC, HALPTOIE.

HERTZ. A unit of frequency ~ one cvcle per seecnnd, 1 Hzx.

HF. Hligl Frequency, 3 - 3C MHz.

HISH PERFORMANCE EQUTPMENTS. See FEXF{RMANCE, EQUIPMENTS, HIGH.

Hz. Hertz.

HYBRID COMMUNICATION NETWORK, 4 cormmunication system which utilizes a combinetlion of
trunks, 100ps,or 1inks some of whiz% are capable of transmitting (and receiving) only
analog or quasi-anelog signals and some of which are capable of tranamitting {and receiving)
only digital signals which usually ccntair a binaryv pulse signal structure.

JLF. Infra low {requency, 300 - 3000 Hez.

IMPEDANCE, TERMINAL. The complex impedance as see2n et the unloaded output terminals of a2
transmission egquipment or line which !: otherwise in normal operating condition.

IMPULSE RESPONSE, The time/Amplituds cutpu* of a channel when the input 1is stimulated
by the inserticn of 8 very 3nort pulse or impulse.

INBAND NOISE POWER RATIO /MULTICHANNEL EQUIPMENT)., See NOTSE POWER RATIO, INBAND (MULTI-
CHANNEL EQUIPMENT),

INBAND SIGNALLING., See ST TLING, T!)BAND.

IN-CHANNEL NOISE POWER RATIO (MULTICHANNEL EGUIPMENT), See NOISE POWER RATIO, INBAND
(MULTTCHANNEL EQUIPMENT),

INDEPENDENT SIDERAND TRANSMISSION, See TRANSMISSION, SIDEBAND, INDEPENDENT.

INDEX OF COOPERATION, DIAMETRAL OR INTERNATIONAL. See COOPERATION, INDEX OF (FAX).
INDEX OF ZOOPERATION (FAX), See COOPERATION, INDEX OF (FAX).

INFORMATION BIT. See BIT, INFORMATION.

INPORMATTON CHANNEL., An informat.or. crannel is a dimensionless electromagnetic channel

between Lwo Dr more locations fo= e transmisesion and reception of information. Dimension
18 given tu the channel by ejther speclfying bandwidth or class of service,
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INFORMATION TRANSFER. See TRANSFER, INFORMATION,

INK VAPOR RECORDING (FAX). See RECORDING, INK VAPOR (PAX).
INPUT-OUTPUT DEVICE. See DEVICE, INPUT-OUTPUT,

INSERTION GAIN. See GAIN, INSERTION.

INSERTION LOSS. See LOSS, INSERTION.

INSTANTS, SIGNIFICANT, The instants at which the successive significant conditions re-
cognized by the appropriate device of the modulation or restitution begin. Each of these
instants is determined 23 soon as the appropriate device takes up the significant oondition
usable for a recording or a processing.

INSTRUMENT, END, A device which 18 connected to the terminal of a circuit end used to con-
vert usable intelligence in:to electrical signals or vice-versa.

INTEGRITY, CHARACTER AND BIT COUNT. That condltion in which the precise number of charac-
ters, or bits, that are originated in & message test {in the case of message commnication}
or per unit time (in the case of a user tc user connection) are preserved.

INTERACTION CROSSTALK COUPLING. 1Interaction crosstalk coupling between & disturbing and a
disturbed circuit in any given section 1s the vector summation of all poasible combina-
tions of crosstalk coupiing, within one arbitrary short length, between the disturbing
cireult and all circui<ts other than the disturbed circuit including phantom and ground
return circuits) with crosstalk coupling, within another arbitrary short length, between
the disturbed circult and all circuits other than the disturbing eircuilt.

INTERCHARACTER INTERVAL. See INTERVAL, INTERCHARACTER.

INTERFACE, A concept involving the specification of the interconnection between two equip-
pents or systems. The specification includes the type, quantity, and function of the inter-
sonnection circulits ané the type and form of signals to be interchanged via those circuits.
Mechanical details cof plugs, sockets, pin numbers, etc., are included within the con-

text of the definition.

[NTERMEDIATE DISTRIBUTICN FRAME (IDF). Ar intermediate distributing frame in a local cen~
:ral telephone or communications office is a distributing frame, the primary purpose of
vhich 18 to cross-connect the subscriber-line multiple to the subscriber line ¢ircuit. In
i1 private exchange the intermediate distributing frame is for similar purposes.

{NTERMODULATION DISTORTION., See DISTORTION, INTERMODULATION.
(NTERMODULATION NOISE. See NOISE, INTERMODULATION,

[(NTERNAL BIAS. See BIAS, INTERNAL.

{NTERVAL, CHARACTER. The total number of unit intervals {including synchronizing, in-
telligence, error checking, or control bits) required to transmit any given character in
any gilven communicaticn system. Extra signals which are not associated with individual
sharacters are not included, For example, additional time added between the end of the
customary stop element and the beginning of the next start element as a result of a speed
change, buffering, etc,, is defined as the intercharacter interval. The intercharacter
interval may be of any length and is of the same sense 83 the stop element, i.e., "1"
{marking). See INTERVAL, INTERCHARACTER.

INTERVAL, INTERCHARACTER. T™hat time period between the end

of the stop element of one character and the beginning of the following character. The sig-
nal sense of the Aintercharacter interval is always the same as the sense of the stop ele~
ment; 1.e., "1" or marking. See INTERVAL, CHARACTER,

INTERVAL, SIGNIFICANT. Time interval between two consecutive significant instants,
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INTERVAL, UNIT. In a system using an equal-length code cr in a system during isochronous
modulation (or demodulation), that intervel of time such that the thearetical durstions
of the sig~ificant intervals of a telegreph modulation sre all whole multiples af the

interval,

INTRINSIC }NOISE. 1In a transmission path or device, intrinsic noise is that noise which 1s'
inherent t: the path or device and is not contingent upon modulation.

INVERSION, EIT, The deliberate or fortulitous changing of the state of a bit to the
opposite state,

IONOSPHERIC DISTURBANCES. Ococasionally, a sudden outburst of ultraviolet light on the sun,
known as & solar flare or chromospheric eruption, produces abnormally high ionization
densities in the D region. The result is a sudden increass in radio-wave absorption, whioch
13 most severe in the upper MF and lower HF frequencies. The effects on the critical fre-
quencies ard heights of the reflecting layers, sre negligible but the increase in trans-
mission 108s may be enormous. This phenomenon is called a sudden ionospheric disturbance
(SID). It often results 1in s complete loss of communicaticns, and its effects may last for
several hours in severe ocases. 3Since the SID is produced by direct ultraviolet radiation,
it never occurs on the dark side of the earth. The term SID is used to describe general
ionospheric effects of this type of disturbance, The term shortwave fade out (SWF) is aslso
used to describe ionospheric effects of this type.

ISOCHRONOUS MODULATION. See MODULATION, ISOCHRONQUS,

ISOTROPIC AMTENNA. An isotropic antenna is a hypothetical antenma radiating or receiving
equally ir a2l11 directions.

NOTE: 1In the case of electromagnetic wavee, isotropic antennas do not exist physically
but represer.t convenient reference antennas for expressing directional properties of actual
antennas.

JITTER (FAY). Raggedness in the received copy caused by erronecus displacement of recorded
spote in the direction of scanning.

JITTER, PHASE. See PERTURBATION, PHASE,
KENDALL EFFICT (FAX). B8ee EFFECT, KENDALL (PAX),

KEYING, FREJUENCY -SHIFT, PREQUENCY-SHIFT SIGNALLING (FSK). A frequency change signalling
method in which the frequency or frequenciea are varied in accordance with the signals to
be transmitted and characterized by continuity of phase during the transition from one
signalling condition to another.

KEYING, TWO-TONE TELEGRAFH. A system employing & transmission path comprising two channels
in the same direction, one for tranemission of the spacing elements of binary modulation,
the other for transmitting the marking elements of the same modulation.

kHz. Mkilochertz. 110 to power of 3, hertz.

LENGTH, SCANNING LINE (FAX). The total length of 8 scanning line is equal to the spot speed
divided by tre scanning-line frequency.

NOTE: This is generally greater than the length of the available line.

IEVEL, CARRTER NOISE, The noise level produced by undesired variations of a carrier 1in
the absence of any intended modulation,

LEVEL, RELATIVE TRANSMISSION. The ratic of the signal power in a transmisaion system to
the signal power at some point chosen as reference. The ratic is usually determined by
applying & s-andard test tone (See TONE, STANDARD TEST) at zero transmission level ref-
erence pcin~ {or sdjusted test tone power at any other reference point) and measuring the
gain or lods to the location of interest. Note should be made as to the distinction be-
tween the standard test tone power and the expected median power of the actual signal re-
quired as the basis for the desilgn of transmission systems. See TRANSMISSION LEVEL AND
ZERC TRANSMI] SSION LEVEL REFPERENCE POINT.
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LEVEL, SINGLE-SIDEBAND EQUIPMENT, REFERENCE (Voioce-Frequency Input Power to a Trans-
mitter, One Sideband Only). The power of one of two equal tones which together cause the

transmitter to develop its full rated peak power output.

LF. Low freguency 30 - 300 kHz.

LIMITER. A device which reduces the power cf an electrical signal when it exceeds a
specified value. The amount of reduction or compression incresses with increase of the

input power.

LINE, AVAILABLE (FAX)., The portion of the scanning line whioch can be used specifically
for picture signals,

LINE, LOCAL, See LOOP, LINE.
LINE, USEFUL {PAX). See LINE, AVAILABLE.
LINE, USER'S. See LOOP, LINE,

LINEARITY, A constant relationship between signal processing devices' input and output
characteriaties such as frequency, amplitude, phase,and time, over a designated range.

See DISTORTION, NONLINEAR.
LINE LOOP, See LOOP, LINE,

LINE SIDE. See SIDE, LINE.
LINE WIDTH, NOMINAL(FAX). The average separation between centers of adjacent acanning or
recording lines.
LINK.
‘a. A partion of a communication circult.

b, A channel or circuit designed to be connected in tandem with other channels or
circults.

¢. A radio path between two points, called & radio 1link; the resultant circuit may be
unidirectional, half-duplex or duplex.

NOTE: The term "1ink" should be defined or qualified when used., It is generally ac-
cepted that the signals at each end of .a link are in the same form,

LISTENERS ORADE OF SERVICE. Listeners grade of service ratings for telephone communications
rate the recelved volume and/or other transmission varisbles by dividing the circult per-

formance, ss evaluated by listeners' judgment, into three major categories or "Good," "Pair,"
and "Poor or Worse,"
LOADING.

a. Multichannel Communications Systems. The insertion of white nolse or equivalent
dummy traffic at a specified level, to simulate system traffic performance.

b. Multichannel Telephony Systems.

(1) The loading impoeed by the busy-hour traffic {the equivalent mean power and
the peak power) as a function of the number of voice channels.

{2) The equivalent power of & multichannel complex or composite signal{s), re-
ferred to zerc relative level (0O dBr),and is a2 function of the number of channels and the
specified mean voice channel power,

¢c. 'The insertion of inductors (colls) into a transmission line or circuit to improve
its operating characteristics.

d. The insertion of reactance into a circult to improve performance.
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LOADING CHAZATTEMISTIC (MULTICHANNEL TELEPHONY SYSTEMS). Se. CHARACTERISTIC, LOADING.

LOST CALL. Ary call whkich has not been completed for any reason other than cases where
the called par:y (termination) i1s busy. See ERLANG.

LOCAL LINE. 3ee LOOP, LINE.
LOCAL SIDE. 3ee SIDE, LOCAL.
LONGITUDINAL ZTALANCE, See BALANCE, LONGITUDINAL.

LOOP., A locr s & aingle message circuic from a switching center and/or individual
message distritrution point to the terminals of an end instrument,

LOOP, LINE. Tre portion of a radio or wire circul: that connects a user's end lnstrument
and a central office. (Synonymous terms are "local line and “iser's line.'")

LOSS, CROSSTLi_X COUPLING (Between a Disturbing and a Disturbed Circuit). The ratio of the
power in the disturding circult to the induced power in the disturbed circuit, observed at
definite pcir=s of the circults under specified terminal conditicns; expressed in dB.

LOSS, INSERTION. The insertion loss of a transmiseion eystem (or component thereof) in-
serted between two impedances Z, (tranamitter) and Z, (receiver) is the ratio of the power
messured 8cross the receiver Zy before insertion of the trsnsmiassion syatem conaidered, to the
power measurec after insertion; expresaed in dB. If the resulting number in 4B thus ob-
tained is nega:lve, an insertion gain is indicated.

LOSS, NET (3aI!). Net loss (gein) ie the ioss {gein) overall of a transmission circult.
It is measurec by applying a teet signal of some convenlent power at the beginning of the
circuit and reasuring the power delivered at the other end. The ratioc of these powers
expressed Lr. 2= !s the net loss or gein of the nircult under obtservetion.

10SS, RETURN. The return loss at the junction of a transmission line an¢ a terminating
impedance 1s ~re ratios, expressed 1in dB, of the reflected wave to the incident wave, More
broadly, the Teturn loss is a measure of the dissimilarity between two impedances, being
the number ¢ decibels which corresponds tc the scalor value of the reciprocal of

the reflecticr. coefflcient, and henace belng expressed by the formula:

2 4
N 2 _+ l|
20 loglo z;_:_zzl 3B
rere Z1 and Z2 are the two impedances.
LOW-FERPORMALCE EQUIPMENTS. See PERPORMANCE, EQUIPMENTS, 1OW.

MAIN DISTRIBUTION PRAME (MDF). A distributing frame on one

part of which terminate the Dermanent outside linas entering the ocentral telapghone or
communicaticns office bullding snd on another pert of which terminate the subsoriber-lise
multiple catling, trunk multiple cabling, ett., used for associating eny sutsids line with
any desired terminal in such & multiple or with arny other outside line., It ussally carrisa
the central office protective devices and functions as & Sest peint betwean line and offles.
In a private exchangs the main dietriduting frams 1s fer simiipr purysees. The phrese "out-
81de lime™ ir-’udes redic chanmels or circuits as sppropriate.

MARGIN, SDWGING., The singing margin of s trensxission civomit 1s defimed ss the maximEm
amount by whiach the net loss of emch of the tue diwvectisns of trammmissisn in a twe~wiEw
cirouit that FLas a four-uire portion may de refusesd simltanssusly befure ssif-cssillaties
or fesdback ocours.

MAREYWG MULSS. See PULSE, MAMKING,

M-AN? DIFOMMATION ELEERIT. 8os N-ARY INFOIDMTION REIDUNT .

WNASTER GROGP. Sees VIIEBARD SYOTEN.
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MASTER REFERENCE SYSTEM FOR TELEPHONE TRANSMISSION. The master reference system for tele-
phone transmission, adopted by the International Advisory Committee for long-distance tele-
phone (CCIF), 1s a primary reference telephone system for determining, by comparison, the
performance of other telephone Bystems ard components with respect to the loudness, articu-
lation, or other transmiseion qualities of received speech. The determination 1s made by
adjusting the loss of & alstortionless trunk in the master reference system for equal per-
formance with respect to the quality under consideration.

MAXIMUM KEYING PREQUENCY (FAX). See FREQUENCY, MAXIMUM KEYING (FAX).
MAXTMUM MODULATING FREQUENCY (FAX). See FREQUENCY, MAXIMUM MODULATING (FAX).

MEAN POWER OF THE TALKER VOLUME DISTRIBUTION. See TALKER VOLUME DISTRIBUTION, MEAN POWER OF
THE.

MEAN POWER (RADIO TRANSMITTER). See POWER, MEAN (RADIO TRANSMITTER).
MEAN VOLUME TALKER. See TALKER, MEAN VOLUME.
MEASUREMENT UNITS OF NOISE, See NOISE, MEASUREMENT UNITS.

MEDIUM POWER TALKER. 8See TALKER, MEDIUM POWER.

MEDIUM, RECORD (FAX). The physical medium on which the facsimile recorder forms an 1lmage
of the subject copy.

MESSAGE. A communication from a sSource to one or more destinations in a suitable language.

MESSAGE SWITCHING. See SWITCHING, MESSAQE.
METALLIC CIRCUIT. See CIRCUIXT, METALLIC.

METRIC UNITS. Standardization of terms on a world-wide basis is essential to enabtJe unl-
versal understanding of sclentific and technical documents, The following list of tech-
nical terms, abbreviations,and definitions reflects the latexst developments in international
standardization. Such new terms as "hertz" (meaning one cycle per second) or "siemens"
[weaning one mho or 1/() ohm)] are being standardized, both to recognize certain ploneers in
electromagnetic research anc development and to provide terms whlch are recognized in

many of the world's languages.

UNIT ABBREVIATION VALUE

tera T 1012

gigse G 109

mege M 106

kilo Kk 103

hecto h 10°

deka da . 10

deci a, 10-1

centi c 10~

milil m 103

micro » 10-6

nano n 10~9

pico ;y P 10‘12

femto DM o o 10'13

atto a 10~
Examples: TERM* ABBREVIATION* MEANING

megahertz MHz 105 nertz (cycles per second)

decibel dB 107 pe

plcofarad pF 1 rfarad X 10-12

nanosecond ns 1 second X 10-S

#NOTE:
The initial letter of the fundamental unit 1s capitalized in the sbbreviation Lif the
unit 1e derived from s proper name, but not capitalized when spelling out the unlt.

F-25
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MP, Medium Preguency, 300 tu 300C kH=.
MHz. Megahertz. 10 to power of 6, hertz.
MODEM, Acronym for MOdulator-DEModulator.

MODULATION, The process of varying some charscteristic(s) of the cesrrier wave in sccordence
with the instantaneocus velue of samples of the intelligence Lo be transmitted, See CARRIER.

MODULATION, AMPLITUDE (AM). That form of modulation in which the amplitude of the carrier
is varied in accordance with the instantaneous value of the modulating signal.

MODULATION, DELTA. A technigue for converting an analog signal to a digital signal. The
technique approximates the analog signal with & series of segments, The approximated sig-
nal is compared to the original analog wave to determine &n increase or decrease in rela-
tive amplitude., The decision process for establishing the state of successive binary
digitas is determinec by this comparison. Only the change information, an increase or de-
crease of the signal amplitude from the previcus samplie, is eent; thus, a no-change condi-
tion remains at the same O or 1 state of the previous sampie, There are peveral varlations
of the simple delts-modulation system.

MODULATION, DIFFERENTIAL. A type of modulation in which the cholce of the significant
condition for any eignal element is dependent on the choite for the previous signal element.

Delta modulation is an example.

MODULATION FACTOR. The ratic of the peak variation actually used to the maximum design
variaticn in & given type of modulation,

NOTE: Ir conventional amplitude moculation the maximum design variation is considered
that for whic) the instantaneous amzlitude of the modulated wave reaches zero. (When O 1s
reached the modulation 1B considered >00%;.

MODULATION, FIXED-REFERENCE. A type of modulation in which the choice of the significant
condition for any sSignal clement 18 based on a fixed reference.

MODULATION, FREQUENCY (M), That form of modulation in which the instantaneous freguency of
a sine wave carrier 1s caused to depart from the carrier frequency by an ampount proportional
to the instantanenus value of the modulating signal.

MODULAT.ON INDEX,
a. Modulstion index of an amplitude-modulated waves, See MODULATION PACTOR.

b. Modulation index of & frequency-modulated wave. The ratic of the peak deviation
to the frequency ol & specified sinusoidal modulation.

c. In angle modulation with a sinusoidal modulating wave, the ratio of the frequenvy
deviation to the frequency of the modulating wave.

MODULATION, ISOCHRONOUS, Modulation (or demodulation) in which the time interval separsting
any two significant instants is theoretically equal to the unit interval or to a multiple
of this.

MODULATION, PHASE (PM). That form of modulation in which the engle relative to the umodu—
lated carrier angle 1s varied in accordande with the instantansous value of the amplltude

of the modulating signal,

MODULATION, PULSE AMPLITUDE (PAM). That form of modulation in which the ampliteée of
pulse carrier is varied 1n accordance with suocoessive samples of the medulating sigmml.

MODULATION, PULSE-OCODB (PCM), Thet fore of modulation in which the modulating signel 1i»
sampled and the sample quantized and ooded so that eash element Of inforwation consists of
aifferent kinds and/or nusbers of Dulses and spaces.

MODULATION, PULSE-FREQUENCY (FMM). Tmat forme of modulationin whiok the Dpulserepstition
frequency of the carrier is varied in accordance with suscessive samples: of the mdulating

aignal.
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MODULATION, PULSE-TIME (PTM). Thet form of modulation in which the time of cccurrence of
some characteristic(s) of the pulse carrler is varied in accordance with sBuccesslve aamples

of the modulating signal. (7This includes pulse position and pulse duration or pulse-width
modulation).

MODULATION RATE., See RATE, MODULATION,

MODULATION, SIGNIFICANT CONDITION OF, A condition assumed by the appropriate device
corresponding to the quantized value (or values) of the characteristic (or characteristics)
chosen to form the modulation. The following equivalent designations are used to identify

the significant conditions for binary modulation:

PASSIVE ACTIVE
0 1
Current Off Current On
Tone Off Tone On
Space Mark
- +
No hole (paper .tape) Hole (paper tape)
Prequency High Prequency Low

MODULATION WITH A FIXED REFERENCE, A type of modulation in which the choice of the signif.
icant condition for any signal element is bvased on a flxed reference.

MULTIPATH. fThe situation in which Bn emitted signal arrives at ite destinatlon over several
propagation paths and, hence, is smeared or delayed in time.

MULTIPLE SPOT SCANNING {FAX). See SCANNING, MULTIPLE SPOT,

MULTIPLEX. Use of a common channel in order t0 make two or more channels, either by
splitting of the frequency b%and transmitted by the common channel intc narrower bands, ealh
of which 1s umed to constitute a distinct channel (frequency-division multiplex), or by
allotting this common channel in turn to constitute different intermittent channels (time-

division multiplex).

MULTIPLEX, FREQUENCY-DIVISION {FDM). A method of deriving two or more simulteneous,
continuous channels from a transmission medium connecting

two points by assigning separate portions of the available frequency epectrum to each cf
the individual channels.

MULTIPLEX, TIME-DIVISION (TDM). A method of deriving several

channels from a given frequency spectrum by assigning discrete time intervals in sequence
to the different channels. During a given time interval the entire available freguency
spectrum can be used by the channel to which 1t 1s assigned. In general, time divlsion
multiplex systema use pulse transmission. The multiplex pulse train may be considered to
be the interleaved pulse trains of the individual channels. The individual channel pulses
may be modulated either in an analog or a digital manner.

MULTIPLEX BASEBAND. See BASEBAND, MULTIPLEX.
MULTIPLEX BASEBAND RECEIVE TERMINALS, See TERMINALS, MULTIPLEX BASEBAND RECEIVE.
MULTIPLEX BASEBAND SEND TERMINALS. See TERMINALS, MULTIPLEX BASEBAND SEND,

MUX. A shorthand reference to multiplex.

N-ARY INFORMATION ELEMENT. An information element enabling the presentation of "N" distinct
states. "M'-ary code is the generic name applied to all multilevel codes.

NEAR-END CROSSTALK. See CROSSTALK, NEAR-END.
NECESSARY BANIWIDTH. See BANDWIDTH, NECESSARY,
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NET OPERATION, Sce OPERATION, LET.
NEUTRAL DIRECT- CUKRENT TELEGRAPH SVSiEM., See SYSTEY, NEUTRAT, DIRECT-CURRENT TELEGRAFH.

NODE. (Alsc calied Jurn:tio:. Feint, Branch Point, or “ertex). A terminal of any branch of
a network or a terminal to two o: more btranchias of & network.

NOISE, EQUIVALENT PCM. The amount 2f thermal noise power wnich has & similar effect on the
speech guality as uny given amount :f quantizing nolse. One method of measuring equivalent
PCM noise ¢ :nists of comparing sut’ective listener tests of speech received through two
parallel eudin chanrels. Ir. one cranre). the speecn 1s transritted in digiti-ed form
2arived frc- FCM; in the other channc. . the szance speech i transmitted 1in analog {non-dig-
itlzed) form. For this compariscn, e therma! noise in the non-digitized cpeech channel

1s ~imula*=g by & noire genera*cr wrnich has an ad’ustable ncise power output. An amount of
therma! nouisc power in the noun-digitized speech channel can be deilermined such that the
therma: nc se bac = asimilar effect on tne speech quality ac the quantizing noise which is
wenerated . the PCM crannel. The amcunt of therma! noise power determined by this compari-

Lon is caL.ed the cquivalent PCM r-ise.

NOISE FIGURE {NOISE FACTOR - NF). The nalse figure of & transducer; 1.e., radlo recelver,
1c the ratic of: (1) the output noise power to (2) the portion thereof attribdbutable to
thermal nelse in the input termination at standard noise temperature (usually 290°K). The
noise figu:c 1s thus the ratio of actual ovutput n~ise tec that which would remain 1f the
transducer itsell were made noiseless. .

NOTE: Ir heterndyne systems, output ncise power (1) includes spurious contributions
fror ionre -frecquency transformations, but porticr. {2) includes only that which appears in
the cutp.. vio “re principal-frequency transformation of the system and excludes that which
appears iz i '‘mage-freqguency transformatinr.

NOISE, TUTEANMUDULATION, In 4 transmiscion path or device, that nolse which is contingent
wpoo rodulation ad wriob res.lts fron sny nonlinesr cherscterdistics in the path or device.

NO13E LEVEL {CHANNEL)., The channe. noise level at any point in & transmission aystem 1s the
ratic oY the channel nolse at that point tc some arbitrary amcunt of circuit nolise chosen

ws a reference., This ratic is usually expressed in decibels arove reference noise, ab-
Lreviated dbrn, signifying the reading of & c¢ircuit noire meter; or 1n adjusted decibels,
abbreviated dEz, signilylng circuit noise meter reading adjusied to represent lnterfering
efrvect unde: znecified conditions.

NOISTE, MEAST EMENT UNITS, Noise is usually measursd 1n terms of power, either relative or
absclute. The decihel is the base urit for these measurements. A suffix is usually added
te denctc & particular retfercnce base <r speceific gualities of tThe measurement. See
WEIGHTING, NOISE.) Nolse measuremern‘ units defined in this standard are dBa, dBa(FlA),
dBalHAl), dBaC, dBm, dBmO, dBmPsopr, dBmOp, dBrn, dBrn(1l4i-1line), dBrn{l44-receiver),
dBrn(C-message ), dBinc, dFrncO, dbrn (f, - T5), PW. and pWp.

NOISE POWER OF A RANIO TRANSMITTER /PN). See POWER, NOISE, OF A RADIO TRANSMITTER (PN),

NOISE POWER RATIC, INBAND' (NPR) (MULTICHANNEL EQUIPMENT). The noise power ratio, for multi-
channel equipment, it the ratic of the mean ncise power measured in any channel, with all
channelg loaded w!'th white noize, tc the mean nolse power measured in the same channel,

with all ~hanneis but the measured crhanne. loaded with nolse.

NOISE POWER RATIO, SINGLE SIDEEAND (NPR) (SSB). NPR (SSB) 18 the ratic of the mean noise
powers measured in the notch filter bandwidth for the notch-in and the notch-out conditions
with totel system mcan noise power output equal for bcth conditions.

NOISE, QUANTIZING. In a modulation system that employs a guantlzing process, quantizing
noisc 1s that noise caused by the error of approximatiocn. It is an undesirable

random dirtortion 3ignal which is sclely dependent on the particular quantization process
used anc ke statistical characterlistics of the quantized signal.

HCISE RATIO, SINNAL-PLUS-NOISE TC, A Tatio of tre signal

plus noi‘se arriving at a Locatior. in a transmission path to the noise normally present when
the signal 18 remcved at the sencing ené and replaced by a termination. This usually 1s
measured in dT and the process 1: atireviated SNF,
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NOISE WEIGHTING. 3See WEIGHTING, NOISE.

NOMINAL BANDWIDTH. See BANDWIDTH, NOMINAL.

NOMINAL LINE WIDTH (FAX). See LINE WIDTH, NOMINAL (PAX).
NONLINEAR DISTORTION, See DISTORTION, NONLINEAR.

NOTATION, BINARY., A screme for representing numbers which is charscterized by the
arrangements of digits in seqguence with the understanding that successive diglits are
interrpreted 8s coefficients of successive powers of the base two.

NPR. Noise power ratio.
NUMBER, BINARY. A number expressed in binary notation.

OBJECTIVE, DESIGN (DO). An electrical {or mechanical) performance characteristic for com-
raunication clrcuits and equipments which is based on engineering judgment of performance

desired but which, for 2 numter of reasons, it is not considered feesible to establish as &
STANDARD at the time this standard is written. Examples of reasons for designating a per-

formance characteristic as 8 DO rather than as en S are: (1) it mey be bordering on an ad-
vancement in state-of~-the-art, (2) the requirement may not have been fully confirmed by meszsure-
ment or experlience witk operating clrcults, (3) 1t may not have been demonstrated that it ecan
be met considering other corstrasints such as cost, slze, etc. A DO shall be considered

as guldance for Department of Defense agencies in preparation of specifications for de-
velopment or procurement of new equipment or systems which shall be used 1f technlcally

and economically practicable at the time such specifications are written. See also STAN-

DARDS, SYSTEM.

OCCUPIED BANDWIDTHE. See BANDWIDTH, OCCUPIED.

QFFICE, CENTRAL. See CENIEFR, SWITCHING.

ONE-WAY REVERSIBLE OPER/LTION, See OPERATION, ONL-WAY REVERSIBLE.
OPEN-CIRCUIT WORKING. See CIRCUIT WORKING, OPEN.

OPERATION, BROADCAST, That type of operation in which a transmitting polnt emits infor-
mation which may be received by one or more stations,

OPERATION, CONFERENCE.

a. In & telephone svstem, that type of operation in which more than two stations can
carry on & conversation,

v, In telegraph or data transmission, that form of simplex or half-duplex operation
in which more than twe stasions may simultaneously exchange information, carry on conversa-

tionyg, or pass messages among one another.

NOTE: In radio systems, the stations receive simultaneously, but must transmit one at
a time. The common modes are "push-to-talk" (telephone) and "push-to-type" (telegraph,
data transmission).

OPERATION, DUPLEX. Trat type of operation in which simultaneous two-way conversations,
messages, or information may be passed between any two given polnts.

OPERATION, FULL~DUPLEX. See OPERATION, DUPLEX,
/OPERATION, HALF~-DUPLEX, That type of simplex operation which useg & half-duplex circulit.

OPERATION, NET., Nets (retted operations) are ordered conferencesa whose participants have
common information in needs or like functions to perform. Nets are characterized by
adherence to standard formats, They are responsive to a common supervisor entitled the Net
Controller (Net Control Stztion) whose functions include permitting access to the Net angd
maintaining circuit discipline.
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OPERATION, CNZ-wAY REBVERSIBLE. Similar to half~-dup.ex operation.

OPERATION, PUS=-TO-TALK. (Press-~to-taik), 1In telephone syatems, that method of communica-
tion over a specceh cilrcult in which transmission cci.rs from only one station at a time,
the talker beir: required to malntein & switch clos.r2 while he 18 talking.

OPERATION, PUS=-T0-TYPE. (Press-to-type). In telegraph or data transmission systems, that
method of comrm.onication in which the operstor must —zintsin 3 switch closure in order to send
from his station. It is generally us in radlo sy:--ems where the same frequency 1s
employed for trznsmission and reception.

NOTE: This %8 a derivative form of transmissicn and may be used in simplex, half-duplex

cr duplex opera-ion.

OPERATION, SIMiLZX. That type of operation which permita the transmission of signals in
elther directicr alternately.

NOTE: 1In radic telegraph or date transmission systems, 1t may be either (1) the use
of one frequen:y, time &lot, or code address for trensaission and another frequency,
time slot, or ccGe address for reception, or (2) the use of the same frequency, time slof,
or code address fur both transmission and reception. In wire telegraph systems, simplex
operation may te employed over ei:ther a half-duplex circuit or over a neutral direct -
current circuit,

OPERATION, SPEECE-PLUS-DUPLEX. That method of operstion in which speech and telegraphy
(duplex or simplex) are transmitted simultaneously over the same circuit, being kept from
mutual interference by use of filters.

OPERATION, UNILIRECTIONAL (SEND ONLY, RECEIVE ONLY). 4+ method of cperation between two ter-
minals, one of which is a trgnamitter and the other a r—ecelver.

ORDER WIHRE. See¢ WIRE, ORDER,

OUT-OF-BAND SIGNALLING. See SIONALLING, OUT-OF-BANL.

OUTPUT RATING. 3See POWER,

OVERHEAD BIT. See BIT, OVERHEAD.

PAIRING, BIT. Tre practice of estadlishing, within a code set, & number of subsets of two
cheracters having ldentical bit representations except for the state of 8 specl-

fied bit. For example: In the ITA Number 5 and the Arerican Standard Code for Informstion.

Interchange (ASCII), the upper-case letters differ from thelr respective lower-case
letters only by tre state of bit six.

PAIRED CABLE. A zsable consisting of one or more twisted pairs or lines.

PARALLEL TRANSMISSION, S8See TRANSMISSION, PARALLEL.

PARITY BIT. See BIT, PARITY.

PARTTY CHECK. A summation check in which the binary digits in & character or word are
added, modulo 2, and the sum checked ageinst a single, previously-computed parity 4igit
i.e., & check which tests whether the number of ones in a word is 0dd or even. Synonymous

and relsted to "check, redundant” and to "check, forbidden cocbinetion.” 04d Parity 1le
standard for militery transmiassion.

PATTERN, ADDRESS. In s digital system,a prescribed recurring pattern of bits transmitoed
during e diglitel ftranamission to ensble the receiver to schieve frame synchronization.

PBEX. See PRIVATE BRANCH EXCHANGE.
PEAX ENVELOPE POWER (RADIO TRANSMITTRR). See POWER, PEAX ENVELOPE (RADIO TRANSMITTER).

PEAK POWER OUTHM'T, The output power averaged over the redic frequency cycle having the
maximum peak value which can occur under any comvinatior. of signals tranamitted.

PERPORMANCE, EQUIPMENTS, HKIGK. Trose equipments hewing suffictently exacting charaoteris-
tio8 t0 permit their usSe !n trun or )ink circuits. Trose equipments designed primarily

F-3C
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for use in global and tactical service which are required to operat? where the maximum
performence and minimum electromagnetic interference cepabllities are required for opers~
tion in & variety of nets or for fixed polnt-to-point cirecults.

NOTE: Requirements for giobal and tactical high-performance equipments may differ.

PERFORMANCE, EQUIPMENTS, LOW, Those equipments having insufficiently exacting character-
1stice to permit their use in trunk or 1link circuits. Such equipments may de employed in
loop circuits whenever they meet loop circult requirements. Those tactical ground and
airborne equipments whose size, weight, &and complexity must be kept to & minimun and where
primary requirement is to operste in nets with similar minimum performance standards,

PERTURBATION, PHASE (PHASE JITTER). The existence of this phenomenon has long been re-
cognized by telephone transmission engineers; however, due to the relative insensitivity
of the human ear to this form of channel disturbance, relatively little attention has been
paid to 1t, Attention is called to this phenomenon because of the serious detrimental
impact it can have on duta transmission, particularly that type of modulation which is de-
pendent on the signal phase more than the amplitude or frequency. It 1s not precisely de-
fined since 8¢ little widely-~-understood or agreef upon technicel date existe. FRor purpose
a working definition, therefore, Phase Perturbatlon or Phase Jiltter is defined as that
phenomena which, from csuses known or unknown, results in s relative shifting {(often gquite
rapid) in the phase of the signal.

The shifting in phase may appear to be random, cyclic,or both, It 1s noted that a
similar phenomenon related to amplitude perturbation exists which 1s also not sufficiently
understood to be acceptably defined at this time,

The amount of pnase perturbation may be expressed 1n degrees with any cyclie component

the

of

expressed in hertz. The instantaneous relative phase may or may not be significant, however,

for the sake of clarity it should be assumed a phase perturbation of 36° would be taken to
mean +18° relative to & single sine wave signal, or +36° would assume leading shifting in
phase of 367,

PHASE DELAY (FAX). Sce DELAY, PHASE (PAX).

PHASE DEVIATION. Phase deviation, in phase modulastion, is the peak difference between the
inatantaneous angle of the modulated wave and the angle of the carrier.

PHASE DISTORTION. See DISTORTION, DELAY,
PHASE EQUALIZER. See DELAY EQUALIZER.

PHASE FREQUENCY DISTORTION. That form of distortion which occurs under either or both of
the followlng conditions:

a. If the phase/frequency characteristic 1s not linear over the freguency range of
interest.

b, If the zero-frequency intercept of the phase/frequency characteriatic is not rero or

an integral multiple of 277 radians.

PHASE MODULATION. See MODULATION, PHASE.

PHASE PERTURBATION { PHASE JITTER). See PERTURBATION, PHASE,

PHASING {FAX). 'The adjustment of pieture position along the Bcanning line.
PHOTOSENSITTVE RECORDING (FAX). See RECORDING, PHOTOSENSITIVE (PAX).
PICTURE FREQUENCIES (PFAX). See FREQUENCIES, PICTURE (FAX).

PILOT.

a. A signal wave, usually 8 single frequency, transmitted over the system for super-
visory, control, synchronlization or reference purposes., Sometimes it 1s necessary to

F-31
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empioy several indenendent pilot frequencies. Mcst radio relay systems use radio or con-
tinuity pliots of thielr own but treasmi< slsc the pilot frequencies belonging to the
carrier frequencty Tuliiplex tvsten.

b. In a trunsmispion Rystem - a8 signal wave, usurlly & single frequency, transmitted
over the system and used for either level control, synchronization,or both.

PLESIOCHRONOUS (IN THE FPROCESSING). Two signals ave plesiochrunvus 1f theilr corresponding
significant instante occur at nominally the same rate, any variations being constrained
within a specified 1imit. See TRAN?MISSION, ASYCHRONOUS, also MODULATION, ISOCHRONOUS.

FOLAR DIRECT-CURRENT TELEGRAPE SYSTEM, See SYSTEM, POLAR DIRECT-CURRENT TELEQRAPH.
POLARIZATION DIVERSITY. See DIVERSITY, POLARIZATION,
POWER, CARRIER (PC) (RADIO TRANSMITTER). The average power supplied to the antenns trans-

mission line by a transmitter during one radio-frequency cycle under conditions of no
mocdulation, Thls definition does not apply to pulse-modulated emissions or FSK.

POWER, EFFECTIVE RADIATED (ERP). The power supplied tc the antenna multiplied by the rels-
tive gain of the antenna in a given direction.

POWER GAIN OF AN ANTENNA. The power gain of an antenna 1s 477 times the power delivered to
& unit solid angle divided by the power dellivered to 4.7 steradians.

POWER LEVEL. The power levei at any point in a transmission system 18 the ratio of the
power at that polnt to some arbitrary amount of power chosen as a reference. This ratio is
usually expressed either in decibels referred to cne milliwatt, abbreviated dBm, or in
decibels referrec to one watt, abbreviated dBw.

POWTZF, MEAN (FM) (RADIO TRANSMITTER). The power supplied to the antenna transmission line
Y- & <ransmitter during normal operation, averaged over a time sufficlently long compared
wirtn the period of the lowest freguency encounsered in the modGula®ionh. A Time of 1/10
sec:nd during which the mear power is greatest wili be selected normally.

POWER, NOISE (PN) (RADIC TRANSMITTER).  The mean power supplied to the antenna transmission
line by a transmitter when lomded with white ncise having & Oaussian amplitude distridution,

POWER, PEAK ENVELCPE {PEP) [RADIC TRANSMITTEF ). The power supplied to the antenna trans-
mission line by & transmitter during one rad:o-Irequency cycle st the highest crest of the

.

modulation envelope, taken uncer cunéitions of normal operation.

POWER RATIO, SINGLE SIDEBAND, NPR (SSB). See NOISE POWER RATIC, SINGLE SIDEBAND, NPR (SSB).
PRIMARY DISTRIBUTION SYSTEM, h system of alternsting

current distribution for supplying the primaries of distribution transformers from the
generating statior or substation distribution buses.

PRIVATE BRANCH EXCHANCE (PBX). An internsl telephone exchange
serving a single organizatior and having connections to a public telephone exchange .

PROGRAMMER.

8. That part of s digital spparstus having the function of contrevlling the timing and
sequencing of operations,

b. A person who prepares sequences of instructions for a computer.
PSOPHOMETRIC VOLTAJE. See VOLTAGE, PSOPHOMETRIC,
PSOPHOMETRIC WEIGHTING, See WEIGHTING, PSOPHOMETRIC.
PSOPHOMETRICALLY WEIOHTED dBr.. See dBm (Pmopl. ) and aBmOp.

PULSE. A signal characterized bv tnr rise and decay in time of a quantity whose value 1is
normally constent.
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PULSE-AMPLITUDE MODULATION. See MODULATION, PULSE~AMPLITUDE.
PULSE~CODE MODULATION. See MODULATION, PULSE-CODE.

PULSE DECAY TIME. See DECAY TIME, PULSE,

PULSE DURATION ( PULSE LENGTH - PULSE WINTH). The time interval between polnts on the
leading end tralling edges at which the instantaneous value bears 2 specified relstion

to the peak pulse amplitude.
PULSE-PREQUENCY MODULATION, See MODULATION, PULSE-FPREQUENCY,

PULSE, MARKING (TTY). That significant condition of & modulation which results in an
active selecting operation in a receiving apparstus. See MODULATION, SIGNIFICANT CONDITION

OF A.

PULSE~-POSITION MODULATION. A form of pulse-time modulation in which the positions in time of
pulses are varied, without modifying their duration. Pulse-position modulation is pulse-
time modulation in which the value of each instantaneous sample of a modulating wave

moduldtes the position in time of a pulse.
PULSE RISE TIME. See RISE TIME, PULSE,

PULSE, SPACING (TTY). That significant condition of a modulation which results in a pas-
sive Belecting operation in & receiving apparatus. See MODULATION, SIGNIFICANT CONDITION

OF A.

PULSE-TIME MODULATION. See MCODULATION, PULSE-TIME.
PUSH-TO-TALK OPERATION, See OPERATION, PUSH-TO-TALK.
PUSH-TO-TYPE OPERATION, See OPERATION. PUSH-TC-TYPE.

pw. (Picowatt. Equal to 10-12 Watt or -9C dBm). A unit of absolute power commonly
used for both weighted and unwelghted noise, Context must be observed.

PwP (pW, PSOFHOMETRICALLY WEIGHTED). See pW and WEIGHTING, NOISE.

QUADDED CABLE, A quadded cable 1s formed by taking 4, or multiples of 4 peired cables and
twisting these together within an overall jacket.

QUADRUPLE DIVERSITY. See DIVERSITY, QUADRUPLE,

QUANTIZATION, The process ol converting the exact sample values of a signal wave to their
nearest equivalent in e finite set of discrete values to permit digitasl encoding.

QUANTIZING NOISE. See NOISE, QUANTIZING.

QUASI-ANALOG SIGNAL. See SIGNAL, QUASI-ANALOG.

RADIO BASEBAND RECEIVE TERMINALS, See TERMINALS, RADYO BASEBAND RECEIVE.

RADIO BASEBAND SEND TERMINALS. See TERMINALS, RADIO BASEBAND 3END.

RADIO BASEBAND., See BASEBAND, RADIO.

RADIO FIELD INTENSITY (FIELD STRENGTH). The electric or magnetic fleld intensity at a
given location assoclated with the passage of radio waves. It is commonly expressed in
terms of the electric field intensity (microvolts or volts per meter). 1In the case of &
sinusoidsl weve, the root-mesn-square value 1a commonly used. Unless otherwise stated,
1t 18 taxen in the direction of maximum fleld intensity.

RANDOM BINARY BIT STREAM SIGNALLING, See SIGNALLING, RANDOM BINARY BIT STREAM.
RATE, DATA SIGNALLING. See Paragraph 4.3.1.1 "Modulation and Dats Signalling".
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RATE, ERROR (BIT, BLOCK, CHARACTER, ELEMENT). The ratic of the number of bitas, elements,
aharacters, or blooks incorrectly received to the total number of dits, elements, charscters,
or blocks sent. See BIT ERROR RATE.

RATE, MODULATION. Reciprocal of the unit interval measured in seconds. (This rate is
expressed in bauds).

RATING, OUTPUT, See POWER,

REAL TIME.

a. Using an ordinary clock as a time standapd, real time 12 the number of seconds
measured between two events in & physicsl system.

b. Computer Time 1s the number of seconds measured, with the same clock, between
oorresponding events in the simulated system.

c. The ratio of the time interval between two events in a simulated system to the time
interval between the corresponding events in the physical system is the Time Scale. Com-
puter Time is equal to the product of Real Time and the Time Scale.

4. Real-Time computation 1s computer operation in which the Time Scale 1s unity.
Machine Time is synonymous with Computer Time.

RECEIVER, PACSIMILE. The apparatus ,employed to translate the signal from the communication
channel into a feacsimile record of the subject copy.

RECEIVING CONVERTER, PACSIMILE, See CONVERTER, FACSIMILE RECEIVING,

RECEPTION, EXALTED CARRIER. A method of receiving either amplitude or phase modulated
signals in which the carrier is separsted from the sidebands, filtered and smplirfied, and
then combined with the aidebands again at a higher level prior to demedulation.

RECORD MEDIUM (FAX). See MEDIUM, RECORD (PAX).

BECORD SHEET (PAX). See SHEET, RECORD (PFAX),

RECORDED SPOT X DIMENSION (FAX). See SPOT, X DIMENSION OF RERCORDED (PAX).

RECORDED SPOT Y DIMENSION (FAX), See SPOT, Y DIMENSION OF RECORDED (FAX).

RECORDED SPOT (FAX). See SPOT, RECORDED (PAX),

RECORDER, FACSIMILE. That part of the facsimile receiver which performe the final conversion
of electrical picture signal to an image of the subjeot copy in the reocord medium.

RECORDING (PAX). The process of converting t
RCORDING (PAX ng the electrical signal to sn imsge on the

RBCORDING, DIRECT (MX). That type of recording in which & visible record is produced,
without sudbseguent processing, 1in response to the received signals.

RECORDIRG, ELECTROCHEMICAL (PAX). Recording by means of s chemical reaction brought

about by the passage of = i-controlled ¢ nt
Y ihe igna urre| through the sensitiged portion of the

RRCORDING, ELBCTROLYTIC (PAX). That type of electromschaniocsl recording in which the
chemical change 1s made possible by the presence of an electrolyte.

gt.xfgnm, ELECTROMECHANICAL (PAX). Recording by means of a signal-sctusted mechanical device.

"f1ald 0, KLECTROSTATIC (PAX). Recording by amsans of 2 signal-controlled slectrostatio

REBCORVING, ELECTROTHERMAL (PAX). That ¢t ’ :
Proe g P e ik lct_izn. ype of recording which 18 produced 'principslly by
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RECORDING, INK VAPOR (FAX). That type of recording in which veporized ink particles sre
directly deposited upon the record sheet.

RECORDING, PHOTOSENSITIVE (FAX). Recording by the exposure of s photosensitive surface
to 8 signal-controlled light beam or spot.

RECORDING, SPOT {FAX). See SPOT, RECORDING (FAX),

REDUCED OR SUPPRESSED CARRIER SIDEBAND TRANSMISSION., See TRANSMISSION, SIDEBAND, DOUBLE,
REDUCED OR SUPPRESSED CARRIER.

REDUNDANT CODE. See CODE, REDUNDANT,.
REFERENCE PREQUENCY, B8ee FREQUENCY, REFERENCE.
REFERENCE LEVEL, SINGLE-SIDEBAND EQUIPMENT, (Voice-PFreguenoy Input Power to a Transmitter,
One Sidevand Only). The power of one ©f two esqual tones whioh together cause the trans-
mitter to develop its full rated power output,
REFERENCE POINT, ZFRO TRANSMISSION LEVEL. See ZERO TRANSMISSION LEVEL POINT.
REFERENCE TRANSMISSION LEVEL POINT. See TRANSMISSION LEVEL.
REFLECTION COEFFICIENT. See COEFFICIENT, REFLECTION,
REFLECTION LOSS,
a. Thet part of & transition loss due to the reflection of power at the discontinulty.

b. The ratio in decibels of the power incident upon the discontinuity to the difference
between the power incident upon and the power reflected from the @iscontinuity.

¢. The ratioc in decibels between the incident and reflected wave. A measure of im-
pedance match.

REGENERATIVE REPEATER, See REPEATER, REGENERATIVE,
RELATIVE TRANSMISSION LEVEL. See LEVEL, RELATIVE TRANSMISSION,
REMOTE CONTROL EQUIPMENT. See CONTROL BEQUIPMENT, REMOTE.

REPEATER. A device which amplifies or reshapes and/or retimes an input signal for further
retransmission. It may be of either a one-way or two-way type.

REPEATER, BROADCAST., A repeater connecting several channels, one incoming and the others
outgoling.

REPEATER, CONFERENCE. A repeater connecting several circults which receives telegraph
si1gnals from any one of the circuits and automatiocally retransmits them over all the others.

REFEATER, REGENERATIVE. A repeater in which the signals retransmitted are reshaped and
retimed.

REPRODUCTION SPEED (FAX). See SPEED, REPRODUCTION (FAX).
RESIDUAL ERROR RATE, See ERROR RATE, RESIDUAL.

RESTITUTION (DEMODULATION). Seriea of significant conditions determined by the decisions
mode sccording to the products of the demodulation prooeas. See also DEMODULATION.

RETURN L0OSS. See L0OSS, RETURN.

RFP BANDWIDTH, See BANDWIDTH, RP,
RINGDOWN SIGNALLING., See SIONALLING, RINGDOWN,
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RISE TIME, PULSE. Tre time required rar the instaniane: .. amplitude to gu from 10% to 90%
of the peak value.

ROTARY SwITCH., See S~ITCH, ROTARY,
RTTY. A shortrarnd rm:=Tervence to radic-teletypewriter.
SAMPLING FREQUENCY, 3ee FREQUENCY, SAMPLING.

SCANNER (FAY ). Tra* taert of the facsimile transmitter which systematically translates the
densities of *he s3.%‘'z2+ copy into signal-wave form,. .

SCANNING (FLX)., Tv2 :z»ccess of analyzing successively the densities of the subject copy
according to tre e.:-:-tt of a3 predetermined pettern.

T [FAX}. At the transmitting apparatus, the plane {developed in the
~zer) of the message surface is scanned slong lines running from

=g at the top 8o that scanning commences &t the top right-hend corner
‘shes at the bottom left-hand torner; this 1s equivalent to scanning
» on & drum. The orientation of the message on the scanning plane
i‘=ensione and is of no consequence.

SCANNING, DIRESTICIN
case of a drum trs.
right to jeft comrme:
of the surface and
over & rlght-hand

will depend upcn l-

NOTE: The norma. ::anning 1s from left to right and top to bottom of the subject copy
as when reading a pageé cof print. Reverse direction is from right to left and top to bot-
tom of the sublee: ::3", The IEEE, ANSI, and_WMO Standards considér the normal scanning

-

direction to be frc= :ft to right.

At the receiving zyparatus scanning takes place from right to left and top to bottom
{1n the above sense I :r 'positive"” reception and from left to right and top to bottom (in
the above sense) for regative" reception.

NOTE: This iz “r: “CITT Standard for Phototelegraphic apparatus. (See SCANNING (PFAX)).

SCANNING, ELECTRGNIC Lzwe (FAX). Thet method of scsreming which provides motion of the
scanning spo*t alons --: scanning line by electronic means.

SCANNING-LINE FRESUZN T 'FAX). See SPEED, STROKE (FAX).

SCANNING-LINE LENGTE F:X). See LENGTH, SCANNING LINE (PAX).

SCANNING, MULTIPLE -S=I7 'FAX). That method in which scanning is cesrried on simul taneously
by two Or more scanr‘-.: spots, each one analyzing its fractiocn of the total scanned area of
the subject cody.

SCANNING, SIMPLE (TAY Seanning of only one socanning spot at a time during the scanning
procesas.

SCANNING SPOT X DIMENSI2N (PAX). See SPOT, X DIMENSION OF SCANNING (FAX).

SCANNING SPOT Y DIMEM3TZON (PAX). See SPOT, Y DIMENSION OF SCANNING (PAX).

SCANNING SPOT (FARY). 3ze SPOT, SCANNING (PAX).

SELECTIVE FADING. GZes FADING, SELECTIVE,

SENSITIVITY, RADIOC SEZZZVER. The sensitivity of s radlo recelver or similar device 1
taken as the minimur Z-put signal required to produsce a specified output signal having a
specified signal-*2-rn:lce ratlo. This signal input may be expressed as power in dBm or as
voltage uv/m, with 1::_.: network impedance stipulated.

SERTAL TRANSMISSION. <Ie=e TRANSMISSION, SERIAL.

SERVICE BIT. See BIT, ZIZRVICE,

SET, CHARACTER, A ":rea-acter set” ms used herein is a basic group of Gefined numeric,
alphabetlic, punctuatisr and special-symbol charactere of one atyle. The term is most

meaningful when accormz:z-’ed by 2 quelifyl descri For example: The hic
character set of USAS--C. ’ g fying de pror, T examp i
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SET, CODE. See ALPHABET, DIGITAL,

SHEET, RECORD (FAX). The medium which 1s used to produce a visible image of the subdject
copy in record form. The record medium and the record sheet mey be ldentical.

SHF, Super High Frequency, 3 to 30 GHz.

SIDE, LINE. That portion of & device which looks toward the transmission path (1ine cir-
cult, loop, trunk).

SIDE, LOCAL. That portion of a device which looks toward the internal station facllities.

SIDEBANDS, Tre spectrsl energies distributed above and below & carrier resulting from s
modulated process.

SIDEBAND TRANSMISSION. See TRANSMISSION, SIDEBAND.

SIDETONE, TELEFHONE. The transmission snd reproduction of sounds
through a local path from transmitting transducer to the receiving transducer of the same
telephone set in order that the talker may hear his voice in the recelver.

SIGNAL, ANALOG. A nominelly-continuous electrical signal that varies in some direct
correlation to a signal impressed on a transducer. The electrical signal may vary its fre-
quency or amplitude, for instance, in response to ohange in phenomena or characteristics such

as sound, light, heat, position, or pressure.
SIGNAL CONTRAST (FAX). See CONTRAST, SIGNAL (PAX).
SIGNAL CONVERTER, See CONVERTER, SIGNAL.

SIGNAL, DIGITAL. A nominally-~discontinuous electrical signal that changes from one state
to another in discrete steps. The electrical signal could change its amplitude or polarity,
for instance, ip response to outputs from computers, teletypewriters, etc. Analog aignals
may be converted to a digital form by quantizing.

SIGNAL ELEMENT, See ELEMENT, SIGNAL,
SIGNAL, FACSIMILE (PICTURE SIGNAL). A signal resulting from the scanning process.
SIONAL FREQUENCY (FAX). See FREQUENCY SHIPT, SIOGNAL (FAX),

SIGNAL LEVEL, FACSIMILE. The maximum facsimile signal power or voltage (rms or dc) measured
at any point in a facsimile system.

NOTE: Tre signal level may be expressed in declbels with respect to some standard value
suecr s 1 williwatt.

SIGNAL-PLUS-NOISE TO NOISE RATIO. See NOISE RATIO, SIGNAL-PLUS-NOISE TO.

SIGNAL, QUASI-ANALOG. A quasi-analog signal 18 a digital signal after conversion to a
form sultable for transmissior over a specified anmlog channel. The specification of an
analog channel would include frequency range, frequency bandwidth, S/N ratio, and envelope
delay distortion. When this form of signalling 18 used to convey message traffic over
dlaled-up telephone systems, it is often referred to as voice-fatas.

SIGNAL, STANDARD TEST. A test signal of 1000 Hz + 25 BRz. Wnen inserted into an audio cir-
cuit at B Zero Transmission Level Point (OTLP), it must have a power lewsl of 1 milliwatt
(C dBm). When inserted at other TLP't in 8 circult its power level must be varied sccordingly.

NOTE: The Standard Test Signal in CCITT recommendations is BOO Hz.

SIGNAL, START (FAX). A signal which initiates the transfer of a facsimile equipment con-
dition from standby to active.

SIQGNAL, START RECORD {PAX). A signal used for starting the proceas of converting the elec-
trical signal to an image on the record sheet,
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SIGNAL, STOP (FAX). A signal used for stopping the proces. < converting the electrical
signal to an image on the record sheet.

SIOGNAL, SYNCRRONIZING (PAX). Maintenance of predctsrmined speed relations betwsen the
soanning spot and recording spot within sach scanning line.

SIGNAL TRANSITION, See TRANSITION, SIGNAL.
S8IGNAL, VOICE-DATA. See SIONAL, QUASI-ANALOG,

STONALLING, COMMON BATTERY. A method of actuating a line or supervisory signal at the
distant end of a telephone line by the ~losure of & dc circuit.

SIGNALLING, CX. Composite signalling (CX) is a signalling arrangement to provide means for
direot current and dial pulsing beyond the range of loop signalling methods. X, like DX
signalling, permits duplex opsration in that 1t provides simultaneocus two-way signelling.

STIONALLING, DX. DX signalling (a direct-current signalling unit) is a method whersby the
signalling circult BAM leads use the same cable pair as the voice circuit sand no filter
is required to separste the signalling frequency from the voice transmission.

SIGNALLING, E&M LEAD, An arrangsment whereby communication between a trunk circult amnd a
separate signalling unit is accomplished over two leads; the "E” lead, which rEceives open
or ground signals from the signalling unit, and the "M" lead, which transMits battery or
ground signals to the signalling equipmenta. (Historically, the M&M lesds got their names by
being vacant or avallable pins on connectors then in une.?'

SIGNALLING, FREQUENCY CHANGE. A signelling wmethod in which one or more partioular fre-
quencles corresponds to each desired signalling condition of a code. The transition from one
set of frequencies to the other may be either a continuous or a @iscontinuous change in
frequency or in phase.

SIOGNALLING, PFREQUENCY EXCHANGE (‘TWO-SOURCE FREQUENCY KEYING). A frequency change signalling
method in which the change from one sighalling condition tc another is acoompanied by deoay
in amplitude of one or more frequencies and by buildup in amplitude of one or more other
frequencies.

SIOGNALLING, FREQUENCY SHIFT, See KEYING, FREQUENCY SHIFT. _

SIOGNALLING, INBAND., 8ignalling which utilizes frequencies within the voioe or intelligenoe
band of a channel.

SIGNALLING, OUT-OF-BAND. Signalling which utilizes frequencies within the guard band be-
tween channele or bits other than information bits in a digital system. This term is also
used to indicate the uae of a portion of the channel bandwidth provided by the medium, such
a8 the carrier channel, but denied to the speech or intelligence path by filters. It
results in a reduction of the effective available bandwidth.

SIGNALLING, RANDOM BINARY BIT STREAM (INTERMITTENT TIMING). A method of communicstion
that employs bit intermittent transmission of signals on a unit interval basis without
regard to the preaence or absence of code or alphadbet.

SIONALLING, RINGDOWN. The application of signal to the line for the purpose of bringing
in a line 8ignal or supervisory signal st a switchboard or ringing s user's instrument.
(Hietoriecally, this was a low-frequency signal of sbout 20 Hz from the user on the line for
calling the operator or for disconnect.)

SIONALLING, SIMPLEX (8X). Simplex (SX) signalling requires the use of two conductors for

a single channel, a center tapped coll or its eguivalent is being used at both ends for this pur-
pose. The grrangement may de & ohe~wa) 8i 1ling scheme suitable for intra-office use, or

the simplex legs may be connected to /full) duplex signalling circuite which then funotion

like CX signalling with BM lead ocontrol.

SIGNIPICANT CONDITION OF A MODULATION, See MODULATION, SIGNIFICANT COMDITION OF.

SIONIFICANT INSTANTS, See INSTANTS, SIGNIFICANT,
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SIGNIFICANT INTERVAL. See INTERVAL, SIGNIFICANI.
SIMPLE SCANNING (PAX). See SCANNING, SIMPLE (PAX).

SIMPLEX CIRCUIT, See CIRCUIT, SIMPLEX,

SIMPLEX OPERATION. See OPERATION, SIMPLEX,

SIMPLEX SIGNALLING {9X). See SIONALLING,SIMPLEX (SX),

SIMPLEXED CIRCUIT. See CIRCUIT, SIMPLEXED,

SINGING MARGIN, See MARGIN, SINGING.

STNGLE-CURRENT TRANSMISSION. See TRANSMISSION, SINGLE-CURRENT,

SINGLE-HARMONIC DISTORTION. See DISTORTION, SINGLE-HARMONIC.

SINGLE -SIDEBAND EQUIPMENT REFERENCE LEVEL, See LEVEL, SINGLE~SIDEBAND EQUIPMENT REFERENCE.
SINGLE-SIDEBAND TRANSMISSION, See TRANSMISSION, SIDEBAND.

SINK, COMMUNICATION. A device which receives information, control, or other signals froms
communication source(s).

SINK, DATA. The equipment which accepts dats signals after tranamission,

SKEW (FAX). The devigstion ol the received frame from rectangularity due to asynchronism
between scanner and recorder. 3Skew 1s expressed numerically as the tangent of the angle of
this deviation.

SOUND- POWERED TELEFPHONE., Sce TELEPHONE, SOUND-POWERED.

SOURCE, COMMUNICATION, A Adevice which generates information, control, or other signale
destined for a communicatlon sink(s).

SOURCE, DATA. The equipment which supplies data signals to be tranamitted.
SPACE DIVERSITY. See DIVERSITY, SPACE.

SPACE DIVERSITY RECEPTION. That form of diversity reception
which utilizea receiving santennac placed in different locations. See DIVERISTY.

SPACE-DIVISION SWITCH, See SWITCH, SPACE-DIVISION,

SPACING PULSE, See PULSE, SPACING (TTY).

SPECTRUM DESIGNATION OF FREQUENCY. See FREQUENCY,SPECTRUM DESIGNATION OF,

SPEECH-~PLUS-DUPLEX OPERATION, See OPERATION, SPEECH~PLUS-DUPLEX.

SPEED, DRUM (FAX). The angular speed of the transmitter or recorder drum,
NOTE: This speed is measured i1n revolutions per minute.

SPEED, REPRODUCTION {FAX). The area of copy recorded per unit time.

SPEED, SPOT (FAX), The speed of the scanning or recording spot within the svailable line.
NOTE: This is generally measured on the subject cepy or on the rescord sheet.

'PEED, STROKE (FAX). (SCANNINGC OR RECORDINS LINE PREQUENCY). The number of timea per

inute, unless otherwise stated, that a fixed line perpendicular to the direction of
.canning 18 crossed in one direction by s scanning or recording spot.
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NOTE: 1In most conventional recrhanica. syscewus thlis ¢ pyurvelent tc drum speed. 1In
systems “r wrnich the pioture ignal s used while scannin, in voin directions, the stroke

speed is twice the drum speed.
SPOT, RECORDED (FAX!, The image of "re recording spot on the record sheet.
SPOT, RECORDING {FAX)}, The image ares {crmed 2* the record medium by the racsimile recorder.

SPOT, SCANNING (FAY). The ares cn *re sutject copy viewed i.nstantaneously by the pickup
system of thec scanner,

SPOT SPEED {FAX). See SPEED, S®27 (FAY).

SPOT, X DIMENS3ION OF RECORDED (Ft7)., Tre eftective recorded spot dimension measured in
the direction of the recorded line,

NOTE: 1. Bv effective dimension i3 meant the largest center-to-center spacing between
recorded spots which gives rinimair Tesk-0-peak variation of dengity of the recorded 1lne.

2. This term applies to that type of equipment which reaponds to a constant
density in the subject copy by a succession of discrete recorded spots.

SPOT, X DIMENSION OF SCANNINC (FtX), The effective scanning spot dimension measured in the
direction of the scanning line or. the sulject copy.

NOTE: The numerical value of =his will depend upor the type of system used.

SPOT, Y DIMENSION OF RECORDEL (FAX). The effective recorded spot dimension measured
perpendicularly to the recorded line.

NOTE: By effective dimension 1§ meant the larges® center-to-center spacing between
recorded lines which gives minimum peak-to-peak variation of density across the recorded

lines.

SPOT, ¥ DIMENSION OF SCANNING (Fir). The effective scanning spot dimension measured per-
pendicularly to the scanning line on the subject copy.

NOTE: The numerical valuc of this will depend upon the type of system used.

STAGGER (FAX), FPeriodic error in the position of the recorded spot along the recorded line.
STANDARD TLST SIGNAL. See SIGNAL, STANDARD TEST.

STANDARD TEST TONE. See TONE, STANDARD TEST.

STANDARDS(S). See STANDARDS, SYSTEN,

STANDARDS, SVSTEM,

a. The minimum required electrical performance characteristice of commnications cir-
cuits which are based on measi.”~ performance of developed circults under the various
operating conditions fo. which tte circuite were designed.

Y. The cpecified characteris<ics not dictuted by electrical performance requirements
but necessary in order to permit interoperation. (For example, the values for center fre-

quencies for telegraph channels, test tone, etc.) See also OBJECTIVE, DESION.

STANDING WAVE RATIO (SWR). The ratio of the amplitude of & standing wave at an entinode
to the amplitude at a node.

NOTE: The standing wave racioc in a uniform transrission line 1s:

1l + Rc
T -FRe

Where Rc 18 the reflection coefficient. See COEFFICIENT OF REFLECTION, also
REFLECTION 1LOQS3S.
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ITART RECORD SIGNAL (FAX). See SIGNAL, START RECORD (FAX).

START SIGNAL (FAX). See SIGNAL, START (FAX).

START-STOP TTY DISTORTION. See DISTORTION, START-STOP TTY,

STOP RECORD SIGNAL (FAX). See SIGNAL, STOP RECORD (PAX).

STOP SIGNAL {¥AX). See SIGNAL, STOP (FAX).

STORAGE -AND-FORWARD SWITCHING CENTER., A message switching center in which the message 1is

accepted from the sender whenever he offers it, held in s physical atorage and forwarded
to the receiver in aococordance with the priority placed upon the mesaage by the initiator

{sender). See SWITCHING, MESSAGE.
STORE-AND-FORWARD., See SWITCHING, MESSAGE.
STROKE SPEED (FAX). See SPEED, STROKE (FAX),

SUBCARRIER. A carrier which is applied as modulation on another carrier, or on an inter-
medlate subcarrier See alsc CARRIER.

SUBJECT COPY (FAX). See COPY, SUBJECT (FAX).

SUBSCRIBER LINE, A telephone line between a8 central office and a
telephone station, private branch exchange,or other end eguipment.

SUDDEN IONOSPHERIC DISTURBANCE (8ID). An occasional sudden outburst of ultraviolet light
on the sun {solar flare) which produces abnormally high lonization densities in the D region.
Tr.is results in a sudden increase in radioc-wave absorption, which is most severe in the

upper MF and lower HF freguencies,

SUPERGROUP. See WIDEBAND SYSTEM;

SUPERVISORY SIGNALS, Signals used to indicete the various opersting states of circults
o1 circuit combinations.

SUPPRESSED CARRIER TRANSMISSION, See TRANSMISSION, SUPPRESSED CARRIER.

SWITCHING CENTER. See CENTER, SWITCHING.

SWITCHING, CIRCUIT. The term applied to the method of handling traffic through a switching
center, either from local users or from other switching centers, whereby a distant elec-
trical connection is established between the calling and called stations.

SWITCHING, CROSSBAR. A switch consisting of rectangular fields, or matrices, of contact
springs opereted in coordination by vertical and horizontal selector bars.

SWITCHING, MESSAGE. The term applied to any indirect or store-and-forward (3/F) traffic
through & switching center, either from local users or from other switching centers.
ressage switching, or store-and-forward, is the technigue whereby messages are transmitted

link by link through the communication network cof switching centers.

SWITCHING, ROTARY, A switching system whereby the aselecting mechanism consists of a rotating
element utilizing several groups of wipers, dbrushes, and contacts,

SWITCHING, SPACE-DIVISION., A switch wheredy single-transmission-path routing determination
is accomplished utilizing a phyeically-separated set of matrix contacts.

SYNCHRONIZING (FAX). The maintenance of predetermined speed relations between the scanning
spot and the recording 8spot within each scanning line.

SYNCHRONIZING PILOT, A reference pilot for the purpose either of maintaining the sycnroni-
zation of the oscillators of a carrier system or of comparing, when dsaired, the frequencies
{and possibly the phases) of the currents generated by those oscillators.

F-41
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SYNCHRONIZING SIGNAL (FAX). See SIGIAL, SYVTHRONIZINS (FAX).
SYNCHRONOUS. See SYSTEM, SYNCHFEONOUS a.i4 TRANSMISSION, SYNCHRONOUS.
SYNCHRONOUS SYSTEM. See SYSTEM, SYNCHIONOUS,

SYNCHRONOUS TRANSMISSION, See TRANS!ISSION, SYNCHRONOUS.

SYSTEM, ARQ. See SYSTENM, ERROR-DETZCTING AND FEEDBACK.

SYSTEM, DUPLEX. See CIRCUIT, DUPLEX,

SYSTEM, ERROR-CORRECTING. A system employing sn error-correcting code and so arranged
that asome or all signals detected as ‘eing in error are automatically corrected at the
receiving terminal before delivery tc “he data sink or to the telegraph receiver.

SYSTEM, ERROR-DETECTING., 4 system employing an error-detecting code and so arranged that
any signal detec-ed as being irn error 18:

a. Deleted from the data delivered to the dste sink, in some cases with en
indication that such deletion has taken place, or,

b. Delivered to the dsta sink xczether with an indicetion thest 1t hes been detected
as being in error.

SYSTEM, ERROR-DETECTING AND FEEDBACK (DECISION FPEEDBACK SYSTEM, REQUEST REPEAT SYSTEM, ARQ
SYSTEMS. A syetem employlng an error-detecting code and so arranged that e Bignal detected
az being 4in error automatically initiates & request for retransmission of the signal de-
tected as being in error.

SY 3TEM, NEUTRAL DIRECT-CURRENT TELEGRAPE (SINGLE-CURRENT SYSTEM, SINGLE MORSE SYSTEM) .
©oceleprapl iyl tern employlng current Ziring marking intervels and zero current during
spacing intervels for iransmlsslon of signals over the line,

SYSTEM, POLAR DIRECT-CURRENT TELEGRAPE. A telegraph system employlng positive and
neretive currents for trensmission of signals over the line.

SYSTEM, SYNCHRONOUS., A system in which the sending and recelving instruments are operating
continuously at substantially the same frequency and are maintsined, by means of correction
1f necessary, in a desired phase rels:ionship.

SYSTEM STANDARDS., See STANDARDS, SVYSTI!.,
TAILING (HANGOVER) (PFAX). The excessive prolongation of the decay of the signal.

TALKER, MEAN-VOLUME. The mesn-volume talker 1a one who represents the mean volume of 8
group of tslkers measured a8t &8 given lccation. The meen 18 the value in &n ordered set of
values below and above which there are a2n equal number cf values.

TALKER, MEDIUM-POWER. The medium-power talker of a8 log-normal distribution 18 one who re-
presents that vslue of talker volume which lies 8t the medium power of 8ll talkere deter-
mining the volume distribution at the pcint of interest. When the distribution follows &
log-normal curve (values expressed in AB), the mean and standard deviation oah be used to
compute the medium-power telker. The taliker-volume diszribution follows & log~-normal curve
and tiie medium-power talker 1s uniquel: determined by :ine average talker volume and the stan-
derd devietion a® given in the follow!-z equation:

Vaver = Vo + 0.1152 2 VU

Where V, is 'he average of the talker-volume distritution, V,vgr i1e the volume cor-
is ¢t

responding to the average-power talker expressed in VU snd o e standard deviation of
the distribution.
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TALKER-VOLUME DISTRIBUTION, MEAN FOWER OF THE. Ths mean power of the talker-volume dis~
tridbution is the mean-power-talker volume less a conversion factor to convert from VU to

NOTE: The factor is taken as 3.9 dB by some authorities and 1.4 dB by others. This
standard uses 2.9 dB as the conversion factor., The conversion factor is intended for use
by designers of systems, subsystems, and sguipments., Operating perscnnel should not
attempt to convert from VU to dBm. No seimple relationship exists for converting from VU
to dBm. A conversion from VU to dBm 1s & function of (1) the type of si 1 passing through
a2 VU meter (speech, sine wave, or white Gaussian noise), (2) the bandwidth of interest, and
(3) the nature of the statistics from which the mean power of the talker-volume distribution

is derived. A VU meter 1s intended for measuring only speech.

TAPE RELAY. A system of retransmitting teleprinter traffic from one channel to another in
which messages arriving on an incoming channel are recorded in the form of perforated tape,
this tape then being either fed directly and automatically into an outgoing channel or
tranaferred to a position with an automatic transmitter on an ocutgoing channel.

TELECOMMUNICATIONS. Any transmission, emipsion,or reception of algns, signals, writings,
images and sounda or information of any nature by wire, radio, visual, or some other electro-

msnetic means .
TELEORAFH, TWO-TONE, See KEYING, TWO-TONE,
TELEGRAPK COMMUNICATION EFFICIENCY. See EFFICIENCY, TELEGRAPH COMMUNICATION.

TELEPHONE, RLECTRICALLY-POWERED, A telephone in which the operating power is abtained
either from batteries located at the telephone (local battery) or from a telephone central

office (common battery).
TELEPHONE SIDETONE. See SIDETONE, TELEPHONE.

TELEPHONE, SOUND-POWERED. A telephone in which the operating power is derived from the
speech input only.

TELETYPEWRITER SIGNAL DISTORTION. See DISTORTION, START-STOF TTY,

TERMINAL, DATA. Equipment employed at the end of a transmission circuit for the transmission
and reception of data. It may include end instruments or signal converters or both.

TERMINAL IMPEDANCE, See IMPEDANCE, TERMINAL.

TERMINALS, MULTIPLEX BASEBAND RECEIVE, Tne point in the baseband circult nearest the malei-
plex equipment from which connection 1s normally made to the radioc baseband receive terminals

or intermediate facility.

TERMINALS, MULTIPLEX BASEBAND SEND. The point in the baseband circuit nearest the multiplex
equlpment from which connectiocn is normally made to the radic baseband aend terminals or

intermediate facility. .

TERMINALS, RADIO BASEBAND RECEIVE. The point in the basedband circuit nesrest the radio
receiver from whioh connection is normally made to the multiplex baseband reoceive terminals

or intermediate facility.

TERMINALS, RADIO BASEBAND SEND, The point in-ghe baseband circuit nearest the radio trans-
mitter from which conneotior is normally made o the multiplex baseband send termina} or

intermediate facility.

THz. THz. TeraRertz. .0 to power of 12, hertez.

TIME.DIVISION MULTIPLEX (TDM) See MULTIPLEX, TIME DIVISION (TIM).
TIME, FALL, 8ee DECAY TIME, PULSE.

TIME GUARD BAND. See BAND, TIME GUARD.
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TOLL SWITCHIN: THUNK, A trunk connecting end office ) no a Toll Center as the first stage
of concentra®’:-- for intertoll traffic. Opsrator as:istance or participation may be an
optional func:ion., In US common cavrier telephorny s:rvice,

a. A Tcl. Tenter designated '"Class 4C" 1s an 57 :ce where assistance in completing in-
coming calls -: provided in addition tn other traffl:.

b. A Toi. Zenter designated "Class UP" 35 ar 07 .:e where operztors handle only out-
bound calls, - where awitching 138 performed withou- :perator aasistance.

TONE, STANDA®. 123T. A test tone with & frequency - .J000 Hz 425 Hz (102C Hz ‘preferred for
PCM) inserted _-= » audio circuit at & OTIP with ¢ - -wer level of -10 dBm (-10 4dBmO).
when inszertes =- ~ther TLP's in a.circuit 1te power _:—el must be adjusted sccordingly. (See

also SIGNAL, ¢

TORN TAPE RELA., A tape relay system in which the ps-’orated tape is manually transferred
by an operator -5 the appropriate outgoing transmitr:z> posgition.

TOTAL HARMONIT ZZ3TORTION. See DISTORTION, TOTAL K~A='1NIC,

TRANSFER, INFL= :TTON, (USFR) The final result of & “2tm transmission from a data source
to a data sirnr. Tre informatior transfer rate may - -2) not be equal to the transmission

modulation ra <.

TRANSITION, 3I:IiL. The change from one signalling c:.éftion to another; for example, the
change from rz:. -0 Bpace or from space to mark. See t.sc¢ PULSI, MARKING, TELETYPEWRITER.

TRANSLATION, fL_:ZABET, That process whereby the mear.‘=z in & particular blt structure in
8 particular co%e 18 conveyed <0 one or more differer- elphabets in the same or different
code.

TRANSMISSION, A3ST!ICHRONQUS. 4 transmicsion process z.:- that between any two significant
instants in tre save group {(in data transmission trL:s group is & blook or a character, in
teiegrapty thic ;roup 1s & character) there 1eg always z- integrel number of unit intervals.
Betweern two si.rl’.can' instants located in differen: pups :here is not always an in-

tegral number ¢ _ni: intervals. See PLESIOCHRONOUS, :z.so0 ISOCHRONOUS.

on in which two binary pulse trains
aveilable bandwidth is only suf-
when in binary form. The bilternary

TRANSMI3SION, EZTZ=NARY. A method of digital transmiz:!
are combined for 'ransmission over a system in whicr
ficient for trar

aiynal ls gere o2 from two svnchroncus binary sign;-s operating st the same bit rate.
The two binar: s‘gnals are adjusted in time to have & ~s:lative time difference Of one-half
the binary in‘e: z: and are combined by linear additi:- =o form a biternary signal. Each

blternary sigr &L element can assume any one of three r:ssitle states; i.e., +1, 0, or -1.
Each biternar: c<::criglling element contains informaticr -~ the state of the two binary

n

signalling cle :--c as defined in the following truthk -z:le:
Bl B2 = TZRNARY
o o -1
C l 0
1 0 Q
1 1 -1

The method of acZ:-’9on of Bl and BZ as described above - es not permit the biternary signal
to change from -. =3 +1 or +1 to -1 without an intermeZ’ate biternary signal of 0. Sinoe
there 18 half a ;::t interval time difference betweer ~-¢ binary signals Bl and B2 only one
of them can chs...: .te state during the biternary uni- :-~terval. This makes it possible

in the decodirg :-ccess to ascertain the state of the -.-.ary signal that has not changed its
state and thus g :2¢ ambiguity in decoding a biternary :_znal of O,

TRANSMISSION, T7:°Y FACSIMILE. In an amplitude-modula-::n system, that form of transmission
in which the nax:-_.o transmitted power corresponds tz --¢« maximum density of the subject
copy. 1In & freg.:: remodulation system, that form of -ransmission in which the lowest trans-
mitted frequeric:: .:rresponds to the maximum denslity ¢ -.e subject copy.

F=ll
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TRANSMISSION, DOUBLE-CURRENT (POLAR DIRECT-CURRENT SYSTEM). A form of binary telegraph
transmission in which positive and negative direct currents denote the significant con-

ditions.

TRANSMISSION LEVEL. The transmiseion level (TL) of any point in a transmission system is
derined as the power (in dBm) that should be measured &t that point when Standard

Test Signal (O dBm, 1000 Hz) ie transmitted at some point chosen as a reference point. Thus,
& point where & reading of -16 dBm 18 expected would de a "-16 TL point", sometimes ab-
breviated "-16 TLP". The transmission level of a point is a Tunction of system design and 13
s measure of the design (or nominal) gain et 1000 Hz of the system betwsen the chosen reference
point (known as the Zero Transmission Level Point or 2ero TLP) and the test point in ques-
tion. Absolute meassurements of the power of test signals at any point are in-

fluenced by the expected level as well ag by any deviations of thc system from ite desired
gain. Since field measurements are usually made either to check that the system is operating
properly or to adjust the syster: to ite design values, 1t is convenient to eliminate the
fixed effect that the Transmission Level of the test point has on measurements. This has

led to the practice of "referring readings to Zerc Transmission Level"™ using the formula:

Measurement referred to Actual Relative Transmigsion
Zero Transmission Level = Measurement - Level of the Test Point
(in dBmO) {in dBm) {TL)

A measurement expressed in dBmO, therefore, is influenced only by departures of the system
from its design value. For example, 1f & power of -15 dBm is measured at a -16 TLP, then
this would be expressed as +1 dBm0O, indicating that for some reason the system has 1 dB
excess gain.

+1 = <15 - (-16)

It is often desiradble to introduce & test tone into & system at other than the Zerc Trans-
mission Reference Level Point, In this case it 1s usual practice to introduce the teat tone
at the transmission level o! the test point. For example, if the test point is at -16 TL,
then the test tone power should be -16 dBm. Note that in this case the -16 @Bm test tone
1s actually O dBmO at the point where it is introduced. In similar manner, noise measure-
ments may also be 'referred to Zero Tranemission Level Point" to permit measurements made
at different test points to be readily compsred. For example, a noiae power measured at

35 dBrnc at a +7 TLP may be expressed as 35 - (+7) = 28 dBrncO. See NOISE, MEASUREMENT
UNIT. The term "dBr" i1s often used in international practice, having the same meaning

as "TLP", For example, a +7 TLP would be described as a "+7 dBr point",

TRANSMISSION LOSS., In communication, transmission loasg {frequently abbreviated loas) 18 a
general term used to denote B decrease in power transmission {rom one point tc another.
Transmission loss 18 usually expressed in declbels,

TRANSMISSION, PARALLEL. The sinmultaneous transmission of & certain number of signal elements.

Example A: Use of a code according to which each signal element is characterized by a
combination of 3 out of 12 frequencies simultaneously transmitted over the channel.

Example B: Use of a separate wire or circuit for each Signal element of & charscter
or word 80 that the signal elements ol @ charecter or word are simultaneously transmitted.

TRANSMISSION, SERIAL (SEQUENTIAL TRANSMISSION). Transmission at successive intervals of
signal elemente constituting a data or telegraph signal.

NOTE: The sequentigl elements may be transmitted with or without interruption, pro-
vided that they are not transmitted simultaneously.

TRANSMISSION, SIDEBAND. When a carrier frequency is modulated by r modulating signal, the two
bands of frequencles produced are on either side of the carrier frequency, include componente
shose frequencies are, respectively, the sum or difference of the carrier and the modu-~

lating frequencies. The sum frequencies form the "upper sideband” and the difference fre-
quencies form the "lower sideband”, Several forms of sideband transmission are defined.

TRANSMISSION, SIDEBAND, COMPATIBLE, That method of transmission in which the oarrier 18
deliberately reinserted at a lower level after its normal suppression to permit reception
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- .ie modulation-receivers, This method ¢f trsnsmiseion .is often
tz.ble SSB or Amplitude Modulation Equivelent (AME), The normal method
.z* nible SSP or AME s tne carrier plus upper-sidebend.

by conventlizl amp
referred tc s Co
of transmitting .

1

TRANSMISSIX, SIZZz: D, DOUBLE., In double-sideband transmission both the upper and lower
sidebands end the zarrier are trensmitted without reduction or suppression. (This 1s con-
ventional amplitude modulation (AM).)

TRANSMISSION, SIDEEAND, DOUBLE, REDUCED OR SUPPRESSED CARRIER, That method of communiostion
in which frequer:.e: produced by the process of amplitude modulation sre symmetrically
spaced both above zn3i below the carrier. The carrier level is suppressed to & velue of et
least 45 dB below :-e level of the transmitted sldebands.

TRANSMISSION, SIDZEZ::ID, INDEPENDENT. 1In independent-sideband transmission the moduletion
producte in the upz~«r snd lower sidebends are not releted tc each other but represent two
or more separate se-: of moduleting signals. The carrier frequency may be either greatly
reduced or suppressz:z,

TRANSMISSICN, SIDE=::ID, SINGLE, In single-sideband tranamission only one of the sldebsanas
1s trensmitted. Tre other sldeband ie suppressed to the maximun extent possible. The
cerrier may be transmitted fully, reduced, or suppressed.

TRANSMISSION, SINGL_I-CURRENT (NEUTRAL DIRECT-CURRENT SYSTEM). A form of telegraph
trensmission «ffected by mesns of unidirectional currents,

TRANSMISSION, SUPPRESSED OR REDUCED CARRIER. That method of communicetion in which
the cerrier frequer:y 13 suppressed elither psrtially or tc the maximum degree possible.
One or botr ¢f tre :cidebands mey be transmitted.

TRANSMISSION, SYUT=FINOUS. A transmission process such that between sny two
significant instenc: in the overall stresm, there is always an integrsl number of unit
intervals,

TRANSMISSION, VESTIZIAL SIDEBAND. That method of communicetion in which frequencies of
one sidebana, the czrrier, and only & portion of the other sideband ere transmitted.

TRANSMISSION, WHITE (FAX). 1n 8n amplitude-modulation system, thet form of trensmission
in which the maximur transmitted power corresponds to the minimum density of the subject
copy. In & freguency-modulation system, that form of tranamission in which the lowest
transmitted frecuency corresponds to the minimum density of the subject copy.

TRANSMITTER, FACSIMILE, That apparatus employed to trenslate the subject copy into
signals suiteble fcr delivery to the communicetion eystem. See FACSIMILE,

TRANSMITTEF PCWER CUTPUT RATING,

8. Whenever the power of 8 redic transmitter, etc., is referred to, it shall be
expressed in one ol the following forms:

{1} Peak envelope power (pep), sometimes sbbreviated (pp).
(2) Mean power (pp).
{3) cerrier power (p.).

L. For different classes of emission, the relationships betwesn peak envelope
power, meer power, &nd carrier power 8re defined as fullows:

y - )
{1) Pesk envelope power of o Mdio trensmitter: The power supplied to the

antenna transmisston dine by a transmitter during one redio-frequency cycle st the
higheet cres® of the moduletion envelope, taken under conditions of normal operetion,

P-ib6
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(2) Mean power Of a radio transmitter: The power supplied to the antenna trans-
miasion line by & transmitter during normal operation, averaged over a time sufficlently
long compared with the period of the lowest frequency encountered in the modulation. A
time of one-tenth second during which the mean power 1s greatest will be selected normally.

(3) Carrier power of a radio transmitter: The average power supplied to the
antenns transmission line by a transmitter during one radio-frequency cycle under conditions
of no modulation. This definition does not apply to pulse~modulated emissions.

(4) Effective radlated power: The power supplied to the antenna multiplied by the
relative gain or the antenna in & given direction,
TRANSMITTING CONVERTER, PACSIMILE., See CONVERTER, TRANSMITTING PACSIMILE.
TRANSPORTATION (DATA OR TELEGRAPH TRANSMISSION). A transmisalon defect in which, during one
character period, one Or more signal elements Bre chenged from one significant condition to
the other, and an equal number of elements are changed in the opposite sense.
TROPOSPHERIC SCATTER, (Also TROPO OR TROPOSCATTER). A method of transhorizon commnications
utilizing frequencies generelly considered line-of-sight (LOS); i.e., 350 to 8400 MHz. The
propagation mechanics 18 still not fully understood, dbut it 1s known to include several dis-
tinguishing but changeable mechanisms such as propagation by means of rendom reflections
and acattering {rom irregularities in the dlelectric gradient density of the troposphere
amooth-earth diffraction, 8nd diffraction over isclated obstacles {knife-edge refraction).

TROPOSPHERIC WAVE., A radio wave that 1s propsgeated by reflection from a place of sbrupt
change in the dlelectric constant or its gradient in the troposphere.

NOTE: In some cases the ground wave msy be so altered that new components appear to
srise from reflection in regions of rapidly-changing dielectric constant, When these ocom-
ponents are distinguishsble from the other components, they sre called tropospheric wavesa.

TRUNE. A single circuit between two points, both of which are awitohing centers and/or
individual distridution pointa.

TRUNK GROUP, See GROUP, TRUNK.

TTY. & shorthand reference to teletypewriter.

TWO-TONE KEYING. See XEYINOG, TWO-TONE,

TWO-TONE TELEGRAPH. Bee KEYING, TWO-TONE.

TWO-WIRE CIRCUIT. See CIRCUIT, TWO-WIRE.

UHF. Ultra high fregquency, 300 to 3000 MHz.

UNBAJANCED WIRE CIRCUIT, See CTRCUIT,. UNBALANCED WIRE,
UNIDIRECTTIORAL OPBRQTION. See¢ DPERATION, UNIDIRECTIONAL.

UNIY INYRRVAL. See INTERVAL, UNIT, o

&m LINE (PAX). -See LINE, AVATLABIE (FAX). . - - ..
USER'S LINE. See LOOP, LINE. B '
VESTIGIAL-SIDEBAND TRANSMISSION., Bes TRANSMISSION, -SCITEEAND, VESTTOIAL.
VHP. - Very high frequency, 30 to 3&? Wis . ) ' '
VLF. Very low frequency, 3 ta %0 kls; ‘, ' I

VODAS . ‘A &ystem fOr preventing the overs.il voloa-rrequency uﬁ;nt of & tNO-wey -
talephone circult dy disadling one G@ireoction of transmission at 1 timgn. The mane i@

- -

.dcﬂw‘ from the initlal letters of .the expression "volice-apsrated device anti-wing',

- g7
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VOGAD. A voice-opereted device uscd to give & suc:zzentlially -»nstant volume .
output for a wide range of inpute. The name 1a|der:ved from the initial letters of the

expression "voice-operated gain-sdjusted device'.
VOICE-DATA SIGNAL. See SIGNAL, QUASI-ANALOG,

VOLTAGE, PSOPHOMETRIC (PSOPHOMETRIC P.D.). Circul: rnoise voliage measured in a line with e
psophometer which includes a CCIF-1951 weighting retwork. See NOISE WEIGHTING.

NOTE: Do not confuse with psophometric emf, ~c-ceived 2s the emf in & generator
{or 1ine) with 600 ohms internal resistance, and her.ce, for practicel purposes, numerically

double the corresponding psophometric voltage.
Pscphometric voltage readings are commonly convarted to dBm (psoph) by the rclation:
dBm (psoph) + 20 logijo V - 57.78 {V in psophometric millivolts).

VOX. A volce-gperated relay circult that permits the equivalent
of puah-to-talk operation of a transmitter by the operator. Care musat be exercised that
speech from the receiver output or other sound socurces dc not activate the device.

VU. VOLUME UNIT. The unit of measurement for elec-rical apeech power in communication
work as measured by a VU meter in the prescribed manner. The VU meter 1s a volume indicator
in accordance with smerican National Standards Institute (ANSI) ¢16.5-1942, It has a dBm
scale and specified dynamic and other characteristics in order to obtain correlated readings
of speech power necessitated by the rapid fluctuatior in level of voice currents., Zero VU
equals zero dBm in measurements of sine-wave test-tone power,

VU CONVERSION FACTOR FROM VOLUME UNITS TO POWEBR IN dB®m. See TALKER-VOLUME DISTRIBUTION,
MEAN POWER OF THE.

WAVEGUILE. The term "waveguide" desjignstes:

a. A transmission line comprised of a hollow mezallic conductor, generally rectangular,
eliptical, or round in shape, within which electromagretic waves may be propagated. The
guide may under certain conditions be made of a s0lld dielectric or & dlelectric filled
conductor or,

b. A system of material boundaries cepable of gulding electromagnetic waves.

WEIGHTING, 14L4-LINE. A noise weighting used in a ncise measuring set to measure noise on
& line that would be terminated by an instrument wi:tr 2 No, lélb-recelver or similar instru-
ment. The meter scale readings are in dBrn (li44-1irne) dBrn (144-receiver).

WEIGHTING, 144-RECEIVER. A noise weighting used ir a noise measuring set to measure noise
across the receiver of an instrument equipped with z No. l4h-receiver. The meter scele
readinges are in dBrn (l44-receiver).

NOTE: This type of subaet, deskstand with hand receiver, is cbsolete.

WEIGHTING, C-MESSAGE. A noise weighting used in a noise measuring set to measure noise on
2 line that would be terminated by a S500-type or sirilar instrument. The meter scale
reasdings are in dBrn (C-message).

WEIGHTING, F1A-LINE. A noise weighting used in a ncise msesuring set to measure noise on
a line that would be terminated by a 30R-type or similar instrument., “The meter soale
readings are in dBa (FlA).

WEIGHTING, FLAT. A noise measuring set amplitude-frequency characteristic which 1s flat
over a specified frequency range, which must be stated. In addition, the falling-off
characteristics must be considered. Flat noiss power may de expressed in dBrn

(f3 - £3) or in aBm (f; - rzl. The terms 3 kHs flat weighting and 15 kliz flst weighting
Are also used for characteristics flat fram 30 Hz t: the upper frequency indicated.

rF-48
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WEIGHTING, HA1-RECEIVER. A nolse weighting used in & nolse measuring set to measure nolse
across the HAl-recelver of a 302-=:pe or similar instrument. The meter scale readings

are in dBs (HAl).

WEIGHTING NETWORK. A network wh-ze 108s varies with frequency in a predetermined manner,
See NOISE, WEIGHTING.

WEIGHTING, NOISE. In a measuring se® designed to measure circuit noise a specific ampli-
tude-frequency characterist.c or ~cise welghting characteristic 18 included to respond to
emplitude and frequency of an interference voltage and permit the measuring set to give
numerical readings which approxima-e the interfering effects to an average llstener using
a particular class of telephone irstrument and receiver. Noise welghting measurments are
made on lines terminated either % the measuring set or the class of instrument.

NOTE: The noise weightings generally used were established by agencies concerned with
public telephone service and are zased on characteristies of speciflc commercial telephone
instruments representing success’e stages of technological development. The coding of
commercial apparatus appeers in tlhe nomenclature of certain weightings. The same weighting
nomenclature and units are used Ir military versions of commercial nolse measuring sets,

WEIGHTING, PSOPHOMETRIC, A nolse weighting established by the International Consultative
Committee for Telephony (CCIF, now CCITT), designated at CCIF-1951 weighting, for use in a
nolse measuring set or psophometer. The shape of this characteristic is virtually identicel
to that of FlA weighting. The psophometer 1s, however, calibrated with a tone of B0C Hz,

0 dBm, eo that the corresponding v:ltage across 600 ohms produces a reading called 0.755
volt. This introduces a 1 dB ad’.s<ment in the formulas for conversion with dBa. See dBm,

PSOPHOMETRICALLY WEIGHTED.

WHITE NOISE, Nolse whose spectri~ s continuous and uniform 83 & functien of frequency; [for
practical purposes over a sufficlently large frequency range 1n relation to & band of fixed

)
width, (witr a Gaussian ampiitude 3istribution.)

WHITE TRANSMISSION (FAX). See TRANSMISSION, WHITE (FAX),
WIDEBAND SYSTEM, A system with a multichannel bandwidth of 20 kHz or more. Also called
BROAIBAND SYSTEM.

a. GCroup. A subdivision containing a number of volce channels, either within a super-
group or separately, normally comprised of up to 12 volce channels occupying the frequency
band 60-108 kHz. Each voice channei may be multiplexed for teletypewriter operation 1f

required.

v. Supergroup. Normally,60 v:.ce channels of & wideband path or five groups of 12
voice channels each and occupying zre frequency band 312-552 kHz.

c. Master Group. Term comprised of 10 groups = 500 channels occupying 60-2660 kHz.

d. Jumbo Group. (Term tentative). Six master groups = 3600 channels. See MULTIFLEX,
PREQUENCY DIVISION,

WIRE, ORDER. (Also called Service Wire, Engineering Circuit or Speaker Circuit). A cir-
cult for use by maintenance personnel for commniocation incident to lineup and maintenance

of comminication facilities,

WORD (TELEGRAPH). By definition,a -elegraph word shall consist of 6 character intervals
when computing traffic capacity in words per minute.

Mod rate X 10
Units per character interval

wpm =

WORD, COMPUTER, In computing, a sequence of bite or characters which ocecupy ocne storage
location and are treated by the corputer ciroults as s unit and trensferred as such.

ZERO TRANSMISSION LEVEL POINT (OTLF). See TRANSMISSION LEVEL.
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