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IEEE Standards documents are developed within the Technical Committees of the IEEE Societies and the Standards
Coordinating Committees of the IEEE Standards Board. Members of the committees serve voluntarily and without
compensation. They are not necessarily members of the Institute. The standards developed within IEEE represent a
consensus of the broad expertise on the subject within the Institute as well as those activities outside of IEEE which
have expressed an interest in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard does not imply that there are no other
ways to produce, test, measure, purchase, market, or provide other goods and services related to the scope of the IEEE
Standard. Furthermore, the viewpoint expressed at the time a standard is approved and issued is subject to change
brought about through developments in the state of the art and comments received from users of the standard. Every
IEEE Standard is subjected to review at least once every five years for revision or reaffirmation. When a document is
more than five years old, and has not been reaffirmed, it is reasonable to conclude that its contents, although still of
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have
the latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to
specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate
action to prepare appropriate responses. Since IEEE Standards represent a consensus of all concerned interests, it is
important to ensure that any interpretation has also received the concurrence of a balance of interests. For this reason
IEEE and the members of its technical committees are not able to provide an instant response to interpretation requests
except in those cases where the matter has previously received formal consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE Standards Board
345 East 47th Street

New York, NY 10017

USA
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Foreword

(This Foreword is not a part of ANSI/IEEE Std 455-1985, IEEE Standard Test Procedure for Measuring Longitudinal Balance of
Telephone Equipment Operating in the Voice Band.)

The first edition of ANSI/IEEE Std 455-1976, 1IEEE Standard Test Procedure for Measuring Longitudinal Balance of
Telephone Equipment Operating in the Voice Band, was issued on September 30, 1976.

Following issuance of the standard, members of the Subcommittee on Susceptibility of the IEEE Transmission
Systems Committee made extensive measurements of the balance of communications cable pairs and of equipment
associated with cable. A subcommittee report on this work, including five papers by inidividual members, was
presented at the 1979 National Telecommunications Conference (NTC 79). See NTC-79 Conference Record, pp
31.1.1-31.5.6. Contributing to this report were D. V. Batorsky, G. A. DeBalko, D. K. Guha, and C. D. Hansell
(chairman); W. M. Haynes, Jr, J. A. Olszewski, D. E. Robinson, and D. S. Wilson. Further work on this subject was
reported by A. K. Knowles at the 1981 International Conference on Communications (ICC 81). See ICC-81
Conference Record, pp 39.4.1-39.4.5.

Experience gained over the past several years by those who have used the standard and those who have built test
equipment intended to comply with its provisions has identified some areas for improvement. On March 11, 1982, the
IEEE Standards Board approved a Project Authorization Request from the Susceptibility Subcommittee of the IEEE
Transmission Systems Committee to undertake a revision of the standard. This edition, ANSI/IEEE Std 455-1985 , is
the result of that action.

Some highlights of this revised edition are

1) The applicable frequency range has been extended from 1500 Hz to 4000 Hz

2) The measurement of longitudinal balance of active devices is addressed. The previous edition addressed
longitudinal balance measurement on passive devices only.

3) The standard terminating test circuit has been revised to permit more accurate determination of the effects of
shunt imbalance.

4) The description of required equipment has been expanded to better define the types of voltmeter that are
suitable for measuring longitudinal balance in conformance with the standard.

5) The recommended calibration procedures have been completely rewritten to improve clarity and eliminate
possible sources of error.

6) Alternate measurement circuits consistent with CCITT recommendations have been added.

7) The measurement of cable-pair balance is addressed briefly. The subcommittee has concluded that the
establishment of detailed cable-pair balance measurement requirements is beyond the scope of this standard.

The opinion of the membership of the Susceptibility Subcommittee is that this revision significantly enhances the
usefulness of the standard. Special thanks are due L. S. Baker, R. H. Campbell, P. L. Dillon, and A. K. Knowles for
their significant contributions to the revised standard.

The members of the Susceptibility Subcommittee of the Transmission Systems Committee of the IEEE
Communications Society when this revision was prepared were:

Eugene W. Riley, Chair

G. Y.R. Allen Philip Dillon A. K. Knowles
Melvin J. Anna Joseph M. Flanigan Peter J. Lo
Leroy S. Baker Stanley W. Guzik Henry Mar
David Boneau Charles D. Hansell Harvey E. Nerhood
Terry Borgmann Harold Held J. A. Olszewski
Richard H. Campbell Lal M. Hore Stan Overby
George A. DeBalko Paul Kish Frank L. Rose
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John A. Schick William B. Wilkens
John P. Taylor Daniel S. Wilson

When the IEEE Standards Board approved this standard on December 13, 1984, it had the following membership:
James H. Beall, Chair

John E. May, Vice Chair
Sava I. Sherr, Secretary

J. J. Archambault Daniel L. Goldberg John P. Riganati
John T. Boettger Donald N. Heirman Frank L. Rose

J. V. Bonucchi Irvin N. Howell, Jr Robert S. Seelbach
Rene Castenschiold Jack Kinn Jay A. Stewart
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Edward J. Cohen Irving Kolodny W. B. Wilkens

Len S. Corey George Konomos Charles J. Wylie
Donald C. Fleckenstein R. F. Lawrence

Jay Forster Donald T. Michael*

*Member emeritus

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 07,2026 at 05:17:16 UTC from IEEE Xplore. Restrictions apply.

iv

Full document details: IEEE 455-1985


http://www.avadocuments.com/doc/ieee-455-1985
http://www.avadocuments.com/doc/ieee-455-1985

CLAUSE PAGE

1. INETOAUCTION ...ttt ettt ettt et b et e bttt e ae e sa e et esb e et sbe e st e s bt e b e sbee bt eueenteeneeneenee 1
2. PUrPOSE And SCOPE ......oeviniiiiiieee ettt e e et 2
3. DIETINILIONS ...ttt ettt s b et b et e b et eb et e e bt e bt e aeesbe et e s bt embesb e et e e bt et e e bt e bt eae et e ene e beeaee 2
4, Terminal CONMSIIAINTS .......co.tiitiriiiieieteet ettt ettt ettt ettt et ebt et e et e e st e saeemtesbeemtesbeesbesbeesnesbeeabeeaeenseeneenneenee 3
5. Metallic Impedance of Driving TeSt CITCUIL ......cc.evuerterierierieieieteteteeeeeete ettt sttt ettt e st b b sae e 4
6. Longitudinal Impedance of Driving Test CIIrCUIL........cceeteririeririenieieriteeetteie ettt ettt st sbe et s sbens 5
7. Internal Balance of Driving TeSt CiTCUIL......ccciiruerriieriiiiienieeitte st et e steeiee st et esieesbeesaaesateesbeessseenbeesssesnseenes 5
8. Terminating TeSt CITCUILL........covioiiiieiieieie ettt ettt et et s ae st e ne s e ne s e s e eae et e e e eneenne 6
8.1 Standard Terminating TeSt CIICUIL.......ueruiriirtiiierieteeitete ettt ettt et st et st et saee e saee 6
8.2 Alternate Terminating Test CIICUIL ........eiuieiirtieieriieieet ettt ettt et sbe et saeeeesaee 7
9. TSt EQUIPIMENE ...cveiiiiieiiieieeeie ettt ettt sttt et e st e st e esatesat e esateeate e baeeaseenseesabeenseesateensaesaseenbaesnsesnbeesnseenseenns 8
L B € 1= 1T v | RSOSSN 8
9.2 Equipment REQUITEA .......c.cccuiiiiiiiiiiiiiiiceeeeee ettt et ae 8
10. TESE PIOCEAUIES ...ttt sttt et b et b et h e bt e atesbe et e sb e e besb e et e s bt et e e bt e beeaeenbeeneenseens 9
1O.1 CONAILIONS «..envtintiriiiiieitenteete sttt ettt ettt et ettt ettt e bt e s bt eatesaeestesbeemtesbeembesbe e bt seaentesaaenseeseenseemeenneeneenaee 9
10.2 CaliDIALION ...c..eetieiiiieeie ettt ettt ettt st b e st a e et e s bt et e bt et e bt et e ebeemteebeemaeemeenneemaenbeennenbees 10
10.3 Measurement Of One-Port SPECIMENS......ccuiviiiiriiiriieiiieiierie ettt st see st e stesbe e eesbeesbeesbeesaeesanes 10
10.4 Measurement Of TWO-POIt SPECIMENS .....cc.ceiiuiiriiiiiiiiieieeie ettt sttt et e b e saeesaes 11
11. Presentation Of TSt RESUILS ........iiiiiiiiieie ettt ettt et te et e st e e teesabe e baeesbeesseesabeenseessseessennseenses 12
L ettt et h et b et h et h et eh e et e ea e bt e a e e eh e e bt e bt et e eb e e bt ea e et e ea e e bt enteebeentenae 12
L ettt et b et h et h et eh et e e a e bt e a et e bt et e bt et e eh e e bt e et et e ea e e nbe e st e ebeenbesae 12
L3 ettt ettt bt h e et b et h et h et eh e et e e a e e e bt e a et eh e et e bt et e eh e e bt eh e et e ea e e bt enteebeenbenae 12
Annex A Balance Measuring Set Example (INfOrmMatiVe) .......cocueoiuiiiiieiniiiiiienienieeriteeieesiee sttt siee e esiee e 13
Annex B Balance Set Calibration (INfOIMAtiVe).........ccveeciieiiieiiieiiiecieesie et esee ettt eeve et eereesaeeebeessaessseesssesseesseeens 16
Annex C Alternative Circuits (INfOIMALIVE) .....cc.uiiiiiiiiiiiiieiie ettt e e e e ete e e eette e eetteeeeveeeeaaeeeaneaan 18
Annex D Alternate Terminating Test Circuit (INfOrMAatiVE) ....ccc.eeiuiiiiiieriiiiiiinieeieerteeeeree et aeesiee e 19
Annex E Other Standards and References (INfOrmative)..........coouiiiiiiiiiiiiiicciieecieeeee ettt 20
Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 07,2026 at 05:17:16 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 455-1985


http://www.avadocuments.com/doc/ieee-455-1985
http://www.avadocuments.com/doc/ieee-455-1985

An American National Standard

IEEE Standard Test Procedure for
Measuring Longitudinal Balance of
Telephone Equipment Operating in the
Voice Band

1. Introduction

ANSI/IEEE Std 455-1976 was widely accepted by organizations in the United States and Canada as the standard
method for measuring longitudinal balance.

Prior to the issue of the standard in 1976, telephone companies and equipment manufacturers had generally agreed on
a definition for longitudinal balance for many years. This agreement extended also to the basic approach followed
when measuring balance. Testing a device for balance involves the application of a longitudinal voltage. Then, any
resulting metallic voltage is measured, and the ratio of the two voltages is used to develop a balance number.

Unfortunately, agreement ended at about this point. A number of different test circuits were used by different segments
of the telephone industry. Although all of the existing test circuits had some merits supporting their use, the mere
existence of varied circuits led to differences in test results.

In addition to differences related to the test set, test conditions and procedures can also affect the result. When an item
of equipment is to be tested, there is often a test set or procedure, or both, capable of giving any desired result.

Agreement on one way of testing for longitudinal balance had been sought. The first edition of ANSI/IEEE Std 455-
1976 , IEEE Standard Test Procedure for Measuring Longitudinal Balance of Telephone Equipment Operating in the
Voice Band, issued September 30, 1976, represented such agreement. Experience gained over the past several years by
those who have used the standard and those who have built test equipment intended to comply with its provisions have
led to this revised edition. It defines the basic requirements of a standard test circuit. Reasonable tolerances are
included so that a test-set designer will find considerable latitude to make the set according to his design.

Besides defining the requirements for a test circuit, this standard specifies test conditions and procedures to be
followed when longitudinal balance is measured. As a result, all test sets designed and used in accordance with the
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IEEE Std 455-1985 IEEE STANDARD TEST PROCEDURE FOR MEASURING LONGITUDINAL

standard will produce a consistent and repeatable balance number for a given test specimen. Similarly, comparing
balance numbers for different devices will become more meaningful when all come from tests meeting the standard.

Longitudinal balance, as defined in this standard, specifically refers to longitudinal-to-metallic balance. This differs
from the FCC definition for longitudinal balance which refers to metallic-to-longitudinal balance (see Appendix E for
details).

2. Purpose and Scope
The purpose of this standard is threefold:

1)  To define the basic requirements of a test circuit which can be used to measure longitudinal balance. This test
circuit will be capable of yielding consistent and repeatable test results.

2) To define test conditions to be established while using the test circuit. Standard test conditions are considered
vital for obtaining consistent results from a suitable circuit.

3) To describe standard test procedures to be followed when the test circuit is operated.

This standard specifies the elements of the test circuit only in general terms to allow considerable freedom when a test
set is being designed. It thereby precludes the possibility that only one set of circuit elements will be capable of
meeting the standard.

This standard is based on a resistive test circuit, although pure resistance is not essential. Resistive elements are
specified because they are generally considered easy to duplicate and balance. Repeatable and consistent balance
numbers are the object of issuing this standard.

Balance circuits are used at frequencies extending well into the megahertz range and there may be a need for
measuring longitudinal balance at high frequencies. The definition of degree of longitudinal balance and the general
configuration of the driving test circuit given in this standard are applicable at all frequencies. However, the test circuit
impedances and other requirements for measurement outside the voice band are beyond the scope of this standard.

3. Definitions

balanced circuit: A circuit in which two branches are electrically alike and symmetrical with respect to a common
reference point, usually ground.

circuit: A network providing one or more closed paths.
communication conductor: A conductor used in a communication network.

device: An item of electric equipment that is used in connection with, or as an auxiliary to, other items of electric
equipment.

driving test circuit: A test circuit used to convert an exciting test voltage into balanced longitudinal voltages on tip
and ring leads.

element: Any electric device (such as inductor, resistor, capacitor, generator, or line) with terminals at which it may be
directly connected to other devices, elements, or apparatus.

frogging: A switching technique whereby the tip and ring leads of the test specimen are reversed relative to the driving
or terminating test circuits, or both.

longitudinal balance, degree of: The ratio of the disturbing longitudinal voltage V, and the resulting metallic voltage
V. of the network under test expressed in decibels, as follows:

longitudinal balance = 20 log | V/V,,, | (dB)!

"Here and throughout this standard, log is assumed to mean log to the base 10.
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where
Vs and V,,, are of the same frequency.

longitudinal circuit: A circuit formed by one communication conductor (or by two or more communication
conductors in parallel) with a return through ground or through any other conductors except those which are taken with
the original conductor or conductors to form a metallic circuit.

longitudinal impedance: Impedance presented by a longitudinal circuit at any given single frequency.

longitudinal circuit port: A place of access in the longitudinal transmission path of a device or network where energy
may be supplied or withdrawn, or where the device or network variables may be measured.

metallic circuit: A circuit of which the ground (earth) forms no part.

metallic impedance: Impedance presented by a metallic circuit at any given single frequency, at or across the
terminals of one of its transmission ports.

metallic transmission port: A place of access in the metallic transmission path of a device or network where energy
may be supplied or withdrawn, or where the device or network variables may be measured. The terminals of such a
port are sometimes referred to as the tip and ring terminals.

NOTE — Inany particular case, the transmission ports are determined by the way the device is used, and not by its structure alone.
metallic voltage: The voltage across a metallic circuit.

network: A combination of elements or devices.

nominal metallic impedance: Impedance based on lumped constants of a metallic circuit at a given single frequency.

terminating test circuit: A network connected to a transmission port of a circuit to terminate it in a suitable balanced
termination for longitudinal balance testing. This circuit is used when a driving test circuit is connected to one such
port and the test specimen has additional transmission ports.

voice band: That part of the audio frequency range that is employed for the transmission of speech. For the purpose
of this standard, the voice band extends from 50 Hz to 4000 Hz.

4. Terminal Constraints

To determine the longitudinal balance of a test specimen, a longitudinal voltage V is applied through a driving test
circuit to both tip and ring leads of the specimen while the resulting metallic voltage V,, is monitored (Metallic voltage
may also be called transverse voltage). Balance is expressed as the logarithmic ratio of the longitudinal to metallic
voltages.

Longitudinal balance = 20 log | V/V | )

The major factors which influence how the test circuit affects the longitudinal balance of a test specimen include the
following items:

1) The actual balance of the test specimen

2) The longitudinal and metallic impedances of the driving test circuit and the terminating test circuit
3) The frequency of the applied test voltage

4) The internal balances of the driving test circuit and the terminating test circuit

5) The levels of ac and dc signals applied

Because of these interactions, it was possible, in the past, to obtain widely different balances on identical specimens
simply by modifying the impedances or balance of the driving test circuit. It is the intent of this standard therefore to
specify the values and tolerances of these impedances and the balance in a suitable driving test circuit. Furthermore,
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