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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

MULTICORE AND SYMMETRICAL PAIR/QUAD CABLES FOR DIGITAL 
COMMUNICATIONS – 

Part 1-2: Electrical transmission characteristics and test methods of 
symmetrical pair/quad cables  

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

This consolidated version of the official IEC Standard and its amendment has been 
prepared for user convenience.

IEC TR 61156-1-2 edition 1.1 contains the first edition (2009-05) [documents 46C/853/DTR 
and 46C/889/RVC] and its amendment 1 (2014-09) [documents 46C/993/DTR and 
46C/1000/RVC].

In this Redline version, a vertical line in the margin shows where the technical content is 
modified by amendment 1. Additions and deletions are displayed in red, with deletions 
being struck through. A separate Final version with all changes accepted is available in 
this publication.
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The main task of IEC technical committees is to prepare International Standards. However, a 
technical committee may propose the publication of a technical report when it has collected 
data of a different kind from that which is normally published as an International Standard, for 
example "state of the art". 

IEC 61156-1-2, which is a technical report, has been prepared by subcommittee 46C: Wires 
and symmetric cables, of IEC technical committee 46: Cables, wires, waveguides, R.F. 
connectors, R.F. and microwave passive components and accessories. 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 

A list of all parts of the IEC 61156 series, under the general title: Multicore and symmetrical 
pair/quad cables for digital communications, can be found on the IEC website. 

The committee has decided that the contents of the base publication and its amendment will 
remain unchanged until the stability date indicated on the IEC web site under 
"http://webstore.iec.ch" in the data related to the specific publication. At this date, the 
publication will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

A bilingual version of this publication may be issued at a later date.  
 

IMPORTANT – The “colour inside” logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct 
understanding of its contents. Users should therefore print this document using a 
colour printer. 
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MULTICORE AND SYMMETRICAL PAIR/QUAD CABLES FOR DIGITAL 
COMMUNICATIONS – 

 
Part 1-2: Electrical transmission characteristics and test methods of 

symmetrical pair/quad cables  
 
 

1 Scope 

This technical report is a revision of the symmetrical pair/quad electrical transmission 
characteristics present in IEC 61156-1:2002 (Edition 2) and not carried into IEC 61156-1:2007 
(Edition 3). 

This technical report includes the following topics from IEC 61156-1:2002: 

– the characteristic impedance test methods and function fitting procedures of 3.3.6; 
– Annex A covering basic transmission line equations and test methods; 
– Annex B covering the open/short-circuit method; 
– Annex C covering unbalance attenuation. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. 
For dated references, only the edition cited applies. For undated references, the latest edition 
of the referenced document (including any amendments) applies. 

IEC 60050-726, International Electrotechnical Vocabulary – Part 726: Transmission lines and 
waveguides 

IEC 60169-15, Radio-frequency connectors – Part 15: R.F. coaxial connectors with inner 
diameter of outer conductor 4,13 mm (0,163 in) with screw coupling – Characteristic 
impedance 50 ohms (Type SMA) 

IEC 61156-1:2007, Multicore and symmetrical pair/quad cables for digital communications – 
Part 1: Generic specification 

IEC 61169-16, Radio-frequency connectors – Part 16: Sectional specification – RF coaxial 
connectors with inner diameter of outer conductor 7 mm (0,276 in) with screw coupling – 
Characteristics impedance 50 ohms (75 ohms) (type N) 

IEC/TR 62152, Background of terms and definitions of cascaded two-ports 

3 Terms, definitions, symbols, units and abbreviated terms 

3.1 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC 60050-726 and,  
IEC TR 62152 and the following apply: 

3.1.1 
single-ended  
measurement with respect to a fixed potential, usually ground 
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3.2 Symbols, units and abbreviated terms 

For the purposes of this document, the following symbols, units and abbreviated terms apply. 

Transmission line equation electrical symbols and related terms and symbols: 

R pair resistance (Ω/m) 
L pair inductance (H/m) 
G pair conductance (S/m) 
C pair capacitance (F/m) 

α attenuation coefficient (Np/m) 

β phase coefficient (rad/m) 

γ propagation coefficient (Np/m, rad/m) 

νP phase velocity of cable (m/s) 

νG group velocity of cable (m/s) 

τP phase delay time (s/m) 

τG group delay time (s/m) 
ZC complex characteristic impedance, or mean characteristic impedance if the pair 

is homogeneous or free of structure (also used to represent a function fitted 
result) (Ω) 

∠ZC angle of the characteristic impedance in radians 

Z∞ high frequency asymptotic value of the characteristic impedance (Ω) 
l length (m) 
j imaginary denominator 
Re real part operator for a complex variable 
Im imaginary part operator for a complex variable 

ω radian frequency (rad/s) 
f frequency (Hz) 

R’  first derivative of R with respect to ω 

C’  first derivative of C with respect to ω 

L’  first derivative of L with respect to ω 

R0 d.c. resistance of a round solid wire with radius r (Ω/m) 

RC constant with frequency component of resistance which is about 1/4 of the d.c. 
resistance (Ω/m) 

RS square-root of frequency component of resistance (Ω/m) 

LE external (free space) inductance (H/m) 
LI internal inductance whose reactance equals the surface resistance at high 

frequencies (H/m) 

σ specific conductivity of the wire material (S/m) 

ρ resistivity of the wire material (Ω/m2) 

µ permeability of the wire material (H/m) 
r radius of the wire (m) 

δ skin depth (not to be confused with the dissipation factor tan δ) (m) 
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µσ

δ
 f

 = 
π

1
 

tan δ dissipation factor 

 tan δ = G/(ωC) 
q forward echo coefficient at the far end of the cable at a resonant frequency 

p reflection coefficient measured from the near end of the cable at a 

 resonant frequency,  p = 
CCM

CCM20/10
ZZ
ZZPSRL

+
−

=−  

AQ forward echo attenuation at a resonant frequency (dB) 

AQ = – 20 log q 
PSRL structural return loss at a resonant frequency (dB) 

PSRL = – 20 log p 

K = 2αl – 1 when 2αl >> 1 (Np) 

AQ = 2 × PSRL – 20 log(2αl – 1) (dB) where 2αl is in Np 

ZOC complex measured open circuit impedance (Ω) 

ZSC complex measured short circuit impedance (Ω) 

ZCM characteristic impedance as measured (with structure) (Ω)  

 Z  Z   = Z OCSCCM  

ZMEAS  complex measured impedance (open or short) (Ω) 

ZIN input impedance of the cable when it is terminated by ZL (Ω) 

ZOUT output impedance of the cable when the input of the cable is terminated by 
ZG (Ω) 

ZCN  nominal characteristic impedance of a cable and is the specified ZC value at a 
given frequency with tolerance and the structural return loss SRL limits in dB in 
a frequency range (Ω) 

ZN nominal (reference) impedance of the link and/or terminals (the system) 
between which the cable is operating (Ω) 

ZR (nominal) reference impedance that is used in measurement. Normally (for 
actual return loss results), ZR = ZN. When using a return loss measurement to 
approximate SRL, it is practical to choose ZR to give the best balance in the 
given frequency range (Ω) 

ZT terminated impedance measurement made with the opposite end of the cable 
pair terminated in the reference impedance ZR (Ω) 

ς  reflection coefficient measured in the terminated measurement method 

Z + Z
Z  Z = 

CR

CR −
ς  

ZG termination at the cable input when defining the output impedance of the cable 
ZOUT (Ω) 
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ZL termination at the cable output when defining the input impedance of the cable 
ZIN (Ω) 

L0, L1, L2, L3 least squares fit coefficients for angle of the characteristic impedance 
K0, K1, K2, K3  least squares fit coefficients of the characteristic impedance 

ZC fitted magnitude of the characteristic impedance (Ω) 

ZCM measured magnitude of the characteristic impedance (Ω) 

∠ (V1N) input angle relative to a reference angle in radians 

∠ (V1F) output angle relative to the same reference angle in radians 

k multiple of 2π radians 
S11 reflection coefficient measured with an S parameter test set 
RL return loss (dB) 

SRL structural return loss (dB) 

 
Attenuation unbalance electrical symbols: 

TA transverse asymmetry 
LA longitudinal asymmetry 

R1, R2 resistance of one conductor per unit length (Ω) 
L1, L2 inductance of one conductor per unit length (H) 
C1, C2 capacitance of one conductor to earth (F) 
G1, G2 conductance of one conductor to earth (S) 

αu unbalance attenuation (dB) 
Tu unbalance coupling transfer function 

Zcom characteristic impedance of the common-mode circuit (Ω) 

Zdiff characteristic impedance of the differential-mode circuit (Ω) 

Zunbal unbalance impedance (Ω) 

  length of transmission line (m) 

x length coordinate (m) 

γcom propagation factor of the common-mode circuit (Np/m, rad/m) 

γdiff propagation factor of the differential-mode circuit (Np/m, rad/m) 

αdiff   operational differential-mode attenuation of the cable (dB) 

αcom operational common-mode attenuation of the cable (dB) 

∆R resistance unbalance of the sample length (Ω) 

∆L inductance unbalance of the sample length (H) 

∆C capacitance unbalance to earth (F) 

∆G conductance unbalance to earth (S) 
S summing function 
Udiff voltage in the differential-mode circuit (V) 
Ucom voltage in the common-mode circuit (V) 

n, f index to designate the near end and far end, respectively 
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