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INTERNATIONAL ELECTROTECHNICAL COMMISSION
CABLES, CABLE ASSEMBLIES AND CONNECTORS -
INTRODUCTION TO ELECTROMAGNETIC (EMC)
SCREENING MEASUREMENTS
FOREWORD

1) The |EC (International Electrotechnical Commission) is a worldwide organization for sfandardi mprising
all ngtional electrotechnical committees (IEC National Committees). The objec promote
interpational co-operation on all questions concerning standardization in the eleg elds. To
this pnd and in addition to other activities, the IEC publishes International ration is
entrysted to technical committees; any IEC National Committee interested \n t ith may
partigipate in this preparatory work. International, governmental and n liaising
with the IEC also participate in this preparation. The IEC collaborates clo hnization
for Ptandardization (ISO) in accordance with conditions detern the two
orgapizations.

2) The [formal decisions or agreements of the IEC on technica ible, an
interpational consensus of opinion on the relevant subjects g entation
from|all interested National Committees.

3) The flocuments produced have the form of re the form
of st@andards, technical reports or guides apd the e.

4) In onder to promote international unificatio national
Stanflards transparently to the maximum eXent 'k i \ ds. Any
divern S e clearly
indic]

5) The } ' for any
equifg 8 _of \itS~stangdards.

6) Atte e ok the_elemgnts of this International Standard may be th¢ subject
of pq 3 S ible Tor identifying any or all such patent rights.

The somjnittees is to prepare International Standafds. In

except ommittee may propose the publication of a tefchnical

report

e typ port cannot be obtained for the publication of an International
Staﬂ a ¢l

e typ is still under technical development or where, for any other feason,
the but not immediate possibility of an agreement on an International
Standard

« type-3swhen a technical committee has collected data of a different kind from that which is

normally pumisnea as an mternational Standard, for exampile “State or tne art .

Technical reports of types 1 and 2 are subject to review within three years of publication to
decide whether they can be transformed into International Standards. Technical reports of type
3 do not necessarily have to be reviewed until the data they provide are considered to be no

longer

valid or useful.

IEC 61917 which is a technical report type 3 has been prepared by subcommittee 46A: Coaxial
cables, of IEC technical committee 46: Cables, wires, waveguides, r.f. connectors, and
accessories for communication and signalling.
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The text of this technical report is based on the following documents:

Committee draft Report on voting

46A/267/CDV 46A/284/RVC

Full information on the voting for the approval of this technical report can be found in the report
on voting indicated in the above table.

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

@%
&
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CABLES, CABLE ASSEMBLIES AND CONNECTORS -
INTRODUCTION TO ELECTROMAGNETIC (EMC)
SCREENING MEASUREMENTS

ope and object

Screening (or shielding) is one basic way of achieving electromagnetic compatibility (EMC).

Howev

for the

screen
technid
commd
of tes
specifi

2 RH
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method
Amend
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Amend
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IEC 61
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or _a confusinaly larae number of methods and concepts is available to test
4 b A 4 7 =

ng quality of cables and related components, and for definin
al report gives a brief introduction to basic concepts and ter i rev
n features of apparently different test methods. It should assis{\ i

data, and in the better understanding of screening (Q
tations and standards.

ference documents

096-1:1986, Radio-frequency cables — Part
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etation
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asuring
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reening
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nents —

3 Electromagnetic phenomena

It is assumed that if an electromagnetic field is incident on a screened cable, there is only weak
coupling between the external field and that inside, and that the cable diameter is very small
compared with both the cable length and the wavelength of the incident field. The superposition
of the external incident field and the field scattered by the cable yields the total electromagnetic
field (E;, H; in figure 1). The total field at the screen's surface may be considered as the
source of the coupling: electric field penetrates through apertures by electric or capacitive
coupling; also magnetic fields penetrate through apertures by inductive or magnetic coupling.

Additio

nally, the induced current in the screen results in conductive or resistive coupling.
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A
&

Fig

E;, H) w
A/m) and @ (C/m?)

ith

As the d to density of surface curr¢nt and
surfaceg i i lp the total field (E;, H,) or to the surface
current i extly, we may simulate the coupling into the
cable i f pface currents and charges on the gcreen.
Becaus 3 dia eter we may neglect higher modes and dan use
an addjti p jestion structure, as shown in figure 2.

Concept of a triaxial set-up

1) outer circuit, formed by |injection

cylinder and screen, characteristic

impedance Zi,

2) inner circuit, formed by al screen,

and centre conductor, chargacteristic

impedance Z; screening at the ends

not shown.

Observe the conditions Z4¢, Z5p, Zof and A in figure 3a and figure 3b.
NOTE 1 — Dy <</|.

NOTE 2 — Both ends of circuit (2) must be well screened.

Figure 2 — Defining and measuring screening parameters — A triaxial set-up
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4 The intrinsic screening parameters of short cables

The intrinsic parameters refer to an infinitesimal length of cable, like the inductance or
capacitance per unit length of transmission lines. Assuming electrically short cables, with | << A
which will always apply at low frequencies, the intrinsic screening parameters are defined and
can be measured as follows:

4.1 Surface transfer impedance , Z;

As shown in figure 2 and figure 3a (where Z;; and Z,; are zero):

Z1 = O, /(17 ) <z7mm) (4)
The dejpendence of Z; on frequency is not simple and is often shownA against
log frequency. Note that the phase of Z; may have any value, depef ruction
and frequency range.
NOTE —|in circuit 2 of figure 3a the voltmeter and short circuit can be inteys
4.2 (apacitive coupling admittance , Y,
As shopwn in figure 2 and figure 3b (where Z;; and z
(5)
The th b up to
1 GHz
While Z7 is independe h those
characteristics. There &
a) The norma/i@h ) of the
outer coaxial circu
(m/P Ky ~1/ (g% &) (6) (7)
pacitance per unit length of the two coaxial circuits.
goupling impedance Zg again derived from C; is also independent of the
Qaxial circuit and, for practical values of & ,, is only slightly depenglent on
G (Olm) Z-~ [t lp )it ey 8) (9)

=

Compared with Z;, Z¢ is usually negligible, except for open weave braids. It may, however, be
significant when Z,,, and Z,; >> Z, (audio circuits).
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Injection cylinder

] 2,:=0
L shield Zrel
-
--—

@ 4u ' o

ZZn:°0

Center conductor

l<<A

Figure 3a — Equivalent circuit for the definition and possible testing<of

Injection cylinder

Shield with apertures

A) z,,=0 £

h

Center canduc

\\f_fv
the nd possible testing of Yo =] wCq

U; (%) Z, B Us¢ Z; (1)

Figure 3b —

—

1 (x)
........... U2 (X) ZZY Bz U2f Z2 (2)
X |
l_j”<vvvw | ; arbitrary 'vvvxrv?l_j:

NOTE - Z; and C; are distributed (not correctly shown here). The loads Z, at the ends may represent matched
receivers.

Figure 3c — Definition of electrical quantities in a set-up that is matched at all ends

Figure 3 — Defining and measuring screen parameters — Equivalent circuits
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4.3 Injecting with arbitrary cross-sections

A coaxial outer circuit has been assumed so far in this report, but it is not essential because of
the invariance of Z; and Zg. Using a wire in place of the outer cylinder, the injection circuit
becomes two-wire with the return via the screen of the cable under test. Obviously the charge
and current distribution become non-uniform, but the results are equivalent to coaxial injection,
especially if two injection lines are used opposite to each other, and may be justified for worst-
case testing. Note that the IEC line injection test uses a wire.

4.4 Reciprocity and symmetry

Assuming linear shield materials, the measured Z; and Zg values will not change when
interchANgING Mjection (L) and measuring (2) circuits. Each of the tWo co TOTS of_the two-
line cifcuit can be interchanged, but in practice the set-up will have to take\intgCaccount
possible ground loops and coupling to the environment.

4.5 Arbitrary load conditions

When the circuit ends of figure 3a and figure 3b are not ideg
will ac{ simultaneously. The superposition is noticeable inr
matchgd circuits (figure 3c and table 1).

and Zg
coupling| of the

5 Lohg cables — coupled transmission lines

The cdupling over the whole length of\the sable obrained by/summing up (integratipg) the
infinitesimal coupling contributions along\the™cak while observing the correct phasg. It is
expedignt to make the following assum t

— majched circuits considered wi : s Uy, Uy, Uy, see figure 3c,

— repfresentation of fk ing)the ngrmalized wave amplitudes U/\/E[« Watt],
insfead of voltage N € c upling transfer function, in the following denoted by
"coppling fu i S

_Yn /2 I
RV NGA

NOTE 1 xd i &atio of the power waves travelling in circuits (2) and (1). Due to reciprocity and gssuming

linear s¢ree el atexials/ T is reciprocal, i.e. invariant with respect to the interchange of injegtion and
measurifng circuits

0) (11)

2
NOTE 2 |- The duantity , or in logarithmic quantities

||
Ag=—20t00,7 T (12)
may be considered as the "screening attenuation" of the cable, specific to the set-up.

Performing the straight forward calculations of coupled transmission line theory, the coupling

function T, given in table 1, is obtained. The term S{l f} is the "summing function” S, being

dependent on | and f. (The wavy bracket just indicates that the product | [f is the argument

of the function S and not a factor to S). S represents the phase effect, when summing up the
infinitesimal couplings along the line, and is:

H (13)
[l

2
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with

Bl =(B,£Bf)I=2mf {L/v,+1/v}
=2nl f (JJe,, £4/e,,) /c

subscript  * refers to near/far end respectively

(14a) (14b) (14c)

+ refers to both near/far ends

Note that weak coupling, i.e. T << 1, has been assumed. This case, including losses, is given
in [20 Halme, Szentkuti]* .

NOTE —|The equation (15) and representation in table 1 visualizes the contributions of thé différent parameters to
the coupling function T:
_ 1 Jd
T =(Z+Z)0—— 5 5.{10f €, 2 (15)
f V4L, f
Note egpecially the following points:
a) Thgre may be a directional effect (T, # T; ) i is not
nedligible. (But Z is usually negligible except wj
b) Up [to a constant factor, T is the quanti
c) Forllow frequencies, i.e. for short btained
thaf is directly proportional to | :
Z,=Z L, (164) (16b)
d) Thg summing fyncts 3 in figure 4. Note also that:
e) b} hasa ; off point may be defined as (I f )¢ :
)e, = ¢ (17)
Cn
f n‘wler /€,
f) Thg
— 1
S{I0} | = ———— (18)
| 1+ 00
(102,

* Numbers in square brackets refer to the bibliography (see annex B).
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Table 1

—-11 -

1)

— The coupling transfer function T (coupling function)

Set-up parameters 2

(Zl)i liarl

../\ -
/ \

Tn = (ZF e ZT) G#%ESH{ lDf'grl’ng}

f V4 UL f

screen parameters

\ /
""" \/rT \/

Intrinsic Cable parameters 2

"Low-frequency coupling”,

\/

short cables ¥

Length k frequency effect

A

opera:ion.
2) Er1

the obvious

powefsoupling ircul irdyity2).

g) The firstmjmnithu

) of S{IDf} occurs at

(z

(1 )min = )c.

(19)

h) As seen from equations (13) and (18), below the cut-off points (I0)., is S{IDf} =1 and

f

above them it starts to oscillate and its envelope drops asymptotically 20 dB/decade,

I

0
§| Fen
f

Env| {10} | = ——~—
f (1)

(20)
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12— 61917 © IEC:1998(E)

S is symmetrical in | and f, i.e. | and f are interchangeable. For a fixed length a cut-off
frequency f. and vice versa, for a fixed frequency a cut-off length |C may be defined.

Substituting c/A, for f, we obtain the cut-off length as
A

= °
Vo Nen e,

The effect of Sin the frequency range (I = constant) is illustrated in figure 5. The coupling
function is proportional to Z7, only if f< f, . Note also the typical values indicated for f..

(21)

The minima and maxima of S are not resonances, they are due to cancelling and additive
effgcts of the coupling afong the line.

f/th¢ outer
d. Due

to practical aspects (tolerances, homogeneity, etc.), an ideal phase i £ ,) is
not|feasible.
5 10r}

Ich can

The far end cut-off frequency is significantly influenced by the p
system (&,). Selecting €,, — &,, we obtain (I0)gs - «, i.e. no

The total effect of | on the coupling is not contained in

The product | [B is presented in figure 7 for f= con

be cables
(1> endent
shig (10)c

as

N\ N

O

‘ =
\> (I -f )cn (I -f )min,n (I -f )cf IOg (I -f )cn

(IO )¢ : cut-off point

Figure 4 — The summing function S{ |Df} for near (n) and far (f) end coupling
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log ‘ ZT‘

Iog‘T‘

-
\ \ \

f log f

Figure 50~ Coupli fer function for the same cable with negligible ya (ZF << K

uepcy responses of figure 4 and figure 5a added on log scale

Note the| cut-off effect for f> fC.

Example: &4 = 1 (set-up), E,= 2.2 (cable),
I=1m — fcn =40 MHZ, fcf =200 MHz

Figure 5 — The effect of the summing function
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-40 T T T T
dB
T[dB] T
Figure 6a — Calculated coupling transfer
60 TiztdBK _ functions T_and T, for a single braided
Z-=0
— In calculations the used parameters are:
Z; (d.c.) =15 mQ/m and Z; (10 MHz) = 20 mQ/m
increasing 20 dB/decade (see figure 5a),
-80 n length 1 m, and velocities of the outer an
TnztdBk line: v, = 200 Mm/s and v, = 280 Mm/s
| | | | corresponding a velocity difference of 40
TTI0 TIT0 AN LY T IO T ITI0
fi f[Hz]
-40 T T T T
T[qB]
TtztdBk .-
T Ba byt Im(” Z;) is
.60 |- TidBk ,/ ' 3
Tn
TndBk |/
-80 ‘
ThztdBk !
| | | :
110°  1m0° 110’

'40 I
TI§iB]
Tt Q
AU
Oa Figure 6¢ — As figure 6a but Im( Z;) is
-60[— o i — and Zg = -0,5*Im(Z;) at high frequencies}
I ; - T,is 3,5 dB higher and T, 6 dB lowe
X [ ‘ reference figure 6a because
] T OZ — Z7 O= 1,5* Z1 Dand
-
-80 . ‘ Tp 02 + Z7 0= 0,5% 2 O
— i I |
1108 100° 1m0’ mrg mmg 110%
f f[Hz]

egative

r than in

|

NOTE 1 - T, for near-end, T; for far-end and dB means that T_; are calculated indB (2019 | T, ;)

NOTE 2 — T, dB: near-end when Zg = (1/ 2)[(Zy and T,

NOTE 3 - T, dB: far-end when Zg = (1/2)[Z1 and T,

Figure 6 — The effects of the Z; and Z to the coupling transfer functions

nzt

fzt

— Infigure 6a, Zz = 0.
— Infigure 6b and figure 6c¢, Z is significant (Zg = (1/ 2)[Zy).
— Infigure 6b Zy is positive and figure 6c negative at high frequencies.

dB: near-end when Z_ = 0.

dB: far-end when Z. = 0.

T,and T;
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NOTE 1
is not de

NOTE 2

Figu

A
Iog‘I-S‘
f\w Env(.S)

Env (I.S,)

T

U

f = condt.

‘ ‘ N\

| |

[ [ o9

cn cf

— For I >|C, the maximum value of T is attained, i.e. the maxifum

pendent on | .

= ICf strongly depends on grl .

e 7 — | [B: the complete length d

uRlin r the

reening atte

T (see tal

nuation)

le 1)
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6 Transfer impedance of a braided-wire outer conductor or screen

Typical transfer impedances of cables with braided-wire screens are shown in figure 8.
The constant Z; value at the low-frequency end is equal to the DC resistance of the screen, the
20 dB/decade rise at the high-frequency end is due to the inductive coupling through
the screen and the dip at the middle frequencies is caused by eddy currents or skin effect of
the braid. Some braided cables may behave anomalously having less than a 20 dB/decade rise
at high frequencies. By using an extrapolation of 20 dB/decade we are in most cases on the
conservative side. This extrapolation can be used up to several GHz.

A
‘ ZT ‘ \AQIO )
Q

q/Qb

Log scale

8; sthgle braid 'anomalous’
d double braid
Ss: superscreen

igl Transfer impedances of typical cables

An ele¢
arrangémentas-it

of braided coaxial cable (2) is considered to be placed in a|triaxial

It is agsumed that the outer circuit (1) is the disturbing one. As stated a braided cablg has a
transfef ‘impedance Zy that increases proportionally to frequency at high frequencies, bpcause
of the leakage of the magnetic field through holes in the braid.

The total flux of the magnetic field induced by the disturbing current /; is @®,. A part of it, @',
leaks directly through the holes and includes a disturbing voltage U’ in the inner circuit.
However, a part ®”,, of @, flows in the braid and complicates the mechanism of the total
magnetic leakage by the following additional phenomenon:

The braiding wires alternate between the outer and inner layer. It means that the inner and
outer braid wires are likewise ingredients of both the inner (1) and outer (2) circuit of figure 9a.
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Flux lines
®© 06 0600000 0600000 00 0 00 °
Ivooooooooooo%oooooooool
!leesesscccesscsccsccsccsccssccccsssensscee
‘1’"12{' oooyooo oooi/ooo [ Braid
@
b

-

N

Centre conductor

Figure 9a — Complete flux

N
Eigure — Right-hand lay contribution

ure

agnetic coupling in the braid

avoidable that @ ", is partly also in the inner circuit, figure 9b.
and left hand (lIh) lay of the braiding wires bring into the inner circuit (2)

Uy = U = U”y = Bjad” |, (21)

This phenomenon is similar to the "magnetic part" of the coupling through a homogeneous
screen.

The two induced disturbing voltages oppose each other.


https://iecnorm.com/api/?name=7695dd48104f6971d60f68eed8df76cc

- 18 —

Im Z;

+30 1 MmQ

+20 4

+10 4

61917 © IEC:1998(E)

4
UNDERBRAIDED

2 Lf/MHz

04 Re Z;

-30 -20 -10

4438

! 0,2 i |

OPTIMIZED

-0+ >—
f/ MHz

OVERBRAIDED

144 2 1

A OVERBRAIDED
Z
‘T‘ ~_—_ _~ UNDERBRAIDED
10
\/ OPTIMIZED
1 } MHz
0,1 11 10 100
f
Figure 10b — Magnitude (amplitude), | Z; (f) |

Figure 10 — Measured transfer impedance

Z; (d.c. resistance Z; (d.c.)

is set to the value of 10 m Q/m)
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Braid d

0 dB, therefore Z; (time) = 12,5 mQ/m/div
he height of the spike corresponds to —

tla — Z; (3 MHz) = -4,7 x 12,5 mQ/m = -59 mQ/m
Figure 11b - Z; (3 MHz) = +4 x 12,5 mQ/m = +50 mQ/m

Fig pi Zt (time) step response of an overbraided and underbraided
single braided outer conductor of a coaxial cable

ptimization is based on these important physical facts. Both leakage phenomena

described by mutual inductances:

1o = 212
Jwly

O NE PP
M 12 2 _]Ol)ll

can be

(22)

(23)
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Clearly it is possible to make braided-wire screens where either M’;, or M”;, are dominant or
where they cancel each other, Therefore, underbraided, overbraided or optimized braids may
be considered. Figure 10a shows measured transfer impedances in the complex plane of such
screens and the main transfer impedance components of a braided screen can be observed.
From the optimized case it can be concluded that at low frequencies the braid behaves
approximately as a homogeneous tubular screen. The same can be concluded from figure 10b
where the transfer impedance amplitudes are shown as a function of frequency, but from
figure 10b it cannot be seen directly if the screen is underbraided or overbraided.

The transfer impedance of a braided-wire screen consists of the three above-mentioned main
components:

(i)

and thq

iputions to the transfer impedance

Ll h (M’12 h M”].Z) Zal h ZTh
| —

1 ;
c 1)
Ui \Il/l ' I M, - M3, Zmn
1
—_ 1
CJ—C "
T I 2 I Ly - (M, - M",)  Zyp - Zpy, @) TUZ
1
—_ 1

Figure 12b — Significant elements of circuits (1) and (2)
Figure 12 — Z; equivalent circuits of a braided-wire screen

A more complete equivalent circuit where the through capacitance C; and surface impedances
Zg of the braided cable are incorporated is shown in figure 12b. L; and L, are the (external)
inductances of the outer and inner circuit.

Many attempts have been made to calculate the transfer impedance of a braided coaxial cable.
Most of the literature [15 Ikrath], [2 Kaden], [14 Vance] have concentrated on models of
braided screens and calculation of direct leakage of the magnetic field induced by /1, and of
M’ ,,. Satisfactory results have been achieved.
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There exists very little literature [1 Fowler], [3 Tyni] on M ", but the matter has been studied
by IEC SC 46A/WG 1 and its successor TC 46/WG 5. Especially the calculation and stability of
M” 1, have been shown to be very problematic because of so many uncertain and unstable
parameters, e.g. the resistance of the crossover points of the wires, which have an effect on
the magnetic field distribution in the braid. Also the pressure of the jacket has an effect on the
small space between the right hand lay and left-hand lay of the braided wires. Not to mention
the number of wire ends per carrier and the braid angle and the tightness and optical coverage
of the braid.

After understanding the magnetic coupling mechanisms it is not surprising that the transfer
impedances of braided-wire screens vary considerably and are unstable for many braid and
cable constructions whether or not they are optimized. It is also clear that a perforated tube
cannot|be used as a model for a braided screen.

It is clpar that a loose highly optimized braid can have a very un . ing. bending,
twisting ) cover
normally has a (pure) negative transfer impedance at high fr ies se of a large
M”15 goupling through the mutual "space" between the left\and Tig raid in
compafison with a small leakage through the braid M’ ,,. Pré & OR i improve
the scrpening performance by diminishing the mutual "space 5

The manufacture of a good stable optimized cable , meters

such as:

— bra]d angle, tension (and lubricant

— number of strand in a spindle;

— wir¢ diameter;

— plating:

— prepsure on the brajid;
— [in manufacturing;

— lof the ja

IEC TG 46/WG 5,
optimized braid

s, is studying the impact of these parameterg on an
idg for braided optimization based on theory and prgctice.

A guid¢ on i ytimigation of braids will help the IEC family to talk the same lapguage
when slettit [ agnetic screening parameters (Zt; Zg; ag) of braided cables.

7 Tefst poss

A numper.of test procedures are used to test cables for their screening properties, spme of
which will be found in TEC standards. Each procedure has benefits for some users which for
historical reasons may not be widely appreciated. Table 2 summarizes the test procedures
available, some of which will be discussed here, with special reference to their applicability to
cables, cable assemblies and connectors.

7.1 Measuring the transfer impedance of coaxial cables

All tests listed in table 2 can be used on coaxial cables, but if a single test is needed to cover
frequencies above and below 100 MHz, tests 1, 4, 7, 9 and 10 can be dismissed. Of the others,
those with 's' under 'grouping’ (column 3) have better intrinsic isolation between measuring and
injection circuits, while in those with '0' under grouping the injection circuit is unscreened. The
difference is the line interchange referred to in section 4.4 above. One benefit of an
unscreened injection line is that better access may be obtained for inspection of the cable
under test, which may be useful if the sample is in any way flawed. The two test methods with
unscreened injection lines are 3 and 8. The latter, with its wide frequency coverage is
recommended for future testing.
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7.2 Measuring the transfer impedance of cable assemblies

Even with a restricted frequency range, many of the tests listed in table 2 are not suited to tests
on cable assemblies. Tests 1, 4, and 6 are unsuitable because an electrically short sample
may be needed to achieve the upper frequencies, while test 10 is still limited to frequencies
above 100 MHz. Tests with screened injection wires (2 and 5) are difficult to set up due to the
varying cross section of the assembly, a difficulty which also applies to test 3. Such objections
leave tests 7, 8 and 9. To set against its low (effective) upper frequency limit, with test 7 it is
easy to distinguish between connector and cable contributions, so it is ideal in a diagnostic
role. Test 9 works only above 30 MHz, which may be restrictive. Test 8 will require several
measurements on each sample, as it is unreasonable to assume that a cable assembly has
circular symmetry.

It is on|y fair to state that in any frequency domain test on cable assembli
is not fecorded, a test is only valid if the sample length is not varied/(t
samplg of one length, cannot be used to assess a sample of ano
longer jor shorter). Of the transfer impedance tests being discussed,
this waly.

Multi-cpnductor cable assemblies are more complex, becat sidered

to be cpaxial. A test for such cable assemblies has not

7.3 N
In pring
As with with an
unscre y have
becom of the

attache

varied than coaxial connectors. However, non-
peans implied by the test procedures of fable 2,
10 would become appropriate. This problem is

Multi-p
circulal connect
though| by suita
under s$tudy.

NOTE — \ ) tline J6r measurement of symmetrical multicore cables, multipin connectors
and cabl itR
The prol

a) the fhet ctor is\electrically short, while the parameters of a cable are distributed, and i may be
electfi N

b) multitcore cableg rare
conductors,

have circular symmetry. This applies both physically and to the signal paths|on their

c) most maki-pin connectors have no circular symmetry; nor are they equally spaced from other conductofs, which
mighk cetple to them;

d) economics will dictate that a cable assembly test should apply to other assemblies using the same components,
even though of differing overall length.
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