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CoNcLusIONS

The principal advantage of the cable load over commer-
cial loads is its much greater linearity. Therefore, it is
specifically recommended for use in systems tests where
precise harmonie measurements are important. In general,
a cable load is practical and even advantageous for use in
the HF, VHY, and UHF frequency ranges, provided that
power requirements at upper VHEF and at UHF fre-
quencies are not too high. The inherent simplicity of the
cable load allows it to be more readily available than com-
mercial loads. A considerably greater number of suppliers
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stock cables rather than dummy loads. The majority of
cables found in the laboratory do not contain Copperweld
or ferromagnetic Nichrome center conductors, and thus are
suitable for linear dummy loads.
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Predicting the Magnetic Fields from
a Twisted-Pair Cable

J. RONALD MOSER, MEMBER, IEEE, AND RALPH F. SPENCER, JR., MEMBER, IEEE

Abstract—A theory that predicts the magnitude of low-frequency
magnetic fields near a current-carrying twisted-pair cable is de-
veloped. By asymptotically expressing the theoretical results, it is
shown that the magnetic fields from a twisted-pair cable of pitch
distance p decrease exponentially with the radial distance from the
center of the cable. The asymptotically expressed result is verified
experimentally for a radial distance as large as (3/2)p. At such a
distance, the maximum fields from the cable are shown to be 50 dB
below that from a two-wire line (two parallel wires), even though
both the cable and the wire line are carrying the same amount of
current,

INTRODUCTION

HE TWISTED-PAIR (twisted-wire) eable has long
been used to localize stray magnetic fields of low
frequency. An extensive quantitative study of low-fre-
quency magnetic fields near a current-carrying twisted-
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pair cable has not appeared primarily because of the
complexity of the fields. However, qualitatively, its be-
havior is reasonably well understood.

The need for a quantitative study of the twisted-pair
cable exists. In certain situations one must decide how
closely such a cable can be placed near other cables without
sustaining an intolerable amount of interference. Quanti-
tative prediction is becoming more important as systems
become more complicated and space becomes scarcer.

The twisted-pair cable can be represented mathemati-
cally as a double helix, but the magnetic fields from the
helix cannot be described simply. Because the current
elements from the cable constitute a complicated spatial
orientation, it is hard to obtain a simple useful model for
such a cable. Alksne [1] did derive a model, but it utilized
the following two assumptions that precluded using it
for practical interference predictions.

1) The pitch distance p is much greater than the
radius e of the twisted pair. (This assumption was used to
justify neglecting the » and 8 components of the current
and hence the z component of the magnetic field. However,
experimental results have shown that a significant z
component of the magnetic field exists for a twisted-pair
cable.)

2) The distance from the axis of the twisted-pair cable »
is much greater than a. (This condition is not necessarily
true in practice.)
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It is the purpose of this paper to provide a method
without limiting assumptions for a more accurate calcula-
tion of the magnetic fields from a twisted-pair cable and to
verify these fields experimentally.

THEORY OF THE TwISTED-PAIR CABLE

A realistic model for a twisted-pair cable is an infinitely
long bifilar helix! (Figs. 1 and 2) that consists of two
helices having the same radius and pitch; the helices are
lIocated 180 spatial degrees from each other. The electro-
magnetic fields for a single helix of infinite extent have been
calculated by Sensiper [2]. In his calculations, he assumed
that: 1) the helical wire can be represented by an infinitesi-
mally thin current element, and 2) the effect of insulation
on the wire was negligible. Both assumptions are not
limiting at the low frequencies of interest here.

When Sensiper’s? calculations are followed, the magnetic
vector potential at low frequencies for the first helix 4, in
a cvlindrical coordinate system is
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a = helix radius
2mwa
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7 = helix current
1,(X). Ku(X) = mth order modified Bessel functions of
first and second kinds, respectively

p = helix pitch distance
r = radial distance from axis of twisted-
pair cable
M = !m cot \I/l = |mq|
uo = free space permeability
¥ = helix pitch angle.

! This model was suggested by Dr. M. Kaplit, Moore School
of Electrical Engineering, University of Pennsylvania, in a private
cominunication. . o

* Sensiper calculated the Hertzian electric potential instead of the
magnetic vector potential.
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Fig. 1. Bifilar helix model of twisted-pair cable. a—helix radius;

p—helix pitch distance.
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Fig. 2. Top and side views of bifilar helix model. a—helix radius;
cot ¥ = 2ra/p: p—helix pitch distance; ¥—helix pitch angle.

The magnetic veetor potential for the second helix A
can be derived from A4,(i, 8, 2) by substituting —< for 4%
and by replacing ¢ by 6 &= = (or, equivalently, replacing 2
by z & (p,2)). Mathematically, this procedure corresponds
to the one used in the following equation:

A-g()'. 6, 2) =

- —A (r, 9,z + g) 2

—Ai(r, 0 = 7, 2)
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The total magnetic vector potential produced by the
bifilar helix current is 4; = 4, +— 4. Since 71—, = 9,
I——n(X) = In(X)) and K_,(\) = K,,(X), Ar = arATr +
@Ar, + a,Ar,, where
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The magnetic-field components are found from B =
V X Ay, which yields the following results:
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and
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CALCULATIONS

A computer program was written to obtain numerical
results for B, as a function of radial distance ». The peak
amplitude of B, was seen to be an approximate exponential
function of . As r increased, the approximation became
better.

The computer subroutine for caleulating 7 (a} und Ki(3)
was limited by 8 < 88. For our calculations

7 2qr
= (2m + l)q(—l = (2m + 1) —p— < S8 9)

or, equivalently,

@m+ hr <! )

As 7 increased and the exponential approximation became
closer, fewer terms were included in the final result.
Therefore, the first term (m = 0) appeared to be the
dominant term. We set m = 0 and then sin [6 — (27 p)z]
= 1in (6) and used the asymptotic expression for K(3)
lim K,(8) = \/l (e (10)
B> 26
Thereby, a closed form was obtained for the maximum
radially directed flux density

B,(max) = o {1 Li(g)

+ - [IO(Q) + 1x(q)] } PRty

2 (11)

where the symbols are as defined in Figs. 1 and 2.
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