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Magnetic Fields of Twisted-Wire Pairs

SAUL SHENFELD

Abstract—On the basis of an expression given by Buchholz for
the magnetic-vector potential for an infinitely long twisted-wire
pair, the expressions for the external component-flux densities in
cylindrical coordinates have been developed. These expressions
checked very well with data obtained in the proximity of precision-
wound twisted-wire pairs. A generalized graph for various radii and
pitch lengths has been developed to enable the design engineer to
quickly predict the strength of the magnetic field for all three spacial
components at distances in the proximity of a twisted-wire pair.

INTRODUCTION

LECTROMAGNETIC compatibility studies require
that the fields from sources of magnetic energy be
well known. Unfortunately, many of these sources are not
defined to the desired degree of accuracy. This applies to
the case of the twisted-wire pair, which, despite its wide-
spread use, has been sparsely covered in the open litera-
ture. Two reports recently have attempted to fill this gap.
One, by Alksne, is purely theoretical [1], whereas the
second, by Moser and Spencer [2], provides both ex-
perimental work as well as theoretical analysis.

This paper gives the theoretical expressions for the com-
ponents of the magnetic-field strength of a uniformly
wound twisted-wire pair in the near field expressed as an
infinite series of terms. As shown later, the first term in this
series is dominant; a graph of this first term is provided so
that designers may quickly determine the field strength
near the twisted pair. This field strength is of importance
in EMC prediction of cable-to-cable interference since,
due to space limitations, the separation distance between
the ecables may be small. The author has not seen in the
American literature an expression for the near field from
twisted-wire pairs except in the articles previously cited.
The EMC designer at the present time must therefore
rely on rule-of-thumb approximations for the field of
twisted-wire pairs. The present article fills the gap by pro-
viding a theoretical expression which gives the field of a
uniform twisted-wire pair and a useful graph based on this
expression. With the magnetic-field strength known, the
designer then has the means to calculate interference
generated in an adjacent low-level cable.

MagNETIC-POTENTIAL FUNCTION

During the course of a review of the open literature on
this subject, an expression given by Buchholz for the mag-
netic-potential function for a twisted pair of infinite length
was found to be useful in the determination of the various
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components of magnetic-field strength as a function of
distance [3]. The equation of the magnetic-potential func-
tion as given by Buchholz in rationalized mks units is
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where the upper part is used for p = a, the lower part is

used for p Z a, and

®  magnetic-potential function, amperes

a radius to center of conductors of twisted-wire pair,
meters

0 angular displacement with respect to reference of
an arbitrary point, radians

6,/ angular displacement with respect to reference of a
line joining the twisted-pair conductors at reference
plane (z = 0), radians

2 distance along axis of twisted pair, meters

h pitch distance of twisted pair, meters (distance for

1 cyele)

p perpendicular distance from axis of twisted pair
to arbitrary point, meters

A any odd integer from 1 to infinity

1 current, amperes

I, modified Bessel function of the first kind of order A

K, modified Bessel function of the second kind of
order \.

A diagram of the configuration is presented in Itig. 1.
The z direction is perpendicular to the plane of the paper.
The conductor wires are assumed to be infinitely thin.

Derivation or MaeNETIC-IFIELD INTENSITY

Equation (1) is accurate for the calculation of the mag-
netie-field intensity in the proximity of the twisted pair.
The magnetic-field intensity in each of the cylindrical
components may be derived by taking the gradient of the
potential funetion given in (1). Thus,
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where H is the magnetic-field intensity in amperes per
meter.
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Since this paper is concerned with fields for which
p > a, the following substitution will be made in (1) for
the derivative of the modified Bessel function of the first
kind. Thus, since

IVG) = L) — gzmz) ®)

wherez = \ (2wa/h), substituting in (1) for p = a yields
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Taking the partial derivatives of (4), as indicated by (2),
yields the following equation for the three components
of magnetic-field intensity:
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Substitution of the relation
A
K)\'(Z) = — [K)\_l(.?) + ; K)\(Z)} (6)

in (5) gives
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Applying (2) to (4) gives for H, and H,
8ral 135 ( 27a 1
He= =" 2 '\[IH )‘h>_2m/h

2ma 2mp 27z
. I)\<)\ 7)] K)\ ()\ —h—>} cos A <9 - BM/ — T)
8)
dal V2T ( 27a 1
T Z; ; A I:I)‘_l A T) B 2wa/h

2ma 212) _ ;L 2_7!'2)
. Ix<)\ T )] K, <)\ W >} cos A (0 0. W
)

Equations (7)—(9) may be given in terms of the flux
density B in webers per square meter since B = uH,
where po is the permeability of free space (47 X 1077
H/m).
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Fig. 1. Cross section of twisted-wire pair.

GRAPH OF THEORETICAL EQUATIONS AND
EXPERIMENTAL DATA

Equations (7)—(9) then give the value of the magnetic
field intensities in the region around the twisted-wire pair.
Each component is a summation over all the values of A,
which makes the expressions cumbersome; however, they
are considerably simpler than those given by Moser [2].

Plots of AB based on (7)—(9) are given in Figs. 2-4 under
the following conditions:

1) A normalized variable p/h has been used along the
axis of the abscissas.

2) The vertical axis is plotted in terms of hB, where /4 is
the piteh distance in inches and B is the flux density in
gauss. The values plotted have been normalized to 1
guass-inch, and the values plotted as ordinates are in
terms of decibels with respect to 1 guass-inch, the
reference level, as obtained from the following equation:

dB = 20 logy |hB| (10)

where A is the pitch distance in inches, B is the flux
density in gauss, and IhBl is the absolute value.

3) The figures have been calculated for various values
of the normalized parameter a/h.

4) Only the first three terms of the series have been
plotted in Figs. 24, and the variation and sign changes
given by the trigonometric multiplier in (7)—(9) have not
been included. Thus B,, as given by (7), is a function of
thesin \(§ — 85" — 2mz/h). If

6 — 0, — 2mz/h = w/2 (11)
the value of the sine multiplier is given by
ST N =1,3,5, 12)

<

which means that the valueis + 1 forx =1 — 1 for X = 3,
+1, for A = 5, ete., and that the components alternate in
sign for this value.

However, B, and B, depend on the cosine. For values of
the argument, when

0 — O_M, - 271'2/h = T (13)
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Fig. 2. Absolute value of pitch times flux density 2B, for first three
terms for AN(8 — 8y’ — 2w2z/h) = A= /2) or A(3%/2).
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Fig. 4. Absolute value of pitch times flux density hBs for first three
terms for M@ — 0y’ — 27x2z/h) = 0 or Am.

one has

cosAw, A=1,3,5 (14)

which equals —1 for any value of A, and the components
are all additive for this value of the variable.

Shown in Figs. 2-4 are plots of the pitch distance A times
each of the three components of the magnetic flux density,
B,, B., and By plotted as a function of the nondimensional
parameter p/h for several values of a/h. The units in the
plot were chosen for the convenience of the user; thus,
inches are to be substituted for £ in order to determine the
flux density. The flux density obtained will be in gauss,
which is commonly used in electromagnetic compatibility
work. The plots given are the absolute maximum am-
plitude of the three terms without regard to sign. These
plots are the maximum value of thB| with respect to the
argument of the trigonometric term. Whether the value is
maximum or rms depends on the corresponding value of the
current. As may be seen from the various graphs, the
first term in the series quickly becomes the dominant term.

In Figs. 5-7, the first term of the series is plotted as a
funection of p/h with a/h as the parameter. The minimum
value of p/h to which the curves are plotted is the radius
of the twisted-wire pair from the axis to the center of the
conductor, as shown in Fig. 1.

Figs. 2-7 give the value of gauss-inches corresponding to
various values of p/h and a/h. In order to determine the
flux density in gauss, one must add the following quantity
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