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IEEE Recommended Practices for
Measurement of Electric and
Magnetic Fields from AC Power Lines

1. Purpose

The purpose of this document is to establish
uniform procedures for the measurement of
steady state electric and magnetic fields from
alternating current overhead power lines and
for the calibration of the meters used in these
measurements. A uniform procedure is a pre-
requisite to comparisons of electric and mag-
netic fields of various alternating current over-
head power lines. These procedures apply to
the measurement of the near fields close to
ground level. They can also be tentatively ap-
plied to electric field measurements near an
energized conductor or structure with the
limitations outlined in 3.5 of this document.

2. Definitions

For additional definitions, see ANSI/IEEE
Std 100-1977, Dictionary of Electrical and
Electronics Terms.

electric field. A vector field of electric
field strength. The electric field (E-field) at a
point is a space vector defined by its space
components along three orthogonal axes. For
steady state sinusoidal fields, each space com-
ponent is a complex number or phasor. The
magnitudes of the components, expressed by
their rms values in volts per meter, and the
phases need not be the same [1].2

2Numbers in brackets correspond to those of the
Bibliography, Section 8 of this recommended practice.

7

NOTE: The space components (phasors) are not vec-
tors. The space components have a time dependent
angle while vectors have space angles. For example, the
sinusoidal electric field E can be expressed in rec-
tangular coordinates as

-

E=a, Ex +a, Ey +a, E,. (Eq 1)

The x-space component is
E. = Re (Ey, &%x W)= E_, cos (¢ + wt).

The magnitude, phase, and time dependent angle are
given by E,,, ¢, and (¢, + wt) respectively. In this
representation the space angle is specified by the unit
vector d,.

An alternative general representation of a
steady state sinusoidal E-field derivable alge-
braically from Eq 1 and perhaps more useful in
characterizing transmission line fields, is a vec-
tor rotating in a plane where it describes an
ellipse whose semi-major axis represents the
magnitude and direction of the maximum value
of the electric field, and whose semi-minor
axis represents the magnitude and direction of
the field a quarter cycle later [1], [2]. The
electric field in the direction perpendicular
to the plane of the ellipse is zero. See single
phase and three phase ac fields.

frequency. The number of complete cycles of
sinusoidal variation per unit time. Electric
and magnetic field components have a funda-
mental frequency equal to that of the trans-
mission voltages and currents.

NOTE: For ac transmission the frequency is 60 Hz
in North America and 50 Hz in Europe and other areas
of the world.

harmonic content. Distortion of sinusoidal
waveform characterized by indication of the
magnitude and order of the Fourier series
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terms describing the wave. The harmonic con-
tent of the electric field coincides with that
of the line voltage. The harmonic content of
the magnetic field coincides with that of the
line current.

NOTE: For power transmission lines the harmonic
content is small and of little concern for the purpose
of field measurements except at points near large
industrial loads (saturated power transformers, n-pulse
rectifiers, aluminum and chlorine plants, etc) where
certain harmonics may reach 10 percent of the line
voltage. Laboratory installations may also have voltage
or current sources with significant harmonic content.

magnetic field. A vector field of magnetic
flux density (B-field) generated by the cur-
rents in the conductors of transmission
lines. The vector properties of the field are
the same as those given above for the electric
field. The magnitudes of the field components
are expressed by their rms values in tesla
(1077 T=1mG).

maximum value of the electric field strength.
The maximum value of the electric field
strength at a point is the rms value of the
semi-major axis magnitude of the field el-
lipse. Its direction is along the major axis.
See electric field strength.

maximum value of magnetic field. The
maximum value of the magnetic field at a point
is the rms value of the semi-major axis magni-
tude of the field ellipse. Its direction is along
the major axis.

perturbed electric or magnetic field (3 Cases)

(1) weakly perturbed field. The field at a
point will be regarded as weakly perturbed
if the magnitude does not change by more
than 5 percent or the direction does not vary
by more than 5 degrees, or both, when an ob-
ject is introduced into the vicinity. The electric
field at the surface of the object is in general
strongly perturbed (see (3) below) by the
presence of the object. At power frequencies
the magnetic field is not in general perturbed
by the presence of objects which are free of
magnetic materials. Exceptions to this are re-
gions near the surface of nonmagnetic electric
conductors which develop eddy currents be-
cause of the B-field time variation.

(2) moderately perturbed field. The field
at a point will be regarded as moderately per-
turbed if the magnitude varies between 5 per-
cent and 30 percent or the direction varies
between 5 degrees and 30 degrees, or both,

RECOMMENDED PRACTICES FOR MEASUREMENT OF ELECTRIC

when an object is introduced into the vicinity.

(3) strongly perturbed field. The field at a
point will be regarded as strongly perturbed
if the magnitude varies in excess of 30 percent
or the direction varies in excess of 30 degrees,
or both, when an object is introduced into the
vicinity .

phasor. A phasor is a complex number. Unless
otherwise specified, it is used only within the
context of steady state alternating linear sys-
tems. In polar coordinates, it can be written
as Ae/? where A is the amplitude or magnitude
(usually rms but sometimes indicated as peak
value) and 6 is the phase angle. The phase angle
0 should not be confused with the space angle
of a vector. See electric field strength.

single-phase ac fields. A single-phase field is
generated by high voltage electrodes energized
by a single source of alternating voltage. All of
the field space components are in phase. The
field at any point can be described in terms of
its direction in space and its time varying mag-
nitude.

three-phase ac fields. Three-phase transmission
lines generate a three-phase field whose space
components are not in phase. The field at any
point can be described by the field ellipse, that
is, by the magnitude and direction of the semi-
major axis and the magnitude and direction of
its semi-minor axis. See electric field strength.

In a three-phase field, the electric field at
large distances (2 15 m) away from the outer
phases (conductors) can frequently be con-
sidered a single-phase field because the minor
axis of the electric field ellipse is only a frac-
tion (less than 10 percent) of the major axis
when measured at a height of 1 m. Similar
remarks apply for the magnetic field.

uniform field. A region is said to have a uni-
form field if at any instant in time and at all
points defining the region, the magnitude and
direction of the field are constant.

vertical component of the electric field
strength. The vertical component of the elec-
tric field strength under a transmission line is
the rms value of the component of the electric
field along the vertical line passing through
the point of measurement. This quantity is of-
ten used to characterize inductiop, effects in
objects close to ground level.
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