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| EEE Standar ds documents are devel oped within the Technical Committees of the | EEE Societies and the Standards
Coordinating Committees of the IEEE Standards Board. Members of the committees serve voluntarily and without
compensation. They are not necessarily members of the Ingtitute. The standards devel oped within IEEE represent a
consensus of the broad expertise on the subject within the Institute as well as those activities outside of |EEE that have
expressed an interest in participating in the development of the standard.

Use of an |IEEE Standard iswholly voluntary. The existence of an | EEE Standard does not imply that there are no other
waysto produce, test, measure, purchase, market, or provide other goods and services related to the scope of the IEEE
Standard. Furthermore, the viewpoint expressed at the time a standard is approved and issued is subject to change
brought about through developments in the state of the art and comments received from users of the standard. Every
|EEE Standard is subjected to review at least every five years for revision or reaffirmation. When a document is more
than five years old and has not been reaffirmed, it is reasonable to conclude that its contents, although still of some
value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have the
latest edition of any |EEE Standard.

Commentsfor revision of |IEEE Standards are welcome from any interested party, regardless of membership affiliation
with |EEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to
specific applications. When the need for interpretations is brought to the attention of |EEE, the Institute will initiate
action to prepare appropriate responses. Since |EEE Standards represent a consensus of all concerned interests, it is
important to ensure that any interpretation has also received the concurrence of a balance of interests. For this reason
| EEE and the members of itstechnical committees are not ableto provide an instant response to interpretation requests
except in those cases where the matter has previously received formal consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, |EEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331
USA

IEEE Standards documents may involve the use of patented technology. Their approval by the Institute of
Electrical and Electronics Engineers does not mean that using such technology for the purpose of conforming to
such standards is authorized by the patent owner. It is the obligation of the user of such technology to obtain all
necessary permissions.
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Introduction

(Thisintroduction is not part of |EEE Std 644-1994, | EEE Standard Procedures for This Measurement of Power Frequency Electric

and Magnetic Fields From AC Power Lines.)

This standard is a revision of IEEE Std 644-1987 (a revision of IEEE Std 644-1979), which establishes uniform
procedures for measuring power frequency electric and magnetic fieldsin the vicinity of ac power lines. Thefollowing
revisions have been made and are intended to improve the usefulness of the document:

a) Text has been introduced that permits the measurement of the resultant magnetic field using three-axis
(or single-axis) magnetic field meters. This change required revisionsin the calibration procedure clauses and
an explanation of the difference between maximum field value and resultant field value.

b) Text (with appropriate bibliographical references) has been added to note that magnetic field calibration coil
systems other than the one described in the standard may be used for calibration purposes, provided that the
fields produced have comparable uniformity.

¢) Correctionsin the text and improved figures.

d) Clarification of text related to calibration uncertainty in the calibration clauses.

The working group draft was prepared by the AC Magnetic Fields Task Force of the AC Fields Working Group
(R. G. Olsen, Chair) of the Corona and Field Effects Subcommittee of the Transmission and Distribution Committee.
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When the | EEE Standards Board approved this standard on December 13, 1994, it had the following membership:
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IEEE Standard Procedures for
Measurement of Power Frequency
Electric and Magnetic Fields From AC
Power Lines

1. Overview

The purpose of this standard is to establish uniform procedures for the measurement of power frequency electric and
magnetic fields from alternating current (ac) overhead power lines and for the calibration of the meters used in these
measurements. A uniform procedure is a prerequisite to comparisons of electric and magnetic fields of various ac
overhead power lines. These procedures apply to the measurement of electric and magnetic fields close to ground
level. They can also be tentatively applied to electric field measurements near an energized conductor or structure with
the limitations outlined in 4.5.

2. References

This standard shall be used in conjunction with the following publication.

|EEE Std 100-1992 , The New |EEE Standard Dictionary of Electrical and Electronics Terms (ANSI).2

3. Definitions

For additional definitions, see IEEE Std 100-1992 . 2

3.1 crosstalk: The noise or extraneous signal caused by ac or pulse-type signals in adjacent circuits (measurement of
power frequency magnetic fields).

LEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-
1331, USA.
2Information on references can be found in clause 2.
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3.2 electricfield strength (electric field): At agiven point in space, the ratio of force on a positive test charge placed
at the point to the magnitude of the test charge, in the limit that the magnitude of the test charge goes to zero. The
electric field strength (E-field) at a point in space is a vector defined by it space components along three orthogonal
axes. For steady-state sinusoidal fields, each space component is a complex number or phasor. The magnitudes of the
components, expressed by their root-mean-square (rms) valuesin volts per meter (V/m), and the phases need not bethe
same [B1].2 See also: phasor.

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

E = &E,+a,E, + &F, €y

The space component in the x-direction is

E, = Re(E,,¢ *d"") = E,cos(f , +wt)

The magnitude, phase angle, and time dependent angle are given by E,q, fy, and (f, + wt), respectively. In this
representation the space angle of the x-component is specified by the unit vector &,.

An aternative general representation of asteady-state sinusoidal E-field, derivable algebraically from equation (1) and
perhaps more useful in characterizing power line fields, is a vector rotating in a plane where it describes an €ellipse
whose semimajor axis represents the magnitude and direction of the maximum value of the electric field, and whose
semiminor axis represents the magnitude and direction of the field a quarter cycle later [B1], [B4]. The electric field
in the direction perpendicular to the plane of the ellipseis zero. See also: single-phase ac fields; polyphase ac fields.

3.3 frequency: The number of complete cycles of sinusoidal variation per unit time. Notes: 1) Electric and magnetic
field components have afundamental frequency equal to that of the power line voltages and currents. 2) For ac power
lines, the most widely used frequencies are 60 and 50 Hz.

3.4 harmonic content: Distortion of asinusoidal waveform characterized by indication of the magnitude and order of
the Fourier series terms describing the wave. Note: For power 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,
rectifiers, aluminum and chlorine plants, etc.) where certain harmonics may reach 10% of the line voltage. Laboratory
installations also may have voltage or current sources with significant harmonic content.

3.5 magnetic flux density (magnetic field): The vector quantity (B-field) of divergence zero at al points, which
determines the component of the Coulomb-Lorentz force, that is proportional to the velocity of the charge carrier.

Note: In a zero electric field, the force F isgiven by F = q\7X§ where® isthevel ocity of the electric charge g. The
vector properties of the field produced by currents in power lines are the same as those given above for the electric
field. The magnitudes of the field components are expressed by their rms valuesin tesla (1T= 10°G).

3.6 maximum value of the electric field strength: At agiven point, the rms value of the semimajor axis magnitude
of the electric field ellipse. See also: electric field strength.

3.7 maximum value of the magnetic field: At a given point, the rms value of the semimajor axis magnitude of the
magnetic field ellipse.

3.8 perturbed field: A field that is changed in magnitude or direction, or both, by the introduction of an object.
Note: The electric field at the surface of the object is, in general, strongly perturbed by the presence of the object. At
power frequencies the magnetic field is not, in general, greatly perturbed by the presence of objects that are free of
magnetic materials. Exceptions to this are regions near the surface of thick electric conductors where eddy currents
alter time-varying magnetic fields.

3The numbersin brackets correspond to those hibliographical itemslisted in clause 9.
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3.9 phasor: A complex number expressing the magnitude and phase of a time-varying quantity. Unless otherwise
specified, it is used only within the context of steady-state alternating linear systems. In polar coordinates, it can be
written as A", where A is the amplitude or magnitude (usually rms, but sometimes indicated as peak value) and f is
the phase angle. The phase angle f should not be confused with the space angle of a vector. See also: electric field
strength.

3.10 polyphase ac fields: Fields whose space components may not be in phase. These fields will be produced by
polyphase power lines. The field at any point can be described by the field ellipse—that is, by the magnitude and
direction of the semimajor axis and the magnitude and direction of its semiminor axis. Note: Such fields are sometimes
referred to as being elliptically polarized. Certain power line geometries can produce circularly polarized fields. For
polyphase power lines, the electric field at large distances (3 15 m) away from the outer phases (conductors) can
frequently be considered a single-phase field because the minor axis of the electric field ellipse is only a fraction
(<10%) of the major axis when measured at a height of 1 m above ground level. See also: electric field strength.

3.11 resultant magnetic field: The resultant magnetic field is given by the expression

Bg= A/B%+ By + B @)

where
By By, and B, are the rms values of the three orthogonal field components.
NOTES:

1— Theresultant magnetic field is also given by the expression

Br= «/Bhax +Bfin ®)

whereB .o and By, are the rms values of the semimajor and semiminor axes of the magnetic field ellipse, respectively. The
resultant By is always 3 B,y If the magnetic field is linearly polarized, Bj,= 0 and Bg = By |f the magnetic field is
circularly polarized, Byay = Byin @nd Bg = 1.41By .

2— A three-axis magnetic field meter simultaneously measures the rms values of the three orthogonal field components and
combines them according to equation (2) to indicate the resultant magnetic field. Although power line magnetic fields are
typically two dimensional in nature, i.e., eliptically polarized, unless two axes of athree-axis probe are in the plane of the
ellipse, each of the three probes will sense a component of the rotating magnetic field vector.

3.12 single-phase ac fields: Fields whose space components are in phase. These fields will be produced by single-
phase power lines. The field at any point can be described in terms of asingle direction in space and its time-varying
magnitude. Note: Such fields are sometimes referred to as being linearly polarized.

3.13 uniform field: A field whose magnitude and direction are uniform at each instant in time at all points within a
defined region.

3.14 vertical component of the electric field strength: The rmsvalue of the component of the electric field along the
vertical line passing through the point of measurement. This quantity is often used to characterize electric field
induction effectsin objects close to ground level.

3.15 weakly perturbed field: At agiven point, a field whose magnitude does not change by more than 5% or whose
direction does not vary by more than 5 degrees when an object isintroduced into the region.

4. Electric field strength meters

4.1 General characteristics

Two types of meters used to measurethe electric field strength from ac power lines are described in technical literature.
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%  Free-Body meter: Measures the steady-state induced current or charge oscillating between two halves of an
isolated conductive body in an electric field [B2], [B23].

%  Ground-Reference-Type meter: Measures the current-to-ground from aflat probe introduced into an electric
field [B16].

The free-body meter is suitable for survey-type measurements because it is portable, allows measurements above the
ground plane, and does not require a known ground reference. Therefore, this type of meter is recommended for
outdoor measurements near power lines.

This standard presents measurement techniques for only the free-body type meter. Flat ground-reference-type meters
can be used only under special conditions described in 6.2. Electric field strength meters intended for characterization
of radio-frequency electric fields should not be used to measure the electric field strength from ac power lines.

Basically, an electric field strength meter consists of two parts, the probe and the detector. For commercially available
free-body meters, the detector is usually contained in, or is an integral part of, the probe. The probe and detector are
introduced into an electric field on an insulating handle. The detector measures the steady-state induced current or
charge oscillating between the conducting halves (el ectrodes) of the probe. The observer is sufficiently removed from
the probe to avoid significant perturbation of the electric field at the probe (see 5.1). The size of the probe should be
such that charge distributions on the boundary surfaces generating the electric field (energized and ground surfaces)
are, at most, weakly perturbed when the probe is introduced for measurement. The electric field should be
approximately uniform in the region where the probe will be introduced. Probes can be of any shape; however, meters
commercially available in the U.S. are generaly in the shape of rectangular boxes, with side dimensions ranging
from ~7 to ~20 cm. The meters are calibrated to read the rms value of the power frequency electric field component
along the electrical axis (the axis of greatest electric field strength sensitivity).

There also exist free-body meters designed for remote display of the electric field strength. In this case, a portion of the
signal processing circuit is contained in the probe and the remainder of the detector isin a separate enclosure with an
analog or digital display. A fiber-optic link connects the probe to the display unit. Thistype of probeisalso introduced
into an electric field on an insulating handle.

In order to characterize the instrumentation adequately, the manufacturer should provide a detailed description of the
electronics, as well as other relevant information, as indicated in figure 1, section G. For example, if the field meter
reading has a temperature dependence, the temperature coefficient should be provided. This permits the operator to
correct E-field readings made outdoors using an instrument calibrated at room temperature. If the electrical axis of the
field strength meter is not coincident with the geometric axis, the departure in degrees and direction shall be specified.
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