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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus develop-
ment process, approved by the American National Standards Institute, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the Institute and serve with-
out compensation. While the IEEE administers the process and establishes rules to promote fairness in the consensus devel-
opment process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the information contained
in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other dam-
age, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting
from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly disclaims
any express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that
the use of the material contained herein is free from patent infringement. IEEE Standards documents are supplied “AS IS.”

The existence of an IEEE Standard does not imply that there are no other ways to 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 IEEE Standard is subjected to review at least every five years for revi-
sion 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 IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other services
for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other person or
entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the advice of a com-
petent professional in determining the exercise of reasonable care in any given circumstances.

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 IEEE, the Institute will initiate action to prepare
appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is important to ensure that any
interpretation has also received the concurrence of a balance of interests. For this reason, IEEE and the members of its
societies and Standards Coordinating Committees are not able to provide an instant response to interpretation requests
except in those cases where the matter has previously received formal consideration. 

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation with
IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with appropriate
supporting comments. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854
USA

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Institute of
Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To
arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood Drive,
Danvers, MA 01923 USA; (978) 750-8400. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.

Note: Attention is called to the possibility that implementation of this standard may require use of subject mat-
ter covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying patents
for which a license may be required by an IEEE standard or for conducting inquiries into the legal validity or
scope of those patents that are brought to its attention.
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Foreword

(This Foreword is not a part of IEEE Std 1227-1990, IEEE Guide for the Measurement of DC Electric-Field Strength and
Ion Related Quantities.)

Because of interest in the electrical environment near high-voltage dc transmissions lines, the DC Fields and
Ions Working Group felt that there was a need to prepare a document that would provide some guidance for
the measurement of several relevant electrical parameters. The electrical parameters that are considered in
this standard include the electric-Þeld strength, the ion-current density, the monopolar charge density, and
the net space-charge density.

The working group expresses its appreciation to Martin Misakian for his work in preparing the draft of this
document in collaboration with members of the working group. The text of the standard includes the results
of many studies by researchers at the Bonneville Power Administration, the Electric Power Research Insti-
tute's High-Voltage Transmission Research Center, Institut de Recherche d'Hydro-Qu�bec, the Jet Propul-
sion Laboratory, and the National Institute of Standards and Technology. These studies were supported by
internal funding, as well as by funding from the U.S. Department of Energy and the Electric Power Research
Institute. Constructive suggestions from those committees that had requested coordination have also been
incorporated into the text.

At the time this standard was completed, the DC Field and Ions Working Group had the following membership:

G. B. Johnson, Chair    

R. S. Banks
G. K. Bell
D. W. Boys
T. D. Bracken
V. L. Chartier
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F. M. Dietrich
G. Gela

R. E. Harrison
W. Janischewskyj
H. Kirkham
P. S. Maruvada
T. J. McDermott
M. Misakian
P. D. Pedrow

M. Poland
M. A. Reavis
S. A. Sebo
M. Silva
G. Skarbakka
R. D. Stearns
Y. Sunaga
R. Weigel

The following persons were on the balloting committee that approved this document for submission to the
IEEE Standards Board:

J. J. Burke
V. L. Chartier
C. C. Diemond
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G. Gela
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I. S. Grant
J. E. Holladay
W. Janischewskyj
J. G. Kappenman
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N. Kolcio
C. P. Krishnayya
K. E. Lindsey
H. P. Lips
J. H. Mallory
P. S. Maruvada
T. J. McCarthy
T. R. McComb

T. J. McDermott
F. D. Myers
D. L. Nickel
S. Nilsson
R. G. Oswald
F. S. Prabhakara
W. E. Reid
F. A. M. Rizk
H. Schneider
T. Wu

When the IEEE Standards Board approved this standard on May 31, 1990, it had the following membership:

Marco W. Migliaro, Chair    
James M. Daly, Vice Chair    

Andrew G. Salem, Secretary    

Dennis Bodson
Paul L. Borrill
Fletcher J. Buckley
Allen L. Clapp
Stephen R. Dillon
Donald C. Fleckenstein
Jay Forster*
Thomas L. Hannan

Kenneth D. Hendrix
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Joseph L. KoepÞnger*
Irving Kolodny
Michael A. Lawler
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Donald T. Michael*
Stig Nilsson
Roy T. Oishi
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IEEE Guide for the Measurement of 
DC Electric-Field Strength and Ion 
Related Quantities

1. Purpose

The purpose of this document is to provide guidance for the measurement of the electric-Þeld strength, ion-
current density, conductivity, monopolar space-charge density, and net space-charge density in the vicinity
of high-voltage dc (HVDC) power lines, in converter substations, and in apparatus designed to simulate the
HVDC power-line environment. The document

Ñ DeÞnes the terms that are used
Ñ Describes the interrelationship between electrical parameters
Ñ Describes operating principles of measuring instruments
Ñ Suggests methods of calibration where applicable
Ñ Describes measurement procedures
Ñ IdentiÞes signiÞcant sources of measurement error

2. DeÞnitions

For additional deÞnitions, see IEEE Std 100-1988 [1] and IEEE Std 539 [3].

charged aerosol: Ion comprised of charged particles, liquid or solid, suspended in air. Typical radius is in
the range of 2 x 10-8 m to 2 x 10-7 m. Mobility is in the range of 10-9 m to 10-7 m2/Vs.

NOTEÑHistorically, these have been referred to as large or Langevin ions. The use of the term Òcharged aerosolsÓ is
encouraged.

corona:  A luminous discharge due to ionization of the air surrounding an electrode caused by a voltage gra-
dient exceeding a certain critical value.

current density:  A vector-point function describing the magnitude and direction of charge flow per unit ar-
ea. The preferred unit is amperes per square meter (A/m2).

dc electric-field strength (dc electric field): The time-invariant electric field, produced by dc power systems
and space charge, defined by its space components along three orthogonal axes. The magnitudes of the com-
ponents are expressed in volts per meter (V/m).
1
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NOTES:
1Ñ The convention in the discussion of electric Þelds near HVDC transmission lines has been to designate the electric
Þeld into the ground as positive; i.e., the electric Þeld under a positive conductor is denoted as positive.

2ÑThe Òtime-invariantÓ electric Þeld in this deÞnition is an idealization of actual conditions. Typically, climatic effects
will perturb the space charge, which will then perturb the electric-Þeld strength.

electric conductivity: The property of a material or medium permitting flow of electricity through its vol-
ume, expressed as the ratio of the electric-current density to electric-field strength in a material or medium.
For isotropic homogeneous media, the conductivity is a scalar quantity with the preferred unit, siemens per
meter (S/m); 1 S/m = 1 mho/m.

Faraday cage: A conducting enclosure that is used to measure the net space charge per unit volume. Syn:
space charge cage, space charge density meter.

field mill:  A device in which a conductor is alternately exposed to the electric field to be measured and then
shielded from it. Syn: generating voltmeter, generating electric-field meter.

NOTEÑThe resulting induced current to the conductor is a measure of the electric-Þeld strength at the conductor sur-
face

form factor: An empirical parameter representing the increased electric field at the surface of a dc field meter
that is mounted above the ground plane. The increased field is due to field perturbation by the instrument. In
a uniform field, the unperturbed electric field is given by the measured field divided by the form factor for
the instrument.

ion:  The isolated atom, molecule, molecular cluster, or aerosol that by loss or gain of one or more electrons
has acquired a net electric charge.

NOTEÑThe inclusion of aerosols (particles) under this deÞnition is consistent with historical usage. The use of the
terms Òsmall ionÓ and Òcharged aerosolÓ is encouraged.

ion counter: An instrument that determines monopolar space-charge density by measuring the charge col-
lected from a known volume of air.

ion mobility:  The drift speed of an ion in a liquid or gas per unit electric-field strength. The preferred unit is
m2/Vs; another commonly used unit is cm2/Vs.

large ion:  See charged aerosol.

medium ion:  Ion comprised of several molecules or molecular clusters bound together by charge that is larg-
er and less mobile than a small ion due to more mass or a greater number of molecular clusters. Typical radius
is in the range of 10-9 m to 2 x 10-8 m. Mobility is in the range of 10-7 m2/Vs to 10-5 m2/Vs.

monopolar ion density:  The number of ions of a given polarity per unit volume. The preferred unit is m-3;
another commonly used unit is cm-3.

monopolar space-charge density: The density of space charge of one polarity. The preferred unit is C/m3.

net space charge:  The free unbalanced charge in a given region, taking no account of the charges of both
signs that balance each other. The preferred unit is the coulomb (C).

NOTEÑThe term Òspace chargeÓ is often used to refer to net space charge.

net space-charge density:  Net space charge (space charge) per unit volume. The preferred unit is C/m3. This
2
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quantity provides no information about the monopolar space-charge density.

small ion: An ion comprised of molecules or molecular clusters bound together by charge. Mobilities are in
the range of 10-5 m2/Vs to 2 x 10-4 m2/Vs. Typical radius is less than 1 x 10-9 m.

NOTEÑTo avoid confusion with the more general term Òion,Ó the use of the term Òsmall ionÓ is encouraged.

space-charge filter:  A device used to measure net space-charge density in which a filter medium is used to
remove the charge from an air stream.

vibrating probe:  A device in which a plate is modulated below an aperture of a face plate in the electric field
to be measured. Syn: vibrating plate electric-field meter.

NOTEÑThe meter responds to the oscillating displacement current from the induced charge on the vibrating plate by
generating a negative feedback voltage on the face plate to null the signal from the vibrating plate. The electric-Þeld
strength is proportional to the feedback voltage.

Wilson plate:  A conducting plate that is grounded through an ammeter; it is used to collect the ion current,
which is measured as it flows through the ammeter. The plate is sensitive to both ion-current density and
changes in electric field (displacement current). Syn: current plate; ion-current plate.

NOTEÑLong integration times are used to minimize the effects of the changes in the electric Þeld (displacement cur-
rent). If the power-line voltage and geometry are constant with time, the average displacement current is zero.

3. Formula Symbols

This section provides a list of symbols used in the formulas that appear in this guide. While the same symbol
is sometimes used to designate more than one physical parameter, there should be little confusion because of
the very different contexts in which they are used. The use of SI units for all the physical parameters is
encouraged.

E Electric-field strength

J Ion-current density

K Average ion mobility

r Monopolar charge density

v a Wind velocity

q s Induced chargeÑshutter-type field mill

Î0 Permittivity of free space

a(t) Sensing electrode areaÑshutter-type field mill

i(t) Induced currentÑshutter-type field mill

q c Induced chargeÑcylindrical field mill

L Cylinder lengthÑcylindrical field mill; side dimension of plate of parallel-plate system; distance
ion travels in duct; side dimension of cubical Faraday cage

r 0 Cylinder radiusÑcylindrical field mill

i c Induced currentÑcylindrical field mill

d Spacing of parallel plates

V Voltage

v Volume of electric-field meter probe

D Distance between center of electric-field meter probe and either plate of a parallel-plate system
3
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E(z) Electric-field strength as function of height above bottom plate of parallel-plate system with
space charge

f(z) Electric space potential as function of height above bottom plate of parallel-plate system with
space charge

V t Voltage of top plate of parallel-plate system

E t Electric field at top plate of parallel-plate system with space charge

A Area of Wilson plate

I Ion current

R Resistance value; radius of duct

l Electrical conductivity of air

M 0 Volumetric flow rate

C Interelectrode capacitance of Gerdien table

k Ion mobility; Boltzmann constant

k c Critical ion mobility

f(k) Mobility distribution function

f(k)d k Number of ions with mobility between kand k+ dk

e Charge of electron; charge of ion

N Number of ions

r(L) Charge density after charge traverses distance L in cylindrical duct

r0 Charge density at entrance of duct; monopolar charge density outside hemispherical Faraday
cage

u Air velocity in duct

t Ion time-of-flight

s Radially outward displacement of ions due to Coulomb repulsion

s¢ Radially outward displacement of ions due to diffusion

T Temperature in degrees K

f(x,y,z) Space potential in Faraday cage

rs Net space-charge density

a,b,c Dimensions of Faraday cage

i,j,k Odd integers in summation

f Space potential at center of cubical Faraday cage

f¢ Space potential at center of cylindrical Faraday cage

ri Monopolar charge density inside hemispheric Faraday cage

E 0 Uniform electric-field strength in vicinity of hemispheric Faraday cage

4. References

This guide shall be used in conjunction with the following publications:

[1] IEEE Std 100-1988, IEEE Standard Dictionary of Electrical and Electronics Terms.1

[2] IEEE Std 510-1983, IEEE Recommended Practices for Safety in High-Voltage and High-Power Testing.

1IEEE publications are available from the Institute of Electrical and Electronics Engineers, Service Center, 445 Hoes Lane, P.O. Box
1331, Piscataway, NJ 08855-1331, USA.
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[3] IEEE Std 539, IEEE Standard DeÞnitions of Terms Relating to Corona and Field Effects of Overhead
Power Lines.2

[4] IEEE Std 644-1987, IEEE Standard Procedures for Measurement of Power Frequency Electric and Mag-
netic Fields from AC Power Lines.

[5] Anderson, R. V. ÒAbsolute Measurements of Atmospheric Charge Density.Ó Journal of Geophysical
Research. vol. 71, 1966, pp. 5809Ð5814.

[6] Asano, K. ÒElectrostatic Potential and Field in a Cylindrical Tank Containing Charged Liquid.Ó Proceed-
ings of the IEE. vol. 124, 1977, pp. 1277Ð1281.

[7] Bent, R. B. ÒThe Testing of Apparatus for Ground Fair-Weather Space-Charge Measurements.Ó Journal
of Atmospheric and Terrestrial Physics. vol. 26, 1964, pp. 313Ð318.

[8] Bracken, T. D. ÒElectrical Parameters of the High-Voltage Direct-Current Transmission-Line Environ-
ment.Ó Biological Effects of Extremely Low Frequency Electromagnetic Fields (Proceedings of the Eigh-
teenth Annual Hanford Life Sciences Symposium at Richland, WA). Phillips et al., eds., 1978, pp. 485Ð500.

[9] Bracken, T. D., Capon A. S., and Montgomery, D. V. ÒGround Level Electric Fields and Ion Currents on
the Celilo-Sylmar ± 400 kV DC Intertie During Fair Weather.Ó IEEE Transactions on Power Apparatus and
Systems. vol. PAS-97, March/April 1978, pp. 370Ð378.

[10] Bracken, T.D. and Furumasu, B.C. ÒFields and Ion Current Measurements in Regions of High Charge
Density Near Direct Current Transmission Lines.Ó Proceedings of the Conference on Cloud Physics and
Atmospheric Electricity. Issaquah, Washington, August 1978. Boston: American Meteorological Society, pp.
544Ð551.

[11] Carter, P. J. and Johnson, G. B. ÒSpace Charge Measurements Downwind From A Monopolar 500
KVDC Transmission Line.Ó IEEE Transactions on Power Delivery. vol. 3, 1988, pp. 2056Ð2063.

[12] Chalmers, J. A. Atmospheric Electricity, 2d ed. Oxford: Pergamon Press, 1967, pp. 94Ð98.

[13] Chalmers, J.A. ÒThe Measurement of the Vertical Electric Current in the Atmosphere.Ó Journal of
Atmospheric and Terrestrial Physics. vol. 24, 1962, pp. 297Ð302.

[14] Charry, J.M., Bailey, W.H., Shapiro, M.H., and Weiss, J.M. Ion Exposure Chambers for Small Ani-
mals.Ó Bioelectromagnetics. vol. 7, 1986, pp. 1Ð11.

[15] Charry, J.M., Cerniglia, P.A., Weiss, J.M., Finger, R.F., and Michel, T. J. ÒInhalation Chambers for Air
Ion Research.Ó Bioelectromagnetics. vol. 4, 1983, pp. 167Ð180.

[16] Chartier, V.L., Dickson, L. D., Lee, L. T., and Stearns, R. D. ÒPerformance of A Long-Term Unattended
Station for Measuring DC Fields and Air Ions From An Operating HVDC Line.Ó Paper 88 SM 560-5, 1988,
IEEE Summer Power Engineering Society Meeting, Portland, OR.

[17] Comber, M.G. and Johnson, G.B. ÒHVDC Field and Ion Effects Research at Project UHV: Results of
Electric Field and Ion Current Measurements.Ó IEEE Transactions on Power Apparatus and Systems. vol.
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5. Electrical Parameters Near HVDC Transmission Lines

The electrical environment in the vicinity of HVDC transmission lines is characterized by several electrical

parameters including the electric-Þeld strength ( ), the ion-current density ( ), and the monopolar space-

charge density (r) [8], [9], [30]. HVDC transmission lines are normally designed to operate in a bipolar con-

Þguration with a conductor bundle for each polarity. The electric Þeld is due in part to the high voltages

applied to the conductors. Copious amounts of ions are produced by corona at each conductor bundle, and

the presence of the ions contributes signiÞcantly to the electric-Þeld strength at ground level [9]. In the

absence of wind, the ions travel along electric-Þeld lines to the conductors of opposite polarity, to the ground

wires, and to the ground plane. Depending on the air composition, a number of resultant ion species, each

with its characteristic mobility, are formed following ion-molecule reactions by the primary ions that are ini-

tially produced by the corona. The drift velocity of each ion is equal to the product of its mobility and the

electric-Þeld strength. In the presence of wind, the ion velocity is given by the sum of the drift velocity and

wind velocity ( ). The monopolar ion current density in this case is given by

(1)

where

K = the average ion mobility

The wind can be thought of as a perturbing inßuence because it causes temporal ßuctuations in the values of

r, and therefore  and , at a given point. In addition, when the wind velocity is comparable to or greater

than the ion drift velocity, signiÞcant numbers of ions can leave the vicinity of the right-of-way and travel

downwind from the transmission line. A schematic view of the electrical environment in the vicinity of an

HVDC transmission line is shown in Fig 1, which is taken from [8]. For clarity, the inßuence of the air

motion has been taken to be negligible. It is common practice to assume that the ions are singly charged and

to calculate the monopolar ion number density from r [12]. A more complete description of the electrical

environment near HVDC transmission lines is given in references [8], [9], [30]. It should be noted that, in

general, dc electric Þelds with ions cannot realistically be modeled using 60 Hz electric Þelds because of the

signiÞcant and often unpredictable inßuence of the ions that can vary the electric-Þeld strength at a point

because of wind action or by charging nearby insulator surfaces.

E J
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NOTEÑIons produced by corona at each conductor bundle travel along electric-Þeld lines to the conductors
of opposite polarity and to ground in the absence of wind.

Figure 1 Ñ Schematic View of a Bipolar High-Voltage DC Transmission Line 

6. Electric-Field-Strength Measurements

6.1 Instrumentation and Principle of Operation.

Two types of dc electric-Þeld-strength meters are considered in this guide: Þeld mills or generating voltme-
ters and vibrating plate electric-Þeld meters (i.e., Þeld meters employing probes that contain vibrating
plates). Both devices determine the electric-Þeld strength by measuring modulated, capacitively induced
charges or currents sensed by metal electrodes. Other instrumentation for measuring dc electric Þelds in the
presence of space charge have been reported in the technical literature,3 but they are not considered here
because of their specialized nature and/or their lack of availability.

6.1.1 Field Mill (Generating Voltmeter).

Two types of Þeld mills are described in the technical literature, the shutter type and the cylindrical type. The
more common is the shutter-type Þeld mill, which has a sensing electrode that is periodically exposed and
shielded from the electric Þeld by a grounded rotating shutter. Shutter-type Þeld mills are usually operated
with the shutter nearly ßush with the ground plane. The induced charge at any instant, qs, as well as the
induced current (is) between ground and the sensing electrode as the sensing electrode is alternately exposed
and shielded, are proportional to the electric-Þeld strength (E). That is,

(2)

3See, for example, Tassicker, O. J. ÒBoundary Probe for Measurement of Current Density and Electric Field StrengthÑWith Special
Reference to Ionized Gases.Ó Proceedings of the IEEE. vol. 121, 1974, pp. 213Ð220; Cooperman, P. ÒA New Technique for the Mea-
surement of Corona Field Strength and Current Density in Electrical Precipitation.Ó Transactions of the American Institute of Electrical
Engineers. vol. 75, 1956, pp. 64Ð67; Hidaka, K. ÒA New Method of Electric Field Measurements in Corona Discharge Using Pockels
Device.Ó Journal of Applied Physics. vol. 53, 1982, pp. 5999-6003.

qs t( ) e0Ea t( )=
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where

Î0 = the permittivity of free space
a(t) = the exposed area of the sensing electrode at time t

The induced current is found by taking the derivative of Eq 2:

(3)

Thus, the Þeld strength can be determined by measurement of the induced charge, current, or voltage across
an impedance that is located between the sensing electrode and ground. A simpliÞed schematic view of a
shutter-type Þeld mill is shown in Fig 2.

If the induced-current signal is rectiÞed by a phase-sensitive detector operating with a suitable phase angle
relation to the motion of the shutter, the dc signal output will indicate the polarity and magnitude of the elec-
tric-Þeld strength [61].

NOTEÑThe grounded rotating shutter periodically shields the sensing electrode, which leads to a time-
varying current between ground and the sensing electrode.

Figure 2 Ñ SimpliÞed Schematic View of a Shutter-Type Electric Field Mill 

Because of the presence of space charge in the vicinity of dc power lines, it is possible to have, in addition to
the induced current, conduction current (of ions) to the sensing electrodes of the Þeld meter. This additional
current, which is chopped by the rotating shutter, represents an error signal and shall be corrected for in the
instrumentation. One approach is to use phase-sensitive signal processing that discriminates against the con-
duction current, which is in quadrature with the induced-current signal [61].

s t( )
dqs t( )

dt
---------------

e0Eda t(

dt
---------------------= =
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While shutter-type Þeld mills are normally operated in the ground plane in order to measure the Þeld at
ground level, measurements of the Þeld at ground level can also be made with a Þeld mill that is mounted on
a stand, provided the measurements are corrected for the associated Þeld enhancement through some calibra-
tion procedure (see form factor in Section 2). It should be noted that the geometry that exists during the cal-
ibration process shall be maintained during the measurements. For example, if grass or weeds are allowed to
grow near the stand, the effective ground plane could rise. Similarly, the ground plane would be affected by
the accumulation of snow on the ground. A method for establishing a well-deÞned ground plane for most
weather conditions during measurements at ground level is described in  6.3.1.1.

During the measurements, the observer should be well removed from the measurement location to avoid per-
turbing the electric Þeld. Some signal processing occurs in the housing that contains the sensing electrode
and shutter. The remainder of the signal-processing circuit and Þeld-strength display are contained in a
shielded enclosure that is connected to the sensing electrode housing with a shielded cable.

Because the electric Þeld in the vicinity of a dc power line is not uniform, it may be of interest to measure
the electric-Þeld strength at points above the ground plane. This can be done with the second type of Þeld
mill, the cylindrical Þeld mill. Typically, the charges are induced by the electric Þled on two exposed half-
cylinder sensing electrodes. The induced charges on the sensing electrodes are varied periodically by rotat-
ing the sensing electrodes about the cylinder axis at a constant angular frequency, as shown schematically in
Fig 3. Expressions for the induced charge (qc) and current (ic) between the half-cylinders for a cylinder of
length L, ignoring end effects, are [39]

(4)

and

(5)

where

r 0 = the cylinder radius

Eq 4 and Eq 5 show again that measurement of the induced charge or current permits a determination of the
electric-Þeld strength.

NOTEÑThe charge induced on each half-cylinder by the electric Þeld is made to vary periodically by rotat-
ing the cylinder at a constant angular velocity.

Figure 3 Ñ Schematic View of a Cylindrical Field Mill 

qc 4e0r0LE wtsin=

c 4e0r0LEw wtcos=
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Cylindrical Þeld mills that operate at near space potential [37], [38], [43] and at ground potential [50] have
been developed for measurements above the ground plane near dc power lines. For both cases, the Þeld at the
surface of the cylinder will be a superposition of two components, one due to the Þeld from the dc power line
(distorted by the cylindrical probe) and the other due to a constant, symmetrically distributed charge on the
cylinder. Fig 4 schematically shows these two Þeld components and the Þeld resulting from their superposi-
tion for the case of a ground-referenced cylindrical Þeld mill. Because no electrical signal is generated by
the symmetrically distributed self-charge [Fig 4(b)] as the cylinder rotates [38], the signal that is produced is
due to the time-varying induced charge or current approximately described by Eqs 4 and 5 and, as for the
case of the shutter-type Þeld mill, a time-varying ion current due to the space charge in the Þeld. In order to
determine the electric-Þeld strength with both currents present, ground-referenced cylindrical Þeld mills
require two sets of rotating cylinders with different frequencies of rotation [50].

The picture corresponding to Fig 4 for an electrically isolated cylindrical Þeld mill is similar, except that the
self-charge uniformly distributed on the cylinder is of opposite polarity and results from a charging process
due to ions in the Þeld impinging on the cylinder. The cylinder becomes fully charged in a negligible time
and prevents the further ßow of ions to the sensing electrodes. Thus, the need for a second set of sensing
electrodes rotating at a different frequency, as required for the ground-referenced cylindrical Þeld mill, is
eliminated.

The abbreviated account of Þeld mills presented here is intended as a brief introduction. Since the Þrst report
of the shutter-type Þeld mill by Harnwell and Van Voorhis in 1933 [27] and the cylindrical Þeld mill by Kirk-
patrick and Miyake in 1932 [44], numerous articles have been published4 describing variations of the basic
designs as well as methods for signal detection.5

4See, for example, Mapleson, W. W. and Whitlock, W. S. ÒApparatus for the accurate and continuous measurement of the earth's electric
Þeld.Ó Journal of Atmospheric and Terrestrial Physics. vol. 7, 1955, pp. 61Ð72 and the references therein; Malan, D. J. and Schonland,
F. J. ÒAn Electrostatic Fluxmeter of Short Response-time for use in Studies of Transient Field-changes.Ó Proceedings of the Physical
Society. vol. 63, pt. 6-B, 1950, pp. 402Ð408; Smiddy, M. and Chalmers, J. A. ÒThe double Þeld-mill.ÓJournal of Atmospheric and Ter-
restrial Physics vol. 12, 1958, pp. 206Ð210; Gathman, S. G. and Anderson, R. V. ÒImproved Field Meter for Electrostatic Measure-
ments.Ó Review of ScientiÞc Instruments. vol. 36, 1965, pp. 1490Ð1493; Collocot, S. J. ÒA Novel Method for Deriving the Reference
Signal in Electric Field Mills.Ó Journal of Electrostatics. vol. 9, 1981, pp. 389Ð391. 
5Use of a vibrating shutter rather than one that rotates is described in Horenstein, M. N. ÒPeak sampled vibrating-reed for the measure-
ment of electric Þelds in the presence of space charge.Ó Review of ScientiÞc Instruments. vol. 54, 1983, pp. 591Ð593.
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