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Radiation Fields from a Horizontal Electric Dipole
in a Semi-Infinite Conducting Medium*

ALBERT W. BIGGS{, MEMBER, IRE

Summary—The radiation fields of a horizontal electric dipole
in a semi-infinite conducting medium are developed to yield a
ground wave near the surface and a space wave above it. Previous
work for points of observation slightly above the conducting medium
is extended to the entire region by including the height of the ob-
servation point in the evaluation of the integral by the saddle point
method. The effect of burying a horizontal electric dipole is to modify
the field intensity by exp (—h/s), where h is the depth of burial and
5 is the skin depth of the medium. As h approaches zero, the expres-
sions for radiation fields are identical with those developed by
Norton.

INTRODUCTION
THE GROUND WAVE of a horizontal electric

dipole is the term used to describe the total wave
which would exist along the surface of the con-
ducting medium if the ionosphere were absent.[1] It
attenuates at a rate slightly greater than inverse dis-
tance from the dipole because of the finite conductivity
of the medium. The space wave is that part of the total
wave above the surface which attenuates at a rate equal
to the inverse distance. If the ionosphere were present,
the space wave might be reflected therefrom and appear
at the surface as a skywave.
The ground and space waves in the radiation field of
the dipole located in air or at the surface of a flat earth
have been investigated by Norton[2], Wait [3], [4],

* Received, July 10, 1961 ; revised manuscript received, January
29, 1962.
t Aerospace Division, Boeing Company, Seattle, Wash.

Sommerfeld [5], and King [6]. When the soil parame-
ters are known, the field strength of the ground wave
can be evaluated from equations and curves developed
by Norton [7] and Millington [8]. The effect of sub-
merging the horizontal electric dipole in a finitely con-
ducting medium was investigated by Moore [9], Von
Aulock [10], Wait [11], Kraichman [12], Saran and
Held [13]. Powers and Ross [14], and Bafios and
Wesley [15]. Moore analyzed the effect of submerging
a horizontal electric dipole in the ocean for very low
frequencies. Bafios and Wesley extended their investiga-
tion of buried dipoles to higher frequencies. Their fte-
sults yielded the field intensities for points of observa-
tion slightly above and below the surface of the conduct-
ing medium. The purpose of this paper is to extend
Banos and Wesley's results to include the space wave as
well as the ground wave for a buried antenna.

INTEGRAL FORMULATION OF RaD1aTION FIELDS

The semi-infinite conducting medium is represented
by a flat earth with a conductivity ¢ and a dielectric
constant e. Above this medium, is nonconducting air
with a dielectric constant €. The permeability of both
media is wo, which is the same as free space. Propagation
is limited to low frequency radio waves. The fields have
a time dependence exp (—iwt).

The coordinate system for the buried dipole is shown
in Fig. 1. The air is described by the region z>0. The
dipole is oriented in the x direction and is located at

(

"l
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Components or Complete Antenna Systems Systems; Test Equipment and Components
APPLIED TECHNOLOGY, INC. M. C. JON_E§ ELECTRONICS CO., INC.
930 Industrial Ave., Palo Alto, Calif. A Subsidiary of The Bendix Corp.

> 185 North Main St., Bristol, Conn.

Reconnaissance, Surveillance, Active Countermeasures an Directi R g e

' ' irectional Couplers, Filters, Terminations and Tuners;
Telemetry Systems and System Components ReeiDeids andl MEs. ' Conx andi Waveguide

ELECTRONIC SPECIALTY CO. D TRt
21 San Fernando Rd., Los Angeles 39, Calif. : paasion 1
51 : ' 960 Industrial Rd., San Carlos, Calif.
Airborne and Ground Antennas, Towers, Waveguides, : ; :
Microwave Components, Complete Radiating Systems Magnetrons, Klystron, TWT's, Noise Sources, BWO's,

Display Devices, CFA's, Switch Tubes, MM Wave Tubes

EMPIRE DEVICES, INC. MICROLAB
37 Prospect St., Amsterdam, N.Y. 570 West Mount Pleasant Ave., Livingston, N.J.

Noise & Field Intensity Meters, Power Density Meters,

Designers and Manufacturers of a Complete Line of
Signal Generators, Attenuators, Microwave Components

Coaxial Microwave Components and Cavity Filters

MICRO STATE ELECTRONICS CORPORATION
152 Floral Ave., Murray Hill, N.J.

Tunnel Diode Amplifiers, Limiters, Switches,
Parametric Amplifiers, Harmonic Multipliers, Varactors

The charge for an Institutional Listing is $50.00 per issue or $210.00 for six con-
secutive issues. Applications for Institutional Listings and checks (made out to The

Institute of Radio Engineers, Inc.) should be sent to Frank Klawsnick, PGMTT Ad-
vertising Editor, Antenna Skill Center, RCA, Moorestown, N.J.

(See inside back cover for additional listings.)
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