




















Communication methods in
underground mines — (Part two)

by R. O. TERVO* and M. D. EVERELL**

The August issue described in
general terms various types of
both wired and wireless systems,
and listed equipment available

on the market. In this concluding
installment, the authors go

into the theory of radio pro-
pagation and conclude by
pointing out the relative merits
of the various systems.

WA good review of the subject of
radio propagation underground was
given by Hughes and Hartill [16] with
a description of practical applications
and problems encountered. The authors
indicate that the range of useful fre-
quencies for communication in general
is from 15 kHz to 10,000 MHz or
higher. As previously mentioned, West-
inghouse experiments [5] (Part one,
Aug.) were conducted at even lower
frequencies for through-the-earth trans-
mission and the Westinghouse system
for coal mine rescue and survival uses
equipment operating between 200 and
3000 Hz. No mention has been found
of communication equipment operating
above 460 MHz.

Finkelstein and Erdem [17] have
considered radio propagation from a
theoretical viewpoint and have done ex-
periments to test their analysis.

The theoretical analysis considered
the transmission of signals through geo-
logical strata and along the line of sight
between transmitter and receiver on a
roadway underground. Allowing for
the presence of discontinuities or cracks
would be a great complication theoret-
ically. To simplify the analysis, the rock
strata were considered to be homogene-
ous, quasi-conducting, and having con-
stant electrical properties. For such a
medium, an optimum working fre-
quency exists for a given separation of
loop aerials. The areas of the two loop
aerials affect signal strength directly,
and the loops must be in the same
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plane for maximum coupling. The for-
mula developed by the authors contains
three terms representing the contribu-
tions of the radiation field, the induc-
tion ficld, and the electric or mutual
inductance coupling field to the e.m.f.
picked up by the receiving antenna.

The contribution of each of these
fields decreases with distance, but they
are all equal if the distance separating
the aerials is Am/27 in which Am is
the wavelength of the radiation in the
separating medium. At shorter distances
such as used in the authors’ study, only
the mutual inductance field is of sig-
nificance and the formula simplifies
to —

V. = (j0S, S N, Ny [,/4=)(1/8)e!t*

where

distance between aerials,
e.m.f. induced in receiving
aerial,

area of receiving aerial,
number of turns in receiv-
ing aerial,

area of transmitting aerial,
number of turns in trans-
mitting aerial,

current flow in transmitt-
ing aerial,

permeability of media be-
tween aerials,

o(uel,

permittivity of media be-
tween aerials, and

angular frequency
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This leads to the conclusion that, at
a given frequency, the e.m.f. induced
in the receiving aerial, V,, varies in-
versely with the cube of aerial separa-
tion. An optimum working frequency
exists for a given separation of aerials
because V. is then a function of fre-
quency only. A similar conclusion was
reached for transmission along road-
ways.

Experimental confirmation of the
theory was tried underground in North-
ern United Colliery. The frequency
range covered was from 50 kHz to 1
MHz at an average transmitter output
of 1 watt. The experimental site was
wet, with pools of water on the floor.
Rock samples were checked for conduc-
tivity and dielectric constant. These
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