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A brief description is given of the possible application of the system loss concept at

- extremely low frequencies.
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The system loss concept [1]2 has been recom-
mended [2, 3] by the Consultative Committee on
International Radio as a precise means for describing
the overall performance of a radio system including
not only the effects of the intervening propagation
medium, but also the gains and losses in the trans-
mitting and receiving antennas. The purpose of
this brief paper is to call this concept to the attention
of engineers designing radio systems which are
expected to operate in the extremely low frequency
(ELF) or lower frequency ranges. The efficient
design of systems operating at such low frequencies is
especially difficult, and it is believed that the use of
the system loss concept may thus prove to be quite
helpful.

Any radio system may be usefully described [4] by
~means of the simple T network of ficure 1. The
accessible terminals of the transmitting antenna «a

and of the receiving antenna b are denoted by AA
and BB, rcspovtwvlv The central member of the
T is the mutual impedance z,,= lc,,,} exp (i¢) between
the two antennas, and this contains implicitly all of
the effects of the propagation. The self-impedances
of the two antennas are z, and z,; thus the impedance
at the terminals AA, with BB open-circuited, is
2,=r,+1x,, while the impedance at the terminals
BB, with AA open-circuited, is z,=r}, iz,

I Contribution from Central Radio Propagation Laboratory, National Bureau
of Standards, Boulder, Colo.; paper presented at Conference on the Propagation
of ELF Radio Waves, Boulder, Colo., Jan. 25, 1960.

2 Figures in brackets indicate the literature references at the end of this paper.
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Ficure 1.  T-network for system loss analysis.

A method for allowing for the effect of external noise levels is

The system loss is defined as the dimensionless
ratio, p./p., where p, is the radiofrequency power
input to the terminals of the transmitting antenna
and p, is the resultant radiofrequency signal power
available at the terminals of the receiving antenna.
The system loss is usually expressed in decibels.

L;=10 logyy (p:/ps)=P,— (1)

In the design of the system it will normally be desir-
able to minimize L, It was shown [1] that
this may be accomplished by simultaneously match-
ing the source impedance z, to the complex con-
jugate of zy, and the load impedance z,=7r,41z, to
the complex conjugate of z,. For this condition

of matching
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At low frequencies the dominant component of the
available noise power p,, appearing across the
terminals BB will usually have been received after
propagation from a noise source with power p, over
propagation paths with an effective system loss
L,=10 logio(pn/pan). In this case we see by the
following equation that a maximum signal-to-noise
ratio may be obtained by minimizing (L;—L,).

Pn_ (Ls4L11)-

(3)

P,—P,,=P,— 4)

In minimizing (L,—L,) it is important to notice that
most changes in the receiving system will affect L
and L, alike and will thus not improve the signal-to-
noise ratio to the extent that the dominant compo-
nent of the noise is not in the receiving circuits them-
selves.
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It may be helpful to the reader to list some of the
advantages and disadvantages of the use of the sys-
tem loss concept. Its principal advantages are that
it: (1) Makes possible a single, precise measurement
of the entire system performance; (2) shows explic-
itly the influence of such circuit parameters as
antenna impedances; and (3) combines in a single
parameter the interdependent effects of the propa-
gation and the antenna gains and losses.

The principal disadvantage of its use arises from
the fact that it does combine the influence of at least
partially independent factors. Thus, it is certainly
a great advantage to be able to study the transmit-
ting antenna, the propagation medium, and the
receiving antenna independently. In those cases
where these factors cannot be considered to be inde-
pendent, the system loss concept must be used for a
precise description of the system.
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