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Some graphical

considerations on Millington's

method for calculating
field strength over
inhomogeneous earth

Introduction

MILUNGTON‘S method for calculating field strength over
inhomogeneous earth includes many calculation opera-
tions when there are several changes in earth constants along
the path. These operations are not a problem when a
computer is used, but they can give rise to errors when
the calculations are done by hand. It is also easy to make
mistakes when reading off so many values from the curves.

Knut N. STOKKE

Norwegian Telecommunications
Administration

A graphical method is easier to control, and it is then easier
to see what happens aloug the path, A simplified approximate
graphical method for Millington's method will be described
here.

There will often be a need for a reliable and quick manual
method to obtain the field strength at a certain distance.
Furthermore there can be a need for finding the distance at
which the field strength is of a certain value.
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Eckersley’s method

When a radio wave is transmitted over ground with earth
constants ¢ and &, the field strength at the receiver site is
easily taken from the curves in Recommendation 368 of the
International Radio Consultative Committee (CCIR). These
curves are related to 1 kW effective radiated power (ERP),
and the only extra operation to be done is to scale up the
value on the curve with the number of decibels by which the
~ctual ERP exceeds | kW.
v

When the radio wave is transmitted over ground with varying
o and ¢, the field strength cannot be taken directly from the
curves in Recommendation 368. To draw curves for all
possible variations in earth constants ¢ and & would be quite
impracticable.

In order to use the existing curves a method was proposed by
Eckersley. If the first part of the radio path is over ground
with earth constants o, and ¢,, the field strength at distance d,
from the transmitter is found on the g,, s, curve. On figure |
this field strength is marked E,.

Over distance d, with earth constants a,, 2,, the curve for
7y, 8, should be followed. But the field strength at the
beginning of the second part, d,, has to be the same as at
the end of the first part, 4, Therefore the ¢y, &, curve for d,
is displaced parallel up to the field strength at' distance d,,

-~

iy

odedy ]

Figure |
Eckersley's method
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E,, as shown on figure 1, The field strength at distance d, +d,
is then:

E =E,-(E;~Ey) (1)
If the first part of the path were over earth constants 7, ¢,

and the second part over ,, &,, we should first follow the o,
g, curve and thereafter the parallel displaced o, ¢, curve.

Because of the vertically parailel displaced curves, Eckersley's
method is not dependent of the scale used on the abscissa
of the curves,

Eckersley's method does not give good agreement between
calculated and measured values. And if we interchange
receiver and transmitter, we will in most cases get quite
different results. Eckersley’s method therefore does not obey
the principle of reciprocity.

Millington’s method for one change in earth constants

Millington's method is designed to satisfy the principle of
reciprocity by taking as the field strength at a certain distance
the geometric mean between the values of Eckersley’s method
used both ways, as indicated on figure 2. ;

The geometric mean is the arithmetic mean when a linear
log-scale is used. When a linear decibel scale is used for the
Jield strength, the geometric mean is half way between the two

iy

Figure 2
Millington's method for ome change (to poorer earth constants)



values E, and Eg obtained from Eckersley's method used both  value E, at d = d,, the geometric mean at d = 2d, and the
ways: asymptote, it is easy to draw the Millington field strength
curve as indicated on figure 3.

E,+E, 2)

By= 4

Eckersley’s method used both ways gives (see figure 2):

= E,—(Ey~E))
Ey = E,—~(Es—Ey)

d the Millington field strength is then (2):

E’I_Ea‘gfn_Ex-(Ez‘EJ);Ea-(Es-Eo) (3)

If d varies from 0 and upwards, many points have to be
calculated to find the resulting Millington curve. To make a

quick graphical solution, it would be of great help if some o4y 24, '

special points or an asymptote could be found, so that the g, 3

curve could be drawn without too much calculation. The Millington field stremgth curve for ome change (to poorer earth
constants)

An interesting point is when dy=d, (d = 2d,). Then
Es=E,and E,=E, (3): L
Figure 3 shows Millington’s method used when the first

E,~(E;=Ey)+E;~(E,~Eg) part of the path is over good earth constants and the second

Ey= 3 part is over poorer earth constants. If the first part is over
poor earth constants and the second part over better earth
v Eym E,;E, (4 constants, the result will be as shown on figure 4.

that is, when d,=d, the field strength is directly the
geometric mean between the two curves at the distance
d = dl+d) = 2dl'

« The next step is to try to find an asymptote when the ordinate
is labelled linearly in decibels. If dy—co, then E,~E, and
Ey=E,, and we get from (3):

E\=(Ey=Es)+Ey~(Es~Ey)

Ey= >
E,~E
Ey=Ey+ '2 2 =Ey+m, (3)
which means that the asymptote is parallel to the a,, 8, curve cia. cia.u. ‘

in +m, decibel distance. m, is the half distance in decibels Fewe d
between E, and E, (see figure 2). When we then have the  asillingron's method for one change (to better earth constants)
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Ifnowd,vndafromOandupwards,wewiﬂﬁndthatthe
Mﬂlingtoncnmhm:lsowiumthroughthepointhalr
waybctweenthetwoo.:mmuthedimnced-?d,.'l‘he
asymptote is found to be parallel to the gy, 8, curve at
distance —m, d.3 as indicated on figure S,

Figure 5 shows one very interesting feature. When the first
panof'thepah(d‘)isoverpooremhconstantsa.,s,md
the second path is over good g,, & constants, the field
strength can increase with distance from d = d,. This is
known as the recovery effect, and can be observed when the
'dio path goes from land to sea. Millington’s method has
confirmed to be in good conformity with measured
values.

V =l ]
Figure 5 ;
ThM!ﬂbwmm/wwew (0 better earth constans)

oty

Oy 4y oo,

4 "ou

Flgure 6
mmammmmmmmw:ommh
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Millington's method also gives a clear indication that it is
important to have good electrical conditions in the ground
to some distance from the transmitter, especially when we
want to cover an area with bad ¢ and ¢ constants. The curve
on figure 5 can be used the opposite way, as shown on figure 6,

If the transmitter is placed at a distance d, from a receiver
andtheeanhconstxntsma,mds,,aﬁcldmcngthf,is
observed. And if the transmitter now is moved away from
the receiver to an area with better earth constants, the
received field strength can increase and reach a maximum.
Onﬂgure6themaximumismchedatthedisunee
d=d ., +d,.

Mnuhgtw'sm&odf«memlonchngehunh
constants

On figure 7 Millington’s method for two changes in earth
constants is indicated. If we want to compare with calcula-
tion, we get from the same figure:

E‘ = El -(E:-E;)-(E‘-Eg)

Ey=m Eg=(E;=~Eg)—(Eg~E,,)

Ey= 51‘(53-53)-(E¢"Es)+Ee-(Ev‘Et)-(Eo‘Exo)
S (6)

To find a characteristic point on this curve is not so easy.
But the asymptote can be found, and the result is very simple.
The asymptote is reached when d, = . Then E,=E,,
£y = Eyand E, = E,,, and from (6) we get:

El“l'ﬂ)-
2 El"'(EI-E!)"(El-ES)+ Es=(Ey=E4)=(E,o—E,q)
2
7 o= =
Evtiyme) = Eg+——=2 2£’+—E’2 E- Es+mi+my, (7)

The asymptote is then a curve parallel to the a;, 8 curve at
distance -+(m,+m,).
When the earth constants decrease along the path, the
general expression is:
E\~(E;~E,)...(E3y-3=E,,-,)
Ege= 3

+£2n-(£2101 -Ean 2)-(Eh¢3 -Eil*t)
2

¢« and when

dy=,E; = EjpetyEzgey = EjeenEzges=Eq ..



and so on, and the result is:
E s E\~(E;~Ey)..(E3y-3=Ega- 1)+ Ez0-y
(dn=x) 2
E,~-E, E,-E Eyp-y—E;,-
Eﬂ'n)-Eh-l"' ‘2 1+ 32 4 e 2. ,2 2 3
or:

E(‘.g)-Eh-|+m‘+m:+”|3+.-.+m,-| (8)
o hat is, the asymptote is a curve parallel to the g, &, curve
at distance +(my+my+my+... m,-,); m, is here half the
difference between the o,.,.¢,-, and the a,, &, curves at the
end of distance d, .

This result is obtained when the ¢, & curves go to lower
values along the path. If the o, ¢ curves go to higher values
along the path, the result is:

Egpan)=Ezpey=my=my=my=...=m,., (9)
where m, is half the difference between the o,, ¢, and the
0y-1, 8,y Curves at the end of dy. m, is half the difference
between the g, ,, &,-, and the g,_,, &, 4 curves at the end
of dy, and s0 on.

If we compare these results with the Millington method for
one change in o, ¢, it is obvious that we can evolve an
approximate method which will give quick solutions. We

~

first draw the Millington curve for one change at distance
d = d,, that is for the change between the oy, &, and the 7y,
¢, curves. Thereafter the Millington curve for one change at
distance d = d,+d, between the ,, &, and the gy, &, curves
is drawn, and this curve is displaced parallel to the field
strength value at the end of d). The same procedure is
repeated at the distance d = d,+dy+d, for the change
between the a5, ¢, and the gy, & curves, and so on. The
resulting curve from this procedure will have the same sum
of asymptote distances m,+my+my+... m,., as the asymp-
tote distance for the exact curve. The approximate graphical
method is explained on figure 8.

If we go to better and better transmission conditions, the
graphical method is described on figure 9.

To have an approximation for asymptotes is not enough. It is
therefore of interest to find the difference between the exact
method and the approximate graphical method for all
abscissa values (all distances). The conditions for two
changes in earth constants are first considered. From figure 10
the field strength at distance d = d,+d, is (the graphical
method is correct for ome change):

Ex=Eyq+in= El-(E:-E;E'-(E'-Q (10)

The Millington method for one change used at distance
d = d,+d, between curves for gy, ¢y and 7y, &y:

& Ey=(Eq=Eq)+Eg—(E;=E,y)

(11)

br 2

Figure 7
Millington's method for two changes (1o poorer earth constants)

Figure 8
The simplified graphical method (for changes to poorer earth constants)
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The simplified graphical method (fwohwtobtmrmhmm)

We must connect this value with the former value (E,), and
E,—E, has to be added to E, to get the approximate value
atd = d,+d,:

Eie Ea-(&-Es);Es-(Eq-Eu)

+By = (B~ E)+ E,~(,~E) _
2

E, (12)

The exact Millington field strength value is (see (6)):

V- E\~(E, 'Ea)-(54'Es)+55‘(51-£0‘(£9‘510)
2

2od the difference between the exact value and the approxi-
mate value is then:
Es+Ey=Ey+E\y~E, ~E,+E,~E,
E'-E”..- 3 8 9 ‘02 11 5

= (E.-E,)—(E,-E,) (EO-EI)"(EIO-EU)
2 2

o 4 42

(13)

That is, when the field strength curves for different earth
constants are parallel, the graphical method is correct (see
figure lO).Andifthemmnotquitepanlld,the
approximation is rather good because it is the half values of
4 which appear in the formula Ey—Eyyy

The formula Ey~E,4, could now be developed for many
chanminmthcomtanu,andthemnltwouldbeanumba

162 TELECOMMUNICATION JOURNAL - VOL. 42 - 1111973

of small difference values. These differences can be both

positive and negative, and can under some conditions cancel
each other,

The variations in earth constants along the path can go in
both negative and positive directions. It can be shown that also
under such circumstances the approximation is acceptable.

Ounly one example with o,, ¢, for distance d,, oy, &, for
distance dy, and g, &, for distance d,, will here be considered.
These conditions are described in figure 11.

feef,y

-,

Figure 10

Flgure 11
Variation both to poorer and better earth constants
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Figure 12
The approximate method used on several changes

The Millington method gives at the distance d = d,+d,+d,
the field strength:

E= E\~(Ey=Es)=(E,~Eq)+Eg—(E,=Eg)—(Eq—Ey)
2
v (14)
The Millington field strength at the distance d = d,+d,:

faBsEERIE R

: The Millington method used on the changes between the
distance (d,+d,) and d,:

& E,-(E‘-E,)+ E¢—(E,=E,,)
2

E, (16)

The field strength for the approximate method (graphical
method) at distance d = d,+d,+d, is therefore:

Ellnp > E,"’(Ex-fa)

B Ea"’(Ec'Es)'*on-(Ev'El 1)

+Ey=(Ey=E)+E,~(By=EJ) _
2

E, (17)

The difference between the exact and the approximate
method (14)-(17):

E;"E;*’E, +£.—E,"‘E“—E.+E.

E"—Elloﬂ 2
_(Ev-E)-(Ea=Ey)_(Es=E9=(Es=Ey)
2 2
41 42
TR (18)

which is a result similar to that in (/3), that is, when the
curves are parallel, the graphical method is correct. When
they are not quite parallel, the differences will be so small
that the result is acceptable.

This calculation could now be developed further, but always
giving numbers of small differences. And it is found that the
approximate graphical method will give good results for any
variation in earth constants.

Conclusions

To make a quick manual calculation of ground wave field
strength over inhomogeneous earth, an approximate graphical
method can be used. This graphical method is based on the
use of Millington's method for each section of the path, and
the curves are displaced vertically so as to get a continuous
curve.

The drawing of curves for each section can be done very
quickly by using the point half way in decibels between the
curves at d = 2d,, where d, is the distance for change of
curves, and also. by using the asymptote at the half way
distance in decibels between the curves at the end of the
former section.

Figure 12 describes how the graphical method can be used
to find the distance where the field strength is | mV/m
60 dB over 1 4uV/m when the ERP is 100 kW = 20 dB over
I kW.

The Millington method needs field strength curves for
various earth constants ¢ and ¢, but for one frequency at a
time. Curves should therefore be made for earth constants
at some frequencies. For manual calculations in the LF/MF
bands field strength curves for earth constants at frequencies
150, 200, 300, 700 kHz, | and 1.5 MHz should be sufficient.

( Original language: English)
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