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CAICULATION OF THE EF?EC
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Fall ]
UBATT-"L¢¢A D FPIZID STRENGTH AT ONE MILE

Abstract:

Thils report shows a method of calcu*ntlnc the unattenuated
field strength at 1 mile for a medium fregq uency VPrL19a1 aerial, in
terms of serial height, soil conductivity, frequency, and details of the
earth system using data given in a paper by F.R. Abbot. Four examples
are given overlné considerable ranges of frequency and scill conduct=
ivity, TI% is concluded tha’® with 2 good sarth sysiem the soil conduc
ivity hes lite le effect on uhm unattenuated field strength at 1 mile.

1. Introductions
© . The field strergtb at any apprecieble distance from a

cl

unded medium frequency vertical serisl is-dependent on a numper of
ors, particularly the power input %o the aerial, the nature of
serial aznd earth system, the soil conductivity of the medium, and the
b c

Tt hes been cusitomary for the calculation of field strength
; families of curves of field strength agains i

to employ t ai
perameters of frequency and soil conductivity, for a fixed soil
cielectric constant. These curves are customarily drawn for an
unattenuated field strength of 100 mV/m, at one mile, and their use
requires a knowledge of the unattenuated field strength &t one mile
for a given power, aerial, and earth system.

In order to determine the unattenuated field strength at
one mile in any prediction of field strengths, the experimental dava
. Brown 2 may be employed. This data gives unattenuated field
th et 1 mile for = range of aerizl and eerth systems for 2 fixed
cy and conductivity, 1t being assumed withoui compleie proct
= unattenuated field strength at 1 mile is substantially inde-
pe of soil conductivity and frequency, provided that the aerial
and ground system bear & fixed relationship to the wavelengih.

A recent erticle by F.R, Abbot 3 deazling with the design
of ground systems enables a calculation %o be made of the unatienuatad
fizld s trength at a mile in terms of the height of the veriicel azerial
configuration of the redial earth system, frequency and ground con-
ductivity., Celculations have been made, and four examples worked out 0
check a few points in the data provided by G.H. 3rown, and in parti-
culer some indication is obtained of -the effect of soil conducTivity
on the losses in the earth system and on the unattenuated field
strength at 2 mile.

2. Msthod:

A4 study of the fundamentals of serilsals commenclng Wwitn

the simple dipole will meske it cleer that 1n the case of & grounded
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vertical a,*lél the ground in the vicinity of the aerial must be con-
sidered as part cf -that aerial,

The question then arises as to whet radius may be taken as

part of the aesrial, Losses within this radius may be considered as
effecting aerial efficiency, wklle losses outside this radius may be
considered as propagation losses, It has been suggested by Williams

that the bOMnaary be set at the limit of the inductidn field for which
p= r. This appears to be a logical choice as the total radial earth

cu.rﬁnu becomes constant for all values of aerial height b a ?1

indicating that =2 var;ag_onkgn’ will not cause a variation 1n the watts

+

loss outside the radius /' = 5 for constant input power

To obteain shs aerial efficiency the watts loss is calculated
within the radius # =5, ILet this be p and the aerial input power be P.

... (1)

?
Unattenuated field strength for P kW input = Eo JP-p . v . (2)
at one mile, '

£ x 100% . . .

Where Bo is the no loss field strength at one mile for 1 kw input,

Ro variss bzcause of the change in the vertical poler diagram
with change in serial height and is given in figure 1,

3, Calculation of Loss;

It is assumed that the earth is flot and nomog_“eoup except
for radial earth wires and that the zeriszl has a sinusoidal distribution
f current. To enable an expression for the total radla_ sarth current

to be obtained in s oomoarablvelr simple form it is further assumed that
the ecarth is a perfe

v o : . ; 3
We then have from the paper gquoted by F,R., Abbot,

aexd 5 4 - -
% 02 A - 6‘32#}\ COS 277' S) °* ® ° ° » ())

- h
in 277 ¢
s N
Fhere J = total radial current at any radius ~ given in figure 2
2mps.
= total current at the base of the zerial amps.

= distancs T the top of the aerial metr

b
s}
B

- distance from the base of the aerial me tres,

DeTres.

it
]
b

> b
G B T
H
t-
)
o
'—J
aa
oy
ct
o
L)
&G
B
o
)
o
'J
o
}_l




_5..
. /
It s then assumed that with earth of finite conductivity
the earth currents remain the same, This assumption has been used by
Brown 2 and others successfully,

‘he _power dissipated per sguare metre of ground surface is
v J, ),
iven b
g by < ﬂy/ ¥ (real part)

Where Y = admittance of 2 square metre of scoil,
Hence for an earth system We have

7oy, 1y for Z A (Ref, L)

(=4
Where Y = eadmittance of the soil per square metre,
=
Y, = admittance cf the wires _cr square mestre,
g ‘

d = spacing between wires in meires,

T, = Ji;j_§§~ mhes (Ref, L) . . . . (&)
A
. hos (Ref. L) (5)
Y = -——.:’Q:—""'"_ mncs el, + e 'Y °_ ° 3 D
g {A(d Z?cﬁ??v
Where % = +the dielectric constant of the soil #.X.S,
= the conductivity of the soil MO/ atra.,
. ¥ ;
A = the permesbility of the scil ¥M,K,S.
a = the diameter of the wire méfres,
cles
£ = the frequency 7 /ééc.
In cases Wwhere € £X¢ fff
1 b '
Yo % y)e}-z%‘;z Coe . (8
! \“-" &
A — 8 ] (
andy & g/!TFA /ﬂ”/{?: . ° . 8 a \7)
*Th frd LgetT
Ly
i e
1w~ = watts loss per square metre = real part of Qi%;) Y

{F ) Fr
- wrr LA St . wetts/ metre

CR R el ] (8)

JEL:2 7,

In cases where the dielectric constant of the soil canno
be neglacted we have -
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Qutside the earth system and neglecting the effect o
dielectric sonstant of the scil

\}'I.
- = (/ f}’ J &;ijw, real part
~‘/ A¥3 7/ pas
= £1§}} L watts/square metre . .  .(10)
A ‘f
g w = ATrarw
~ ot rz_
w = 2/’ - g Hr e o r wetts,
Negleoting the dielectric constant of the scil we have
within the earth mat -
oyl T
4 /! ";7%/:' er PR
W - . A - s = °
. 1 R Fﬁf\;457*'f'<j—§i: * — , )11 (11)
o ol i ST G Ay - B
Qutside the earth met -
r rz; ’
VT
7 &
\1'2 = -/ Jl 7 - ﬁr 4 O » ¢<12>
NP 1T
Zecauses of the assumpiion that the earth currenits remain
the same for soil of finite ‘conductivity these integrals cannot be
taken to the limit 1} —F b 25 then W  ewd o0 which is

impossible,

L, Determination of the attenuated field strength at any given distance:

The methed of using the FCC curves must be modified as
earth losses w_unln.i; of the aerial have been taken as
and not propagation losses. The actual field hzs been taken as the
unsttenuated field at /= 2 so that any conductivity c

s LA . -~ : i
be moved up to coincide with the inverse distance curve at 7= 5 .

Alternatively the field at any distance given by t
curvesz may be multiplied by the ratio of the inverss and attenuate

ficlds read off at /£ . 2,

ES

5. Comments on Method. ,

4 methed has been presented which e
a - - ;
v

ables the field
strength from a vertical aerial ta

=3
aking the zerial

[T
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garth sysiem into account,

It has been assumsd that the current distribution zlong the
serial is sinusoidal, This may not be precisely the case perticulerly
with zerials for which ﬁ\’~". In e cases the effact is 40 meke the
actual aerial efficiency about 5% less than that calculated,

D o
jax
18]
w

In the examples given it is shown that the dissipation
71thin the earth system area is greater for high conductivity scil than
for low conductivity soil, However this is of nc real imporiance as
the dissipation within the earth system area is shown 0 be small.

6. Zxamples;

The unattenuated field strength at ons mile has been cal-
culated in four cases summerised in the following table znd in three -
ceses a comparison is pcssible with the figurs given in G.H, 2rown's
erticle,

Taeble,
Exeample c1 2 3 & !
3

Lerial height (fraction of wavelength)! 0.1251! 0.125 | 0.25 0.5
ZTarth-system radius (fraction of 0.274 1 0,274 1 0,274} ©.02

wavelepgt%)
Number of radials 113 113 113 113
Prequency k¢/s. 1600 | 1600 | 600 600

. e -1

Ground conductivity (x 10 ~ ) e.m.u. 3 LO 10 10
Unattenuated field strength at 1 mile 172 183 191 225

c~lculated, : -
From G,H. Rrown | 172 172 180 -
Case of earth system without losses ! 187 | 187 19 237

The calculated unattenuated field strengths at one mile are
in ccmparatively clcose agreement with the figures obtained from G,H,
Brown's paper, perticulerly in the case of or cenductivity. It is
evident that where a gocd earth system is used, the ground conductivity
hes 2 small effect on the unattenuated fisld strength at ons mile, In
exemple 1 the worst medium wave case which can bs contemplated (1600
kc/s, and poor conduc tivity) the unattenusted field sirength at z mile
is only &% less than ths no loss case.

in inference from example L is that a poor esrth systen
does not seriously effect the unattenuated field strength 2% 1 mile
when a half wave aerial is used, Howsver this doss not mean that a
gocd =2arth system 1s unnecessary, since 1t no doudt ensurss a gocd approxi-
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mation to the no lcss vertical radistion characteristic at high angles
where radiation is low,

Example 1,

y

Pind the attenuated :leld strength at 1 mile for 2% 3 aerial
with an earth system consisting of 113 radials No., 8% copper wire
extending out to 0.27LM,

Freaquency 1600 X.C. Earth conductivity 3 x 10 —© e.m.u.

Power into aerizl 1 K.,W,

Al 3 x 10-3 mho/metre,
10

€ = 1.33 xlo‘* M,X.S,

= 47}x lO M,K,S,

187 metres

il
™
A

51 metres

i

.5 N= S84 metres

In this case the dielectric constant of the soil cannot be
neglected,

;
- -1 - E)
. <1.53 x 1070, 3 x 1077
g T i -7 I - -7
- \Aﬂ'x 07 21l x 1.6 x 106 x 5% x 107
1
= 1072 (1.06 - 2.37))F
= 10—2 -a,/5 - O 871)
1 1
fud lcgeé%z 1.6 x 10° z 4T x 10-7 z d x 2,303 Loolo =5 ; =7
= 0.216
d Loglo 15.9a
{ _/‘ \2 -2
As = 2T rar \ITH  1.35 x 10

e )
1,82 x 10 "4 (g 1972 L 0.216 g
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metres| 1% | (&= 0.0556 15.34 {log;, 15.94] , | 1 | _.216 oW
N % - ¢ 7 1log, 1 15,54 watts

e
10 1.0535 10 .556 8.85 | o7 o318 | Lkl 1.1
20 1,107 {10] 1.11 177 L.28  |7.5 (56 | 156 | 2.2
30 1,160 | 10| 1.67 26,6 | L.k25 6.6 L35 | .091 | 3.1
LO .21k 10 2.22 33.7 | 1.528 6.1 1357 | .06k 3.2
P8 1,257 | 6 2,67 P 40,9 1 L.6lz (5.8 1335 .05 I 2.5
oSl ) ,
W’.| = /\7 A u\ = 12.1 watts
~ ey
o W2 = W rares
. i 2
A= (ﬁﬁ} ¥ real part
— 7 | vk 702
- = ezl G
Jnrl T3 - o.87; 0 TSR R
= i J \\\L 102 X 1‘35
VRl T2 E0.75
s P gk R 2
LONE S 7 aTrar (o 3 1.35 % 10
(el NEEE 257
- SR 8;36 J £ Q’r
¢\r < 91 I
As J does not vary greatly over this range of I assume 1%
constarn. at 5.4 amps,
w 559 log, .r | o
= s 7
2 10 .351
= 559 (1.973 - 1,708)
= 148 watts
< :f_ _ '|' - s
Wb W, = 160 watts
Unatienuated field strength at 1 mile = 188 1 - ,16 = 17 7/m.

L -1L
urves the curve & = 3 x 10 e,m.u, is C. “7
22 and 0.57 of the unattenuated value

. ‘ by
2f the unatt =
ile,
s , - 195 w22l
Attenvated field strength at 1 mile = 172 x v 112 nv/m
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As J does not vary greatly over this rangs of 7 assume it
t 5.4 amps,
b= 9
., 2 o &D .
W = 5.0 x 2 r
2 -
P= DL

= 35 watts
W, * W = 55 watts
1 2
) ‘ o L\ - — cw  er
Unettenuated field strength &t 1 mile = 185 |1 - .%45 = 183 o¥/m.
Attenuated field strength at I mile = 183 x L86 = 175 mv/m.

Txample 3,
. oo e s — . - ~ A .
Pind the unattenuated field sirengin at 4 Q%le for & 3 aerial
with an eerth system consisting of 113 racdials No. 8 copper Wire extend-
ing out te 27LM»,

1 K.%.

Aerial input pewer

Frequency 600 K.C.
-1
Tarth cenductivity 10 x 10 2,0, W,
ielectric consiant sf earth 15,

in M,¥K;8. units we have

/ .
mho/meatre,

-]
15 x 8.85 x 107° = 5 % 1
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/
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