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An earthing electrode has been made out of a perfectly conducting metal hemisphere of radius
R,, and it has been buried in soil with its flat face flush with the earth surface. If the soil is
assumed to be isotropic with constant resistivity p, show that the resistance between the
electrode and the earth is given by

P

27R,

Sol. See Fig. 4.15. Symmetry considerations indicate that the current in the electrode will be
purely radial. Let us now consider an imaginary hemispherical shell of radius » and thickness
or, concentric with the metal hemisphere. The current through this surface would be the same
as that leaving the metal electrode.

!

Metal hemisphere

Fig. 415 An earthing electrode buried flush with the surface of the earth.

.. The current density over this surface is

I/ E,

‘,r = T

2nr- P

E =(p_1)iz
27 r

Hence, the potential of the hemisphere will be

R,
V=-[Edr=-"L E
27R,
|4
Resistance, R=—= P
1 271'Re



If in Problem 4.16, there is now a perfectly conducting plane parallel to the outer surface at a
depth d (d >> R, ) and extending to infinity, find the resistance of the system.

Sol. See Fig. 4.16. We solve this problem by solving the problem of capacitance of a sphere
of radius R, positioned centrally between the two earthed parallel planes, which are 24 apart.
1 1 1 1 1
+

E = L {_7 2 - > T 2 7+"}
dmey |x° (2d-x)° (Qd+x)° @Ad-x) (4d+x)°

o

NP

d(>>R) Soil of resistivity p or conductivity o

Perfectly conducting plane

(a) Hemisphere and the conducting plane

———— )] ——>

Qe

(b) Image system
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d
P.D.,V=L —l+ ] + S S + -
dmey | x 2d—-x 2d+x 4d-x 4d+x &
0 1 1 1 1 | 1 | 1
= == —- +—- - —- +---
4reg, d R d 2d-R 3d 2d+R 5d 4d+R
o |1 1 1 1 1
= - - + + +-e-
dre, |[R 2d-R 2d+R 4d+R 4d-R
-2 {L_i xr 1.1 }
dme, |R d 2d 3d 4d
= Q ]_5 1_l+l_l+
ame,R| d| 2 3 4
-2 -2
47, R d
4reyR
C= Q =——0¢ _ R, here is the radius of the hemisphere.
1% ( R"mz)

Now, CR, =¢gp = i, where € and o are constants and R, is the resistance of the system.
c

£
R= =0
oC
But in the present problem,
_ 2¢,
oC

because in the original problem, we have the hemisphere only and not the complete sphere.

1

1 R
Resistance, R, = — ( = 7" In 2)
(4
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