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ELECTRIC POTENTIAL DUE TO A CHARGED SPHERICAL SHELL

(Dedgrd38 Hvese6 8630 HY DS TFeJane)

In this topic, three cases are possible for consideration
Case I: At a point outside the charged spherical shell
Case II: At a point on the surface of the spherical shell

Case III: At a point inside the charged spherical shell

Case I: At a point P lies outside the charged spherical shell (§ ¥°S~& 8606 erdey Dot

58)
Consider a conducting charged sphere of radius R, in which a charge q is uniformly distributed

over its surface as shown in the following sphere (no charge is inside the sphere).
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The aim of this article is to derive an expression for potential at an outside point P at a distance

of r from the centre of the sphere. For this purpose, the sphere is divided into number if rings
with centres on OP. Further, consider one such ring ABCD as shown in the figure. Let CP=x,

L COP=6, and L AOC=d0. From the right angled triangle OEC, CE=0C sin6=Rsin6
From sector AOC, AC=Rd0.

The circumference of the ring is given by2n(Rsin6)

Area of the ring is given by 2nRsin0XRd0=2nR*sin0d6

Therefore, the charge on the ring =area of the ring x surface charge density= 27R*sinfd0Oxo

Where, o = 2 e ares = i

The charge dq on the ring is given by dq = 2mR?sin6df X ‘mq? = qsmzede ------- (1)
The potential at P due to the charge dq on the ring is given by

dv = Flgo X ‘f{—":m;o x 22000 = ";fi‘f (using equation (1)) ~ =eeeeee )
From the figure x’=R*+r’>-2Rrcos6. On differentiation, one can get

2xdx = 2Rrsinfd0 = sinf = % ------- 3)
Substituting the value of sinfd6 from equation (3) in equation (2), we get

q = o _aax @

" 8megxRr | 8megRT

To obtain the potential due to the whole spherical shell, we integrate equation (4) between the

limits r-R and r+R

r+R qdx q r+R q r+R
av = = dx =——|x
fr—R 8meoRT  8meQRT fr—R sneoRr[ 2R

Therefore, V = f:—;
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Ve—L [r+R-(-R]l=—2—[r+R-r+Rl=—2-_x2R=V =—x1 (5

- 8megRT 8megRT 8megRT 4TTEQ r

Equation (5) gives an expression for potential due to a charged spherical shell at an outside point.

Case II: At a point on the surface of the spherical shell(f ¥°s*& E00 oo )

When the point ‘P’ lies on the surface, r=R

.
v X (6)

4TTE

Case III: At a point inside the charged spherical shell(f ¥°s°6 866 S°HO Dot o¢)

When the point ‘P’ lies inside the shell, the limits of integration becomes, x=R-r and R+r

. __ (Rtr _ (R4r qdx q R+r _ q R+71

~V= fR—r av = fR—r 8meoRT  8megRT fR—r dx = 8meoRY [xIz%

V=—2_[R+r—R+7l=—=[R+r—R-1)]—t=x2r=>V=——x2 ... )
87T€0Rr 87T€0Rr 87T€0Rr 47'[80 R

From equations (6) and (7), one can conclude that the potential at an internal point is same as on

the surface.

From equations (5), (6) and (7), the variation of potential with distance appears as follows...
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Questions

1. Define electric potential. Derive expressions for electric field due to a spherical
conductor
2. Derive expressions for electric potential due to a charged spherical shell at 1) an outside

point 2) a point on the surface 3) an inside point
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