Problem 7: Find the electric field a distance z from the center of a spherical surface of radius
R that carries a uniform charge density o. Treat the case z < R (inside) as well as z > R
(outside). Express your answers in terms of the total charge g on the sphere.

E is in the z-direction, uniform charge density o.
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Figure 11

In spherical coordinates:

dq = oda = o R*sin 0 db d¢

22=PR%>1L 2 _9R>cosb

COS L _ 2= 1?2/ cos ¢




Spherical Coordinates The point P
Cartesian coordinates (X, v, z)
<4 Spherical coordinates (r, 8, ¢);

r is the distance from the origin
(the magnitude of the position vector r)

A @ (the angle down from the z axis)
Is called the polar angle,

L
h

, ' ¢ (the angle around from the x axis)
Is the azimuthal angle.

Any vector A can be expressed as

A=A;-P+Ag§—{—A¢,J)



Transformation of Coordinates

Rectangular < Spherical

X = rsiné cos @
y = rsinésing
Z =rcosb

P \/X2 _|_;2 22

I ranges from 0 to oo,

6 = cos \/ = > >
X“+y +z
Ofrom0Otorn
y
¢ =tan” ' — o from 0 to 2,
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dr
An infinitesimal displacement in the “r direction: .
— ., = dr
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rsin® do

> dly =rsinfde¢

Thus, the general infinitesimal displacement dl is

dl=drt+rdé@ +rsind dqbqa

The infinitesimal volume element dz;
dt =dl, dlpdly = r2sin@ dr do d¢



Is there a general expression for surface elements da?
No, it depend on the orientation of the surface.

z ds, =7 dx dv
. . dy
Differential length, area, and volume ds
in Cartesian coordinates: ey g s, = § dx d-
o N dv = dx dy d=
C ds, = Rdvd:
dv -

In spherical coordinates:
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In spherical coordinates: ZA

da]
dl, =dr dly =rdf dly=rsinfd¢
Integrating over the surface of a sphere, then r is constant,
whereas 6 and ¢ change (6—¢ spherical surface),
-
\\. - - - 1“
day =dlydlyt =r*sin0dod¢ ¥ . .
da,
For constant @ ; (R—¢ conical surface),
day =dl, dly = rdrdph
L o (For & = 7/2; the surface lies in the xy plane)

conical
surface




For constant ¢ ; (R—6 plane),

The surface areada=rdrdo O

E.g.: Find the volume of a sphere of radius R.
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Problem 7: Find the electric field a distance z from the center of a spherical surface of radius
R that carries a uniform charge density o. Treat the case z < R (inside) as well as z > R
(outside). Express your answers in terms of the total charge q on the sphere.

E is in the z-direction, uniform charge density o.

N L
)= e | 2 24 oda =?

By symmetry E is in z-direction;

Figure 11

E(r)=E.z E = ‘E(F)‘cosw

In spherical coordinates:
dq = oda = o R?sin 0 df do
22 =R?>+2>—2R>cosb

COS L _ 2= 1?2/ cos ¢
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Let u = cos0: du = —sintdb: { h=0=u=+1 }
l0=m=u=—1
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For z > R (outside the sphere),
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For z < R (inside),
E.,=0, E=0



