HW 7 solution

Problem 4.22 Charge O is uniformly distributed over a thin spherical shell of
radivs a. and charge O3 is uniformly distributed over a second spherical shell of

radivs b, with b > a. Apply Gauss’s law to find E in the regions R < a, a < R < b,
and R > b.

Solution: Using symmetry considerations, we know D = RDp. From Table 3.1,
ds = RR sin8 40 dd for an element of a spherical swface. Using Gauss's law in
integral form (Eq. (4.297),
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where O, is the total charge enclosed in 5. For a spherical surface of radins B
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From Eq. (4.13), we kmow a linear. isotropic material has the constitutive relationship
D =¢E. Thus, we find E from D.

(a) In the region R . a.

Om=0, E=REp= .F;th =0 (Vim).

(b) In the region a <L B < b,

Ou=01, E=REz= 22 (yim)
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(c) In the region R = b,
RO 2
Cror = C1+ O, E =REg = % (Vim).

Problem 4.23 The eleciric flux density inside a dielectric sphere of radivs a
centered at the origin 15 given by

D =RpeR (C/m?).
where pg is a constant. Find the total charge inside the sphere.

Solution:
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= 2poa’ [ sinBd0 = —2npga’ cosO|F = dnpea®  (C).
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Problem 4.24  In a certain region of space, the charge density iz given in cylindrical
coordinates by the funetion:

pe=S0re™  (Cim°).

Apply Gavss’s law to find D.

Solution:

-
|

Figure P4.24: Gaussian surface.

Since py varies as a function of r only, so will . Hence, we construct a cylinder of
radius » and length L, coincident with the z-axis. Symmetry suggests that D has the
finctional form D = rD. Hence.

jlgn-ds — o,
fi'D-.r;i's — D(2nrL),
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Or using differential form:
V-D =p,, D=iD,,
with I, being a function of .

19 op,) = sorer,
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Then integrate from O to r to get the result above.



Problem 4.25  An infinitely long cylindrical shell extending between » = 1 m and
7= 3 m contains a umiform charge density pw. Apply Gauss's law to find D in all
[EgIOnS.

Solation: Forr< 1m, D =10.
Forl<r-<3m,

Jf iD,.ds = O,
5

D, 2nrL = py-mL(r* = 17,

P p'-.ﬂm‘['{ilz 1 :I :-I', p'i'l:l [FI: 1]

D=iD, — 5 l<r<3m
Forr =3m.
D, 2mrL = pyonL({3? — 13 = Bpynl,
D-iD, :4*:—""* F>3m
A
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Figure P4.25: Cylindrical shell.



