SMU Physics 1304 : Spring 2011

Exam 1

Problem 1 : The figure below shows a spherical region of constant charge per unit volume
p=10"4C/m?® and radius a = 1072 m centered at £ = 0 and y = 0. This is surrounded by
a spherical shell of surface charge density ¢ = 3 x 107 C/m? and radius b =2 x 10~2m. To
the right is a point charge of Q = —4 x 1071°C at 1 =d =6 x 107?2m and y = 0. Find the
electric field vector as a function of z for 0 < z < a,a <z < b, and b < z < d with y = 0.

Also find the electric field vector as a function of y at x = d.
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Problem 2 : The figure below shows an empty cylindrical cavity of radius @ = 1073 m
surrounded by a cylindrical region of constant charge per unit volume p = 1075 C/m3 with
inner radius a and outer radius b = 2 x 1073 m. Outside this is a cylindrical conductor with
zero net charge, with respective inner radius and surface charge density ¢ = 3 x 107 m and
0., and respective outer radius and surface charge density d = 4 X 10~3m and o4. Find
0. and o4, and find the electric field as a function of rforr<a,a<r<bb<r<eg,
c<r<d,and r > d.
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Problem 3 : The figure below shows, from left to right, an infinite planar slab of constant
charge per unit volume p = 1074C/m® extending from z = 0 to ¢ = w = 1072m, a
conducting plane with zero net charge with respective left and right surface charge densities
o and —o, and an infinite plane with surface charge density o' = —2 X 107 C/m?. In terms
of p and ¢, find o and the electric field in the six regions A through F, with the field in
region B taken to be a function of z.
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Problem 4 : The figure below shows a circular loop of radius R = 10~2m with constant
charge per unit length A = 107 C/m. Find the electrical potential at a point in the plane
of the loop which is outside the circle at a distance z from the center of the loop. Show that

if the resulting integral is simplified by making the replacement £ = zR then the electrical
potential may be written as
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