G.R. Ramirez-San Juan General Physics I1I: Electromagnetism, Fall 2024

Quiz #1

Problem 1. A half-infinite line has linear charge density A. Find the electric field at a point that is
“even” with the end, a distance ¢ from it, as shown in the figure below. You should find that the field
always points up at a 45° angle, independent of £.

A

Problem 2. A solid insulating sphere of radius a carries a net positive charge 3@, uniformly distributed
throughout its volume. Concentric with this sphere is a conducting spherical shell with inner radius b
and outer radius ¢, and having a net charge —@, as shown in the figure below. (i) Construct a spherical
gaussian surface of radius » > ¢ and find the net charge enclosed by this surface. (ii) What is the
direction of the electric field at r > ¢ 7 (iii) Find the electric field at » > ¢. (iv) Find the electric field
in the region with radius r where b < r < ¢ (v) Construct a spherical gaussian surface of radius r,
where b < r < ¢, and find the net charge enclosed by this surface. (vi) Construct a spherical gaussian
surface of radius r, where a < r < b, and find the net charge enclosed by this surface. (vii) Find the
electric field in the region a < r < b. (viii) Construct a spherical gaussian surface of radius r < a, and
find an expression for the net charge enclosed by this surface, as a function of r. Note that the charge
inside this surface is less than 3Q. (ix) Find the electric field in the region r < a. ( « ) Determine the
charge on the inner surface of the conducting shell. (xi) Determine the charge on the outer surface of
the conducting shell. (xii) Make a plot of the magnitude of the electric field versus r.
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Problem 3. Imagine the zy plane, the xz plane, and the yz plane all made of metal and soldered
together at the intersections. A single point charge Q is located a distance d from each of the planes.
Sketch the configuration of image charges you need to satisfy the boundary conditions. What is the
direction and magnitude of the force that acts on the charge Q7

Problem 4. If a point charge is located outside a hollow conducting shell, there is an electric field
outside, but no electric field inside. On the other hand, if a point charge is located inside a hollow
conducting shell, there is an electric field both inside and outside (although the external field would
be zero in the special case where the shell happened to have charge exactly equal and opposite to the
point charge). The situation is therefore not symmetric with respect to inside and outside. Explain
why this is the case, by considering where electric field lines can begin and end.
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