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1. (40 points) Three point charges are arranged in an isosceles
right triangle as in the figure below. There is an angle of 90
degrees between the two short sides, which have length a. All
charges have the same magnitude | ¢ |. The charge in the upper left
corner has value — ¢. Most of this problem uses symbols---unless

“otherwise noted, use a, g and other symbols as needed. You
will be investigating the net force on the charge in the lower right
corner due to the other two charges. As needed, assume a right-

handed coordinate system shown below:
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(a) (8 points) What is the x- component Fyy; of the net force on
the charge in the lower right corner due to the other two charges?
(b) (8 points) What is the y- component Fype of the ret force on
the charge in the lower right corner due to the other two charges?
(c) (8 points) What is the angle the net force makes with the
positive x-axis? Note: In this case, your answer will be a number.
Give your answer in degrees.

(d) (8 points) What is the magnifude of the net force on the
charge in the lower right corner due to the other charges°

(e) (3 points) Assume ¢=1.00 m and g = 2.00 %10 C. Plugin
these numbers to evaluate the magnitude of the net force on the
charge in the lower right corner due to the other charges?

(f) (5 points) Make a sketch of the net force vector on the x-y axes below
with the tail of the arrow at the origin. Label the angle with the x-axis. What

quadrant does the vector lie in? Your picture should indicate the correct quadrant.
¥
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2. (40 points) THE ELECTRIC FIELD OF AN ELECTRIC DIPOLE.
This is an approximate model of a water molecule. Point charges g
and —q are placed a distance d apart. This combination of two
charges with equal magnitude and opposite sign is called an
electric dipole. For most of this problem use symbols: Use d, h, ¢

and other symbols unless otherwise noted.
b
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fig, 1
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fig. 2
(a) (7 points) Refer to fig. 1 above. What must be the direction of
the net electric field at point a midway between the two charges?
Indicate this direction by drawing an arrow in fig. 1 with its tail at
point a.
(b) (7 points) Refer to fig. 1 above. Symbolically, what is the
magnitude E,,, of the net electric field at point @ midway between
the two charges?

For the next parts, next page, sce fig. 2. Point b is on the
perpendicular bisector of the line connecting the two charges. Let
the distance between the line connecting the two charges and point

b be h. Reference the right handed x-y axes shown here as needed.
¥
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(¢) (8 points) Use basic trigonometry to find the cosine of the
angle 0 shown in fig. 2 in terms of d and h.

(d) (5 pomts) At point b, what must be the y-component Eype; of
the net electric field due to the two charges? Show work.

(e) (5 points) At point b, what is the x-component E,,¢ of the net
electric field due to the two charges? Use symbols.

(f) (2 points) At point b, what is the direction of the net electric
field due to the two charges? Indicate this direction by drawing an
arrow in fig. 2 with its tail at point 5.

(g) (2 points) At point b, what is the magnitude of the net electric
field due to the two charges? What is the relationship between your
answer here and your answer to part (e)?

(h) (4 points) Evaluate your formula found in part (g) in the limit
of large h, assuming h >> d/2. Comment on the dependence of the
field on an inverse power of h. What power of h is in the
denominator of your formula in this limit?
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3. {40 points) A solid insulating sphere with radius R has foral
charge e (in coulombs C) uniformly distributed through out its
volume. (By definition, the insulating sphere is NOT a
conductor!) For parts (a) through (d), see figure 1 on the next
page. (e) and (1) use fig. 2.

(a) (4) What is the charge density of the sphere? Your answer
should only depend on ¢, R and other symbols.

(b) (8) What is the magnitude of the electric field E owutside the
sphere at a distance 2R from the center? Your answer will
only contain e, R and other symbols.

(c) (8) What is the magnitude of the electric field E inside the
sphere at a distance R/2 from the center? Your answer will
only contain e, R and other symbols.

(d) (8) Sketch E as a function of r on the axis shown below. r is
the distance from the center.

(e) (8) Now refer to fig. 2 on the next page. Suppose a point
particle of negative charge —e charge is placed a distance r
from the center as shown, where r < R, What is the direction of
the net force on this point charge? Indicate the direction by
drawing an arrow with tail aligned near the point charge.
What is the magnitude of the net force on the point charge?
Use e, R, r and other symbols.

(f) (4 ) Refer to figure 2. If the point charge starts from rest at
the position shown, what is the angular frequency o of
oscillations about r = 07 Assume the point charge has mass m.
Your answer will be in terms of m, R, e and other symbols.
Show work.
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4. (30 points) ELECTRIC FIELD DUE TO AN INFINITE
CONDUCTING WIRE IN ELECTROSTATIC EQUILIBRIUM.

Below is shown a section of a solid, straight conducting wire, of

infinite length, with linear charge density A. Assume A >0. A gives
the charge per unit length along the wire even though the charge is
on the surface of the wire in three dimensions. In other words, A
gives the amount of that 3D charge per meter of wire length in
Cim.

The wire radius is R. The variable r is the distance from the
wire’s central axis as shown. Your answers below may be written
in terms of A, r and other symbols as needed.

r /l
o IR 1

(a) (8 points) What is the magnitude of the electric field £ for
r < R. Explain.

(b) (14 points) What is the magnitude of the electric field £ for

r > R. For full credit, you must derive your answer using Gauss’s
Law and the appropriate Gaussian surface.

(¢) (2 points) For r > R, what is the angle between the electric
field vector and the wire’s surface?

(d ) (6 points) How a Geiger counter works: Suppose an electron
of mass m and negative charge -e is a distance r from the wire’s
center, assuming r > R. Using symbols, find the magnitude of the
particle’s acceleration. Ignore the gravitational force. What is
the direction of the acceleration, foward or away from the wire?
Explain.
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5. (16 points) An electron moves initially to the right as it enters a
region between two, thin parallel plates that have surface charges
of equal magnitude and opposite sign. When the electron enters
the region between these two charged plates, the initial
horizontally directed speed is 6.00 x10 ® m/s as shown by the
rightward arrow at the left end of the plates. The uniform electric
field between the plates has magnitude E = 12.00 N/C. The time
the electron spends between the plates is t = 0.500 ps. When the
electron finally exits the region between the plates, the electron
has picked up a y-component of velocity V, shown by the upward
vertical arrow at the right end of the plates. Let the positive y-
direction be upward and the positive x-direction be rightward.
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(a) (2 points) Which plate is positive, the bottom or the top one?
Explain.

(b) (2 points) What is the direction of the electric field between
the plates up or down? Explain.

(c) (4 pomts) What is the magnitude of the surface charge density
o (in C/m®) on either plate? For full credit, explain any formula
you use to get the answer.

(d) (4 points) What is the value of V, ? The electron mass is m =
9.11x10™" kg and the charge is -1. 60x10 e

(e) (4 points) What is the length L of the plates?
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