Problem 1 (40 points total):

Figure 1 below shows a finite line of charge positioned along the y-axis between

Yy =-aandy = +a. The line of charge has a uniform positive linear charge density A
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Part A (10 points): (1) Derive integral expressions for the x and y components of
the electric field at point P, which is located alang the x-axis at a distance x from the
linc of charge. (2) Then, evaluate the integrals to obtain the magnitude and direction

ot the clectric field at point P. Express your answer in terms of the given parameters
and fundamental constants. You will need the following integral:
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Part B (10 points): Now, determine the magnitude and direction of the electric

\
1
field at point P due to an infinitely long line charge by evaluating the expression E
from Part B in the limit a >> x. \
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inear charge
The two line
d at a distance

finite line charges of positive |

d along the y-axis.
positione

Eigull‘e 2 below shows two identical in
}?nswy A that are placed in the xy plane and aligne
charges are separated by a distance d, with each line charge

d/2 from the y-axis.
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Part C (10 pt_)ints]: Determine the magnitude and direction of the electric field as a
ftll:lctlon of X in the range -d/2 < x < +d/2 in the xy plane (i.e., between the two line
charges). Hint: use the result from Part B and the principle of superposition.
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PartD (10 Points): A positive point charge qo that has a mass my is placed between
the two line charges in th

€ Xy plane at a very small displacement f{om thehorig}:':r .
along the X-axis, such that [x] <<d. (1) Show that the resulting motion of the charg

. i the
will be approximately simple harmonic motion, and (2) derive an expression for
frequency of oscillations.
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Problem 2 (30 points total):

As shown in Figure 3 below, a spherical conductor of radius R holds a net positive
charge +q. The conductor also contains two internal cavities. One of the cavities
contains a positive point charge +2q, and the other cavity contains a positive point

charge +3q. For this problem, assume the space in the cavities and outside of the
spherical conductor is vacuum,

Figure 3 \""'.‘
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Part A (10 points): In Figure 3 abové, sketch (1) the distribution of charge on the
conductor and (2) the electric field lines outside of the conductor (r>R).Use"+"

signs for positive charge and *-" signs for negative charge. The spacing between the
signs should represent the relative charge density.
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Part B (10 points): Determine the magnitude and direction of the electric field as a
function of

radial distance r from the conductor center (1) outside of the conductor
(r>R) a.nd (2) inside of the material of the conductor. Express your answer in terms
of the given parameters and fundamental constants.
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Part C (10 points): Taking the electrostatic potential to be zero infinitely far away,
determine the potential as a function of radial distance r from Fhe conductor center
(1) outside of the conductor (r > R) and (2) inside of the material of the conductor.
Express your answer in terms of the given parameters and fundamental constants.
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Problem 3 (30 points total):

| i indrical shell of
Figure 4 shows the cross-section of an infinitely long insglgtlng ;:yllr;dcl;: "5 density
inner radiysg Taand outer radius that has a uniform positive v; un:E dcoricieting
Centered within an infinitely long uncharg
radius r. and outer radius ry.

Po. The insulating shel] is
cylindrical shel] of inner

Figure 4
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Part A (10 points): Determine the surface charge density on (1) the inner surface of
the conducting shell and (2) the outer surface of the conducting shell. Express your
answers in terms of the given parameters and fundamental constants.
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Part B (10 points): Determine the magnitude and direction of the electric field a<s a
function of radial distance r from the center (1) inside the insulating shell (7 “: r

rs) and (2) in the vacuum region between the insulating shell and the condu(ti: ing
shell (r» < r < rc). Express your answers in terms of the given par ametersan
fundamental constants.

‘) f& ¢ v Tb
J" Edanz  gen
Y €
5 o pactd
3353\‘\“"3, Edd= ¢ (mrL) for ot P

%

qtnc: \fﬁav;f"\}"»
“ J’g(ﬂrzL) I(L

pe (nea’L - “(“z‘_)

Page 13 of 19



Part C (10 points): Calculate the voltage (i.e., the magnitude of the potential
difference) between the outer surface of the insulating shell (r =71 ) and the inner
surface of the conducting shell (r = r). Express your answer in terms of the given
parameters and fundamental constants.
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