problem #1 [10 points]

A closed Gaussian surface is placed above an A 4
infinite sheet. The sheet is uniformly and = i Top, radius R1
positively charged with a charge per area of c. E A J
The Gaussian surface has a base of radius Ry, A Side
slanted conical sides (angle is 30 degrees as 0 degrehs X
ttomldluskz

depicted), and a top of radius Ry. The top and the \\ b~
bottom are parallel to the infinite sheet. The I
bottom surface is a height “d” above the sheet, '
and the entire object is a height “h”. ' / Ay
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Given d, h, Ry, Ry, and o Infinite sheet, uniformly
and positively charged
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(a) [3 pts] What is the electric flux through
the base? . 2 =
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{b) [3 pts] What is the electric flux through the top?
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(c) [4 pts] What is the electric flux through the side? Show your work and/or explain.
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problem #2 [15 points]
The potential energy U of a positively charge particle with charge go only depends on the radial distance

away from some charge distribution. That is, all constant energy surfaces are spheres centered at r=0.
The potential energy as a function of r is plotted here:
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Given go>0 and U(r):

(a) [5 pts] At what radial distance is the magnitude of the force closest to zero (point A, B, or C)?
Explain.
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(b) [5 pts] At what radial distance is the magnitude of the force the greatest (point A, B, or C)? Explain.
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(c) [5 pts] What is the direction of the force when the particle is placed at a radial distance C? Explain.
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problem #3 [15 points]

A negative charge of -2Q is placed at the origin, a negative
charge of —Q is placed at x=R, and a positive charge +Q is placed +O~‘
aty=R, Point P is located half way between the +Q and —Q - @
charge. [HINT: all distances from the 3 individual charges to N

S N RAZ
point "P" are the samel] "

Given the value of Q and R, and the configuration as depicted in ‘G
the diagram: '

(a) [4 pts] What is the electric potential at point P with Nz N
respect to a point at infinity? N
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(b) [4 pts] What is the external work required to bring a charge of +4Q from infinity to point P?

Explain the significance of the sign. 2
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(c) [4 pts] What is the electric field at point P (magnitude and direction)?
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(d) [3 pts] What is the net force (magnitude and direction) on a +4Q_charge placed at point P?
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problem #4 [15 points + 5 point bonus question]

A charge of +Qis situated at the origin. The center of an electric dipole is located a distance “R” away on
the x-axes. The electric dipole can be thought of as two charges, a positive charge +q and a negatlve

charge —q, whose separation is always a constant distance, TNCTS #q\ . @
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Given Q, g, R, and a, and for a dipole polarization vector that D _9) »

is perpendicular to the x-axes as depicted in the diagram to +Q T % l‘ a *

the right: " .

(a) [4 pts] What is the net force (magnitude and direction) on the dlpole due to the charge at the
origin? Explain and/or show work hmgmjndw o 47 ; X- cﬁwfc’vwéo we bwf
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“Given Q, g, R, and a, and for a dipole polarization vector that )
is parallel to the x-axes as depicted in the diagram to the +q 2. a2
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(b) [4 pts] What is the net force (magnitude and
dlrectlon) on the dcg)ole due to the cha&e at the orlgln? Explain and/or show work
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(c) [4 pts] What is the net torque (magnitude and direction) on the dipole? Explain and/or show
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[3 pts] In which of the two above dipole configurations is the potential energy of the dipole the highest?
Explain.
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[BONUS + 5 pts] What is the net torque {magnitude and direction) on the dipole in the first (top most)
ﬁgure? Show your work /ti &
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problem #5 [15 pts + 5 pt Bonus Question]

Two large circular parallel conducting plates of radii “R” with an air-filled separation of “d” are charged
by a battery that applies a potential difference causing one of the plates to be charged to +Q and the
other to —Q, Given d, R, and Q;

(a) [2 pt] What is the electric field between the plates (magnitude)?
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(b) [2 pt] What is the potential difference between the plates? 2 2 éwm
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(c) [2 pt] What is the capacitance associated with the plates?
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The plates are disconnected from the battery and completely immersed in a dielectric oil whose

dielectric constant is K such that a charge +Q and —Q remain on the two conducting plates. Given d, R, Q,
and K:

(d) [2 pt] What is the electric field between the plates (nggnitude)?
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(e) [2 pt] What is the potential difference between the plates?
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(f) [2 pt] What is the capacitance associated with the plates?
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The plates while still completely immersed in the dielectric oil are then reconnected to the battery.
Givend, R, Q, and K;

(g) [3 pts] What is the electric field between the plates (magnitude)? Explain and/or show work.
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[Bonus + 5 pts] Continuing under the conditions from part (g):
(h) [3 pts] What is the charge on the plates? Explain and/or show work.
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(i} [2 pts] How much energy is stored by the plates? Explain and/or show work.
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problem #6 [15 points]

S, Topsemi-circle,
A thin insulating circular hoop is cut in half, The top half is charged with ) . dq

a positive charge of +Q and the bottom half is charged with negative

charge of —Q. Both the top and bottom semicircles have a uniform
charge per length. The two halves are then placed very close to one
another to form a circular hoop, Given Q and R:

#® Bottomsemi-
circle, -Q

(a) [8 pts} What is the electric field at the center of the hoop
(magnitude and direction)? Show your work.
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{b) [7 pts] What is thebpotential at the center of the hoop (compared to the potential at infinity)? Show
your work.
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problem 7 [15 points]

A long ohmic conducting bar of width w,
thickness d, and length L is connected to a- I
battery that applies a potential difference of
AVj across the entire length of the bar. The
conducting bar has a uniform resistivity of p.
Assume a uniform current density throughout
the entire conducting bar,
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Given AVy, p, d, w, and L:

(a) [2 pts] What is the total current supplied by the battery?
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(b) (2 pts] Whét is the current density in the conducting bar? I= AVB__)Y:_{
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(c) [2 pts] How much heat is generated in the conducting bar during a time “t”?
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The conducting bar is now cut into two pieces, one of li
length (1/3) L and the other of length (2/3) L, and wired I AVy (1/3)L
to the battery as shown in the diagram to the right. T
Note that the resistance in the two segments is (1/3) R r——\‘ltww
and (2/3) R, respectively, where R is the total resistance df S ~ ]
of the uncut bar. W\\ ¢ — i
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Given AV and R:
(a) [3 pts] What is the total current supplied by the battery?
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(b) [3 pts] What is the current through the shortest conducting bar?
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(c) [3 pts] What is the total power dissipated by both conducting bars?
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problem 8 [15 points + 10 point bonus question]

A solid conducting sphere (region I.) of radius
“a” with a positive net charge of +Q Is
surrounded by a concentric conducting shell
(region I11.) of inner radius “b” and outer radius
“c” which is neutral (no net charge). A gap
(region I1.) exists between the two conductors.
Region IV is filled with air,

. Gap

Given Q, a, b, and c, and a gap filled with air,

(a) [7 pts] Find the electric field in region 1., Il.,
IN., and IV.. Show your work and/or explain.
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(b) [8 pts] What is the induced charge per area on the conducting shell’s inner surface (at radius b)?
Explain and/or show work,
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BONUS [10 pts]: Consider that the gap (all of region Il.) is filled with a dielectric that has a dielectric
constant of K. What is the induced charge per area on the dielectric’s inner surface (at radius a) as well
as the dielectric’s outer radius (at radius b)? Derive your results! Show your work,
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