Physics 172 PRINCIPLES OF PHYSICS II
First Midterm Exam
February 2, 2009
Name K{;/

WQ 2009

INSTRUCTIONS: Complete all problems. Show all work in the space provided.
No books or notes allowed. Partial credit will be given for problems correctly set up even if
incorrectly answered. No credit will be given for a numerical answer without supporting
work. One point will be deducted from each answer without correct units. The time limit

for this examination is 1 hour and 20 minutes. Good luck!
Constants
po = 4nx107 Tm/A m, = 1.673x10% kg 1eV =1.602x10"7J
€0=8.854x10"* C¥Nm®  m.=9.110x10"" kg e =1.602x10"° C
1. Adding Electric Fields ¢
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Consider three charges and a point A forming a square, see sketch
below. When Q = 4nC, and the square is 10 cm wide, calculate the
net electric field vector (magnitude and directionor x & y { {
components in your choice of a coordinate system) at point A. A y
(3 points)
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2. Gauss’s Law

A non-conducting sphere of radius Rout has a spherical cavity of radius Ry, centered
at the sphere’s center. A charge Q=10mC is distributed uniformly over the volume of
the “shell”, Rjy<r<Rgu, with 2R;,=R=10cm.

a. What is the electric flux through the outer surface of the shell? (2points)
E'Qe;t,': Q«}.ﬂ&}a *\vw(....ﬂé awfbw-n{ PMM)Q? WWL"‘ Maw&ﬁ.
W,g splac of melus Rt TR, Hoctee pd shewgll:
C 0™ Q
k Ak (9 ) ) jN 1
5 Pe=EA = 4T 12.,\4 bk Q= 113107 S wm

b. Find the electric field at the center of € cav1ty 2 pomts)
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c. Calculate the electric field 8cm away from the center of the sphere. (2 points)
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d. Draw the electric field outside of the shell, i.e. for r > Ry (2 points) (0.1 "‘33 (0 OS)\\)L’
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3. Potential

A proton (mass see constants) is shot with & speed of 2000m/s towards a Uranium
nucleus (charge: +92 ¢) at rest from a distance of 2mm. Approxirhate the nucleus as a
uniformly charged, infinitely heavy sphere. of tiny cadius.

Aue K
a. What is the potential of theanucleus at the initial position of the proton, if we set the
potential to zero at infinite distance‘? 5 (2 points)
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b. Draw a set of equipotential surfaces for the Uranium nucleus. (2 points)
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c. How far out is the 10V equipotential surface? (2 points)
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d. How close will the protpp get to the center of the Uranium nucleus? (2 points)
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4. Capacitors

Consider the circuit on the right. H l______! H

a. Determine the equivalent capacitance of the 01r(1‘u1t for C; = Cy=C;3=30pF. (2 points)
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b. Find the voltages across each of the three capacitors if the potential difference between a
and bis 12V, (2 points)
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c. How much charge is stored on each capacitor for V=12V? (Hint: the charge on the series
combination is the same as the charge on each of the individual capacitors.) (2 points)
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d. Determine the total energy stored in the circuit for V=12V. (2 points)
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5. Concept Question

An electron sits in the constant electric field of two large, conducting, charged piates. It is
close to the negatively charged plate. Which of the following statements is correct? (Circle
the right answer.) (1 point)

a. The electric potential at the electron’s place is high compared to the potential
close to the positively charged plate.

b. } The electron’s potential energy is high compared to the potential energy it would
have sitting close to the positively charged plate.

c. The work done by an external force on the electron as it moves from the
negative to the positive plate 1s positive, - : - _
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d. The work done by the electric field on the electron as it moves from the negative
to the positive plate is negative,
P P s Al=-W ot &

€. As the electron moves from the negative to the positive plate, it travels on an
equipotential line.

6. Concept Question

Consider the field lines to the right. Which
of the following statements is correct?
(Circle the right answer.)

(1 point) /-‘\
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a. The charge at X is positive, the

tYi tive. . )
one at Y is negative No | “J, L
b. The amount of charge at X is WWQ X
larger than the one at Y. l\/o) et w ﬂ,u,, ak Y

c. The charges are equal. No) W ﬂ(swota % wdﬂﬂ%

d.} The charge at X is negative and its amount smaller than the amount of charge a
Y.

e. The charge at X is a point charge, at Y there is a dipole with axis perpendicular

to the line connecting the points Xand Y.  py, . D“'F"CL Loy, weak Con \M w .



