Physies 172 PRINCIPLES OF PHYSICS I WQ 2010

First Midterm Exam

February 1, 2010
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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

by = 4nx10” Tm/A m, = 1.673x107 kg eV =1602x10"7J
g = 8.854x1072 CH/Nm? me =9.110x10*" kg e =1.602x10" C

Area & Surface Formulae

Surface area of disk of radius R: nR?
Surface area of cylinder mantle of radius R and length 1: 2nR1
Surface area of sphere of radius R: 4nR?

Volume of cylinder of radius R and length I: 7R?]
Volume of sphere of radius R: 4aR>/3



. Gauss’s Law

A long, conducting cylindrical pipe has an inner radius Rj,, an outer radius Ry , and
a length L. An amount of charge +Q is put on it by touching it briefly with a charged
object.

a. What is the electric field (magnitude and direction) inside of the pipe, i.e. for r<
Rin? (2 points)
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b. What is the electric field (magnitude and direction) in the body of the pipe
(Rin<r<Rou)? (2 points)
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c. What is the electric flux through the outer surface of the cylinder? (2 points)
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d. What is the electric field (magnitude and direction) outside the pipe (r>Roup)?

(2 points)
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2. Potential

Consider three charges and a point A forming a square, \
see sketch at right with Q = 3mC, and 1 =5 cm. Setthe
electric potential to zero at infinite distance.

a. What is the electric potential at point A? (2 points)
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b. What is the potential in the middle of the square? (2 points)

Um) = £ Z (3a+R-20)- 27 ka

c. Draw a set of equipotential lines into the diagram. (2 points)

d. 'Which points other than the ones at infinity, if any, are on zero potential? Derive an
equation decribing such points in the plane of the charges or explain why none exist

. (2 points)
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3. Electric Field of a Dipole

Consider a point P equally distant from two
opposite charges as in the sketch on the right.

a. Determine the direction and magnitude (or Cartesian components) of the electric field at
point P if the two charges are separated by a distance 2a. Express your answer in terms of O,
x, a, and k (or ). (2 points)
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b. What is the strength and direction of the force that the dipole would exert on an electron
sitting at P if @ = 2nm, O = 1.5 nC, and x = 3mm? (2 points)
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4, Equivalent Capacitance C‘*t
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Consider the circuit above with V=12V, C1=C3=10mF and C2=C4=20mF.
a. Redraw the circuit such that its capacitors are explicitly either in series or parallel.
(2 points)

b. What is the equivalent capacitance of the circuit? You can do this by using the result
of a. or by writing potential differences for various pathways through the network in
terms of the charges on the capacitors, and the capacitances. (2 points)

CIR G bl (o =€,

C = C + l , = C + ! ! )

¢ | " ‘ '
=0wmE + éﬁf( 0120) | =
Se
=22 wif

c. What is the charge on the capacitor C3? You can ﬁgure thls out without using the
previous results. (2 points)
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d. What is the energy stored in C3? (1 point)

Uy= 5 C%,é = 072 }

e. Let C3 be a capacitor with square plates a distance 1mm apart. Find the width of its
plates. (2 points)
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5. Concept Question

Suppose a conductor carries a net charge +Q and contains a cavity, inside of which resides a
point charge +q. Which of the following statements is true? (Circle the right answer.)
(1 point)

a. The electric field inside the conductor is larger due to the additional positive

point charge. Ny oy f e el waklon & condhuckec,

b. All the positive individual charges of the conductor will be spread out uniformly

within the conductor.  flo Devpen Akl « ¢ rechenther
@ The outside surface of the conductor will carry a charge larger than Q.

d. The inside surface of the conductor (the area around the cavity) will carry an
induced charge of —Q.
N ¢ 5 Cf{ %

6. Concept Question C 1

Consider the capacitor circuit on the right. While the voltage is held

constant, someone inserts a dielectric into the capacitor C;. How does C C
. . . : 2 3

the circuit react? (Circle the right answer.) (1 point)
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a. The voltage across C; increases. NC’J \/:: (W,)\ N
b. The voltage across Cj increases. o V=imad, ek G, C, (&M~ o ook Fcops .
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f.  None of the above.



