P142 University of Rochester NAME
S. Manly Fall 2008

Exam 2 (November 13, 2008)
Please read the problems carefully and answer them in the space provided. Write on
the back of the page, if necessary. Show all your work. Partial credit will be given.

Problem 1 (10 pts, answer for each part is correct or incorrect - 2 pts/part):

(@) An electron moves in the direction shown into a uniform magnetic field. Clearly
indicate on the sketch the direction of the force (if any) on the electron. Write "zero™
if there is no force.
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(b) Consider the two coaxial circular conducting loops shown below. There is a current
in the left loop that is decreasing in magnitude with time. Indicate the direction (if
any) of the current in right loop. Write "zero™ if there is no current in the second
loop.

\
(c) A positive charge moves as shown in a uniform magnetic field. Clearly indicate on

the sketch the direction of the force (if any) on the electron. Write "zero" if there is
no force.

(d) A conducting rod with no net charge is spinning in a uniform magnetic field around
an axis through one end as shown below. Indicate roughly on the drawing how the
charge inside the conducting rod is distributed.
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(e) A positive charge is moving initially with a velocity V directly from point P1 to point
P2. It enters a region with a uniform magnetic field B and a uniform electric field E.
The direction of the magnetic field is shown. Indicate clearly what the direction of
the electric field must be in order for the charged particle to reach point P2.
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Problem 2 (5 pts): i !

- -

s- ]
Each of four wires arranged along the parallel edges of a -
cube carry a current i. A fifth parallel current-carrying " 2
wire passes through the center of the cube. If the fifth - 2
wire were free to move, circle the vector that best ol 3

represents the direction the fifth wire would move.

Problem 3 (15 pts, show work):

) S In the circuit to the left, how much energy is stored in the 0.026
232 v s farad capacitor 2 seconds after the switch S is closed?

1‘“% 0.04f Zsn

na
Ly

0.026 f




P142 University of Rochester NAME

S. Manly Fall 2008

Problem 4 (10 pts) :

Briefly explain why the cosmic ray flux in the atmosphere over the north pole is greater than the
cosmic ray flux in the atmosphere over Florida. (Think of the cosmic rays as energetic charged
particles from distant astrophysical sources that are coming toward the earth with a uniform
distribution over the full solid angle of the sky.)

Problem 5 (20 pts, show all work) :

A thick conducting pipe with inner radius a and outer radius b carries a current coming out of the
page. The current density is not uniform. It varies as Kr?, over the conducting region of the cross
section of the pipe, where K is a constant. There is no current for r<a. There is a current density

that varies as j(r)=Kr? from r=a to r=b (out of the paper). There is no current in the region r>b.
Determine the magnetic field in all space.

1)
2)
3)
4)

6)
7)

tot

/10
/5

/15
/10
/20
/20
/20

/100
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Problem 6 (20 pts, show all work) :

Consider two concentric solenoids of length h, one with radius r; and ny turns per unit
length and one with radius r, and n, turns per unit length, where ri<r.

a) Derive an expression for the mutual inductance of the solenoids in terms of the
variables given in the problem.

b) Now derive an expression for the mutual inductance of the same two solenoids as
seen by a physicist flying past the solenoids at a constant velocity, v, along a path
parallel to the axis of the solenoids. Assume v is a very large fraction of the speed
of light.
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Problem 7 (20 pts, show all work) :

A triangular conducting loop containing a resistor, R, and an infinite current-carrying
wire are arranged in the plane of the paper as shown in the sketch below. Assume the tip
of the triangle is touching the infinite wire, but is insulated electrically from the wire.
The current in the wire, I(t)=Kt?, where K is a constant with units of Amperes/s®.
Assume the current in the infinite wire is zero at t=0, calculate the total energy dissipated
by the resistor after 2 seconds. That is, calculate the energy dissipated by the resistor

between t=0 and t=2.

Z(t)
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Potentially useful formulas (ask if you need an integral or series expansion)
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