P14 University of Rochester
S. Manly Spring 1999

Exam 2 (March, 1999)
Please read the problems carefully and answer them in the space provided. Show
all your work. Partial credit will be given (for all but problem 1).

Problem 1 (3 pts per part, 24 points total):

For each part below, state the direction of the instantaneous force of the magnetic field on
the moving charge. The instantaneous position and velocity vector are shown. Assume
current and magnetic field vectors are constant in each part. Your answer should only
consist of one of the following: into paper, out of paper, left, right, up, down, zero force
exerted. Do not bother to justify your answers. For this problem the answer for each part
is either correct or incorrect. No partial credit will be given.

(a) (b)
3
N B .Y
) v
6= %=+
(c) ?)2 - ., (d) R cb-_o (i C\V\d; coc €.
\/;V Cucls A plc; v
Vg of pager)
(e) _ b=+ ®
- v oL Le - T
! ¢ - <—o0 X
Ol o\ l‘——-!_\______.‘
o d
(2) T v (h)
° ) x 1
‘—-\‘(j:j—-wf - e I (ciredlar J‘STNBM.‘O\O
s d .

NAME 1




P14 University of Rochester
S. Manly Spring 1999

Problem 2 (20 pts):

Consider the circuit shown here.

(a) (S pts) What is the characteristic time constant of this circuit?

(b) (S pts) Suppose the capacitor is charged initially with an amount of charge, Q,, with the
switch open. Then the switch is closed. How much charge is there on the capacitor
after 10 seconds, relative to Q,?

(©) (5 pts) What is the magnitude of the current in the circuit at the moment the switch is
closed?

(d) (5 pts) What is the magnitude of the current in the circuit after 10 seconds, relative to
the initial current?
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Problem 3 (20 pts):

Consider the system (pictured below), consisting of a thick, infinite, straight conducting
wire of radius, A, surrounded concentrically by a thin, infinite, cylindrical conducting shell
of radius, B. A current of magnitude I is carried by the internal conductor along the
positive Z direction (out of the page, toward you). The current carried by the inner
conductor is uniformly distributed as a function of the cross sectional area of the inner
conductor. The outer conducting shell carries no current and is grounded. There is no net
charge on either conductor.

Use Ampere's Law to find the magnetic field in all regions of space.
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Problem 4 (20 pts):

My friend Chaz is always up to some sort of get-rich-quick scheme. His latest idea is the
"magnetic levitation elevator", pictured below. In his design, the elevator is not supported
against gravity by cables. Instead he fills the elevator shaft with an adjustable, uniform
magnetic field and makes use of the magnetic force on currents induced in the floor of the
moving elevator. We can model his system as a horizontal, conducting rod (elevator floor)
that can slide up and down two vertical, conducting rods that are connected at the top by a
conductor with resistance, R. The sliding rod (elevator floor) is designed to maintain
electrical contact with the two vertical poles as it moves up and down. Except for that at the
top, there is no other electrical resistance in the system. The sliding rod, elevator floor, and
elevator occupants have a combined mass of M. The transverse width of the elevator
floor/rod is L. | -
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(a) (4 pts) What is the magnetic flux through the elevator/rod circuit at any given instant?

)

(b) (6 pts) If the elevator is moving down, what is the magnitude and direction of the
current induced in the elevator/rod circuit?

(©) (10 pts) Suppose the elevator starts from the top floor of the building and begins to
descend. The elevator will accelerate downward due to gravity. Find the "terminal
velocity” of the elevator, i.e., the final velocity it will have, given the conditions, in terms
of L, M, R, and the magnitude of B.
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Problem 5 (16 pts):

You have a friend who recently bought an electrical space heater for his dorm room. The
heater is rated at 1000 Watts and is designed to operate on a 240 volt circuit. Unfortunately
for your friend, his dorm room is only equipped with 120 volt outlets. For this problem,
assume these voltages are direct current (dc) rather than alternating current.

(a) (8 pts) What is the resistance of the space heater?

(b) (8 pts) If your friend goes ahead an plugs it into an outlet in his dorm room, what power
output (dissipated as heat) will he get from his heater?




