Physics 1C - Spring 2018: Midterm 1
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This exam is closed book and closed notes. Electronics are not permitted, except
for one calculator. Please show your full solution in the boxes provided (where the
scanners can pick them up). Your solutions will be graded on correctness and coher-
ence; results given with no details will receive zero credit. There is additional scratch
paper attached so you can collect your thoughts first. Academic dishonesty is reported
to the Office of the Dean of Students.

Problem 1.The x-y plane for » < 0 is filled with a uniform magnetic field pointing out of the
page, B = 2Byk with By > 0, as shown. The x-y plane for x > 0 is filled with a uniform magnetic
field B = — By, pointing into the page, as shown. A charged particle with mass m and charge q
is initially at the point S at x=0, moving in the positive x- direction with speed v. It subsequently
moves counterclockwise in a circle of radius R, returning to x = 0 at point P, a distance 2R from
its initial position, as shown in the sketch.
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a. Is the charge positive or negative? Briefly explain your reasoning.

Hs grsite. 035y the it —fud rule, e fre 5 oty on
“*/o/ureo‘f;t;»- . e c/vye reoies m»&:‘z‘? B CerH R pefad
jgrrCL




b. Find an expression for the radius R of the trajectory shown, in terms of v, m, q and By as
needed.
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c. How long does the particle take to return to the plane x=0 at point P, in terms of v, m, q
and Bg as needed?
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d. Describe and sketch the entire subsequent trajectory of the particle after it passes point P.
Define any relevant distances in terms of v, m, q and By.
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Problem 2. In the figure below a long circular pipe with outside radius R carries a (uniformly
distributed) current I into the page. A long wire runs parallel to the pipe at a distance of 3.00R
from center to center. Find the current in the wire such that the ratio of the magnitude of the net
magnetic field at point P to the magnitude of the net magnetic field at the center of the pipe is x,

but it has the opposite direction.
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Problem 3. A rectangular loop of wire with length a, width b, and resistance R is placed near an
infinitely long wire carrying current i, as shown in the figure . The distance from the long wire to

the center of the loop is r.
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a. Find an expression for the total flux through the loop.
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b. What is the magnitude and direction of the current flowing in the circuit as it is pulled away

from the wire with velocity v = vpk.
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¢. Show that to maintain this motion, the rate at which the external force is doing work on the '
loop is equal to the rate at which energy is being dissipated in the loop.
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' Scratch paper






