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Physics 111 Quiz #3, October 17, 2014

Please show all work, thoughts and/or reasoning in order to receive partial credit. The quiz is
worth 10 points total.

1 affirm that I have carried out my academic endeavors with full academic honesty.

A long straight wire conducting a current is used to generate a magnetic field throughout a region of
space. The wire lies in the plane of the page and the current is flowing through the wire from the bottom
of the page to the top of the page. Suppose that over an interval of time Af =10s that the current changes
according to 1 =16.4—0.7¢, where ? is in seconds and I is in Amperes.

a. For this particular time-varying current, what is the change in magnetic field over a point P
(with coordinates (x,y)=(0.25,y) in meters)? Hint: Take the center of the wire to be located at

the origin.
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page.

b. Suppose now that a circular loop with diameter Scm was placed with its center at point P and
that the current varied in the long straight wire while the circular loop of wire was at point P .
Over this interval of time, what was the magnitude of the induced potential difference across the
wire loop?

There are actually two solutions to this problem depending on how the wire loop is actually
oriented.

If the wire loop were oriented with the plane of the loop in the plane of the page (the normal to
the loop pointing perpendicular to the page say out at you) then the magnitude of the potential
difference is given by Faraday’s Law:
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The second way of solving the problem involves the wire loop oriented perpendicular to the plane
of the page (with it’s normal parallel to the wire.) In this case no magnetic field lines pass
through the wire loop, so there is no change in magnetic flux and then the induced potential
difference would be zero.



If the circular loop of wire were made out of copper ( P, = 1.7 x10°Qm ) and has a cross

sectional area of A=7.9x107 m”, what are the magnitude and direction of the induced current
in the circular loop of wire?

Again, there are two solutions to this problem, based on the results for part b.
If the normal the loop were parallel to the wire, then the current would be zero by Ohm’s law.

If the wire loop were oriented in the plane of the page (normal pointing say out of the page at
you) then the current (by Ohm’s law) is

, - 9%x107m’
I:K— 4 VA LIXI0 VX 79 <10 m =3.25%x10"" A with the direction of

R PL, T pL 17x10°Qmx (27 %0.025m)

the current clockwise to undo the decrease in the magnetic flux (due to the decreasing current in
the wire.)

Suppose that you had a wire that was oriented in front of you with a constant current flowing
from the floor to the ceiling. Suppose that the circular loop of wire used in the previous parts was
dropped from the ceiling and allowed to fall to the floor, parallel to the wire at a fixed distance r
from the wire. The loop of wire, as it falls, remains at the same fixed distance away from the
wire. The force on the wire loop as it falls through the magnetic field is

1. F=ILB in magnitude and the direction of the force is towards the ceiling always.

2. F=ILB in magnitude and the direction of the force is towards the floor always.

3. F = ILB in magnitude and the direction of the force is towards the ceiling until the loop
passes the half-way point between the ceiling and the floor at which point the force changes
direction and points towards the floor.

4, F = ILB in magnitude and the direction of the force is towards the floor until the loop passes
the half-way point between the ceiling and the floor at which point the force changes
direction and points towards the ceiling.

@ is zero always.

Since the current is constant and the loop falls parallel to the wire from the ceiling to the floor the
magnetic flux through the wire loop is constant and thus there is no force due to electromagnetic
induction. Here too, the orientation of the loop doesn’t matter, the magnetic flux will be constant
either way.



Electric Forces, Fields and Potentials
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Electric Circuits
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