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Some useful constants:

Magnitude of electron and proton charge e=1.60 x 10 C

- Electric force constant 1/(4m €,) =9x10° N-m*/(2

Magnetic force constant py/(4n) =107 T-m/A
Gravity force constant G=6.67x 10! N-m’/kg’

Electron mass m, =9.1x 10! kg
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1(30 points) Some short questions.

a) Charged particles, with velocities and charges as shown are traveling into
the uniform magnetic field shown. Sketch the initial direction of the magnetic force
that acts on each particle. :
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b) An alternating electric current has the form:
I(t) = Ip sin (5¢),

where t = time in seconds.

What is the frequency of this current? -
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¢) At a party, one of your friends tells you that the magnetic field of the Earth is

expected to flip in the future so that the Earth’s North magnetic pole will coincide
with the North geographical pole. Is he speaking the truth or has he had too much
to drink? Explain. '
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- d) Sketch some representative magnetic field lines for the long coil of wire, wound

and connected as shown. Label the North pole and indicate the directions of the
fields along the field lines you have drawn,




e) Long wire 1 is carrying 3 Amperes into the page while long wire 2 is carrying
4.5 Amperes out of the page. What is the approximate magnitude and the direction
of the magnetic field at point P, 2 meters away from the wire ¢
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f) A square with sides 1 cm in length is oriented as shown in the x-y plane. A
uniform magnetic field: '

B=01i+02j+03k Teslka

exists throughout the whole region. What is the magnetic flux passing through the
square?
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2 (35 points)

a) (15 points) As shown, a beam of particles with mass m and positive charge qis
entering the region of interest through the slit on the left. The region of interest
contains a magnetic field B oriented as indicated. The incoming beam contains
particles with all different horizontal speeds v.
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| { i You want to obtain a beam which emerges from the right hand slit and
B contains particles all having the same specified speed v'. What is the

magnitude and direction of an electric field you can apply in the region of
interest to obtain this result? Give your answer in terms of the symbols
provided. What is the kinetic energy of the outgoing particle? —
The, B fiabd s2eds an wp foace en - To camced 4 £ w
e ,oaﬁq’f;n? 2owy . aid
ag=gi8 e [E2VTB]L T meeti onegy L g e
_ S odpoig Ty = Lwlig
ii. How would you modify the electric field to obtain the same result when
q is negative?
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Jiii.  Sketch the trajectory of the particle if just the electric field were to be
turned off. What is its geometric shape?
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iv. Sketch the trajectory of the particle if just the magnetic field were to
be turned off. What is its geometric shape?
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b) (10 points) In a region of space between two circular capacitor piates (shown in
top view) there is a uniform electric field varying in time, as the capacitor charges
up, according to:

EM)=E(1-¢"),

where Eo and o are constants. Using the Ampere-Maxwell equation, what are
the magnitude and direction of the induced magnetic field at an arbitrary point P
located at distance r from the center,at time t? Give your answer in terms of the
symbols provided. o here




©) (10 points). An electric generator consists of 100 turns of wire wrapped around a
frame of area 0.1 m’ , rotating at an angular velocity of 10 radians per second
about a symmetry axis perpendicular to a magnetic field of magnitude 0.5 T, as
shown. What is the generated emf at time t ( where t=0 corresponds to the time
when maximum magnetic flux is piercing the coil)?
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3 (35 points).

a) (5 points) An 0.05 H inductor is connected in series with an 0.20 H

: inductor. What is the net inductance of the combination?
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b) (15 points) In the LR circuit shown, Vo= 6 volts, R = 1Q and I, =
0.5 H. @ is an ideal ammeter and (¥} is an ideal voltmeter
(meaning that they don’t affect the circuit).

i. What are the readings of @ and () att =0, when the switch is
first closed? Explain your reasoning. '
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ii. What are the readings of () and @ after a very long time? (
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fi.  Roughly how long does it take for the readings to reach the final
values in ii.
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¢) (15 points).

i,Awireibrmedmtoasquare,Scmonasnde is carrying a current,

I=3A. What is the magnitude of its magnetic dipole moment, p ? In
which direction does it point?
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ii.A uniform magnetic field B of magmtude 5x10° T and lying in
planes parallel to the yz plane, while making an angle of 45 degrees with
respect to the z axis, (as shown) is now turned on, What torque does

B exert on the wire loop? How will the loop move?
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