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Question 1: The two dancing sharks areﬁ)%i\lely charged. If the left shark starts /\
movinibackward (into the page) when sk right shark starts moving forward (out of /~

the page), the magnetic field at the lgeation of Katy irectly between but above
the sharks) _\él_hg:, .-
A) To the right B) To the left C) Upwards ownwards
E) Upandto the left  F) Down and to the right G) The tield is zero
a_cce[aq,‘('fu\ .
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Question 2: The two particles above have equal positive charges and equal upward G v Sarl
velocities. The acceleration of particle A (half as far from the magnet) is roughly

wosntt (ike

A) half as large as the acceleration of particle B <
Bg twice as lagrge as the acceleration o?particle B £ Fﬂ" C('\o °k’ l .
Q) four times as large as the acceleration of particle B ‘H(,- ,,(;F lﬂ(e Z3 B\=3 g
D) eight times as large as the acceleration of particle B .

) sixteen times as large as the acceleration of particle B * - B A= D B 8
F) the same as the acceleration of particle B, since they are both zero.
EANED, 7! 5

Question 3: The switch has been closed for a long time, and then is opened. As the Lena’s
current in the left loop drops to zero, current flows through the meter in the other loop ¢ A,

t i) e

A) from left to right. - f i;z;z Z:E:E"‘I“: ( : ﬁ:(" o
@ﬁ’om right to left. < v‘ v" = \r' v' = \f‘v A~ 4 \.vl v‘ v’ -
) There is no current. 5—_—_‘ I_____jxjd
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Question 4: A charged particle enters a magnetic field, follows a circular pgt‘:ﬁ, aﬁc‘ll::?: A

exits the magnetic field again. Assuming there are only magnetic forces on the ‘Cl. M}'

particle, we can say that the speed of the particle when it exits the field will be & Sreedl .
Sah2

A) Greater than when it entered
The same as when it entered
) Less than when it entered
D) Any of the above are possible depending on the initial velocity of the particle.

Question 5: If another particle with the same mass and charge but larger velocity

Id as i i -
enters the field as in question 4, uﬂ'@ , Fzmme ~
@ he radius of the circular path will be larger. #qvh=m E—
5) The radius of the circular path will be smaller. D @=- mv
C) The radius of the circular path will be the same. - ?’E
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Question 6: The three rectangular current loops shown have equal current and are in
equal magnetic fields. Which experiences the greatest torque?

nebic - oLl
A) The first one Fleg roncht TA - ssefr

B) The second one ‘i,“fn—;?/yy %:}Lxg S Same fre af]
C) The third one ‘
D) The first and third have the same torque, larger than the second

All the torques are equal
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Question 7:

In the picture above, a metal rod slides to the right on conducting rails which are
connected by a wire. We can say that:

B Flax e pase is incrasig
here will be an upward current in the rod. Leazs Law = Curm‘]‘ flows to

B) There will be a downward current in the rod. conrter Mo (e / | cerced
C) There will be no current in the rod. canses £ + f
OR: Swmes in (b we ou Py e
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Question 8: & upwar] foee on 4, in (°'f
5 F qvx B U\(le in fod

In the question above, we ¢an say that the rod will experience

A) a force to the left that increases with time {.:,.c& on fod
B) a force to the left that stays constant in time

force to the left that decreases with time STIR 4 fhe IFt.
D) a force to the right that increases with time

E) a force to the right that stays constantintime B con $+¢-4'1" ) [ conshnr
F) a force to the right that decreases with time T :s g | 4AF

G) no net force 2 = Z at

Note: assume that any changes in the rod’s speed are due to electromagn?c forces

only (i.e. ignore friction).
this decrenses
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Question 9: Give a brief explanation (2-3 sentences) for each of the following:

a) How can we determine the direction and strength of the magnetic field at some

point in space? (2 points) oNe Pr5316le ApSweR :
A small et h\asr‘e‘\' wil experience Jorges -}h;)— align it
with Yhe feld. Drechin f B = dicechn Mt N end st dest
W-l\jf\ej' TO:;\S. Mﬂﬂj"lkje_ ,-f B can be Jedq_c,al‘%-w\ Mﬂm‘h‘t"
af"'wgwe en Yest naguel yia Z:};‘.x'@.

b) In the situation shown, a current is induced in the stationary loop %@;

of wire (mmm...metal donut). Explain how/why the current arises. Tt
(2 points)
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¢) Why does a permanent magnet stop acting like a magnet if we make it hot enough?
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Question 10: A space plankton is falling to Earth at a constant terminal velocity v.
The plankton has a narrow body of length L, with a “head” carrying positive charge
Q and a tail carrying negative charge —Q. If the plankton is horizontal and 6 describes
the angle between the plankton’s body and the Earth’s (horizontal) magnetic field B,
determine an equation/equations that describe how 8 changes with time. The plankton
has mass M and moment of inertia I. You do not need to solve your equation(s).

(6 points)
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Question 11: Back at Sally’s So-So Inventions, Sally has just come up with an idea

for a not-entirely-practical electromagnetic nut cracker, depicted above. To crack a

nut, Sally closes the switch, which discharges the capacitor through a solenoid. When .
the capacitor is discharged, a movable conductor inside the coil is observed to slide
forcefully along another conductor, cracking the nut.

a) Explain why this nut cracker works (3 points)
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b) Suppose that the coil has 1000 turns in IOC‘m(,‘and that
the dimensions and resistance of the cracker circuit are as
shown at the rlght The current in the solenoid i increases
hnearly to a maximum value [; and=themmdeers el
: pasRekalsdEr in time t=0.1s and then decreases
lmearly to zero, also in the time 0.1s. What value of I is

necessary to crack the nut (which requires 1000N of
force)? (3 points)
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