The next two questions pertain to the situation described below.

A charged particle is accelerated through a potential difference from a to b. The particle then
enters a uniform magnetic field B directed into the plane of the paper. While in this magnetic
field, the particle travels in a semicircle of diameter d.
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1. If we were to double the magnitude of the potential difference between a and b, what would
happen to the diameter d?

Double potential difference
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2. Let T be the amount of time the particle is in the shaded region that contains the magnetic ~ {actor o

field. If we were to double the particle velocity as it enters the field, what would happen to 77 . ﬁj
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3. A long straight wire carrying current out of the page ( along +% ) is sitting in a uniform
external magnetic field B=B,Z . At what point could the total magnetic field equal 0?

bzl ‘)
a

d.)

e. There is no possible location where the field could be zero
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The next two questions pertain to the situation described below.

A square loop carries a current / and pivots without friction about the z-axis. A uniform magnetic
field B=2.4 T points in the +x direction, and the loop initially makes an angle 6 = 70° with the
x—z plane.
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4. What is the direction of the torque on the loop at the time shown?
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5. The magnitude of the torque on the loop exerted by the magnetic field at the time shown is
measured to be r=1.2 N m. What is the magmtude of the current I in the loop?
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6. An electron has a velocity in the negative Z direction at point P.
The magnetic force on the electron at this point has a component in z
the negative Y direction. Which one of the following statements P
about the magnetic field at point P can be determined from this lv
information?
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7. Three long wires carrying current I out of the page are placed at three® i} a @

corners of a square of radius a, as shown. Determine the magnitude and - Ay
direction of the current in a wire placed at the fourth corner of the square, pa
such that the total force on wire 1 vamshes
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The following two questions concern the two circuits shown below. cotrecy

The two circuits contain identical capacitors that hold the same charge at t = 0. Circuit 2 has direc
twice as much resistance as circuit 1.

For an RC circwit,

-t/
- C R —=C 2R ,
Foc ciccwit l, T= RC v
ciceuit 2, T = 2R¢
Circuit 1 Circuit 2
8. Which circuit has a larger power dissipation at t=0? _de Qo o -tit
; Tdt T
(@) Circuit 1 o ©
b. Circuit 2 o =0, L mé‘* .
c. They have the same nonzero power dissipation '
A ) N .
d. They both have zero power dissipation pe T ; R = ng . R.> R,
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9. Which of the following statements best describes the charge remaining on each of the the two
capacitors for any time after t = 0?7

a) Q1<Q2 ~tIT

(\b) Q1>Q2 QW) = Q. e

c. Q1=Q2

d. Q1<Q2 at first, then Q1>Q2 after a long time H iahee T = C oo o6
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II.  Lab questions [12 pts] ANSWER THESE ON YOUR SCANTRON SHEET.

10. [4 pts] An RC circuit is connected as shown in the diagram below. The switch is originally left in
position 2 for a long time, and then at = 0 2 s it is flipped to position 1 while the voltage across the
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12. [4pts] A coil is held directly above a bar magnet as shown at right.
Current is flowing through the coil in the direction indicated. Which
of the following is experienced by the magnet due to this current?

(A) A force directly toward the center of the coil (up).
(B) A force directly away from the center of the coil (down).

‘A force toward the left or right, but not up or down.

(D) There is no net force, but the magnet experiences a torque
about its center.

(E) There is no net force or torque on the magnet from this coil.
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III [25 points] A square loop of wire of side a and electrical

resistance R lies in a plane perpendicular to a magnetic field as Y % % X % 1;3 y
shown at right. The field is given by B(t) = —k B, sin wt. LN X KX X K X
Calculate the following in terms of the variables given and explain l ? ¥ if ﬁ X jf
your results. KX fox X of X X
i. [4 points] At what time does the induced EMF become zero for con L A B
the first time after ¢ = 0 (that is for ¢ > 0)? : X ¥ ¥ x X x x X

EMF i3 Zero whern magnetic Flux isn‘t c\f‘{amgmg}
ie. when %%:o. This Titst occurs when wi=L

ii. [4 points] What is the direction of the EMF at time ¢ = 0 (clockwise, ccw, zero)?» '

At 20, moagnetic Flux increasing into the poge. Acco rcling to

Lenes law, induced EmE counteracts this b’ﬁ ‘ %%%i?“‘”’%ﬁff%@'ff‘*% an

induced Field out of e Tield. This is achieved by |ccw] current.
iii. [4 points] Give an expression for the EMF as a function of time. (Use clockwise as '
positive). ) : :

E= ~ d @5 - i*‘ wo' Bo CQS(MU
dt ~

iv. [5 points] Assume the answer to part iii is given by &(t). Give expressions for the current,
net force, and net torque on the square loop. -

Current: E£(E) /K
Net Force: } ze(0

Net Torque:
# J(‘
For the next two parts the field is constant in time, B(t) = —k By and MK KK
the square is moving to the right with constant velocity vo at a time :: i ; ;E ;ﬁ ,
when half of the square has left the region with magnetic field. ¥ X %1% X Vo
v. [4 points] Deduce an expression for the force on the square. Give X X XX I
the direction of the force as well. = xxpX xal
Bp= Bo x Area o Tield 'ffﬁ(iim(j% loop, oxox .

J e
d%e/dt = Bg%%z— BoaVe =2 1° i‘.{%ﬁ clociewise,
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Vi. [4 points] Give an expression for the power dissipation ifi the square and explain where
this enfgy comes from. Thie eneray comes ?ram
P= TR=Bo"a" U*  yhoteder agent is applying
R the fightwarel force to dhe
loop Yo Keep i+ moving ot &
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[20 points total] Tutorial questions.

A circular loop carrying a current /, is placed near the end of a solenoid as

shown in the cross-sectional view at right. The field lines shown indicate the
magnetic field of the solenoid only.
Note: The symbol @ indicates current going into the page and
the symbol (o indicates current coming out of the page.
A. [6 pts] Suppose a compass were placed below the current loop as shown

at right. In the space provided, draw the most stable orientation of the (/\

compass needle. Explain your reasoning.

N

The compass needle will be stable when its poles are aligned from south to Field lines of solenoid
north along the net magnetic field direction, the sum of the fields from the loop (solenoid not shown)

and solenoid. The contribution from B is tangent to the field line at that

point. From the RHR we developed in tutorial to treat the current loop like a small bar magnet, field
lines for the loop will come out of the left side and go into the right side. This means the contribution for
the loop will be directly to the right at this point, so the compass needle will be angled between the field
line and the horizontal.

B. The circular current loop and compass are removed. The
magnetic field around the solenoid is shown at right. Closed 1

Closed 2

i. [7 pts] On the diagram at right, draw and label a closed
path for which the line integral of the magnetic field
along that path is zero (i.e., _(ﬁ Bedl =0 ). Explain.

path

There are many correct answers to this question. Two
examples requiring different reasoning are the dashed
ellipse and rectangle at right.

Closed 1: From Ampere’s law, the line integral of
magnetic field along any closed path that encircles net
zero current will be zero.

Closed 2: The magnetic field lines show an approximately uniform field in the center of the
solenoid. Choosing the counterclockwise path, the dot product B*dl is zero where the vectors
are perpendicular (left and right sides), Bdl when they are parallel (bottom), and —Bdl when
they are antiparallel (top). Since B has the same magnitude everywhere in this region and the
top and bottom segments are equal length, the line integral along the entire path will sum to zero.

ii. [7 pts] On the diagram at right, draw and label an open path for which the line integral of the
magnetic field along that path is zero (i.e., f Bedl =0 ). Explain your reasoning.
path
As with the previous question, there are many possible correct answers. The straight and curved
open paths on the diagram are two examples requiring the same reasoning.

Ampere’s law only applies to closed paths, so we can’t use it directly here. Instead, the simplest
path we can choose is one where B*dl is zero at every point on the path, so B, and dl need
to be perpendicular for the entire path.
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