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Part I: Multiple choice: 9 questions for 5 points each

Questions 1 - 3 concern the circuit shown at right, which contains a
resistor (R = 200 ), a capacitor (C = 240 nF) and an ideal 12 V battery

1. Immediately after the switch is closed, what is the potential
difference across the capacitor?

capet /T
@vc=ov. Nno Chege vn Cof
-9 wa so /= @ =0
B. Ve=240x107 V. b2
C. VC=6V.

D. Ve=12V,

2. Immediately after the switch is closed, what is the current through

= T ]

the resistor?

A. R=0A. 210 C/M/je m (a./oa(,'—/zn ytf
B. iy =27 mA. ‘ i so A‘//m = AV, 4

ip = 60 mA. £ % o= 2 = AV,
Cl? i:=200 mA. Zool P~ ¢ batt

3. A long time after the switch has been closed, what is the charge on

QC=2.88x10‘6c. pek P=CV

1]

7 C U/)”A/’
B. Q.=240x10"C. [ow) _
-8 50
C. Qc=2.00x10"C.
= BY,, -8,
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240aF X 2V
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4. A positively charged particle has an initial velocity of unknown magnitude and direction when it
enters a region in which there is a uniform electric field £ = 2000 V/m in the -z direction and a
uniform magnetic field B = 0.2 T in the -y direction. The particle’s velocity is not affected by the

: g ooty
fields. What is its velocity? guads C:ﬁ o & //“ Ael
A. 1.0x 10* m/s in the +y direction

y oo -
4. . £ = é,;f =0
1.0 x 10" m/s in the —x direction 1
I

| . / — 4 5
- = = v
C. 1.0x 10" m/s in the +x direction |- . 7 # £=q
D. 1.0x 10 m/s in the —x direction / poe £
RV, =
F e - 5
E. 1.0x 10 " m/s in the +z direction ¢ 8

//}a m /u/L/é éj L;D/,'JoL a/,,,\j..ﬁg .
- - 'D/n“' 5y B-frell. muvst be alms +2 .. U 6‘/""} %

Questions 5 and 6 concern the current-carrying wires shown at

right. Wire A carries current /, out of the page; wire B carries r A B 4
current /I into the page. I, = 2. } ; !
5. Which arrow below best represents the direction of the = 2 ‘@' ’ QD
magnetic field at point P? N ;
AN
v

! ® (© other . '
B

A C D E

6. Which arrow below best represents the direction of the
force exerted on wire B by wire A?

—_— — l T other

@BCDE lf

527/ /D(d?é'm s it E) j,z(&( lre 7{3 A i
by LHR (X B —p
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Questions 7 - 9 concern a conducting loop in a uniform
magnetic field directed along the +x-axis, as shown in the
side-view diagram at right. At the instant shown an
external force is causing the loop to rotate with a constant
angular velocity w about an axis along the z-axis through
the loop’s center.

For question 7, the loop is carrying a current (produced
by a battery) in the direction indicated (out of the page at
the top of the loop). For questions 8 and 9, the loop is not
carrying a current produced by a battery.

Side-view diagram

7. (With current from a battery.) Which of the following best describes the potential energy U at the
instant shown?

is increasing (i.e., it is negative and tending towards zero OR it is positive and tending toward
arger absolute values).

B. U is decreasing (i.e., it is negative and tending toward larger abso]ute values OR it is positive and
tending towards zero). 3
; & {Feng e
C. Uiszero. (/m:h 5 N/”A/a' Z ar & jN

D. Itis impossible to tell. /O‘-}D R Tk 76"‘-’”4/(/» ¢ E ée Caty'-alt pre A

8. (Without current from a battery.) Which of the following best describes the absolute value of the
magnetic flux Pl through the loop at the instant shown?

A. I®lis increasing. ewer D/,"[aé (hee ﬂmg/\ /0%

|l is decreasing. @4 o 74}1‘_(_ pa s1es

C. |®lis zero, and remaining constant.

D. I®lis not zero, but remaining constant.

9. (Without current from a battery.) Assuming the loop has a single turn, area A and total resistance R,
the B-field has magnitude B, and at the instant shown the angle between the loop and the B-field is
45°, what is the magnitude of the induced current i?

BAw

A. ik —~ & =
BA / th
B 7 g/ /d@’/ ./ //45:05&7/
BAw / f
D. There is no induced current. = A_ECAJ gnwt
= g O.)'é AC’Q L
3 7"

13}

AB e
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II.  [10 pts total] The following questions are based on your experience in the lab.

10. [3 pts.] Consider Circuit 1 at right. Assume the battery and
capacitor are ideal and the resistors are identical.

The switch is at position B for a long time. Which of the
following is a true statement?
I g] €= %Rl‘ll‘vl

a. 1; > 1.
b [,>1 AB]

> R, LV, C.LV.
c. Vel = el "
d. [Vi] + [V <[el. R, LV,

In this configuration the capacitor is completely charged therefore
there is no current flowing through the system. This eliminates (a)
and (b). If there is no current in the system, then there is no potential difference across the resistors. The
only potential difference is across the capacitor, which equals the magnitude of the potential difference
across the battery. The answer is (c).

11. [3 pts] Consider Circuit 1 above and to the right.

Circuit 1

The switch is then flipped to position A and left there for a long time. Which of the following
statements is true?

a. 1]:]2.
b. I]>12.
C. 12:]3.
d. [Vi[ =V,

Similar to the previous question, the capacitor is charged therefore no current is flowing down the branch
that contains the capacitor and resistor 1 and current only flows down the branch that contains resistor
2. This eliminates (a) and (b). Resistor 2 and 3 can be thought to be connected in series therefore they
must have the same current making (c) a true statement. There is no current flowing through resistor 1
therefore there is no potential difference across resistor 1 eliminating (d). The answer is (c).

12. [4 pts] Consider the figure at right.

The magnets and wire in the diagram are similar to those used in lab. wire
Which of the following statements is true? &\\
a. When an electron is placed at rest in between the two magnets, it N S
experiences a force in the same direction as the force felt on the ©
. (red) (blue)
wire.
b. When a proton is placed at rest in between the two magnets, it

experiences a force in the same direction as the force felt on the [ |
wire. Wire is carrying
c. When an electron moves through the region between the two current out of the page
magnets with a velocity vector out of the page, the electron experiences a force in the same
direction as the force felt by the wire.
d. When a proton moves through the region between the two magnets with a velocity vector out
of the page, the proton experiences a force in the same direction as the force felt by the wire.
The force on the current carrying wire is vertically up (F = IIxB which can also be derived by F=qvxB).
A charge at rest in a magnetic field experiences no force (F=qvxB) eliminating (a) and (b). An electron
moving out of the page in the magnetic field produced by the magnets experiences a vertically downward
force eliminating (c). A proton moving out of the page in the magnetic field produced by the magnetic
field experiences a vertical force up which is similar to the force felt on the wire. The answer is (d).
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[25 pts] Parts A and B are independent.

PART A: An infinitely long cylindrical shell with inner radius a and outer w
radius b carries a uniformly distributed current I out of the page. |

Determine B in the three regions listed below and explain or support your
reasoning with words or calculation.

1. r<a

;‘B ‘é’hcfws-mg& =&

=0

2. a<r<b 5;,&'»@’3@“; . Tenwe s 1 (

Ton
"‘I, B = o X =
é@‘>b T rwnelesed = T

= o AL .
B = e
4. Sketch |B] as a function of r.

@

PART B: A wire bar rolls with a speed of 8.0 m/s on two
metallic rails, 30 cm apart, that form a closed loop. A uniform
magnetic field of magnitude 1.20 T is into the page. Resistors.
R; and R; each have resistance 7 kQ. The current direction is as

What is the direction of the moving bar (left or right) and what is
the current induced in the circuit?

For T s go CW, flox gees @k prse &,
Twdeced I} Gﬁlos-ps 9&15?9!5 ; Se l?f hfﬁ*f Woveg i_i{i? ) :I

?‘0?5 CL}-} 4@ WS’]zﬂ"E %/u‘x 5 /-A--ﬁ . s " "_._; :
R‘L A £ - 3 ) o 2 P LT n@ e s
o4 The ™ Ziq St bl T 3,23?.-HA - F Al

Bar moves (circle one): (Left) Right
= '___,E = gili‘_c{))’ WV"‘B _ (f%]@)( ; O
/g R - L2

&,
1R B4 = FeaxeeT 'A
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IV. [20 points total] This question consists of two independent parts, A and B.

A.

In the circuit at right, assume all bulbs are identical, and all batteries
are identical and ideal.

I.

ii.

1 - A
[5 pts] Is the brightness of bulb 1 greater than, less than, or equal GD

to that of bulb 27 If either bulb will not light, state so explicitly.
Explain.

across bulb 2 is equal to that of a battery. In the outer loop, the
voltage across 1 and 2 is equal to two batteries, so therefore the
voltage across bulb 1 is also equal to that of one battery. Thus the
voltage across both bulbs is the same, so they are equally bright.

Kirchhoff’s loop rule on the inner loop shows that the voltage 2 GP T B T C

[5 pts] Is the current through battery A greater than, less than, or equal to the current through
battery B? If the current through either battery is zero, state so explicitly. Explain.

Since both bulbs are equally bright, they have the same current through them. Thus no current
splits at the junction to go through B, and battery B has no current through it. Thus the current
through battery A is greater than through B.

A student performs 3 experiments with identical magnets. Point A is at the center of magnet 2.

I.

ii.

iii.

[3 pts] Experiment 1: two magnets labeled 1 and 2 are placed N S N oA S
next to each other. On the diagram, indicate the direction of
the net force on magnet 2 from magnet 1. Explain. 1 2

The two magnets are oriented in the same direction, so the Experiment 1

south pole of magnet 1 is next to the north pole of magnet 2, and the two magnets attract each
other. Thus the net force on magnet 2 is to the left.

[3 pts] Experiment 2: a third magnet is added N s|IN sl IN oA S
to the left of magnet 1. Is the magnitude of the

net force on magnet 2 greater than, less than, 3 1 2

or the same as that in experiment 1? Explain. Experiment 2

Magnet 3 is oriented in the same way as magnet 1, so both magnets will attract magnet 2. In
experiment 1 only one magnet was exerting a leftward force on magnet 2, and now two magnets
are both exerting a force to the left on magnet 2, so the net force has increased compared to
experiment 1.

[4 pts] Experiment 3: the third magnet is replaced
with a wire carrying a current / out of the page. In
the spaces provided, draw qualitatively correct 1 1 . 2
vectors showing the magnetic field at point A in Experiment 3

experiments 1 and 3. Explain your reasoning.
«—0 \.

Experiment 1 Experiment 3

® N S| |N eA S

Point A is inside magnet 2, and the magnetic field
there points left (from S to N inside a magnet). At
point A the magnetic field from magnet 1 also points
left, so the net field due to the two magnets points left.
In experiment 3 the magnetic field circles counter-
clockwise around the current, so at point A the magnetic field from the wire points upward. Thus
the net field points left in experiment 1, and up and to the left in experiment 3.
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