Physics 141 — Midterm Exam 2 — Section D100-D300 - 80mins 2012 March 23

There are 10 multiple choice questions. Select the correct answer for each one and mark it on the
bubble form. Each question has only one correct answer. (2 marks each)

1. A constant current, /, is supplied for a brief time (b) Im
to charge a parallel plate capacitor. The capac- @3 m
itor has circular plates of radius R with a gap d
(d << R). Point | is at a distance R + d from the (d) Sm
wire, and point 2 is at a distance R + d from the (e) 7Tm

centre of the capacitor.

(a) B; < By
B.:B2
) By>B,>0
d) B, =0

(e) Not enough information to answer

. A beam of electrons is sent horizontally down the
axis of a tube to strike a fluorescent screen at the The loop is held stationary éown = CW
end of the tube. On the way, the electrons en- and the long wire, while A$
counter a magnetic field directed vertically up- carrying a constant upward - L = <+
ward. The spot on the screen will therefore be current, is moved away - - -
deflected: from the loop. - c.W.

(a) upward

(b) downward

(c) to the right as seen from the electron source
to the left as seen from the electron source

(e) not at all

. Two long straight current-carrying parallel wires
cross the x axis and carry currents / and 3/ in the
same direction, as shown. At what value of x is
the net magnetic field zero?

4. Consider a long wire running in

the vertical direction with a rect- -
angular loop of wire beside it as ~
shown. Which of the following
situations would result in a clock-
wise induced current in the loop?

(a) A current in the long wire,
directed upward, is increas-
ing in magnitude.

(b) With a constant current in
the long wire directed up-

ward, the loop is moved to-

ward the top of the page,
parallel to the long wire.

. A long, straight wire of radius a carries a steady

current /. The graph of magnetic field strength
B(r) as a function of perpendicular distance r
from the centre of the wire is:

"
~ D
_— 7 ()
01 30015 | 7
A A
i 3
(a) O
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The next two questions relate to the situation 9. Inthe Faraday’s Law experiment you did in class,
described below. which of the following describes your qualitative
results when the oscilloscope channel 1 displays
the voltage across the resistor attached to the field
coil and channel 2 displays the emf from the pick-

A tiny wire loop with n turns of radius «, each )
up coil.

carrying a counterclockwise current i, is placed
inside a solenoid as shown. The solenoid has N

Wh h 1 1 displays 3 ,
turns, radius b, length d, and carries a current /. @) en channe 1SPIAYS & square wave

channel 2 displays a square wave

z (b) When channel 1 displays a square wave,
channel 2 displays a triangle wave

; When channel 2 displays a square wave,
\ y channel 1 displays a triangle wave

(d) When channel 2 displays a sine wave, chan-
nel 1 displays a square wave

(e) When channel 1 displays a sine wave, chan-

B M - - nel 2 displays a triangle wave
Top l /“ < B play g
Vi
e 10. A capacitor, in series with a resistor, is being

charged. At the end of 10 ms the charge on its

6. What is the direction of the torque on the loop? positive plate is half the final value. The time
constant for the process is about

(a) 0.43 ms V = \/‘(l—e
(b) 2.3 ms
(c) 6.9 ms

(d) 10 ms
7. What is the magnitude of the torque on the loop?

A
14ms 5
2

: 2

(a) poabilnN/d M= NTos. e [o,,,\s ,0»/-(% )

@,uoﬂaZilnN/d B 1/4 /\{ 1 .
*d

(c) pon’a’b?ilnN/d
(d) poma(i/DnN/d

© wrasrinay  [AB] = T Noms . T
.
8. An inductor, capacitor and a resistor are in se- ‘Q/V‘- 2

ries with an ac sine-wave voltage source with fre-
quency w. The reactance of the inductor with in-
ductance L is X; = wL. The reactance of the ca-
pacitor with capacitance C is X¢ = 1/wC. Under )L{ i Q4o = T
which condition is the current from the generator
in phase with the emf (voltage)?

(a) Xc =R '{TW‘{’:O

(b) Xc+X, +R=0 XL.: \(C

) Xc+X. =0

(d) X, =R L = (
L= N - R,

(@)xc=x. e
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There are four written problems. Show all your work to get full credit.

11. The values of all circuit elements are given in the figure. The capacitor is initially uncharged. Then, at
time ¢t = 0, the switch is closed.

T %R E=6V
3 R,=R,=R, =100

C,=1pF

(b) Calculate the charge on the capacitor a long time after the switch is closed.

Vc =Vb R2/(R1+R2) =6V/2 =3 V
Q=CVc = (1uF)(8V) =3 uC

(c) A long time after the switch has been closed, it is re-opened. What is the time constant for discharging
the capacitor?

e 20 o= B

2
Q/AF) (_2399,)

= £ .’C—/«se













Vc = Vb R2/(R1+R2) = 6V/2 = 3 V
Q=CVc = (1µF)(3V) = 3 µC
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12. A semi-circular loop consisting of one turn of wire is placed in the xy plane. A constant magnetic field
of magnitude B = 1.7 T points along the negative z-axis (into the page), and a current 7 = 0.7 A flows
counter-clockwise as viewed from the positive z-axis.

X X x X
X B X
X X X X
X X X X
X X x X
X X X X
X X X
C 1=0TA " Y
X X > X X
le ») z x
d=2m

(a) Find the magnitude and direction of the net magnetic force on the circular section of the loop.

Fyce —» = F

(03 (#)(2) = |23¢,

(b) Calculate the magnetic dipole moment of this loop.

M= NI
a
(& (@) (tw) .
{ ‘ ’ EJ Out of paper, in
T the z direction.

(c) What is the torque on the loop?

/U\y R = :C; Q" ’S_%‘" )( (-:7)sin(180°)

=0n'm



sin(180°)

















= 0 n•m








Out of paper, in the z direction.
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13. A rectangular wire loop of height A, width w, and net electrical resistance R lies in the xy plane. As shown
in the figure below, there is a region of space at —1.5w < x < 0 in which there is a magnetic field pointing
in the —z direction. In order to determine the magnitude of this field, a student pulls the wire loop through
the magnetic field region at a constant velocity v in the +x-direction, and measures the current / induced
in the loop during this process.

'
R cdge A ‘
® B mto page A
—V\N\NN—— R=43Q
=4 cm
], - . ._( .
v \ ycm
v 7 emisee
W
1
|
voo-1.Sw
(a) If, when the leading edge, A, of the loop is located at x4, = —w, the student measures a current of

20 x 107° A, what is the magnitude, B, of the magnetic field?

- 1. £
£ = VIR , =

kA

Q- IR Az @) x104) o oo 16
m V - —
o &7 ",‘0;'“/5 > &"‘X\o/z) 0 .307 4 ¢

c(OuJI\

> =
(b) What is the direction of the current flow? Explain your answer. Aé = % 4G-=> ©&CUW
condtre clock wise  cncrent

(c) What is the magnitude of the force with which the student needs to pull it assuming no air resistance
or friction? l,\

-/
F- I8
_£
<= Q'zoy(opr >QO-0‘1,,,,)QO-30'})

-5
2.486 x 10 4

((
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14. A plane electromagnetic wave in a vacuum is given by S
3} ) P_ 2xI0
E =50+ k)ysin(Zy + 47 x 10" V/m 2 -7
B = Bysin(Zy + 47 x 10550 T N = 3xlo .5 x (O m
. 2 x \Ol‘i
]
(a) What are the values of w, k and |Ep|? +7
15 tad 7,10 2 BZ
— - o — —— —
w= AT xjo "~ 2% = s |Eol = N/

(b) In what direction does the wave propagate? How do you know?

V\&Sou-h\fe_

(¢) What is 50? (magnitude and direction)

1

|B.]
WSS N

-2 A A
2.35 % [0 (i—-L.

vz

(d) What is the wavelength in metres?

—
——

—>

e

o

sl

-3
1.5 % 10 m

>\~:.

(e) Describe the polarization state as accurately as you can.

circular or elliptical.)
iner)

° N

4s -?rof_v\ L.

KM%QSE)/3 ‘o
q

.62 x|

)'_“

(Specify angles if linear, or handedness if



