Mid-term Exam 1: PHYSICS 1C (Winter 2018)

Time: 2:00PM — 3:00PM, February 5, 2018, Instructor: Prof. Zhongbo Kang

Student Name:

Student I.D. Number:

Exam Version: D
Note:
e The exam is closed book, and closed notes.
¢ You can use a calculator. However, using a smart phone is NOT allowed.
e One page of physical equations is provided.
e Remember to write down each step of your calculations.

Score Sheet:

A

Problem 1 (10 points)

Problem 2 (10 points): ! O
\O

Problem 3 (10 points):

Problem 4 (10 points): 10

Problem 5 (10 points): q

Total (50 points): o[‘kq |
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Problem 1 (10 pts):

(@) (3 pts) As shown in the figure on the right, a uniform x o o 4R
\/ magnetic field B is directed into the plane of the paper g
(shown as the cross). A particle with a negative charge
moves in the plane. Which path does the particle follow? % "

Your choice: A

path 3 b. path 2 c.path 1

~B 8
(b) (3 pts) Please determine the direction of the A :

/ current in resistor ab of the figure when switch S

c_‘

is opened after having been closed for several
——__/

minutes. Your choice: P\ a b

_ From point b to a 7

b. From pointato b

¢. Cannot be determined, not enough information

. Y
\/ (c) (4 pts) In the figure, two positive charges g, and g, move at the |
S RS ; : 2|,
same speed v, but in the opposite direction. g; is moving along @~
—x, while g; is along +x direction. Determine the direction of the

electric force F¢ and magnetic force Fz on the upper charge g».

Your choice: E 3

a. bothalong -y @both along +y c. Fgis +y, Fpis—y

d. Fris—y, Fpis+ty e. Fris+y, Fpis +z f. Fgis +y, Fpis—z

g. none of the above

fer ¥y
fry
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Problem 2 (10 pts)

A long, straight wire shown in the figure carries a current i, along +y direction. At the same time

in the x-y plane, we have a conducting square loop with length L. Answer the following questions
(Note: express your results in terms of given variables, i.e.,a, b, r, dr, L, i )

(a) (2 pts) What is the magnitude and direction of the magnetic ¥

field at a distance 7 to the right of the wire?

dr
(b) (4 pts) What is the magnetic field flux ddp through the narrow, ; ' !
shaded strip (the width of the strip is dr)?
Lo
(c) (4 pts) What is the total magnetic flux through the loop? 0 i T b -
e |
S LS \8- fex — /
k i 7 k- o+ bt pu e\
S &_r' gjdﬂ: Mo Tenc %Z’K(:ﬂoiehc_ | % I d |
ik B Ml ¢ /

s T 2|

b) 00a - B sy = M A= Ly | |
P-o 27C

R v
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Problem 3 (10 pts)

L =0.k5m
A conducting bar with mass m = 15 kg and length L = 45 cm slides over horizontal rails that are
connected to a voltage source (imagine the plane of the figure is on a horizontal surface). The

voltage source maintains a constant current / = 1800 A in the rails and bar. A constant, uniform

magnetic field B = 0.90 T fills the region between the rails (directed out of the plane).

(a) (5 pts) Find the magnitude and the direction of the net e ks ° @ ® s

force on the conducting bar. Note: calculate the final « . ® e o e

numerical value. = =

~ (b) (5 pts) Find the distance d that the bar must move along ° *
[ ] ®

the rails from rest to attain speed v = 10 km/s. Note:

calculate the final numerical value.
Uk \%Kg L= Oubm T \3wp ©70A0T

) ———
D=0  F= RTLsih ~RIL = (0907 (1€0oR) (015m) = M[Pigm;g:\/

b F= v 720N= (5kg)o o bB.6"s

V- 10,000 Mis Vor OWs
\NZ: VZ 208 £

¢
NP e CosB) ozt m |
20 2 (4863
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Problem 4 (10 pts)

A solid conductor with radius a is supported by insulating disks on the axis of a conducting tube
with inner radius b and outer radius c, see the figure. The central conductor and tube carry currents

1; and I; correspondingly in the opposite direction. The currents are distributed uniformly over the

cross sections of each conductor. Derive an expression foF the magnitude of the magnetic field at
the following points. Express your answer in terms of the given variables I, I,r a b, c.

(a) (4 pts) at points inside the central, solid conductor, i.e.,
O0<r<a.

(b) (3 pts) at points outside the central, solid conductor but

\ inside the tube, i.e.,a < r < b.

(c) (3 pts) at points outside the tube, i.e., r > c.

0  3I 32 [eTAEINCG oL
A Yol
O X COn =
f@'ﬂ: }Joi BJ(M }‘ot B2 = ){‘o 1 ( {,’ Pty ~
L) fé'olff JoT, BJM Jol, By Jo T \B - /%J\
GeYzh 2 WY

"—/

\____-/

) fBdie foTen  Bfdlle folTT) B &3—?—‘\
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Problem 5 (10 pts)

A conducting rod of length =15

out of the plane, ag shown in the dotg n the figure. The rog moves with speed
direction shown,

(@) (4 pts) What is the potential difference between the ends

° ° ® L L e
of the rod? Which point, a or b, is at higher potential?

2_ (®) (3 pts) When the charges in the rod are in equilibrium,

what are the magnitude and direction of the electric
field within the rod?

3 (€) (3 pts) What is the potential difference across the rod if it moves parallel to ab?
L= 05w 08S6T v

0 £ Ry - (65T )(6.15m) (4.60m) = 0. 743V 4 |
5 o
PO\Y‘T\ }7_\3 oo \ﬂ\ghﬂ‘( ) ﬁg‘f&@/% The emt s d\(f’(‘,‘\'@r\

ooy ot b and The rositive C/ng% insicly The vook have
0) Wng’lC (D((@ bh_u¥d% ?b"m b. '

) el o ety | s

\ ————
S———

) Ry AoV
L=0v Sinte Tae voidth o€ the Yoo is 6’553%1"‘&“4 0.
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