Mid-term Exam 1: PHYSICS 1C (Spring 2021)
Time: 2:00PM — 3:00PM, April 15, 2020, Instructor: Prof. Zhongbo Kang

Student Name:

Student I.D. Number:

Exam Version: A
Note:

e Please make sure that you have read, signed and uploaded your “student verification

form”, without which your exam will not be graded.

e The exam time (in total 1 hour) is designed in such‘a way that ideally the actual time for
answering the problems is 30 minutes, while the remaining 30 minutes are used to scan

and upload your solution to gradescope.

e The exam is open book, and open notes. One page of physical equations is provided. You

can use a calculator.
e Remember to write down each step of your calculations, for partial credits.
Score Sheet:

Problem 1 (8 points):

Problem 2 (10 points):

Problem 3 (7 points):

Total (25 points):




Formula Sheet
F=gbx B (magnetic force on a moving charged particle)

O, = I BcosgdA= I B dA= _[ B .dA (magnetic flux through a surface)
J_E «dA=0 (Gauss's law for magnetism)

R= % (radius of a circular orbit in a magnetic field)
q

F=IIxB (magnetic force on a straight wire segment)

dF =Idlx B (magnetic force on an infinitesimal wire section)

7=1BAsing (magnitude of magnetic torque on a current loop)

7=JixB (vector magnetic torque on a current loop)

U=-u+<B=—-uBcos¢ (potential energy for a magnetic dipole)

B= f—o 90 Z( d (magnetic field due to a point charge with constant velocity)
Ty
dB = 5—0 M# (magnetic field due to an infinitesimal current element)
Tor
1 . : :
p=1tb (magnetic field near a long; straight, current-carrying conductor)
r
Fopdl ’

encl

(two long, parallel, current-carrying conductors) J._E-di = 1.
L 2nr

(Ampere’s law)



Problem 1 (8 pts)

Please be very careful in writing down your answers for these two questions. They are graded by

the final answers ONLY, no partial credits for any intermediate steps. Moane-b(c f\‘e[d, B eej\ua-lgd,

a)

b)

bﬂ g1 of 9> :
~ OB Thes Fs1

(3 pts) In the figure, two positive charges ¢g; and ¢> move at the y

same speed v, but in the opposite direction. ¢, is moving along — @
x, while g> is along +x direction. Determine the direction of the
electric force Fr and magnetic force Fp on the upper charge g>.

Your choice: O -

z FE G ’QZ oz

both along +y b. both along —y c. Fgis +y, Fpis—y both FOST'L‘M,
Fhug /‘\ =
Fgis—y, Fpis+y e. Fpis +y, Fpis +z f. Fgis +y, Fpis —z FE.

none of the above

(5 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 /; and />

correspondingly in the opposite direction. The currents

are distributed uniformly over the cross sections of each
conductor. Derive an expression for the magnitude and specify the direction of the
magnetic field at points outside the central, solid conductor but inside the tube, i.e., a <r

< b. Express your answer in terms of the given variables /;, I, v, a, b, c.

. JAOL ) B
Magnitude (3 pts): TP (%E
Direction (2 pts): COIAYltP/V‘ OMWJ‘SQ .

(Shown. . the pleb).  p ¢ DHIJ o&fénc@ﬂ? on
Il ono‘L r ]C'DT OLCY\<b,

3
(I, doeS not goitrbute !)



Problem 2 (10 pts)
Please make sure to write down intermediate steps of your calculations, for partial credits.

The wire semicircles shown in the figure have radii@ and . )
b. The current inside the wire is given by 1. Let us divide / .
the wire into four pieces: horizontal piece [12], the small // -

semicircle [23], horizontal piece [34], and the large !"'; (1
4<3

semicircle [41]. Now a constant uniform magnetic field B ,
is uniformly distributed in the entire space and pointing upward vertically as shown in the figure.

Please answer the following questions (specify the magnitude and direction)
a) (8 pts) find the magnetic force on each of the four wire segments: [12], [23], [34], and [41].

b) (2 pts) what is the net force on the entire loop?

) )27 o Swtx@: Lley B CR= ~Tch-o)R k.

T -
[zg] JI otl,%B X}aob@l%%@ k)

2?;]
2T k.

(34 ] FDCPJ Fm = =Tcho)Rk

[4\3 FELH_J ylwbxyg J\TLIEOQGJ?)S%@)Q

= LILIBE\



Problem 3 (7 pts)
Please make sure to write down intermediate steps of your calculations, for partial credits.

A very long, cylindrical wire of radius R carries a current /p uniformly distributed -
. . . N—2O
across the cross section of the wire, as shown in the figure.
IO
(a) (3 pts) For the yellow strip that has distance » away from the center O, w
N— A

please compute the magnetic field that goes into the strip.

(b) (4 pts) Calculate the magnetic flux through the entire rectangle that has a length .
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(Alternative time) Mid-term Exam 1: PHYSICS 1C (Spring 2021)
Time: 6:00PM — 7:00PM, April 15, 2021, Instructor: Prof. Zhongbo Kang

Student Name:

Student I.D. Number:

Exam Version: A
Note:

e Please make sure that you have read, signed and uploaded your “student verification

form”, without which your exam will not be graded.

e The exam time (in total 1 hour) is designed in such a way that ideally the actual time for
answering the problems is 30 minutes, while the remaining 30 minutes are used to scan

and upload your solution to gradescope.

e The exam is open book, and open notes. One page of physical equations is provided. You

can use a calculator.
e Remember to write down each step of your calculations, for partial credits.
Score Sheet:

Problem 1 (8 points):

Problem 2 (10 points):

Problem 3 (7 points):

Total (25 points):




Formula Sheet

F=qgox B (magnetic force on a moving charged particle)

O, = I BcosgdA= I B dA= IE «dA (magnetic flux through a surface)
J_E «dA=0 (Gauss's law for magnetism)

R (radius of a circular orbit in a magnetic field)

_m
|| B
F=IIxB (magnetic force on a straight wire segment)

dF =Idlx B (magnetic force on an infinitesimal wire section)

7 =1IBAsing$ (magnitude of magnetic torque on a current loop)

7=JixB (vector magnetic torque on a current loop)

U=-u+<B=—-uBcos¢ (potential energy for a magnetic dipole)

B= f—o v : ! (magnetic field due to a point charge with constant velocity)
Tor
. Idl x7 : LS
dB = f—o ! 2X ! (magnetic field due to an infinitesimal current element)
Tor

B = ’;LI (magnetic field near a long, straight, current-carrying conductor)
r

E_,UOH,
L 2xr

encl

(two long, parallel, current-carrying conductors) J_E-di = 1,1

(Ampere’s law)



Problem 1 (8 pts)

Please be very careful in writing down your answers for these two questions. They are graded by

the final answers ONLY, no partial credits for any intermediate steps.

a) (4 pts) The right figure shows, in cross section, several conductors that carry current
through the plane of the figure. Four paths labeled a through
d, are shown. The line integrals 95§ - dl over each path (a, b,
¢, d) are given by A, B, C, D. Note: each integral involves

going around the path in the counterclockwise direction. 0(:(7
Express A/B/C/D in terms of Iy, I, I5: Counter clockwise

A: 0 B: - &o.]., égd'b :/Mo Ienc.
1, 3&»%%3 ED OC‘eloL
O{A?wal‘SZ.,
AN
L, 1, = B freld counter clockwise.,

b) (4 pts) Shown in the right figure is an end-on view of two long, straight, parallel wires

Yy j‘(b I

A B,= 2nd

Py wire 2 Py

C: Mo (.‘12 -’11) D: Mo (/12 +1;5 "11>

perpendicular to the xy-plane, each carrying a current / but

in opposite directions (as indicated by cross and dot in the

figure), with d the distance between the relevant vertical

lines. What are the directions of B field at points P; and P,?

Your choice: _ (& BD’JJB l \Jél—: '2.7?(0: d—)

d

a. Pi: =y, P»+y b. P;: =y, P>: undetermined c. Pi:+y, P +y

d. Pi: =y, P»: 0 e. Pi: 0, Px+y f. none of above



Problem 2 (10 pts)
Please make sure to write down intermediate steps of your calculations, for partial credits.

The wire semicircles shown in the figure have radii @ and _,

b. The current inside the wire is given by 1. Let us divide / S
. . . . . 'If" / -

the wire into four pieces: horizontal piece [12], the small

semicircle [23], horizontal piece [34], and the large !"'; (f

semicircle [41]. Now a constant uniform magnetic field B , Y4 <« 3

is uniformly distributed in the entire space and pointing downward vertically as shown in the

figure. Please answer the following questions (specify the magnitude and direction)
a) (8 pts) find the magnetic force on each of the four wire segments: [12], [23], [34], and [41].

b) (2 pts) what is the net force on the entire loop?
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Problem 3 (7 pts)

Please make sure to write down intermediate steps of your calculations, for partial credits.

A very long, cylindrical wire of radius R carries a current /p uniformly distributed _————_

across the cross section of the wire, as shown in the figure.

(a) (3 pts) For the yellow strip that has distance » away from the center O,

please compute the magnetic field that goes into the strip.
w

(b) (4 pts) Calculate the magnetic flux through the entire rectangle that has a length W. (Hint:

recall the definition of magnetic flux: ®5 = 1) B - dA here dA is the arca element.
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