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Mid-term Exam 2: PHYSICS 1C (Spring 2021) 

Time: 2:00PM – 3:50PM, May 13, 2021, Instructor: Prof. Zhongbo Kang 

Student Name: __________________________________ 

Student I.D. Number: _____________________________ 

Note: 

• The total time is 1 hour and 50 minutes. However, the exam time is 1 hour and 20 minutes, and

the remaining 30 minutes are used only for scanning and uploading your solution to gradescope.

Everyone has to STOP working on the exam when we are at the 1 hour and 20-minute mark.

• The gradescope deadline for the exam is set at 1 hour and 50-minute mark so that we can get all

the submissions. However, again you are supposed to stop working on the exam at 1 hour and 20-

minute mark. Everyone is required to submit your exam while you are in the ZOOM room. Once

if you have left the ZOOM room, you cannot submit the exam any more. 

• The CAE students are supposed to submit their exams via email to Prof. Kang (zkang@g.ucla.edu), 

and copy to both teaching assistants (fanyizhao@physics.ucla.edu and lizholz1@g.ucla.edu). The

extra time is computed based on 1 hour and 20 minutes (e.g., 50% = 40 minutes) + the same 30 

minutes for submission.

• The exam is open book/open notes. Key physical equations are provided. You can use a calculator.

Score Sheet (total 50 points):  ________________________

Problem 1 (8 points): _____________________________

Problem 2 (10 points): _____________________________

Problem 3 (12 points):  _____________________________ 

Problem 4 (10 points):  _____________________________ 

Problem 5 (10 points):  _____________________________ 
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Formula Sheet 
 
From mid-term 1: 

 

 
New for mid-term 2: 

 

                    

               

(magnetic force on a moving charged particle)q= ´
! !!uF B

cos (magnetic flux through a surface)B AB B dA B dA df ^F = = =ò ò ò
!!

"

0 (Gauss's law for magnetism)B Ad =ò
!!

"—
(radius of a circular orbit in a magnetic field)mR

q B
u

=

(magnetic force on a straight wire segment)F l BI= ´
!! !

(magnetic force on an infinitesimal wire section)F l Bd Id= ´
!! !

sin (magnitude of magnetic torque on a current loop)IBAt f=

(vector magnetic torque on a current loop)B= ´
!! !t µ

cos (potential energy for a magnetic dipole)BU Bµ f= - = -
!!
"µ

0
2

ˆ
(magnetic field due to a point charge with constant velocity)

4
rB q

r
µ
p

´
=

!! u

0
2

ˆ
(magnetic field due to an infinitesimal current element)

4
l rB Idd
r

µ
p

´
=

!
!

0 (magnetic field near a long, straight, current-carrying conductor)
2
IB
r

µ
p

=

0 (two long, parallel, current-carrying conductors)
2
IIF

L r
µ
p
¢

= 0 encl (Ampere’s law)B ld Iµ=ò
!!
"—

’(Faraday s law of induction)Bd
dt

e
F

= -

(motional emf; length and velocity perpendicular to uniform )BBLe u=
!

( ) (motional emf; closed conducting loop)B lde = ´ò
!!!
"—u

(stationary integration path)E l Bdd
dt
F

= -ò
!!
"—

0 C 0
encl

(Ampere’s law for a stationary integration path)B l Edd i
dt

µ Î Fæ ö= +ç ÷
è øò

!!
"—

1 2
2 1and (mutually induced emfs)di diM M

dt dt
e e= - = -

2 2 1 1

1 2

(mutual inductance)B BN NM
i i
F F

= = (self-induced emf)diL
dt

e = -

(self-inductance)BNL
i
F

= 2

0

1

2
(energy stored in an inductor)

I
U L i di LI= =ò
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            ! = !
"  (time constant for an R-L circuit)

  

     !rav = 	2$ !         !rms =	 1√2 !          $rms = 1
√2$ 

$" = !	%         $# = !&#         $$ = !	&$           $ = !	'
 

  

      ( = 1
%#0$0

    

                                                   

 

 

 

 

 

 

 

2

0

(magnetic energy density in vacuum)
2
Bu
µ

=

1 (angular frequency of oscillation in an -  circuit)L C
LC

w =

2

2
1 (underdamped oscillations in - -  series circuit)

4
R L R C

LC L
w¢ = -

cos      (sinusoidal alternating current) i I tw=

[ ] ( )22 (1/ ) impedance of an - -  series circuitZ R L C L R Cw w= + -

( )1/tan phase angle of an - -  series circuitL C L R C
R

w w
f

-
=

( )av rms rms
1

2
cos cos average power into a general ac circuitP VI V If f= =

( )0
1 - -  series circuit at resonanceL R C
LC

w = ( )2 2

1 1

terminal voltages in a transformerV N
V N

=

( )1 1 2 2 terminal voltages and currents in a transformerV I V I=

( )electromagnetic wave in vacuumE cB=

( )
0

1 Poynting vector in vacuumS E B
µ

= ´
! ! !

( )

2
2 2max max max 0

av max 0 max
0 0 0

1 1
2 2 2 2

intensity of a sinusoidal electromagnetic wave in vacuum

E B EI S E cE
c

Î Î
µ µ µ

= = = = =

( )
0

1 flow rate of electromagnetic momentumdp S EB
A dt c cµ

= =



Actu
al 

ex
am

 05
/13

/20
21

. D
o N

ot 
dis

trib
ute

. C
on

tac
t P

rof
. K

an
g (

zk
an

g@
g.u

cla
.ed

u)

 4 

Two constants for your reference: )& = 8.85 × 10'()	C)/N ∙ m), 	6& = 48 × 10'*	T ∙ m/A 

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) (2 pts) In the figure, the switch S is open 

originally. Now let us close it, please determine 

the direction of the current in the resistor ab.  

Your choice: ________ 

a. From point a to b 

b. From point b to a 

c. Cannot be determined, not enough information 

 

(b) (4 pts) In the following four situations, please determine the sign of potential difference 

Vab between point a and b? For each of them, choose your answers from:  

a. Vab > 0               b. Vab < 0               c. Vab = 0               d. Vab cannot be determined 

 

 

 

 

 

+

i decreasing
a b

R

i constant
a b

L

i decreasing
a b

L

i increasing
a b

L

Your choice: _____ Your choice: _____ 

Your choice: _____ Your choice: _____ 



Actu
al 

ex
am

 05
/13

/20
21

. D
o N

ot 
dis

trib
ute

. C
on

tac
t P

rof
. K

an
g (

zk
an

g@
g.u

cla
.ed

u)

 5 

(c) (2 pts) An electromagnetic plane wave propagates in the vacuum, 

the direction of propagation velocity v and the B field are shown 

in the figure, please determine the direction of E field at the origin.  

Your choice: ________ 

a. +<               b.  – <               c.  – >               d. +>             e. 

– ?               f. +?    

g.   not enough information, cannot be determined 
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Problem 2 (10 pts) 

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

As shown in the figure, the solenoid 1 is 50 cm long 

and has a cross-sectional diameter of 3.0 cm. This 

solenoid has a winding of 2000 turns per meter, and 

the electric current through the windings is changing 

at a rate +,+- = 3.0	B/C. A small coil (the red one called 

solenoid 2 in the figure) consisting of N = 20 turns has 

a cross-sectional diameter of 1.0 cm, and it is placed 

in the middle of the solenoid such that the plane of the coil is perpendicular to the central axis of 

the solenoid. Please determine the magnitude of the emf induced in this coil (i.e., solenoid 2).  
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Problem 3 (12 pts) 

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

For a R-L circuit as shown in the figure, the voltage D = 12.0 V, the resistance R = 100 Ω, and the 

inductance L = 0.01 H. Suppose both switches are open to begin with, and then at some initial time 

t = 0, we close switch S1 (leave S2 still open). The current i is shown in the figure. 

(a) (4 pts) Please obtain an expression of the current i as a 

function of time t. If one denotes the value of the current 

as I0 when F → ∞, please determine I0. (Note: Do not just 

copy the final expression from the notes or book, but 

including intermediate steps please.) 

(b) (4 pts) Please calculate the instantaneous power PL in the 

inductor as a function of t. At what value of t, PL is a maximum? 

(c) (4 pts) When the current becomes I0, one then resets our stopwatch to redefine the initial 

time, we open switch S1 but close switch S2 at t = 0. Obtain an expression of the current i 

as a function of time t. 
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S2
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Problem 4 (10 pts) 

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

The electric field associated with an electromagnetic wave traveling in vacuum is given by 

IJ⃗ (>, F) = N20 .
/O sin(S> + TF) Û, where S = 10*m'(. 

(a) (2 pts) What is the wavelength W and period T of the wave?  

(b) (4 pts) Please derive the expression for the wave corresponding to the magnetic field XJ⃗ .  

(c) (4 pts) Please derive the expression for the Poynting vector Y⃗.  

 

 

 

 

 

 

 

 

 

 

 

 

ca D 2 217 107 ME 628 nm Ipt
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Problem 5 (10 pts)  

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

In an ac series circuit, we have R = 600 Ω, L = 120 mH, C = 0.25 6F, voltage amplitude V = 100 

V, and T = 10,000 rad/s.  

(a) (2 pts) Find the impedance Z and the voltage amplitude across each circuit element.  

(b) (5 pts) Find expressions for the time dependence of the instantaneous current i and the 

instantaneous voltages across the resistor (Z0), inductor (Z1), capacitor (Z2), and the source 

(Z). 

(c) (3 pts) Calculate the power factor and the average power delivered to the entire circuit, and 

to each circuit element.  

 a 2 124 WL we
2 1000N Ipt

XEWL 1200 r XE twc

4oor.IVz o.LA

Vz IR 6oV VL_IXL l2oV Vc IXc 4oV Ipt

b i Iaoscwtlt o.la Clot't Ipt
u z VRCoscwt _GoCoscloat Ipt
vie Vicoslwt195 1205m40 t Ipt
Vc_Uccoscwt 99 40 Sillett Ipt
d tan Uffe _530

V Vcoscwttf 100Costco t 1530 Ipt



C Power factor Cosol 0.6 Apt
Average power

PR IIVrCosO 3W Ipt
PL _ow Ipt
Pc _OW Ipt
I PztPrPc 3W Ipt
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Alternative time Mid-term Exam 2: PHYSICS 1C (Spring 2021) 

Time: 6:00PM – 7:50PM, May 13, 2021, Instructor: Prof. Zhongbo Kang 

Student Name: __________________________________ 

Student I.D. Number: _____________________________ 

Note: 

• The total time is 1 hour and 50 minutes. However, the exam time is 1 hour and 20 minutes, and 

the remaining 30 minutes are used only for scanning and uploading your solution to gradescope. 

Everyone has to STOP working on the exam when we are at the 1 hour and 20-minute mark.  

• The gradescope deadline for the exam is set at 1 hour and 50-minute mark so that we can get all 

the submissions. However, again you are supposed to stop working on the exam at 1 hour and 20-

minute mark. Everyone is required to submit your exam while you are in the ZOOM room. Once 

if you have left the ZOOM room, you cannot submit the exam any more.  

• The CAE students are supposed to submit their exams via email to Prof. Kang (zkang@g.ucla.edu), 

and copy to both teaching assistants (fanyizhao@physics.ucla.edu and lizholz1@g.ucla.edu). The 

extra time is computed based on 1 hour and 20 minutes (e.g., 50% = 40 minutes) + the same 30 

minutes for submission.  

• The exam is open book/open notes. Key physical equations are provided. You can use a calculator. 

Score Sheet (total 50 points):  ________________________ 

Problem 1 (8 points):  _____________________________ 

Problem 2 (10 points):    _____________________________ 

Problem 3 (12 points):  _____________________________ 

Problem 4 (10 points):  _____________________________ 

Problem 5 (10 points):  _____________________________ 
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Formula Sheet 
 
From mid-term 1: 

 

 
New for mid-term 2: 

 

                    

               

(magnetic force on a moving charged particle)q= ´
! !!uF B

cos (magnetic flux through a surface)B AB B dA B dA df ^F = = =ò ò ò
!!

"

0 (Gauss's law for magnetism)B Ad =ò
!!

"—
(radius of a circular orbit in a magnetic field)mR

q B
u

=

(magnetic force on a straight wire segment)F l BI= ´
!! !

(magnetic force on an infinitesimal wire section)F l Bd Id= ´
!! !

sin (magnitude of magnetic torque on a current loop)IBAt f=

(vector magnetic torque on a current loop)B= ´
!! !t µ

cos (potential energy for a magnetic dipole)BU Bµ f= - = -
!!
"µ

0
2

ˆ
(magnetic field due to a point charge with constant velocity)

4
rB q

r
µ
p

´
=

!! u

0
2

ˆ
(magnetic field due to an infinitesimal current element)

4
l rB Idd
r

µ
p

´
=

!
!

0 (magnetic field near a long, straight, current-carrying conductor)
2
IB
r

µ
p

=

0 (two long, parallel, current-carrying conductors)
2
IIF

L r
µ
p
¢

= 0 encl (Ampere’s law)B ld Iµ=ò
!!
"—

’(Faraday s law of induction)Bd
dt

e
F

= -

(motional emf; length and velocity perpendicular to uniform )BBLe u=
!

( ) (motional emf; closed conducting loop)B lde = ´ò
!!!
"—u

(stationary integration path)E l Bdd
dt
F

= -ò
!!
"—

0 C 0
encl

(Ampere’s law for a stationary integration path)B l Edd i
dt

µ Î Fæ ö= +ç ÷
è øò

!!
"—

1 2
2 1and (mutually induced emfs)di diM M

dt dt
e e= - = -

2 2 1 1

1 2

(mutual inductance)B BN NM
i i
F F

= = (self-induced emf)diL
dt

e = -

(self-inductance)BNL
i
F

= 2

0

1

2
(energy stored in an inductor)

I
U L i di LI= =ò
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            ! = !
"  (time constant for an R-L circuit)

  

     !rav = 	2$ !         !rms =	 1√2 !          $rms = 1
√2$ 

$" = !	%         $# = !&#         $$ = !	&$           $ = !	'

( = 1
%#0$0

 

2

0

(magnetic energy density in vacuum)
2
Bu
µ

=

1 (angular frequency of oscillation in an -  circuit)L C
LC

w =

2

2
1 (underdamped oscillations in - -  series circuit)

4
R L R C

LC L
w¢ = -

cos      (sinusoidal alternating current) i I tw=

[ ] ( )22 (1/ ) impedance of an - -  series circuitZ R L C L R Cw w= + -

( )1/tan phase angle of an - -  series circuitL C L R C
R

w w
f

-
=

( )av rms rms
1

2
cos cos average power into a general ac circuitP VI V If f= =

( )0
1 - -  series circuit at resonanceL R C
LC

w = ( )2 2

1 1

terminal voltages in a transformerV N
V N

=

( )1 1 2 2 terminal voltages and currents in a transformerV I V I=

( )electromagnetic wave in vacuumE cB=

( )
0

1 Poynting vector in vacuumS E B
µ

= ´
! ! !

( )

2
2 2max max max 0

av max 0 max
0 0 0

1 1
2 2 2 2

intensity of a sinusoidal electromagnetic wave in vacuum

E B EI S E cE
c

Î Î
µ µ µ

= = = = =

( )
0

1 flow rate of electromagnetic momentumdp S EB
A dt c cµ

= =
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Two constants for your reference: )& = 8.85 × 10'()	C)/N ∙ m), 	6& = 48 × 10'*	T ∙ m/A 

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) (2 pts) In the figure, the switch S is open 

originally. Now let us close it, please determine 

the direction of the current in the resistor ab.  

Your choice: ________ 

a. From point a to b 

b. From point b to a 

c. Cannot be determined, not enough information 

 

(b) (4 pts) In the following four situations, please determine the sign of potential difference 

Vab between point a and b? For each of them, choose your answers from:  

a. Vab > 0               b. Vab < 0               c. Vab = 0               d. Vab cannot be determined 

 

 

 

 

 

+

i decreasing
a b

R

i constant
a b

L

i decreasing
a b

L

i increasing
a b

L

Your choice: _____ Your choice: _____ 

Your choice: _____ Your choice: _____ 
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(c) (2 pts) You plan to take your hair dryer to Europe, where the electric outlets put out 240 V 

instead of 120 V as seen in the US. The dryer puts out 1600 W at 120 V. Denote the 

resistance of your dryer as R1 when operated at 120 V, and the resistance as R2 for your 

dryer appear to have when operated at 240 V. Values of (R1, R2) = ________ Ω 

a. (9.0, 9.0)               b. (36.0, 9.0)               c. (36.0, 36.0)               d. (9.0, 36.0)  
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Problem 2 (10 pts) 

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

As shown in the figure, the solenoid 1 is 50 cm long 

and has a cross-sectional diameter of 3.0 cm. This 

solenoid has a winding of 2000 turns per meter, and 

the electric current through the windings is changing 

at a rate +,+- = 1.5	=/>. A small coil (the red one called 

solenoid 2 in the figure) consisting of N = 20 turns has 

a cross-sectional diameter of 1.0 cm, and it is placed 

in the middle of the solenoid such that the plane of the coil is perpendicular to the central axis of 

the solenoid. Please determine the magnitude of the emf induced in this coil (i.e., solenoid 2).  
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Problem 3 (12 pts) 

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

For a R-L circuit as shown in the figure, the voltage ? = 12.0 V, the resistance R = 100 Ω, and the 

inductance L = 0.01 H. Suppose both switches are open to begin with, and then at some initial time 

t = 0, we close switch S1 (leave S2 still open). The current i is shown in the figure. 

(a) (4 pts) Please obtain an expression of the current i as a 

function of time t. If one denotes the value of the current 

as I0 when @ → ∞, please determine I0.  (Note: Do not just 

copy the final expression from the notes or book, but 

including intermediate steps please.) 

(b) (4 pts) Please calculate the instantaneous power PL in the 

inductor as a function of t. At what value of t, PL is a maximum? 

(c) (4 pts) When the current becomes I0, one then resets our stopwatch to redefine the initial 

time, we open switch S1 but close switch S2 at t = 0. Obtain an expression of the current i 

as a function of time t. 

 

 

 

 

 

 

 

 

R L

S1

S2

i

"
+
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Problem 4 (10 pts) 

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

The electric field associated with an electromagnetic wave traveling in vacuum is given by 

CD⃗ (G, @) = I20 .
/J sin(NG + P@) Q̂, where N = 10*m'(. 

(a) (2 pts) What is the wavelength S and period T of the wave?  

(b) (4 pts) Please derive the expression for the wave corresponding to the magnetic field TD⃗ .  

(c) (4 pts) Please derive the expression for the Poynting vector U⃗.  
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Problem 5 (10 pts)  

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

In an ac series circuit, we have R = 600 Ω, L = 120 mH, C = 0.25 6F, voltage amplitude V = 100 

V, and P = 10,000 rad/s.  

(a) (2 pts) Find the impedance Z and the voltage amplitude across each circuit element.  

(b) (5 pts) Find expressions for the time dependence of the instantaneous current i and the 

instantaneous voltages across the resistor (V0), inductor (V1), capacitor (V2), and the source 

(V). 

(c) (3 pts) Calculate the power factor and the average power delivered to the entire circuit, and 

to each circuit element.  

 


