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

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

Student Name: L!Z t F{)\ntj}

Student I.D. Number:

Note:

e The total time is 1 hour and 50 minutes. However, the exam time is 1 hourrand 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.

o 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 ¢xam while you are in the ZOOM room. Once

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

o 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 lizholzl@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.

e 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):




Formula Sheet

From mid-term 1:
F=gox B (magnetic force on a moving charged particle)

D, = j Bcos¢pdA= j B dA= Jl} «dA (magnetic flux through a surface)
J.B «dA=0 (Gauss's law for magnetism)

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

F =1 xB (magnetic force on a straight wire segment)

dF =1dI x 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= 5—0&5” (magnetic field due to a point charge with constant velocity)
Tor
oy Idl xF : e
dB = yE— (magnetic field due to an infinitesimal current element)
Tor
1 . : .
B= ;L (magnetic field near a long, straight, eurrent-carrying conductor)
r
F ol : — ,
7 = Ey— (two long, parallel, current-carrying conductors) :‘-_B-dl =u,!.., (Ampere’s law)
r

New for mid-term 2:

Ao,

E=— (Faraday’s law.of induction)

£ =vBL (motional emf; length and velocity perpendicular to uniform B)
£= J.(ﬁ X B)-di (motional emf; closed conducting loop)

J’_E dl =- d:zB (stationary integration path)

J._E odl = oy (ic+ & 0, ) (Ampere’s law for a stationary integration path)
encl

§=—-M % and §=-M % (mutually induced emfs)

NZ(DB2

b I

_ Ny,

M= (mutual inductance) E= —L% (self-induced emf)

NO . 1 . .
L= B (self-inductance) U= LIO idi= L (energy stored in an inductor)
2



(time constant for an R-L circuit)

| =~

u= EY (magnetic energy density in vacuum) T =
Hy

=, /L_IC (angular frequency of oscillation in an L-C circuit)

/ 1 R L o
@' =,|—=—--— (underdamped oscillations in L-R-C series circuit)
LC 4L

. . . . _ 2 _ 1 _ 1
i=1coswt (sinusoidal alternating current) [,, = =1 Lins = \/71 Vims = \/?V

T
VR=IR VL=IXL VC=IXC V=IZ
7= \/ R +[wL-(1/ a)C)]2 (impedance of an L-R-C series circuit)

L —-1/oC S
tan g= Q)T (phase angle of an L-R-C series c1rcu1t)

1 . .
P, =-Vlcos¢=V_ I  cos¢ (averagepower intoa general ac circuit)
2

1 o V, N. . .
Wy = —— (L—R—C series circuit at resonance) 2= (termmal voltages in a transformer)

JLC v, N,
Vi, =V,I, (terminal voltages and currents in a transformer )
1

VEoHg

E=cB (electromagnetic wave in vacuum) ¢ =

z 1 - . .
S=—ExB (Poyntlng vector 1n Vacuum)
Hy

2
] — Sav — Emameax — Emax — l iEmaXZ = l 60 CEmaxz
24, 20 2\ 14 2

(intensity of a sinusoidal electromagnetic wave in Vacuum)
ldp _S_EB
Adt ¢ pye

(ﬂow rate-of electromagnetic momentum)



Two constants for your reference: €, = 8.85 X 10712 C2/N-m?, yuy = 4w x 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 § is openg A B

originally. Now let us close it, please determine [ & 6 indueed

the direction of the current in the resistor ab. R Slop
+
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S
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(b) (4 pts) In the following four situations, please determine the sign of potential difference

Vap between point a and b? For eachof them, choose your answers from:

a. V>0 b. V<0 c. V=0 d. Va» cannot be determined
\/: 1‘2 a i decreasing b a i constant b ]/ L J1 L O -0
No deperdence, ————— AN —e— — 00000 —e—— /= Sl
R L
on 4L
dé Your choice: Your choice:
i increasing i decreasing 7
a - 5 b a > b A L dd’Z L0
\/ z L dfl >O + L - - L T
ab dv v ‘“/?
Your choice: ( Your choice: b



(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 £ field at the origin.

Your choice: (,

a. +y b. -y @—x d. +x e.

-z f.+z
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

Solenoid 1 Solenoid 2
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

G ER RN B R G R R R N
FE5) B0 BE) BH B8} 53 28 5% L6X B3 W iE) BB

at a rate % = 3.0 A/s. A small coil (the red one called

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

. . .. Common axis
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 (1, 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 S; (leave S: still open). The current i is shown in the figure.

€ S

g
|l -

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

function of time ¢. If one denotes the value of the current
as Ip when t — oo, please determine /y. (Note: Do not just

copy the final expression from the notes or book, but ? Y NN 0500 ¢

including intermediate steps please.)

(b) (4 pts) Please calculate the instantaneous power Pz.in the

inductor as a function of ¢. At what value of ¢, P;‘is a maximum?

(c) (4 pts) When the current becomes /y, one then resets our stopwatch to redefine the initial
time, we open switch S; but close switch S at # = 0. Obtain an expression of the current i

as a function of time ¢.

ct)
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= VUt Uy = ¢ =R+ Ldt' (2 Pts)
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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
E(x,t) = (20 %) sin(kx + wt) j, where k = 10’m™1.
(a) (2 pts) What is the wavelength A and period T of the wave?

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

(c) (4 pts) Please derive the expression for the Poynting vector S.
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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 Q, L = 120 mH, C = 0.25 uF, voltage amplitude V= 100
V, and w = 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 (vg), inductor (v), capacitor(v), 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.

COL) 2= /JRD_“(-((A)L"’ Ulo_C,>2 = |Jooo QL. [{Ft)

— )
YL: [/\)L' I_LOD .SLJ Xc’w_c = Z{ID'D..Q, .

| <

—o. A
oV, V| =IX = ov, Vo=1X, =40/ (Ip¥).

I=
Vy=1R

(b) 1= T 0os(wt)=o-lcos ([0t ), U,Tt).
Up= Ve Cos(wt). = b Cos5((0%t). (1pt) .
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(C) Power 'fad:or Cosd = 0.6 . Cpb)
Auevouje power :

Pa= +TVeles0°= 2 W (0.5 P
PL=0o W. (0.5 pB).
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P: Pz—(-PL—(-PC:SW. (0.5 P—L—)



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

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

Student Name: L;‘Z + E—QVH(/}/U’

Student I.D. Number:

Note:

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):

The total time is 1 hour and 50 minutes. However, the exam time is 1 hoursand 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 ¢xam 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 lizholzl@g.ucla.edu). The

extra time is computed based 6n 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.




Formula Sheet

From mid-term 1:
F=gox B (magnetic force on a moving charged particle)

D, = j Bcos¢pdA= j B dA= Jl} «dA (magnetic flux through a surface)
J.B «dA=0 (Gauss's law for magnetism)

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

F =1 xB (magnetic force on a straight wire segment)

dF =1dI x 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= 5—0&5” (magnetic field due to a point charge with constant velocity)
Tor
oy Idl xF : e
dB = yE— (magnetic field due to an infinitesimal current element)
Tor
1 . : .
B= ;L (magnetic field near a long, straight, eurrent-carrying conductor)
r
F ol : — ,
7 = Ey— (two long, parallel, current-carrying conductors) :‘-_B-dl =u,!.., (Ampere’s law)
r

New for mid-term 2:

Ao,

E=— (Faraday’s law.of induction)

£ =vBL (motional emf; length and velocity perpendicular to uniform B)
E= J.(ﬁ x B)edl  (motional emf; closed conducting loop)

J’_E dl =- d:zB (stationary integration path)

J._E odl = oy (ic+ & 0, ) (Ampere’s law for a stationary integration path)
encl

§=—-M % and §=-M % (mutually induced emfs)

NZ(DB2

b I

_ Ny,

M= (mutual inductance) E= —L% (self-induced emf)

NO . 1 . .
L= B (self-inductance) U= LIO idi= L (energy stored in an inductor)
2



(time constant for an R-L circuit)

| =~

u= EY (magnetic energy density in vacuum) T =
Hy

=, /L_IC (angular frequency of oscillation in an L-C circuit)

/ 1 R L o
@' =,|—=—--— (underdamped oscillations in L-R-C series circuit)
LC 4L

. . . . _ 2 _ 1 _ 1
i=1coswt (sinusoidal alternating current) [,, = =1 Lins = \/71 Vims = \/?V

T
VR=IR VL=IXL VC=IXC V=IZ
7= \/ R +[wL-(1/ (oC)]2 (impedance of an L-R-C series circuit)

L —-1/oC S
tan g= Q)T (phase angle of an L-R-C series c1rcu1t)

1 . .
P, =-VIcos¢=V_I  cosg (averagepower intoa general ac circuit)
2

1 o V, N. . .
Wy = —— (L—R—C series circuit at resonance) 2= (termmal voltages in a transformer)

JLC v, N,
Vi, =V,I, (terminal voltages and currents in a transformer )
1

VEoHg

E=cB (electromagnetic wave in vacuum) ¢ =

z 1 - . .
S=—ExB (Poyntlng vector 1n Vacuum)
Hy

2
] — Sav — Emameax — Emax — l iEmaXZ — l 60 CEmaxz
24, 20 2\ 14 2

(intensity of a sinusoidal electromagnetic wave in Vacuum)
ldp _S_EB
Adt ¢ pye

(flow rate-of electromagnetic momentum)
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Two constants for your reference: €, = 8.85 X 10712 C2/N-m?, yuy = 4w x 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.

L

dL
d&

(a) (2 pts) In the figure, the switch § is open ’f; A

originally. Now let us close it, please determine
the direction of the current in the resistor ab.

Your choice:

_x

@ From point a to b

b.

C.

From point b to a

R
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Selawoid Srodunly oflows MOFE

Curtent o Low Hmubh 1,'-;-( (cu)}fﬂ}’
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fla ok Ty (oun-\-U'ab{“ ’H\'g/ [N
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(b) (4 pts) In the following four situations, please determine the sign of potential difference

Vap between point a and b? For eaclrof them, choose your answers from:

a.

V=1R

Ng Ag pem{ ent,

on 4L

>0

dt

Vab>0

i decreasing
a > L

R

Your choice: (o

i increasing
a - 5 b

— 00000 ———
+ I
S
Your choice: Q

b. Vab<0

i constant 7
0

L

Your choice:

i decreasing

a - b
—&—— 000000 ——
2 I .
—_—

Your choice: b

d. V. cannot be determined

—

V- L5 7 LD=0
IS
Vs Ldé 49,



(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 R; when operated at 120 V, and the resistance as R for your

dryer appear to have when operated at 240 V. Values of (R;, R2) = d Q
o

a. (9.0,9.0) b.(36.0,9.0) . (36.0, 36.0) 9.0, 36.0)
(gﬁe eecample 314 ¢n o touthook )

W& (A/(H /WM (X Step- c[()wm ‘h&/\i@mar\'& Need £0 converk 4k 240 V ac 4o e 190 V ac. we Rquite fo se the hairdryer

(\/1 R \/j« ['lO\//

WV

We loow P \/Q/Q

(1304
S

R = Gaov

-

leoo W

Tn te U5, 1600 w-

L’\ Eumpé’/ TLLZ QPPMM{' R Srstante (S
R

—

Koo ™ Ty o
- R

(7
= Yl =) 50/
EQHDQ L'(q©ﬂ>

’Zhb = gé@Q_
.

(%, Ra) > (100, %00)




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
Solenoid 1 Solenoid 2

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 SR
Ty
at a rate % = 1.5 A/s. A small coil (the red one called AL, l’l’;}’ IIW !

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

. . .. Common axis
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 1n this coil (i.e., solenoid 2).

Motval Tnduchance /

M: Nl @51
I

@% = aql)?@ Hrovgh Solenpidl L
CLJQ_ to the g Sl Created

Lg, He corrent in the windings
6F Solerotd 1.

We know : Bs.u.,.u i/mnl

And ZﬁB: 1_3‘/17‘

So, B, = AT
B, 7 Bidy = o T Ay
Then, M= N:Evﬁ? :M
T X
M= oy Ay
We qlso ktow i

[uz )M a1,

dt

so, | €al= (/M"n‘N’A"‘ %?

/

Now we yust need o Pl"g and Cﬁugz

ol (ot T

n, = 2000 w'
Ny = 20
A, > (.008) o

a1
b

= [6] =106” Sy orfaonl ) N1 L1, 0 T 0 v i



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 Q, 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 S; (leave S: still open). The current i is shown in the figure.

€ S

R
| -

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

function of time ¢. If one denotes the value of the current
as Ip when t — oo, please determine /. (Note: Do not just
copy the final expression from the notes or book, but 1 Y N\ N> 0000 1

including intermediate steps please.)

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

inductor as a function of ¢. At what value of ¢, P;'1s a maximum?

(c) (4 pts) When the current becomes /y, one then resets our stopwatch to redefine the initial
time, we open switch S; but close switch S> at £ = 0. Obtain an expression of the current i

as a function of time ¢.



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
E(x,t) = (20 %) sin(kx + wt) j, where k = 10’m™1.

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

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

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



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 Q, L = 120 mH, C = 0.25 uF, voltage amplitude V= 100
V, and w = 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 (vg), inductor (vy), capacitor(v,), 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.



