Mid-term Exam 2: PHYSICS 1C (Spring 2020)
Time: 2:00PM — 3:50PM, May 14, 2020, Instructor: Prof. Zhongbo Kang

Student Name:

Student I.D. Number:

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 and 50 minutes) is designed in such a way that ideally the
actual time for answering the problems is 1 hour and 20 minutes, while the remaining 30
minutes are used to download exam from CCLE, scan and upload your solution to

gradescope. Please plan your time properly.

e The exam is open book, and open notes. We provide key physical equations. You can use

a calculator.

e Remember to write down each step of your calculations, for partial credits.

Score Sheet (total 60 points):

Problem 1 (12 points):

Problem 2 (8 points):

Problem 3 (10 points):

Problem 4 (10 points):

Problem 5 (10 points):

Problem 6 (10 points):




Formula Sheet

From mid-term 1:
F=goxB (magnetic force on a moving charged particle)
D, = j Bcos¢dA= j B d4A= IE’ . dA (magnetic flux through a surface)
J. B+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)
T =1BAsing (magnitude of magnetic torque on a current loop)

T =Ux B (vector magnetic torque on a current loop)

U=-JisB=-uBcos¢ (potential energy for a magnetic dipole)

B= 5—0 v : d (magnetic field due to a point charge with constant velocity)
Ty
oy Idl <P : P
dB = py— (magnetic field due to an infinitesimal current element)
T
1 . : .
B= % (magnetic field near a long, straight, current-carrying conductor)
r
F ol ‘ I ,
7 = Ty (two long, parallel, current-carrying conductors) _[ Bedl =y, , (Ampere’s law)
r

New for mid-term 2:
dd,

E=— (Faraday’s law of induction)

£ =vBL (motional emf; length and velocity perpendicular to uniform B)

E= I (OxB)edl (motional emf: closed conducting loop)

. - dO . . .
I E«dl=- dtB (stationary integration path)

. () . . .
J. B-dl =y, (ic+ A dd—tEj (Ampere’s law for a stationary integration path)
encl

M=

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

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

NOD : 1 . :
L=—-=% (self-inductance) U= LIO idi='L (energy stored in an inductor)
2



2

u= I (magnetic energy density in vacuum) T = — (time constant for an R-L circuit)

|~

f 1 e L
= e (angular frequency of oscillation in an L-C circuit)

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

, o . _ 2 _ 1 _ 1
i=Icoswt (sinusoidal alternating current) [,, = =1 L = ﬁl Vs = \/7V

T
Ve=IR V,=IX, V,=IX. V=IZ
7= \/ R’ +[wL-(1/ oC )]2 (impedance of an L-R-C series circuit)

tan g= wL—T}/a}C (phase angle of an L-R-C series circuit)

1 . o
P = VIcos¢=V, I  cos¢ (averagepower intoa general ac circuit)
2

1 o V, N. . .
@, =——(L-R-C series circuit at resonance) —*=—2 (terminal voltages in a transformer)

JLC noN
Vi, =V,1, (terminal voltages and currents in a transformer)
1

VEoHg

E=cB (electromagnetic wave in Vacuum) c=

S R . .
S =—ExB (Poynting vector in vacuum )

Hy

E B E_ ’
I= Sav =— o == l iE“max2 = l e_0 CEmaxz
2u, 2 2\ 1y 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 1077 T-m/A

Problem 1 (12 pts): for the questions below, please give your final answers only.

(a) (2 pts) In the following figure, the current is flowing in the +(|€I Si .
direction shown, what are the algebraic signs of the potential
differences vy and vpe when switch S; is closed and switch S is »a—/\/\/\/—_?_—fmm\—cc
open: A ? What about when S; is open and S: is closed: ’ Pt
b o s

a. Vab> 0, Vbc> O b. Vab> 0, Vbc< 0 C. Vab< 0, Vbc> O d. Vab< 0, Vbc< O

(b) (4 pts) For each of the following situations shown in the figure, please indicate the direction

of the induced current with an arrow

on the conducting loop, observing v v
from the side of the magnet. Please @ < >~ 4
make a clean drawing so that the (a) (b)
arrow is unambiguous.
v
v
®- P
z o

() (d)

(c) (2 pts) An electromagnetic plane wave propagates in the vacuum. Its electric field

E(xt) = Enax cos(kx + wt) j, please determine the direction of the Poynting vector.

Your choice: C

a. +y b. -y <fc.>—x d. +x e. -z f.+z

g. not enough information, cannot be determined



(d) (2 pts) In a L-R-C series circuit with AC current, the voltage amplitudes Vg, Vi, Ve for
resistor R, the inductor L, and the capacitor C depend on the angular frequency w. As w

increases, Vz will be C ; Vi will be %)
a. increasing b. decreasing c. unchanged d. undetermined

(e) (2 pts) A transformer on a utility pole steps the rms voltage down from 12 kV to 240 V.

What is the ratio of the number of secondary turns to the number of primary turns?

_ 0,0 ﬁz_._ \/a-_’ 240
v 2 N.° 7% 5000

If the input current to the transformer is 2.0 A, what is the output current?

lour = [OO A

T, _ r

—

TV,

1.2 1(%)



Problem 2 (8 pts)

As shown in the figure, a metal rod OS is rotating in a horizontal plane around the point O. The
rod slides along a wire that forms a circular arc PST of radius . The system is in a constant

magnetic field B that is directed out of the page, and we rotate the rod at a constant angular velocity

w. Please answer the following questions

B
- @ a o ®
. . ddp O T
a) (3 pts) Start specifically from Faraday’s law € = — — >\( " .
r

compute the current / in the closed loop OSPO? Assume —9 1

L] @ ® @
that the resistor R furnishes all of the resistance in the R§

closed loop. Provide the magnitude only. (hint: you can *® _—'/s' "

compute the magnetic flux @y for the loop area covered by

OSPO.)

b) (3 pts) Start specifically from motional emf formula &€ = [ (¥ X §) -dl to compute the

current / in the closed loop OSPO? Indicate the direction of the current in the figure.

c) (2 pts) Calculate the power dissipated in the resistor.

M)éesﬁ-;\) @'—‘—OU(', \ b) V=or V) IS
A

( ( 2
- w = —
o Br®







Problem 3 (10 pts)

In a L-C circuit as shown in the figure, one closes the switch at some initial time # = 0. We find
that the maximum charge on the capacitor is 2.0 X 107¢ C and the maximum current through the

inductor is 8.0 mA. Please answer the following questions

. . .. +q | | ¢ -
a) (2 pts) Briefly describe qualitatively how the current — | ~ ———
behaves in such a L-C circuit. You are not supposed |
to compute anything. L
500 <

b) (3 pts) What is the period of the circuit?

¢) (2 pts) How much time elapses between an instant when the capacitor is fully charged and

the next instant when it is completely uncharged?
d) (3 pts) If the capacitance is C = 1.0uF, what is the self-inductance L?
C/\) T(ne ¢ vrrend 05¢ C”t'm(-és 19 Y C.L\W\j ;Aj Airection

L;v\(,"- ﬂﬂot Q’V’H\/ Qn& 1‘/{/\@ c{'\c\,r?ej on ’H’\C C"rc"c—l"’w)r
0\[50 SWH'cL\ S:otes b%c(‘ ar\ol C,.,/'.[/[‘

b) Iwo\)‘-; UU@
(D =

Qo T W T ’@' ole s

A I [3.9x107%
(.'»

R I e

d) M7= T

— _Q Le=—2
ALC:I”&% Im—w.







Problem 4 (10 pts)

An electromagnetic wave traveling in - z direction in vacuum has a wavelength 1 = 6 X 10~/ m.
The magnetic field associated with such an electromagnetic wave is along +x direction and has
an amplitude Bmax = 6 X 1078 T. Note for the vectors below, your expression should reflect the

direction.
(a) (3 pts) Please derive the expression for the wave corresponding to the magnetic field B.
(b) (3 pts) Please derive the expression for the wave corresponding to the electric field E.

(c) (2 pts) Please derive the expression for the instantaneous Poynting vector S.

(d) (2 pts) Find the instantaneous values of the total energy density u.

RAYe

(o) k;Z_’L A=cle=

Bz4)= B,h,.%:os (kzrwt)t .
’(6 <(0 T)ws[(‘-oq"‘ov'f') z+ (?./ux(o’”‘“s)é]/l\
o _
(b) Emaxg C B""")‘
E)(Z,Q = B 25 bz +wk) 3

-’»(f 2 ;\;/:) oS (I.oqvm’m")z{—(?.(L(»se(o"mj/s> Jc} ’)‘
/\

(«) 2=E"8B
/\'\o
CEB )
— /V\O

il



_ (l% cos (K2 +wt))(é,¢-l()‘?(,a5 (lcz v(-c(/.e))
oo
_ — (0s50 L s 00 e Gremos ) €]

—

(~ic)

(d) S=cCvu -
J = ’SZ (Z% 6 7<(O;>C,OS [(l.o‘fx (07'\'\-‘)2-’!"(?.["(’)4(0‘;?7;%




Problem 5 (10 pts)

A capacitor with capacitance C whose plates have area 4 and separation distance d is connected
to a resistor R and a battery of voltage V. The current starts to flow at time # = 0. Please answer the

following questions

a) (3 pts) What is the voltage V(t) between the plates at time ¢? (hint: recall what you have

learned on RC circuit. You might refer to eTextbook section 26.4.)
b) (4 pts) Compute the displacement current I; between the capacitor plates at time ¢.

c) (3 pts) From the properties of the capacitor, find the conducting current I, in the RC circuit.

Compare your answer to the displacement current, what is their relation?
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Problem 6 (10 pts)

A 200 Q resistor, a 1.00 H inductor, and a 4.00 uF capacitor are connected in series across a voltage

source that has voltage amplitude 40.0 V.

(a) (3 pts) At what angular frequency will the impedance be smallest? What is the impedance

Z at this angular frequency?

(b) (2 pts) Assume the angular frequency of 200 rad/s for the rest of questions. What is the

power factor for this circuit?

(c) (2 pts) What is the average power delivered to the capacitor, and to the inductor?

(d) (3 pts) At time ¢ = 10.0 ms, please compute the instantaneous current i and instantaneous

voltage v.

l
(O\) wo: sz

ZN;A:R
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- == =(0.137

~Je ety

<C) PL—,&U: (/,\,:O \W
d \V
@) ;¥

Vv

1(£)= T eos(wt) == “"5(ch)

(10 ms) =(~m o

=[S0 0 MY

W
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