PHYSICS 1C Mid-term 2

ALEXANDER SWERDLOW
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Two constants for your reference: €, = 8.85 X 10712 C2/N-m?, yy = 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 +TI Si A
direction shown, what are the algebraic signs of the potential
differences vay and vse when switch S; is closed and switch S is .a_/\/\/\,__[i:m_c«
open: a ? What about when S; is open and S is closed: ! J ;

b ? S5
a. Var>0,ve>0 b, vap>0,vee<0  c.vap<0,vee>0 d.vep <0, vpe <0

(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 J///’ ] v /”\7
. e ,T -~ R

from the side of the magnet. Please & @

make a clean drawing so that the (a) (b)

arrow is unambiguous.

\"

-~
}"m/"?/& a—/&/T
2 e

(© (d)

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

E(x,t) = Epax cos(kx + wt) j, please determine the direction of the Poynting vector.

Y our choice: C.
a. +y b. -y @—x d. +x e. -z L +z

g. not enough information, cannot be determined
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(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, Vg will be C ; Ve will be A

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?

Mo /80

N1

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

Iout = 1004

YL = L)
Yook T
V., N, T I
LUV
- 0.0 =
- Kt
12 -10°y
\ 1A
50 T,
IL:IDOA



1.41d 2/2
v - 0 pts Correct
-1 pts 1right
- 2 pts wrong

Page 10



(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, Vg will be C ; Ve will be A

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?

Mo /80

N1

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

Iout = 1004

YL = L)
Yook T
V., N, T I
LUV
- 0.0 =
- Kt
12 -10°y
\ 1A
50 T,
IL:IDOA



151e2/2
v - 0 pts Correct
-1 pts 1right
- 2 pts wrong

Page 12



Problem 2 (8 pts)

As shown 1n 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
w @ n L] ®
) ddp o T
a) (3 pts) Start specifically from Faraday’s law ¢ = — — o : . .
"
compute the current / in the closed loop OSPO? Assume )
® ® L =2

that the resistor R furnishes all of the resistance in the g

closed loop. Provide the magnitude only. (hint: you can  *® I__% 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.




212a3/3
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-1 pts current
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Befwve )
X »
(V=AY S
Curmni» 19 clocKwise as %>0 So  induced b ponsg

Mo due fu_yc.[é_—- %]

Q) . (GEO0)
. -
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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 10~® C and the maximum current through the

inductor 1s 8.0 mA. Please answer the following questions

+4 —
a) (2 pts) Briefly describe qualitatively how the current *»1—| }1—0/0—
A

behaves in such a L-C circuit. You are not supposed

to compute anything. I
LT <

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

c) (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?

A)
“The  Cavond  oScillates  (n SHem, Starday oF  Zero

W\J i%ff«&lfj uu\‘\{‘ % gnujv A the C‘PG“"’¢/ I}) SHored in Hhe inNdwGbor
in dhe_ For~ of on induc el magredc fie V. Tue coreat thena decreases

(Rarging e CqP“CO"l'O/‘ whith MW WS b5 Pilal. iy fevesed.

Tl Jecscasing cus/ond Mduced on cmf in W Same dr a5 Hel ar/eat,
Slowiny e decmse of cusiest. Tue, wirat goes o zero Just o

e capucitsr 5 Ally cuo/ged asd  the_  cycle /‘LPC“""}' Cetunrsqg ;,j

+we C‘./‘C\,;H' +0 ' HS "A‘.J'o‘q I S‘)'q'/e 3
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o) _L % -3 =0 ¢)

i (9= Q cos (wxr &)

2 d .

%/%* LI_C ¢ =0 ﬁ(a.@()): QRS +Z )0
d+

A;t _ /_" S:A(x\ haS a2 max at =T

i Tt k

7 1.5207 0”7 Sec
Q/‘.“'\: Q cos (&)f\"\' ﬁ)

_ dwt)

()= T, = -0QSk++o)
= To Sin(0%+ &) A\ (> LoMP
Wi
-0 =1, \
-5 - 910 A Uooo = ":‘Mp
by = = ;\ ____..\

-6
20 C T

- Yooo /“%(/5

XY =3

]
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Problem 4 (10 pts)

An electromagnetic wave traveling in - z direction in vacuum has a wavelength A = 6 X 1077 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.
- Z—
(d) (2 pts) Find the instantaneous values of the total energy density u. ©

dir >°

—

0\) B(z¥- BMN‘ cos (wz+ OF) 2 6.‘0°g1' COS@-O-w?m")z 1,(3_0 .'o‘s g"){-)'i\

——

6/-\09:" b'w.s'T AR
'y Y Yo

ks — - — _ - o050 L W= 1L0%- 107 m " 305 2
A 6l0Tm S

= 304 -10"° resfs

E(Z,{) z gmw c°$("7""“') = ¢bpaas cos (uz + o)

(! A /_,48"— c sm'""ssq)*)a
Ny | He) AT
1 X 7

-
CB’““)‘: z.(os,qls. 6- T
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2 |
¢y Q. —Exb
) §. L
ﬁ)oM—S A D d.'re.ch'ov\j
A
PR Qs - (o-co“’T)°°;@'°"°’“")z+(3° 1057 )4) R
Mo

C Mo= UT e 'r‘”//’—)

o 2 5 A (W4
- 1-0.20 co;@.o-to o) = +(3 010"s ')+) w o= ]

—_

2

A\ u £ 6 - £ ( v cos(lo 10”w )z.+(3o 'oﬁf_“_d)if))

= ¥ 95y 1wt % ' (18 %)1&;@.0-(0%“)1 1-(3.0 .|o'55")+)

4’_\
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Problem 5 (10 pts)

A capacitor with capacitance C whose plates have area 4 and separation distance d 1s 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 /; between the capacitor plates at time z.

¢) (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?
Lﬂ k. F oM Yot .

. /4
6‘ 1P - oo —+(ac)
C Q,U'): Cf('-e

d+
d
E-?I = i’ﬁ
C o+
£ & %
P
_l— de = '4‘- 3+
L-ce Rc
L & 4
_L- ﬁ‘ = o) “‘&‘
¢-¢C "o

Q - Ci _A—(K\



515a3/3
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) Jée
‘&;'JL:A‘DI(*“O(& :;)

=
i
\
)
o

?
z,
~ u U (l ""’RC—)
- ./: — - e
E= %73 C=7
. a8 4 v e v K “*[pc
) 426 ¢ 2 A\ = - — 2, L V—
IQ(,) & yod £o T (6(*) A) £aA D N_e £, s (&i )
3
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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.

O‘) [ :Tﬁi*(w-;},“

ZW."\ WwWhrnq AV - L

L =

10
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- 0.5 pts calculation

-1 pts z formula

Page 42



b) 0- 41»('(@; o )
() = 200 d(s "
:{'an..(‘.g-ls\: -\.3& fd

Q;:j: = Cos (@)= cos(-1.387ad) = )o/|g_77

Aug ple=

‘o Capa(.:n//i/\&wv“"
'S 2er2- pnly

[eSiskvs  howt ven AT
oY fo e/

-|—:l0ms = 10.10'3 Sec - 1 Nt
2= YA (e-L) = I0es. 850

U Yov
— - : - 0-0
I’ 2. 1068.28a 273 A4

Moyl

T (#) = T tes(04) z 0.0324A  cos( 2005 0.015ee) = M
V() = U cos (e «#) = ou- “’5(7-00_’-;1“. o.olfec -1.38704)=[32. 01V

/Y

fom o+ b, @=-1.38r<d
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