Physics 1C

Spring 2017

Mid-term Exam 2

May 23, 2017

Time Limit: 90 Minutes

Exam Notes:

e This is a closed books, closed notes exam. No cheat sheets, please!

e Show all work, clearly and in order. Circle or otherwise indicate your final
answers.

e Make sure to include units in your answers, when numerical values are given.
e Always take a few moments to double-check that your responses make sense.

e Good luck!
Grade Table (for grader use only)

Part | Points { Score
A 16 o
B 14 19
c T 1 |\ 6|
D 14 a8
E 14 {

Potentially useful equations and constants:

Maxwell’s equations:
§E.-dA=2 , §B-dA=0, §E.dl=-% | §B-dl= ol + poeo’2E

Energy in capacitor: %2, Energy in inductor: %LI 2 Inductance: L = %ﬁ

L-R and L-C circuit in series: T = %, Wo = 1/315

L-R-C circuit in series: Z = \/1§+ (X — Xc)z7 tan ¢ = )_fr%’_fﬁ

Speed of light in vacuum: ¢ = \ﬁ(l)_‘m. =3 x 108 m/s & ““';r:ﬁf
€ =2885x10"2C?/N-m?, po=4r x 107" T -m/A [ =
¢

: L. & _ ExB — Be
Poynting vector and Intensity: S = o | I'=8ayg e
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Part A

1. (2 points) Starting from zero, an electric current is established in a circuit made of a
battery of emf £, a resistor of resistance R and an inductor of inductance L. The electric

current eventually reaches its steady-state value. What would be the effect of using an
inductor with a larger inductance in this circuit?

K. The steady-state value of the current would be larger, but it would take the
/' __same amount of time to reach it.

The steady-state value of the current would be the same, but it would take
i more time to reach it,
de 0 oy

C. The steady-state value of the current would be the same, but it would take

’ ?“ the same amount of time to reach it.

".‘\t,,",ﬁ- The steady-state value of the current would be lar

ger, but it would take more
G time to reach it.

E. The steady-state value of the current woul

d be the same, but it would take
less time to reach it.

2. (2 points)
the electri
device?

A capacitor, initially charged, and an inductor form an L — ¢ circuit. When
C current in the circuit is equal to zero how much energy is stored on each

/52. Inductor: zero energy. Capacitor: zero energy

. Inductor: Half of the maximum energy. Capacitor:

Half of the maximum
energy

/6(. Inductor: maximum energy. Capacitor: zero energy
(D. Inductor: zero energy. Capacitor: maximum energy

E. Inductor: maximum energy. Capacitor: maximum energy

3. (2 points) The average energy dissipated in an inductor, when part of a series R-L-C
circuit, is

Dnhj ﬂdisafm‘?y
@ zero.

B. proportional to the inductance.

Q

proportional to both the inductance and frequency.

=

proportional to the frequency.

1

none of the above.
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4.2 Points) A 12V. DC battery is connected to the primary coil of a transformer. If the
primary coil edhsists of 5 turns, the voltage across the secondary coil with 10 turns is:

reater than 12V Vi M
/B./equa,l to 12V ™ Mo
/@'. less than 12V 17 -9 ;é W=\
. Z€To V2 (o
5. (2 points) An electric field is created by a(n) .. , and an electromagnetic wave is
generated by a(n) .

. static charge / constant current
B. static charge / constant magnetic field
(} changing magnetic field / static charge

D,/static charge / accelerating charge
/Pf. constant magnet / accelerating charge

6. (2 ’1/)oints) Which one of the following lists is a correct representation of electromagnetic
» waves from longer wavelength to shorter wavelength?
R e

A. radio waves, infrared, microwaves, UV, visible, X-rays, gamma rays

/B/. radio waves, UV, X-rays, microwaves, infrared, visible, gamma rays

C. radio waves, microwaves, visible, X-rays, infrared, UV, gamma ra.yé
@ radio waves, microwaves, infrared, visible, UV, X-rays, gamma rays
}(radio waves, infrared, X-rays, microwaves, UV, visible, gamma rays

7. (2 points) When light goes from one material into another material having a higher
index of refraction,

& its speed, wavelength, and frequency all decrease.
n- CZ/ B) its speed and wavelength decrease, but its frequency stays the same.
. its speed decreases but its wavelength and frequency both increase.
/D’. its speed decreases but its frequency and wavelength stay the same.

E. its speed increases, its wavelength decreases, and its frequency stays the same.

a "
g y&up
y\)r 8. (2 points) A ray of light traveling in a material of index of refraction n; strikes the
boundary with another transparent material of index of refraction ns. If there is no
transmitted ray and all of the light intensity is reflected, what can you conclude about
the indices of refraction of these two materials?

/(- ny = Ny
1>n2

/C. ng = Ng alr — ™M

. Ny <N
)2/. woter = O
E. ny < ng
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Part B

1. (6 points) At t = 0, let Q = Qo, and
inductor and a capacitor.

2 (a) (3 points) At the first moment when the energy is shared equall

and the capacitor, what is the charge on the capacitor? .

$(b) (3 points) How much time has elapsed in terms of the period T'7
—1V,R; =109, R, =204, R; =309, and L =2 H.

I = 0 in an LC circuit composed of only an

y by the inductor

2. (8 points) In the figure below, E
Find the values of %1, 2

2.(a) (2 points) immediately after switch S is closed,
2(b) (2 points) a long time later,
v (¢) (2 points) immediately after switch S is opened again,

7 (d) (2 points) a long time later. -
o0 o

s Ry Ry
— W\
—
—> (3 i

I
b " A3 oo
’T ' O

@(a) 't"”o/ Q- lg’-0, 1-0 @ (a> [r} "l‘-,_

) i ¢-(1 -tk =D
L & | =¢(lo*20)=0
Zo0 = ) \/
W = J{Ll f 2ty 5 O 052 A (7 |- 45 0o <o
P % o Py
Uc - % (-b) G5ty tig \ FipE /
), L : \ . 57
AL %_ (@ —(0= 0\
G N\ P }(é
Qq_ Ljic E’L'K"LL 7 4) 6
. : . \ Ey \
‘ T@- 34 1-10¢ ~¥or =0 \ _ I'O,f
|
| dt [ : ‘ \ e
BEEE ‘f (?) k=0 , g): @@(TE) | [~r0(Gii) a0 s 5
d? ‘ _ , : ' Tl
pediad e w;mfv o [ amtesthe) ! P00
‘ N 27 T Wi~ »o ('I: CtHS /A
:'!“'f,,w wz ﬁ(, Cas( ‘t) ) 3
P~ Kdz 5 N ﬂz'«}“) / (= 0.1 A
T J = i P ’
s atv e *7 [~ 50(21/37’“13 o)
\\—*» -r
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(Extra Space)
(¢) jrductor is souvce pow
g0} @ =0t UsLI®
J 1 Flﬂﬁ;
~ (2R~ (2F2 TLEI—-t"-/O e T t=
Lde nductor, acts ke 1V Sgarce
Fi7 ((0rt25) A energy o ind /
—:fm't‘ & E’[rzlm})d{ | =(22 ~(323 =0
i s Btbiy = c(ﬁu%)
z - >
ﬂz‘l QB @
d
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Part C 05 :
: P se'“(‘

L. (12 points) In a certain RLC circuit, operating at 60 Hz, the maximum voltage across
the inductor is twice the maximum voltage across the resistor, while the maximum
voltage across the capacitor is the same as the maximum voltage across the resistor.

(2) (4 points) What is the phase relationship between the voltage across the RLC
circuit and the current running through it?

(b) (4 points) If the AC source is actually a US wall power plug (V. = 120 V), what
should be the circuit’s resistance in order to obtain a maximum current of 300 mA?

2. (4 points) In a certain RLC circuit, when the AC voltage source has a particular angular
frequency w, the peak voltage across the inductor is 6 times greater that the peak voltage
across the capacitor. Determine w in terms of the resonant frequency wy of this circuit.

27 {24 (wt-wi)*

@ (¢) f- 6o H
& ny 2V (%) Vews = 120V
Ve=Ve =7
: o Ve-Ve_ wit- . 107>
Vi J fand _V;l- ) —E Tov "%Q'Q/x A
Vi L—-\l VL=V, I =o2A
Al ! ;. o -9
‘;a i targ: Zvﬂw‘r ve =
v, ¥ Vi *
Jm of E
b(_,__,“.-f 1
O,
W, Ve, = & Vivarc
W= (.. p-X _ oV
7 T
WD:T—!:" Zoccurs® as¢ | 0__3_'0'
Le e o |
for a senes
wl ’—’Q,C drodt ..,
w
W (=6 H(
W £
CA):"\ é = ,@- = {é wD
tc e
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Part D N=620X107TM  £,- [x10*Ym

L. (14 points) He-Ne lasers are very commonly used in physics demonstrations. They pro- -
duce light of wavelength ~630 nm with typical electric field amplitude of ~1 kV/m.

(a) (2 points) What is the frequency of this laser beam?
(b) (3 points) If E = Epq sin(kz + wt) and E || ), what are the values of k£ and w?

(¢) (4 points) Write the vector equation for ﬁ(f’, t), the magnetic field of the laser
beam.

(d) (2 points) Does the laser beam transport any energy? If yes, in what direction?
(e) (3 points) What is the intensity of this laser beam?

) c-af .
c _ 2x{o | T
= 57 .36 Hz
R Gaox (o1 L-——L‘J L

) - gy 5’*"*(‘&)(40\5*;)9

47 21 J('
=T e — - 19.493x00%L =k 3
A 30v6m

w=anf - 2m (Y36 x4 = } 2.9 Xfolgl’“d/g] =W

‘%( CC) %(T’))t) g EE‘_EI?? C =

+~ 8 2

E
e &
Xz res Bo = e/ (lxlos"/m)(axm?wﬂ
Y= sind ’ -
T = Crwsd, rsine?  Bp= 3Bxio 7) /

—_\______’/".

Vg x,t) =(3x10'7) sin ((q.q;lxno‘,%n)x + (Z.ﬁ‘}xio"fﬂ%)tﬂg)

Cos @ 7

3

(CF) Yes, Inthe X -direection

€3 G- WY o] X5

24 (3 o‘m}
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Part E

750

e mm—— =
¥ kn ny=1465

F—
. ¢ Ur- QD_GL

Nesiner = n, S0(90-6c)= N, 056
UL = N s,

1. (14 points) Two light rays A and B of identical lasers travel down a cylindrical optical
fiber of diameter d = 75um, length £ = 1km, and index of refraction n; = 1.465. Ray A
travels a straight path down the fiber’s axis, whereas ray B propagates down the fiber by
repeated reflections at the critical angle each time it impinges on the fiber’s boundary.

(a) (2 points) What is the speed of light in the optical fiber?

(b) (2 points) If the light has a wavelength of 440 nm in the optical fiber, what is the
actual wavelength of our laser (measured in air)?

(c) (6 points) Determine the extra time it takes for ray B to travel down the entire
fiber in comparison with ray A, when the fiber is surrounded by air.

(d) (2 points) If, instead, the optical fiber is surrounded by a cylindrical glass “cladding”
(n2 = 1.460), how do you expect the time calculated in (c) to change? Explain.

(e) (2 points) Would you expect your answer in (c) to be different if a green laser was
used instead of a red one? Explain.

. .
o = & - 2x10% s C) tontinued 9'h9£'j(
(Y ey VT JT“’JZ-?‘ ( E"J il f Y= 3.5x107%m
: X
l V= 2 .D5x’{ofm/§ Y how M@ 1yt 'rsese] €5

(os@c = 27 5Xx1076 J Go into [xw3m?
X [Xiem
. . 1 -7 i = 2 55Y8DL32
¥ (b) Ag HABXE Tmy ;N = Xz S.432¥10m “
X = A . 4qoxn™m , totad d= (X) 2. 95767 < 1965.09m
~ el
e HES R t =4 _ 1465.01m
m?‘mj LV 2.0%Y ‘O'EYWIS

O PR ALEST AL

Cod o Ixidm
.‘t'v

-

th  te-1la= 214X 10¢= YEEN

=|2.2%Fx107%5 !

205 X1k Mfe

Y. ggxot ¢

T wha+ s 6c”
: n'gmec = Ny g BF
7 A
I T2

n|3iﬂﬁt = |
e 43,05
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{Extra Space)

(4) 28 0y 1960 instendl of ez |, Hhe cntrcal angle aould increase

and the +pne Fov @Y B 4 reach the end ould deorcose
Al »:l‘;:Froaci* the 4ni for rom A te reach Hhe end Yc

as B¢ — %f +he oy & would o—‘orrmotl m\y?w@ i ne 4ho®
des pot douch the "walls" of the floer

(€ for agreen (aser, +he wonglerglh s shoter than  thal
£ 6 red laser  and the Pregueney 15 (amer fhan thal F the

ved laser. Soce =L and VEXF ard i a pedum, waselenglh
jeortaces and breguensy stog® tha Soine, Vpcavse {i; freguences

' ediwn, ool be
[¢ L ’H,u/ M,n wlauf In {'L‘C e
also differ 5 ﬁ gricen yrd Fed

P
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