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Rombes Physics 1C: Midterm 2 PROBLEM 1

You must show your work to receive credit. An answer written down with no work will receive no
credit.

Problem 1

40 points

Suppose you find or develop a material within which there can be no magnetic field (a superconduc-
tor, maybe). You send an electromagnetic (EM) plane wave in vacuum towards the surface of this material,
with electric field

E; = Ejcos(kz — wt)i.
All answers in this problem should be in terms of the constants F1, k, w, and/or ¢ (speed of light in vacuum).
(a): 5 pts

Write down the magnetic field (magnitude & direction) of the incident wave.

From eq/vtmﬁe-n 32. Y inHe Textbodk:
E=c¢cB /50 B-= E/C

B= Elcos(ké-—w'ﬂ/\
cC

So

w[ divechion of B \oejmﬂ pavalle| o e

\1 AXLS

(b): 5 pts

Is there any EM wave inside of the material? If so, write down its electric and magnetic fields.

Tave iS o EM wave inside. Twre is no
B field inside e puterial . e Meiscnar
effect conbvms s, EM woves  gef retlecied

Yy covdmutors
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Rombes Physics 1C: Midterm 2 PROBLEM 1

You must show your work to receive credit. An answer written down with no work will receive no

credit.

(c): 8 pts
Write down the electric and magnetic fields (magnitude & direction) of the reflected wave.

Arev i+ WaS bean  yefleoted.:
ER—“—' E, (0S (wt+ ki) Adiveckhom: + X

Br Bios (wheka)
C

diwveckon = —\ we gust FiP

signs Lov veRtected

¢s .
(d): 7 pts W

Write down the total electric and magnetic fields outside the material. You may simplify the result using
trig identities.
Eror = Eq [0S(wWH-K2) + coslwt+ kDI X
tos (ALBY = csAcos® 3 gtnAsin B

Croy = €, [ cos(wt) os(k2)+sin NSH\VL‘@*(QOS(MB cos(x2) -M‘“M
Etor = 2 E4 €08 (w) COS(K2) X

Brov B\ ((cos(wt—c2) — ©os (wi Ka\\
c

By = 2 E_C‘,sin(w'\'\ sin (k2) ,‘/\

. AN A
(e): 7 pts X %§-2
Write down the Poynting vector outside the material. x

=\

S — EX B ﬁ Cvoss E Tot+ X BTD'\' q—U )

0

A
> ,}hi”o [L\ B2’ ginlot) sin( k& )cos(w) cos (e 1 z
C
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Rombes Physics 1C: Midterm 2 PROBLEM 1

You must show your work to receive credit. An answer written down with no work will receive no

credit.

(f): 8 pts

What is the intensity of the wave outside of the material?

We co TaRE  the time average ot onvw A
L peniod . poynfing vector-

Thae J\Vﬂ be Comes O be cause of Yo sins&
e ws < .

1:80\\/';0
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Rombes Physics 1C: Midterm 2 PROBLEM 2

You must show your work to receive credit. An answer written down with no work will receive no
credit.

Problem 2

30 pts

Consider a circuit consisting of a resistor, a capacitor, and an inductor all connected in series, driven by an
AC source of fixed magnitude and variable frequency w. The resistance of the resistor is R, the capacitance
of the capacitor is C, and the inductance of the inductor is L. For this problem, you may use without proof
any result for impedance derived in lecture, homework, or discussion.

(a): 5 pts

What is the impedance of this circuit? Express your answers in terms of R, L,C, and w.
= 2 z
Z 7 [R5+ (X - X()
X L= W L
L SO = / e - 32
X C = 4 -Z' R (N L w C
wC

(Fremn Aisuassion
(b): 15 pts week S too)
At what frequencies wy, w_ will the amplitude of the current through the circuit equal one-third the
maximum amplitude of current that can flow through the circuit? Express your answers in terms of the

given parameters. [HINT 1: What does the impedance need to be for this condition to hold?]. [HINT 2:
Make sure your frequencies are positive!|

2 2
To maximize T Hom I = -V%, Z must be ﬁ &R = (_\NL— \/NC)

Z win . So,
| "_‘_ = -
Zmin = Whon wl = Jv:)(/ wl JC'& K\(—g of.l wl Y3 K\IE
= 4\ - :
So, W = and 2=KR ) . WLLL"'WCE&—l:O

vse q/v«.oa[ formulas

W = —{ZCRE C(L+2CR)
é\ LC
S w—ﬁwﬁw
IR = 2 w= (Z CRE [CLr2ee) W answer
Lc

—Z_ NZLC,’NCR‘[E"I':O

- -
ce = m - -~

Since w> o0 -

N.(—:ECE"‘JC[L*'LCR‘) & W _= \rz-C,E—JC(Ln(LIZ‘)
Le Lc
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Rombes Physics 1C: Midterm 2 PROBLEM 2

You must show your work to receive credit. An answer written down with no work will receive no
credit.

(c): 10 pts

Describe what changes could be made to R, L, and/or C' in order to double the maximum possible amount
of current flowing through the circuit.

To double: T hopprs ok T = N

——

3

lewxx = 2_\L
K

n

wl"<
7~

We  could  haf suv resystrance
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Rombes Physics 1C: Midterm 2 PROBLEM 3

You must show your work to receive credit. An answer written down with no work will receive no
credit.

Problem 3

30 pts

Consider two beams of light, of wavelengths A\; and As. The light initially travels through some mate-
rial with index of refraction ny(A\) = 1+ e~*/*0. Both rays are incident on a second material of refractive
index na(A) = 2 + e~ M2 at an angle 6;. Part of the light is reflected, and part of the light is refracted.
[Here )¢ is some fixed wavelength characteristic of the materials.]

no(R)

\

N

\/\7.(7\'w

(a): 10 pts

At what angle does each beam of light reflect off of the second material?

N

Ny

T Law of Restectiom 4ells we that O, = Q;

whave 01 is the angle of veflection . So beth
beams yoflect ofE ar an argle of O]

71,\&[ (
. Q : /\),'L
Fter
l’-\
{
(

(
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Rombes Physics 1C: Midterm 2 PROBLEM 3

You must show your work to receive credit. An answer written down with no work will receive no

credit.

(): 10pts Oy = angle of velfrachon

At what angle does each beam of light refract into the second material?
NN sin (B;) = N, (Nsin (6))

B Av: L+ 272 Gin (87) = (24 € M2 sin(B,,)
Sin [84)= 1+ e_A'/’\°> sin (8)
2 4e N
By = sin” (U,_,_*e""“) S 0) o )

2+e A

v Ap: (14 e—h/“)sivx (6:)=(2+ C_)‘z/)“’) sin(8),)
Sin [0})= (| ¥ e—h/’\") sin (81)
2Z+e
By = sin” ((He’““")s'm{ﬁf\)‘&_r Az

24e YN

(c): 10 pts
Do the beams bend towards or away from the normal, or does it depend on the specific values of A\; o7

¥ you qraph Ny Vs Ny, you see that

N, (s dways lavger tan N for all

wavelengths . The valmes of A, & A, do net wodter

becavse we stay eomsistend e vl A me use in

YWe Law oF refacton eguahim (V\\()\l) S'\V\(@})‘—‘V\Z(AI\‘S\“BL)
ad N, (N)sin (87) =nl()\,,§5'm(91’)>. Since n, >N, ,

e beams bepd toword e novmal a ray 909

from sl to pigger WX of  pehachn has & Slower
Wave 5‘;{20\ whan  passing S0 By nwith e nermal s

smaller in M second wwdridl Than &5 in wae Hest.
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