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Midterm IT - Problem 2 Solution

A light beam of intensity 20 W/m? emerges from a polarizer with its polariza-
tion axis oriented at 90° (vertically). It then passes through a second polarizer
with axis oriented at 60°, and then a third polarizer with an axis oriented at
30°.

(a) What is the intensity of the light emerging from the third polarizer?

(b} What is the attenuation, in dB, of the light emerging from the third po-
larizer relative to that emerging from the first polarizer?

Solution:

Initially, the beam of light emerges from the first polarizer with an intensity I; = 20
W /m? and its polarization aligned along the vertical axis. Armed with this knowledge, the
intensity of light which emerges from the second polarizer is

I, = I, cos? 0. (1)

Here, a1 = 30° is the angle of the second polarizer relative to the polarization axis of the
light beam after it emerges from the first polarizer.

The light that is incident on the third polarizer will be polarized along an axis oriented
60° from the horizontal with an intensity given by I above. Since the third polarizer is
oriented at 30° from the horizontal, its angle relative to the polarization axis of the light
beam after it has emerged from the second polarizer is f52 = 30°. The intensity of the light
which emerges from the third polarizer is then

Ig = Ig (1082 932
= Il 0082 932 (1052 921
20 W/m? cos® 30° = 11.25 W/m”’. (2)

Now that the intensity of the light emerging from the third polarizer is known, its atten-
uation relative to the attenuation of the light emerging from the first is :

B = 10log, (1)
I3

(ﬁ-‘L‘“:) _ 2.499 dB. @)



Physics 6B-Winter 2010 Mid Term 2 (28 Feb 2011, 2:00 p.m.)
SOLUTIONS

a3
y(x,t) = 0.1 sin(mx — 15¢t)

a) The wave equation has a negative wt term and hence is moving toward the right (positive x direction).

b}
. . 2n
General equation of a wave: y(x,t) = Asin(kx — wt) where k = - and w = 2nf
. 2N rw w
Wave velocity v = fA = (?) (E;) =7 where f = wave frequency and 1 = wavelength
Comparing the given wave equation and the general form, we have k= and w=15
w 15

AP =—=—= 47746

v=o= m/s
9]
Patt 5 Lot P(A)z Hemce if P' = - — & = —— = o= = 0,014

- —F— - — — = — = = — =,
“ 50%50 ~ s0%\ysg/ @ ! 50 50 7.07

y'(x, t) = 0.014 sin(rrx — 15¢t)
d) Time dependent equation at x = im: y(t) = 0.1sin(w. 1 — 15¢) = 0.1 sin(r — 15¢)

e)
At x = 1.5m: y(x,t) = 0.1 sin(1.57 — 15¢t)
Since—1<sin@ <1, y(x,t)is maximum when sin(1.57 — 15¢) =1
. T Tt T
This ococurs when 8 = 90 = 7 1.5% — 15t = 0 - 15t=m = t= == 0.2094 s

NOTE: do not mix angles in degrees and radians in calculations. Always covert all angles to 1 standard.

f)
A 2" waves with the same amplitude, wavelength and frequency as the original is to be introduced on to the string
to achieve complete destructive interference {string is perfectly straight at all times)

Same amplitude: A,=A;=0.1; same wave fength: A=A, and since k = %:—r -k, =k=m
Same frequency: > = f, and since w = 2af = wy; =w; =15

Destructive interference is achieved by having the 2nd wave phase shifted by 180° or n (or any odd multiple of m)
2nd wave: A;sin(k,x — wyt + nn) where n = any 0DD integer
_______ - Y1

v, (x, 1) = 0.1 sin(nx — wt £ nw)

or y;(x,t) = —0.1 sin(wx — wt) because sin(f £ n) = —sin(f)

Note: y,(x, t) = 0.1 sin{mx + wt) gives a standing wave that that yields nodes
and anti-nodes and is not zero at all times.




?f'bb\bm Y

Q\ T\[\“\‘k‘ s‘5 G d.\ﬂ\FGC}( &%}P\\Ca*"z:}\/\ OQ g\(\6n1$
Low N8B, = N, SaB, vith - M= L B2 490e°
AP P SO

| I \ ' I - @

. = — Sw Yo ~—\2,6.5

S0, 45

plore there o sl ina o Lwm

b) e

LY L .
12> // 2 i)[cd‘e Rt hey s
f:rQ_, Yo~

— Q. ¥

E‘BW\ OQa\CtﬁfobW\)

AMon U6° « A xan 26.3° = Lwmwm

A= fnr — -:LS‘QUMA

Yentne® - A 26.3°




no hght Hungmtted heve!

{ —
o

?UT O \\ﬁ\n\‘ to by ‘f_szJqu(]fE(}\ , 637+ A < 9(_

\N\\,GJO @c 14 ‘\lf\l Cfﬁ\(,c;\ &V\Glf, , af\?ﬁw 30\1

l
Swme, = r;\':g = O, = Y43.6°

e

’T\“US) [c’( = ©,-263" = \‘7.30\




