Some notes as you study for exam 2...

e Practice exam 2 — Fall ‘12

— Key is Incorrect! #24 answer should be ¢ NOT d
— | will review #3-6, 8, 10-14, 19-27 (& perhaps Spring *12)

 Lecture 12 -slide 9 (ACT on AC power diss.)

— Printout slide i1s different than lecture slide!
—  Printout states “rms”, lecture states “max”’

e This weeks’ HW — Circuit #4 (NOT on exam)

— Answer iIs CORRECT

— Many are doing this problem wrong (even if you are
getting the correct answer!)
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Physics 102: Lecture 15

Electromagnetic Waves

Energy & Polarization
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Checkpoint 1.1, 1.2

“In order to find the loop that detects the electromagnetic wave, we
should find the loop that has the greatest flux through the loop."

Direction
of wave

loop in xz

loop in xy plane

plane

A 30% B 22% C 48%

Only the loop in the xy plane will have a magnetic flux
through it as the wave passes. The flux will oscillate with
physics 10 time and induce an emf.




Propagation of EM Waves

Direction
of wave
travel

e Changing B field creates E field
e Changing E field creates B fleldwS < TevE
E=CB|[S  ovwwie Frweans

If you decrease E, you also decrease B!
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CheckPoint 1.4

Suppose that the electric field of an
electromagnetic wave decreases in
magnitude. The magnetic field:

13% 1 increases

E=cB

8072 decreases >

77 3 remainsthe same
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There is energy associated with
electric and magnetic fields and
electromagnetic waves!

WHY?
It takes work to create electric and magnetic fields...
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Energy In E field

Electric Fields

* Recall Capacitor Energy:
U=%CV?

_1&A

1
E*d” =3 4E°Ad IEERYAD)

volume —/
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Energy In B field

Magnetic Fields @\\m\\})

* Recall Inductor Energy:
U=%LI°

= 1 N°IA B = u,nl

volume
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i 2.
Intensity (I or S) = Power/Area ﬁ

e Energy (U) hitting flat surface in time t
= Energy U in laser beam (red cylinder):

i 2 lB_rzvas 1 2 4 Er‘ms
i e

= EOE{EACt
 Power (P):
— G/t s % E ws Pre A)
 Intensity (I or S):
S =P/A [W/m?] B=E/c c¢=1/VioEo

= ceg.E? U = Energy
0 ms A=C tional f laser b
L aess = Cross sectional area of laser beam
) L = Length of laser beam
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mﬂ@ The intensity of sunlight at the

@ﬂ@ﬂﬂ earth is approximately 1000W /m?.
A solar cooker collects light using
a 1 m? area and focuses that light
onto a pot of food. How much
power is delivered to the food?

S=P/A P=SA=1000x1=1000W

What is the rms magnitude of the electric field of the
light when it hits the solar cooker?

S = cepEZ s Erms = y/S/c€o
= ,/1000/(3 x 108 x 8.85 x 10~12)
=614V/m
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Polarization

e Transverse waves have a polarization
— (Direction of oscillation of E field for light)
o Types of Polarization

— Linear (Direction of E Is constant)
— Circular (Direction of E rotates with time)

£18
ALweM S
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|_inear Polarizers

 Linear Polarizers absorb all electric fields
perpendicular to their transmission axis (TA)
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Linearly Polarized Light on
Linear Polarizer (Law of AMalus)

GOLEQ— :

Etransmitted = Eincident COS(O)

stransmitted = sincident COS2(O)

0 is the angle
between the
incoming £
polarization and the \

So,
D . _ s/ Transmission axis
transmission axis Incident E {

0 ETransmitted = Eincidentcos(e)
Physics 102: Lecture 15, Slide 13




Unpolarized Light on
Linear Polarizer

Transmission axis

7“1 Directior
. of
|/ 7 travel
' - -

Unpalarized Polarizing Folarized
light material light
: _ 1
intensity = & intensity = - &

“

e Most light comes from electrons accelerating in random
directions and is unpolarized.

* Averaging over all directions: | S.nsmitted= Y2 Sincident

Always true for unpolarized light! _J
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, CheckPoint 15.6

Unpolarized light (like the light from the sun)
passes through a polarizing sunglass (a linear
polarizer). The intensity of the light when it
emerges is

zero

1/2 what it was before >
1/4 what it was before

1/3 what it was before
need more information

Stransmitted= V2 Sincident for unpolarized |'ght
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&  ACTICheckPoint 15.7

Now, horizontally polarized light passes
through the same glasses (which are vertically
polarized). The intensity of the light when it
emerges is\> TA ¢ ve e

zero o

1/2 what it was before
1/4 what it was before
1/3 what it was before
need more information

Stransmitted = sincident COSZ(O) 0= 90°
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Law of Malus — 2 Polarizers €§

unpolarized
light

S=§,

1) Intensity of unpolarized light incident on linear
polarizer is reduced by 2. S,;=7%S§,

2) Light transmitted through first polarizer is vertically
polarized. Angle between it and second polarizer is
06=90°. S,=S, cos?(90°) =0

Physics 102: Lecture 15, Slide 17




How do polarized sunglasses work?

incident light unpolarized

reflected light partially polarized

=
ol Y
U —_—-—'"“,,:a -

the sunglasses reduce the glare from reflected light
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@ﬂ@mﬂﬂ@ Law of Malus — 3 Polarizers

2) Light transmitted through first polarizer is vertically
polarized. Angle between it and second polarizer is 6=45°.

|, =1, cos? (45°) =% |, cos? (45°)

3) Light transmitted through second polarizer is polarized 45°
from vertical. Angle between it and third polarizer is 6=45°.
1= 1, cos? (45°) =15 I, cos* (45°) = 1,/8
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ACT: Law of Malus

S,= S,co0s?(60) S,= §,co0s?(60)
S,= S,co0s?(30F S, cos?(60) cos?(30) S,=S,c0s%(60)= S, cos*(60)
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See You Monday!
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