P iversity of
— Lecture 19 ﬁé%d}

Physics I
08.03.2015

Chapter 34

E

em
\

Electromagnetic Waves

B
Ehttp://facultv. lledu/Andriy BanYlov/Teaching/Physicsl |

ecture Capture: ¢
http://echo360.unﬂ’.edu/danvlov201415/phvsicszsprinq.html

122013 Pearson Education, ing.

95.144, Summer 2015, Lecture 19




Maxwell’s Equations

Electric and magnetic fields are described by the four Maxwell’s Equations:
the physical meaning

jﬁg -dA = % Gauss’s law An electric field is produced by a charge
€o

%B’ -dA = 0 Gauss’s law for magnetism No magnetic monopoles

dP An electric field is produced

ng ds = _d—; Faraday’s law by a changing magnetic field

o dd, A magnetic field is produced
ng *ds = polimrougn T €oMo™ Ampere-Maxwell law  py a changing electric field
or by a current

In addition to Maxwell’s equations, which describes the fields,
a fifth equation is needed to tell us how matter responds to these fields:

F = g(E +V X B) (Lorentz force law)
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ConcepTest 1 Induced fields

A loop with anincreasing current produces  A) the plastic loop
an increasing magnetic field. Consider a

e _ B) the copper loop
copper loop, and next to it imagine a loop

0 o . :
C) electric field is same in
air of equal size. In which of the loops Wi”?th >
0]

the induced electric field be greater?

(Lecture 17) Amazing thing of the induced el. field:
The conducting loop Is not necessary.
The electric field arise whether or not circuits are present.

Because of the symmetry, they are
in the same conditions

The induced electric field will be the
same in both!




ConcepTest 2 Induced current

In which of the loops is the A) the plastic loop

induced current greater? C_B) the copper loop )
C) current is same in both

Since the induced electric field will
be the same in both loops!

Plastic

Remember that| = V/R (Ohm'’s
law), and copper has smaller ”~

resistance, so the copper loop bOPPZI"

has the greater current.
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Light Is an electromagnetic wave

From Maxwell’s equations we can get wave equations for E and B:

Traveling waves:

‘ﬁ E
ox’ \ﬂoso: ot Which cgn

asz @ B, be solved:
O’ :\ﬂoeo,'@r

St travels
in +x direction

/

-l Amplitude ~--/ f :\
N Wavenumper ~--Angular frequency
According to the wave theory, this factor is v2 avenu;nner
k=""
1 m 2

v = =3- 108? = ¢ (speed of light)

VHo€o
The magnitude of this speed is 3.0 x 108 m/s

— precisely equal to the measured speed of light.
Thus, it means that light is an electromagnetic wave (shocking conclusion)

Maxwell was the first to understand that
light is an oscillation of the electromagnetic field.
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Properties of Electromagnetic Waves

Direction
of motion
of wave

E
The electric and magnetic waves are perpendicular to each other, and to the
direction of propagation. - -
E1lBlv
The oscillation amplitudes are related by: Ey = ¢B)

1
VvHo€o

Here, v is the velocity of the wave: v =c¢ = =3.0x 108 m/s

The frequency of an electromagnetic wave is related to its wavelength and to the speed of light:

¢ = Af.
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Electromagnetic Waves

Since a changing electric field produces a magnetic field, and a
changing magnetic field produces an electric field, they can
propagate on their own.

These propagating fields are called electromagnetic waves.

Maxwell was able to predict that electromagnetic waves can exist
at any frequency, not just at the frequencies of visible light.

Wavelength (m)

3X 104m 3m 3X 107%m 3X108m 3X 1072m
| | 1 | 1 | 1 1 |
I 1 1 1
Infrared Ultraviolet Gamma rays i
Radio waves Microwaves % X-rays
(e.g., radar) 2
60 Hz M Cellular  Satellite i
(ac current) r‘:cri:io t-gvr 'U"I;i j[&oncs TV
2-6 y Ch7&up ﬁ‘
A N R T S
102 104 106 108 1010 1012 1014 1016 1018 1020
Frequency (Hz)
d y A=7.5%X10"m 4.0X10""m
‘=4 X104Hz .. . 7.5 x10'4Hz
1 Visible light
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Production of Electromagnetic Waves

\g”d half cycle

Oscillating charges will produce
electromagnetic waves:

Far from the source,

©)

® the waves are
plane waves

|

Wave travdl dire
|®

ti

02
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ConcepTest 4

Before the days of cable,
televisions often had two
antennae on them, one straight
and one circular. Which antenna
picked up the magnetic
oscillations?

TV Antennas

@ the circular one >

B) the straight one

C) both equally; they were
straight and circular for
different reasons

The varying B field in the loop

means the flux is changing and
therefore an emf is induced.

Loop
antenna B

Induced
current

receiver d — —

(TV set) dt

Em wave
/dmclmn

- Faraday’s law
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Polarization

The plane of the electric field vector and the direction of propagation is called
| /Plane of  the plane of polarization. y
polarization

E

>o]]

E
\

The electric field in the figure oscillates

: _ _ _ The electric field in the figure above is
vertically, so this wave is vertically

horizontally polarized.

polarized.
N — Most natural sources of light are unpolarized,
Vg | Ppesdne emitting waves whose electric fields oscillate
iolation layer M| ofapummpen  contac randomly with all possible orientations.

Un-polarized Light

Cross-section of QCL facel

Quantum cascade lasers emit
vertically polarized light.
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Polarizers

The most common way of artificially generating polarized visible light is
to send unpolarized light through a polarizing filter.

Polarizer Polarizer axis
[Uerﬂcal]x

Incident Beam
(Unpolarized)

Vertically
Polarized
Light Wave

The electric field
of unpolarized light
oscillates randomly
in all directions.

7

4 =
UMASS
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Demo: cat and crossed polarizers

[
Polarization of Light Waves
Polarizer 1 Polarizer 2
rtical (Horizontal)
S \ & &
nciden am _ y
(Unpolarized) ?\——_‘ i .
SN === No Light

Polarizer axis

Vertically
Polarized
Light Wave

Polarizer'axis
Two polarizing filters with perpendicular axes,
called crossed polarizers, block all the light.

The polarizing direction of the first polarizer is oriented vertically to the incident
beam so it will pass only the waves having vertical electric field vectors.

The wave passing through the first polarizer is subsequently blocked by the
second polarizer, because this polarizer is oriented horizontally with respect to
the electric field vector in the light wave.
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Polarizing Sunglasses

= Glare—the reflection of the sun and the
skylight from roads, water and other
horizontal surfaces—has a strong horizontal
polarization.

= Vertically polarizing sunglasses can “cut
glare” without affecting the main scene you
wish to see.

Action of Polarized Sunglasses

Light Waves Vibrating
Perpendicular
to the Highway

Polarizer axis Polarizer axis

Li#ht Waves

ibratin
Parallel

to the Highway

Wearing polarized sun
glasses helps to reduce glare

= This light is almost completely blocked
by a vertical polarizing filter.
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What you should read
Chapter 34 (Hnight )

Sections
> 345
» 34.6 (skip derivations of wave equations)
> 34.7
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Thant you
See you tomorion
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