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Energy stored in magnetic field
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2.0 ®°®

B increasing

B.

Practical way to look at ="
Faraday’s law: Changing

magnetic flux induces

current in conducting

loop, so an emf is

induced in conductor.

GE = -k (B0

General way to look at
Faraday’s law: Changing
magnetic flux induces an
electric field whether a
conductor 1s present

or not.
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Maxwell's Equations § < 6
Below we summarize the four equations on which electromagnetic theory

1s based. We use here the complete form of Ampere's law as modified by

Maxwell:
Gauss'law for E : [ﬁl:?-dq:qﬁ“c v.E=L
&, 2
. . V-B=0
Gauss'law for B: mB-d =0
JB
L dd VxE-= T
Faraday's law : [ﬁ E-dS=—2"8 ot
dt
' S ~ . dCI) JE
Ampere's law : [ﬁB -dS = i HUE, th V x B = pod + poco

These equations describe a group of diverse phenomena and devices based
on them such as the magnetic compass,electric motors, electric generators,
radio, television, radar, x-rays, and all optical effects.

All these 1n just four equations!
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and then there was light
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VxE=—%—?
VxH=J+%—?

And there was light.
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Wave review
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Sun’s Spectrum vs. Thermal Radiator

of a single temperature T = 5777 K
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t=3T/4

© 2010 Pearson Education, Inc.
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A current
flowing in an

... produces
both electric
and magnetic

fields.




Point fingers in

direction of E ...

... curl fingers
toward B ...
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Direction of
propagation

... and thumb points .,-'4

in the direction of -
propagation.



Antenna 1 I Variable capacitor

amplifier

\I —

|

An incoming «--.., . —- Iy

electromagnetic C

wave ... : To radio
o

... produces an alternating...»| | ; “«... which resonates
current in an antenna ... with an LC circuit.
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For which one of the following properties do visible light
and ultraviolet waves have the same value?

1. Wavelength 88%
2. Frequency
/3. Speed
. Energy
5. Period




Wavefronts Ray
(a) I/ \l AN B
| |
) = A -

Electric Magnetic
component component




See page 1096 in your book for the complete workup
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At time dft, the volume between the stationary
plane and the wave front contains an amount
of electromagnetic energy dU = uAc dt.

y

=~
Poynting
vector
/
\&9
< fE e X
/ B
7 < o

Stationary
plane
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Wave front at time
dt later
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Students: work out what is the average electric field
produced by light from Polaris in your eye?
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Momentum

Chue ligwt £ D trake p = B
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5%
I
-—
1. 2. 3.

In which of the following cases maximizes the force
exerted on an object by electromagnetic radiation?

The radiation is absorbed by the object. 58%

Nearly all of the radiation is transmitted throug
object because it is transparent.

The radiation strikes the surface at a large ang|@With

respect to the normal to the syrface.
The radiation is reflected badi@@long its incidengpath.

In all of the above cases the e will be the sa
since it is the same light strikjag the object.

5%
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Solar Sailing
(Planetary Society efforts)

Lightsail-1
(on short list for an
upcoming nanosat launch)

HH At an altitude of 500 miles
Sallmq the from Earth, Cosmos 1 Once oriented toward

CElestial Sea discards its protective cover. the sun the sail's masts

The world's first solar &\ are deployed.
sail-powered space- .
craft, Cosmos 1, was

launched Tuesday.

When sunlight hits

the surface of the sail,

the energy of

photons, or light par-

ticles, is transferred to |

the sail. Asthe light [f~/

is reflected away, it

gives the sail a slight

push.

Gradually the craft ) . f !
increases speed and / COS M OS'I
theoretically, it could / ' The sails unfurl,

reach a speed of sy forming eight (lost in launch failure, 2005)

64 million miles ' 50-foot long sails
per hour.
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Perfect conductor

X = A:
> nodal plane of E
antinodal plane of B

B
,ﬂ"’é 2P

|V \

Y 7

y / X
x = 3A/[4: \u
antinodal plane of E
nodal plane of B € (1) - sty - )



Cartoon swiped from U. of New South Wales’ physics webpage
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Incident light ray

Unpolarized light

Polarizing sheet

Vertically polarized light
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Incident light ray

Unpolarized light

Polarizing sheet

Vertically polarized light
\/2, To (/ _3_/13



Unpolarized
incident
beam

Transmission

3 axis
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Polarizer
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olarized
transmitted
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Vertically
polarized light

/ Polarizer

Direction of
polarizer

Propagation
E cos 0 direction
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Unpolarized
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Transmission
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Io Transmission
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_ Transmitted
Polarizer .

= %IO cos? 0
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Analyzer
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Unpolarized
incident beam

Polarizer

P
\‘ 9 =
-~ | Transmitted
i beam
Liquid-crystal ~"
cell
Analyzer
(a) Off (transmitted light gives bright background)
Unpolarized
incident beam
Polarizer
~—
No
transmitted
T light

Analyzer

(b) On (dark characters formed where no light is transmitted)
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COLOUR
FILTERS

NEMATIC
MOLECULES
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FILTER

HORIZONTAL
FILTER _—




