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WHAT 1S LIGHT?



GALILEO GALILEI

1564-1642

Considered the first “modern
scientist,” Galileo combined
mathematics with observation and
argued that this was the way to
understand the natural world.

He perfected the telescope and
observed that the earth could not
be the center of the universe. He
was tried and convicted by the
Inguisition for heresy and was
placed under house arrest for the
remainder of his life. He died the
year before lsaac Newton was born.




Make measurements
of the round trip
that sound takes
from Dallas Hall to
points 100m and
200m south of
Dallas Hall.

(Don't get shut
down by the cops)




SPEED OF LIGHT

Ole Roemer

Firet to measure speed of
light to be finite (1676)

Jupiter

Discovered
by Galileo in
1610

Earth —

Fic. 70.

Roemer estimated the speed of
light to be 220,000 km/s by
observing Earth-seasonal
variations in lo's orbit.



THE & LAWS OF ELECTRICITY AND
MAGNETISM

> -  dd, Faraday's Law - changing magnetic
¢ E-dl=- Jt flux induces electric field

) B-d [ =W,/ Ampere's Law - electric current is
" the source of magnetic field

> 1 Gauss's Law for Electric Fields -
f E-dA=—q electric charge is the source of
electric field

E.d Z:O Gauss's Law for Magnetic Fields -
there are no single magnetic
charges



THE & LAWS OF ELECTRICITY AND
MAGNETISM - "FREE SPACE”
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Faraday's Law - changing magnetic
flux induces electric field

Ampere's Law - electric current is
the source of magnetic field

Gauss's Law for Electric Fields -
electric charge is the source of

electric field

Gauss's Law for Magnetic Fields -
there are no single magnetic
charges



JAMES CLERK MAXWELL

N 1831-1879

. Brilliant scientist working in
Britain.

« United electricity and
maghetism into a single
“force”

- Developed a theory of large
numbers of particles

.- Made the first true color
photograph

Published in 1864 “A Dynamical
! Theory of the Electromagnetic
Field,” which was seen by

Bl Faraday before his death in

B 1807



THE & LAWS OF ELECTRICITY AND
MAGNETISM - "FREE SPACE”

> -  dd, Faraday's Law - changing magnetic
¢ E-dl=- Jt flux induces electric field

Ampere's and Maxwell's Law -
changing electric flux is the source

.- dd,
¢ B-di=u,¢,

dt of magnetic field
E‘.d 2:() Gauss's Law for Electric Fields -
electric charge is the source of
electric field
f E.d Z:O Gauss's Law for Magnetic Fields -

there are no single magnetic
charges



THE SOLUTIONS TO
MAXWELL'S EQUATIONS

A
°

E(x,t)zEmaxsin(kx—(nt)]

E(x,t)zBmaxsin(kx—wt)lAc

What do these equations
describe?2?2?



WAVES

u(x,t)=Asin

X
2Tt ——2 !
T T f

Amplitude (A)




WAVES

Wavelength
Crest Crest
Trough
: X
u(x,t)=Asin 21'(?—21Tft)

Amplitude (A)
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Heinrich Hertz
(71857-1894)
First to
satisfactorily
demonstrate the
existence of EM
waves

Guglielmo Marconi
(A874-1937)
Italian inventor who
developed the radio
telegraph system
(first demonstrated
in 1894)

Robert Hyer

(1860-1929)
Physicist, Founder
and First President
of smL{

First American to

communicate using
EM waves (1894)



ELECTROMAGNETIC
WAVES

| E At what speed do
electro-magnetic waves
1 travel?

m)

Answer from Maxwell's
Equations:

1
VEMWave: c M — ...
0 ™0




ELECTROMAGNETIC
WAVES

| E At what speed do
electro-magnetic waves
1 travel?

m)

Answer from Maxwell's
Equations:

VEMWave:H a 1M :30><108m/s
00
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Sources and Uses of
Frequency Bands

Ultrasound
1-20 MHz

Sound Waves
+— 20Hz-10kHz
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Fiber telecom
0.7-1 .

Dental Curing
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Medical X-rays
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Baggage screen
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PET imaging
0.1-0.01 A

Crystallography
2207 A




QUESTION

If water waves travel in water . . .
and sound waves travel in air . . .

in what medium does light travel?



ANSWER FROM MAXWELL'S
EQUATIONS: NONE?77

-Z»_ dd,
dt

> dd,

ZZMOEO dt

Faraday's Law - changing magnetic
flux induces electric field

Ampere's and Maxwell's Law -
changing electric flux is the source

of magnetic field

Gauss's Law for Electric Fields -
electric charge is the source of

electric field

Gauss's Law for Magnetic Fields -
there are no single magnetic
charges



Albert Einstein
(1879-1955)

In 1905, published
three papers on
atomic theory, the
nature of light, and
the re-interpretation
of space and time
based on the theory
of electromagnetism
Crelativity”).



