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Upcoming topics in class

-- What is a wave? Types of waves?
-- Overview : What is light? The dual nature of light
-- Light as electromagnetic waves

How does matter emit electromagnetic waves (light)?

How do we “see” electromagnetic wavles (light)?

Wavelength, Frequency, Speed, Amplitude and Energy
Relation between speed, frequency and wavelength . v=1fA
Examples of how light behaves as electromagnetic waves



Waves Are Common in Nature

Leaf bobs up and down with
peak frequency of wave,

trough

pebb"e thrown inte pond

Surface wave



Waves Are Common in Nature

Sand waves

Water waves

Slinky waves



Overview : What is light?




What IsLight?

According to Newton
(1643 — 1727):

Light is particleslike
grains of sand.




What IsLight?

According to Euler (1707 — 1783);

Light is waveslike water or sound
waves.

According to Maxwell (1831 — 1879):

Light is waves in electric and magnet
fields — electromagnetic radiation!




What IsLight?

Heisenberg

Einstein Schrodinger (1901 — 1976)

(1879 — 1955) (1887 — 1961)

Light has a dual natur#:is made up obhotons which are packets
(quanta) of energy that have both particle and wave properties

In this lecture, we focus on light as electromagnetic waves




Light as electromagnetic waves




Light as waves associated with electric and maomééelds

James Clerk Maxwell (1831 — 1879) showed that
light can be viewed as electromagnetic waves,
which are waves associated with vibrating electric
and magnetic fields (see Fig. 1 in class)

0B
Maxell's equations NE = ———
The electrical force and the magnetic force are ot
two aspects of the same force. B = 1 0E
Vibrating electric fields are always associated C2 ot

with vibrating magnetic fields.



How does matter emit electromagnetic waves (light)

Matter is made of atoms, which consist of protons, neutrons and electrons.

Particle Mass Electric Charge

Electron 9 x 103t kg negative
Proton 2 X 10%7 kg positive
Neutron 2 x 10%7 kg none




How does matter emit _electromagnetic waves (light)
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The atoms and hence electrons, protons 9
and neutrons are vibrating in a way set by @
the temperature of a macroscopic body. A .
(recall thermal energy) g < ' @
9

Vibrating electrons cause vibrating electric fields

The vibrating electric fields are associated with vibrating magnetic fields
(Maxwell’'s equations)

So vibrating electrons produce vibrating electric & magnetic fields, aka light!



How do we ‘see’ electromagnetic waves (light)?

The electric field of a stationary electron:

N

field extends forever
with decreasing strength

The electric field of a vibrating electron:

it M@

vibrating electron vibrating electric field responding electron

The vibrating electric field of light cause electrons in the retina to
vibrate and to trigger nerve impulses that we perceive as light.



/

Cross section of
a wave

The Wavelength of a Wave

-~

Wavelength is the distance between two peaks of a wave

Typical wavelengths
Water waves 1m
Sound waves 0.1m
Light waves 1015m to 10 m




Wavelength of Electromagnetic Waves or Light

Type of EM wave TYPICAL WAVELENGTH
Gamma rays 1016 m
X rays 1012 m
Ultraviolet 3x107"m
Visible 4t09x 107" m = Violet, blue, green, yellow, orange, red
Infrared 10%m to 104 m
Radio 103 m to10 m
400 nm 700 nm
! visible light !
wavelength (meters)
01 101 0
gammarays Xrays Ultraviolet infrared radio

__frequency (hertz)




The Frequency of a Wave
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motion of the wave ——=

The observer sees
wave peaks passing by

Frequency is the number of peaks per second

that pass by the observer

Units:  peaks/second = cycles/second = Hertz (Hz)

Water waves
Sound waves
Light waves

Typical wavelengths  Typical frequencies
1m 0.1 Hz
0.1m 440 Hz
101 m to 10 m 3x10% Hz to3x 107 Hz




Wavelength: the distance between adjacent crests (or troughs)

Frequency: the number of crests that pass through a
paoint (such as the leaf) each second. It is measured in
units of hertz (Hz), which are cycles per second

Blink rate = frequency

how fast the pattern of crests and troughs moves forward

See In-class animation : wavelength, amplitude, frequency, speed of a wave



The Speed of a Wave

Speed is the rate at which the peaks of a wave move.

Elapsed Time Position of the wave
0 seconds H 3
1 \ Typical speeds:
\ motion Water: v =5 meters/sec
\ — \
| Sound: v =300 meters/sec
1 second
Light: ¢ =3x10® m/sec
| |
= [
10 cm
distance 10cm
speeds — = =10cm/sec
time 1sec




The Speed of Light Is Special

* The speed of lightis ¢ = 3 x8/sec.

* Nothing can travel faster than the speed of light.

* The speed of light is constant; it never changes.

* This Is basis for the special theory of relativity




Electromagnetic Spectrum

. Visible
Ultraviolet. _Infrared

II-—I--I.*-I-—I-—II
1071 10712 1078 10° L 10°
Wavelength (m)

Wavelength [1.00 x 107 m
Speed 3x 108 m/s

k

In-class animation: Speed of Light (Electromagnetic) waves is constant



Wavelength CC m— - B

Amplitude L ow e el High

Wave shown in extreme slow motion.

Frequency |4.29 x 10" Hz
Wavelength 700 nm

Speed 3x10% mis

In-class animation: Speed of Light (Electromagnetic) waves is constant



The Speed, Frequency, and Wavelength of a Wave Are
Related

(wavelength)x (frequency) = (speed)
AV =C

Example: The wavelength of green lightAs= 5.5x 10> cm.
What is the frequency of green light?

c _ 3x10cm/sec

A 5.5x10>cm
5.46x10" Hz

<
[



Electromagnetic Spectrum

. Visible
Ultraviolet. _Infrared

II-—I-—I.#-I-—I-—II
107 1072 10°® 107 L 10°
Wavelength {m)

Frequency |3.00 x 10" Hz
Wavelength |1.00 x 107 m
Speed 3x10° mis

k

See in-class animation: (wavelengthfrequency) = (speed)



Derivation of the Equation AV = C

« The distance traveled by distance = speed xtime
light in timet is: d = ct

distance
one wavelength

» The number of wavelengths  number of wavelengths
in that distance is:

>|Q >l

* Frequency is the number of frequency = number of wavelengths

wavelengths per second: time
_ct/h

N
Tt
C
A

Vv =




Energy Carried by a Waveis set by its Amplitude

1) A wave carries energy

Example: Light carries the energy of the sun through space from the sunto the
Earth. The Earth receives 1370 Watts per square meter from the sun, enough to
power thirteen 100 Watt light bulbs or one toaster oven.

2) The energy carried by a wave depends on its amplitude A.

3) In the wave model of light, the energy carried by lights waves depends on
the amplitude and not on the wavelength of the light

This is avery important difference compared to the photon model of light
where the energy depends on the wavelength or frequency of the photon




