3.1 Light and Electromagnetic
Radiation

» Maxwell’s discovery

* Properties of EM radiation
* Production of EM radiation
* Spectrum of EM radiation

James Clerk Maxwell

Wave properties of light

» Maxwell discovered that light is a form of
electromagnetic radiation.

» Electromagnetic waves are produced that
propagate through a vacuum at the speed
of light.

» The speed of light is a fundamental
constant. ¢=2.99792 m/s

Production of EM waves

Inpu
* EM waves are produced by

oscillations of Electric and Magnetlc g
fields. It

Heinrich Hertz

1]
Showed that electrical oscillation
in transmitter produce electromagnetic m -
waves that propagate to the receiver.

Generation of the E field
by an oscillating dipole antenna

The magnetic field associated with
the E field

A B field is generated [ :
perpendicular to -
the E field. | ‘ E

Electromagnetic plane wave

Light is a Transverse wave having oscillating Electric and
Magnetic fields.

Electric field perpendicular

to the direction of propagation
Magnetic field perpendicular
to direction of propagation
and to the Electric field.




Speed of Light

Measured values
permeability of free space p, = 4nx107 T-m/A
permittivity of free space ¢, = 8.85419x10'2 C2/N-m2
speed of light c=2.99792458x108 m/s
Predicted value 1

c= a =2.997924x10°m/s

Perfect agreement !!!

Spectrum of EM radiation.

The wavelength of light
affects the interaction of
EM waves with matter.
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Visible Light

f~105 Hz
A~ 400-700 nm

stained glass, gold particles
with diameter ~100 nm
scatter specific colors of light

Silver nano-particles

Electron micrograph  |ight micrograph




X-rays
f~1016-1020 Hz
- A~108-1012M
Atomic dimensions

x-ray diffraction
pattern

3-dimensional
structure

X-rays

X-rays penetrate
soft tissue but
are absorbed by
heavy atoms,
such as Calcium
in bones.




