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The Nature of Light
What is Light?

By the 17%h century,

light: had been observed fto...
travel in straight lines
reflect
refract
fransmit energy from
one place fo another

iwo! theories couldiexplain
Iinese phenomena:
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The WAVE THEORY,
advocated by
Christian Huygens
and Robert Hooke,
said that light was a wave.

The PARTICLE (corpuscular) THEORY, advocated
by Isaac Newton and later by Pierre Laplace, said
that light was made up of a stream

of tiny particles p -
called corpuscles. [



http://www-groups.dcs.st-andrews.ac.uk/~history/Mathematicians/Huygens.html
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http://www-groups.dcs.st-and.ac.uk/~history/Mathematicians/Newton.html
http://www-groups.dcs.st-and.ac.uk/~history/Mathematicians/Laplace.html
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The more popular theory was the
oJ I of the reputation of Isaac Newton. |

Newton's particle theory could easily explain the
straight line travel of light, reflection, and energy
transmission, but had trouble explaining refraction.

Newton's explanation of refraction required that;
light: must travel faster in water than in air.

Huygen's wave theory could easily explain reflection,
energy transmission, and refraction, but had difficulty
explaining the straight line travel of light.

ihe wave theory's' explanation of: refraction
required that light; must: travel
Slowersintwatersthaniiniair:
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The debate among the two sides confinued
through the mid 1800's.

1801 - interference of light was discovered

1816 - diffraction of light (actually observed
in the 1600’'s but not given much significance)
was explained using interference principles

Neither phenomena could' be explained
satisfactorily by the parfticle theory.

Tihe final blow 1o the particle
theory came in 1850 when
Jiean Foucaull discovered that;
lighis traveled fasteriin air
Thaniinfwater.
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It was then widely accepted that light: was a wave,
but what kind of- wave?.

In 1865, James Maxwell =
| developed ideas began by
Michael Faraday into a
series of equations that;
proposed the electromagnetic wave theory. Lf;

said that light was a type of e/m wave: a periodic
disturbance involving electric and magnetic forces.

In , Heinrich Hertz
experimentally confirmed
the e/m theory.



http://www-groups.dcs.st-andrews.ac.uk/~history/Mathematicians/Maxwell.html
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plore a tfutorial on the

production: of' e/m waves.
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At the end of the century, many physicists felt that
all' the significant laws of physics had been discovered.
even stated, “The wave theory of light is, from

the point of view of human beings, a certainty."

That view was soon to change.

Arounds§°lo/o)

1712 photoelectric effect |/« ooz /zef

“the emission of electrons by a substance
when illuminated by e/m radiation”

Careful study of the photoelectric effect
was performed by many scientists.
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The wave theory could not totally explain the
photoelectric effect, but a variation of the
old particle theory could!

Max Planck and

Albert Einstein
i subsequently proposed the

QUANTUM THEORY.

Scan C»Amcncnn Institute of Physics

THE QUANTUM THE @RY

The transfer of energy between
light radiation and matter occurs in

discrete units called quanta, the magnitude
of which depends on the frequency of radiation.
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Although we still commonly characterize

light as a wave, it is actually a

wave nor a particle. It seems to have
characteristics of both.

The modern view of the nature of
light recognizes the dual character:

Light is radiant energy transported

in photons that are guided along
their path by a wave field.
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Duality Principle

Light s ...

- a wave when it acts like a wave

> a particle when it acts like a particle

/ /

A
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Visible light is that portion of the

electromagnetic spectrum which stimulates
+he retfina Of The Visible Light Region

of the Electromagnetic Spectrum

human eye.

Visible spectrum
wavelengths range
from about: 400 nm to 760 nm

Light; travels: atabout: 3 x 10° m/s through
empty space; and slightly slower' through air.

Remember that for alll waves, V. = FA.
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Materials may be classified as:

transparent - readily transmits light;
can clearly see objects through them

translucent - transmits, but diffuses, light;
cannot see objects clearly through them

opaque - transmits no light;
cannot see through them
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WHITE light is composed of all colors.

Red, orange, yzllov, green, blue, violet
is the order of

Increasing frequency
or decreasing wavelength.

Frequencies directly above this spectrum are

Frequencies directly below this spectrum are
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The color of an object depends
on the (freguencies) of light
incident upon it and on the

(frequencies) of light

The color of a transparent object depends
on the (frequencies) of: light
incident upon it and on the
(frequencies) of light
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are Two
colors that combine to form white light.

Red and cuyzin,
blue and ! =111y,

green and magenta
are pairs of complimentary colors.

Cyan, yellow, and magenta are called
primary pigments or secondary colors.

Red, blue, and green are called
orimary colors or secondary pigments,
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These sites let you simulate mixing colors: and
pigments of light: link1, link2, link3

Learn more about: color mixing here.
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@& 7
Blue- Vel 0w -green

o Grﬁ?rﬂhantedL-'-_-arrniru;l.-:u:-rn Read abou* i1. her'e.



http://www.phy.ntnu.edu.tw/~hwang/image/rgbColor.html
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http://www.physicslessons.com/exp18b.htm
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POLARIZATION

Only transverse waves
may become polarized.

A lightwasre 15 known
towibrate ma mulbhade
of direchions ...

... Inpeneral, a Light
wrarwe can be thought of
aswibratmg m a verbical
and m a honzontal plane.

A Pmr of Polaraid filters are
capnhle of hln:ki.ng all ].ight.

Click here, here, here, and here
1o explore polarization of: light:.

Polarization of Light Waves
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http://www.glenbrook.k12.il.us/gbssci/phys/Class/light/u12l1e.html
http://micro.magnet.fsu.edu/primer/lightandcolor/polarizedlightintro.html
http://www.colorado.edu/physics/2000/polarization/polarizationI.html
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