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Light

What is light?

Electromagnetic wave — direction of the electric field?

Speed of light = 299,792,458 m/s (exact)

Relationship defines wavelength as a function of frequency: Av =c
This relation is true only in a (?)

Relation true only in a vacuum: Av =c.

The general case depends on the refractive index, that slows the
velocity of light: c(n) =c/n. And A, =A,/n(}).

Refractive index of air: n_,, =1.0003

Demonstration of a dispersive medium:
http://www.rpi.edu/dept/phys/Dept2/APPhys1/optics/optics/node7.html

Polarization: direction of the E-field. Simple cases are random, or

.... energizing Ohio for the 21st Century '

linear (e.g., vertical or horizontal)


http://www.rpi.edu/dept/phys/Dept2/APPhys1/optics/optics/node7.html
http://www.rpi.edu/dept/phys/Dept2/APPhys1/optics/optics/node7.html

Side note on refractive index

Note that in general, the refractive index is a complex quantity: 7 =n + k
The real part, n, refers to the phase speed of the light, and k depends on
light absorption in the medium.
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Reflection and Refraction of Light

Refraction refers to an interaction that results in a deviation of a beam or ray of
light at an interface between two media of differing refractive indices; the etfect
does not occur for rays incident perpendicular to the interface.

interface

sing, _n,
sing, n,

Reflection: 6, =6, Refraction:
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Polarization

Polarization refers to the direction of the electric field within a light beam.

Two polarization states are especially useful when considering reflection and

transmission:

* S-polarized: “senkrecht” means vertical, refers here to perpendicular to the
plane of incidence. (Plane of incidence defined by the incident and reflected

waves.)

* P-polarized: parallel to the plane of incidence.

mica crystal 2 p-polarization
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More general Fresnel Equations
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The Electromagnetic Spectrum
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Units and Measures for light

Radiant Energy: light energy (J)

Radiant Flux: same as Power (W)

Irradiance: same as Intensity (W/m?)

Spectral Irradiance: essentially, intensity per unit of spectral bandwidth
(W/m? per nm of bandwidth, or just W m= nm)

(Note that if these units were reduced to W m?3, the use would be quite
confusing!)

Look ahead: learn to convert Spectral Irradiance from W m2 nm to

photons sec! m? nm-!
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Solar Radiation Spectrum
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http://www.globalwarmingart.com/images/4/4c/Solar_Spectrum.png

Photons as particles of light

The photon is the fundamental quantum of light, with an energy dependent on frequency:
E=hv

The particle nature of photons has many implications, especially with regard to
interactions with matter.
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Light energy

Examples of light energy: E o = (1240 €V nm)/ (A in nm)
350 nm (UV) = 3.5 eV
750 nm (NIR) = 1.65 eV

To convert eV to J, multiply by the magnitude of the charge on an electron, 1.6 x 101°. Or
just calculate E,j, = he/A directly in SI units.

Consider a 0.5 mW laser pointer, A = 670 nm (red). When the laser beam is on
continuously, how many photons are emitted per second?

hc/A = (6.63 x 1034 ] s)(3 x 103 m s1)/(670 x 107 m) =2.97 x 1019 ]. 0.5 mW > 0.5x 103 ]J/s >
1.68 x 10% photons/sec.

.... energizing Ohio for the 21st Century '



Light processes

When matter absorbs light, the photon’s energy is imparted to the material.
Transmitted and reflected photons do not impart energy to the material.
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Light absorption

When matter absorbs light, the photon’s energy is imparted to the material.
Transmitted and reflected photons do not impart energy to the material.
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The Sun (worth revering)

“Why Does the Sun Shine?”
by They Might Be Giants

The sun is a mass of
incandescent gas

A gigantic nuclear furnace
Where hydrogen is built into
helium

At a temperature of millions
of degrees

ma Chl 1y Yo ho, it's hot, the sun is not
,‘__-_i,;:__..__‘___l’_l_e' A place where we could live
R e T But here on Earth there'd be

no life

Without the light it gives

We need its light

We need its heat

We need its energy
Without the sun, without a
doubt

There'd be no you and me




