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And God said, “Let there be light,” and there was light.
God saw that the light was good, and he separated the light from the darkness.

(Genesis 1:3-4)
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Isaac Newton
(1642-1727)
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A sketch (left) from Newton's
1672 notebook shows sunlight
i entering through the window
at right, passing through a

| triamgular prism, and splitting
into a spectrum of colors.
One of the earliest known
studies of optics (the science
of light and vision) was done
by Islamic mathematician lbn
al-Haytham (965-1040), also
known as Alhazen. His sketch
of lenses is below.

. Hakim, The Story of Science — Newton at the Center,
Smithsonian Books, Washington DC, USA, 2005
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Young

Thomas Young (1773-1829)
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Electromagnetic Wave

James Clerk Maxwell (1831-1879) Heinrich Hertz (1857-1894)
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Tragically, Hertz was as unfortunate with his health as he was fortunate with
his talent. The first sign of trouble was a series of toothaches in 1888, which
led to removal of all his teeth in 1889. By 1892, he was suffering from pains
In his nose and throat, and was often depressed. His doctors could give him
no satisfactory diagnosis. Several operations failed to provide permanent
relief. By December 1893, he knew he would not recover, and in a letter he
asked his parents "not to mourn... rather you must be a little proud and
consider that I am among the especially elect destined to live for only a
short while and yet to live enough. | did not choose this fate, but since it has
overtaken me, | must be content; and if the choice had been left to me,
perhaps I should have chosen it myself."

Hertz died of blood poisoning on New Year's Day, 1894; he was thirty-six
years old.

--- From 'Great Physicists' by W. H. Cropper
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® 2005 Brooks/Cole - Thomson Fig. 3-2, p. 67
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A =c/v(m)
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Type of Radiation

cIiRum

Typical Process

Wavenumbe

Energy
(eV) V=

1/Aem™) B

10713(1 X-unit)

10901 A)
1091 nm)

10°%(1 um)
1031 mm)
102(1cm)
1

103(1km)

10%(1 Mm)

t-Rays
X-Rays

Vacuum Ultraviolet
Ultraviolet

Nuglear Reaction

Intra-Nuclear
Transition

Inner Electron
Transition

Valence Electron
lonization

= \/alence Electron

Infrared

Far Infrared

Microwaves

Radiowaves

Transition
Molecular
Vibrations
Molecular
Rotations

Electron Spin
Transition (ESR)

Nuclear Spin
Transition (NMR)

(1 MeV)106

(1keV)10?

(1meV)103
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Thermal Radiation
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Fig. 3-4, p. 69
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an Black Body Radiation: Energy per Unit Yolume
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© 2005 Brooks/Cole - Thomson

Fig. 3-11, p. 78
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Cavity Modes |

) 1 0°E(rt)
V E(r’t)_ C2 atz h:
27 27t
V-E(r,t)=0 k= = =

A C C

E, (r,t)=E,(t)cos(k,x)sin(k,y)sin(k_z)

E,(r,t)= Ey(t)sin(kxx)cos(kyy)sin(kzz) // =

E, (r,t)=E,(t)sin(k,x)sin(k,y)cos(k.z)
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Cavity Modes 11 |

kK,=m, /L, k,=m, /L, k,=m,/L

n.,n.n =0123,...

x1 'y iz

k-E(t)=0

kX
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Mode density N (k)
Number of modes between k and k + dk (per unit volune) = N (k)dk
2 2
N (k)dk = k—dk N(k)_k—
7’ 7’

Many books use the notation of p(k) rather than N (k).
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Mode Density 11

Mode density N( )
Number of modes between f and f +df (per unit volune) = N(f)df

_ ¢k

2z

f

N (f)df =N (k)dk

dk k* 2z 8xf°?
N(f):N(k)df:ﬂ_Z C = C3
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Spectral energy density u(f,T)
Energy of radiation fields between f and f +df (per unit volune) =u(f,T)df

u(f,T)df = EN(f)df
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J‘°° Ee—E/(kBT)dE
0

(By Boltzmann Distribution
=KgT or by the equipartition principle)

J‘o e—E/(kBT)dE

872 f?
C

u(f,T)df = EN(f)df = k,Tdf

U(A,T)dA=EN(f)df = i—”k TdA
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Rayleigh—

Jeans Law

Spectral energy density in
arbitrary units

|
01 234567 89101112

Wavelength (um) Fig. 3-12, p. 79

& 2005 Brooks/Cole - Thomson
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