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Late 1800's the wave picture of light could explain most ot the
experuments done on light......except few,

-One of them 1s the blackbody radiation.

-the characteristic radiation that a body enmuts when heated.
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Blackbody = a cavity, such as a metal box with a small hole drilled
nto 1t.

Incoming radiations entering the hole keep bouncing around
inside the box with a negligible change of escaping through the
hole. All incident radiation is absorbed.

A black body -Also a perfect enutter of radiation —black body
radiation
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What happens to this radiation?
« The radiation 1s absorbed 1n the walls of the cavity
« This causes a heating of the cavity walls
« Atoms 1n the walls of the cavity will vibrate at frequencies
characteristic of the temperature of the walls

» These atoms then re-radiate the energy at this new characteristic
frequency
The emitted "thermal" radiation characterizes the
equilibrium temperature of the black-body
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Basic Laws of Radiation
1) All objects enut radiant energy.
2) Hotter objects enut more energy than colder objects. The
amount of energy radiated 1s proportional to the temperature of
the object ra1sed to the fourth power.

This 1s the Stetan Boltzmann Law
F=ocT*
F = flux of energy (W/m°)
T = temperature (K)
o =5.67 x 10° W/m°K" (a constant)
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Basic Laws of Radiation

1) All objects emut radiant energy.

2) Hotter objects emut more energy than colder objects (per unit
area). The amount of energy radiated 1s proportional to the
temperature of the object.

3) The hotter the object, the shorter the wavelength (A) of emutted
energy.

4) This 1s Wien’s Law

Amax = 3000 pm
I(K)

Innovative.Entrepreneurial.Global



OPENCOURSEWARE

Innovative.Entrepreneurial.Global




OPENCOURSEWARE

Black body radiation 1s defined as thermal radiation of
a black body, and can be given by Plank's law as a
function of temperature T and wavelength.

E—;s;ﬁi Il Black body radian curve
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Rayleigh and Jeans -- formula by considering the radiation within the
black body cavity to be made up of a series of standing waves

|— 2RCKT
9{‘4
r—x I — 0 -agrees with the experument
r—0 [>oc -not agrees with the experiment
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Intensity Theory (Rayleigh and Jeans)

Wavelength

The ultraviolet catastrophe
-The failure of the wave theory (Rayleigh-Jeans formula) to
account for the decrease 1n energy emitted at short wavelengths
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Max Planck,
-formula that agreed with experumental data
-1dea: the oscillating electrons of the surface atoms of the black
body enutted radiation according to Maxwell’s laws of
electromagnetism.

Planck theory on blackbody radiation

-the molecules of a mass cannot have arbitrary energies but
instead are quantized

-good agreement for all wavelengths
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Planck Formula
E =nhf
n=0.,1,2,... 1s an integer
f - the frequency of vibration of the molecule
h - Planck's constant:

-when a moleciile went from a higher energy state to a lower one it
emitted quanta (packet) of radiation, or photon, which carried away
the excess energy

-successfully explain the blackbody radiation curves
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The black body radiation curve
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The black body radiation curve

-radiate energy at every wavelength
-at higher A close to but never touches the x-axis

-peak wavelength, at which most of the radiant energy 1s emutted
-area under the curve —energy emutted at certain T
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THE PHOTOELECTRIC EFFECT

When light 1s shone on metal
-the surface may become positively charged
-electrons gain energy from the light waves, and leave the
metal's surface.

Some effects that could not be explained by wave theory of light
-frequency of the light > threshold frequency
-Weak beams of light can cause electrons to be emitted —not
possible 1f light was a wave
-the kimetic energy of the electron depends on frequency not
intensity
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Photoelectric effect
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Einstein explained:

- One photon gave all its energy to one electron
- One electron can only accept one photon of energy, so
this must have the required frequency to have the

necessary escape energy
- The intensity will not make any difference
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Classical limit of Quantum Statistical
Distributions

The average number of noninteracting quantum particles in state j 1s
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Low population (n—0) there are much more energetically accessible
states than particles. This limut 1s aclueved for all states of energy &
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the average number of particles 1s

ﬁ _ ZH_J ~ Ze—ﬁ(Ej—M)
] ]
pu=lN-In> e
J

Since

Which 1s the classical Boltzmann distribution.

Therefore, in the limit  Ur = U when both the FD and the BE distributions
converge to the classical Boltzmann distribution
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