Lecture 3: Blackbody Radiation

Goal of the lecture: Understand the origin of Planck's
constant and the quantisation of energy

I expect you to learn:
-What is a "blackbody"
-What is the emissive power of a
blackbody
-What is the Rayleigh-Jeans result
and the "Ultraviolet Catastrophe"
-How Planck solved this problem

Lecture follows Section 1.1 of the textbook
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Origins of Quantum Physics

At the end of the 19th century, attempts at understanding the
observed properties of blackbody radiation using classical physics
(Newton's laws, Maxwell's laws, laws of thermodynamics)failed.

Planck found a solution but it ook time before the conceptual
implications of this work were understood. These concepts
represented a radical departure from classical physics worldview.

Historical note: textbooks often present the emergence of quantum
physics as the result of Planck finding a solution to a “crisis" in
classical physics i.e. as a reaction to the "ultraviolet catastrophe" of
Rayleigh and Jeans. This is hot accurate. See Physics World of
December 2000 (physics library 2nd floor) for a more details.



Blackbody Radiation

You have seen the surface of a hot object emit electromagnetic
radiation (for example: heating elements in oven or toaster).

The object does not need to be hot to emit radiation: > OK will do
Two questions we would like to answer in this lecture:

1-how much electromagnetic energy is emitted by a body in
thermal equilibrium?

2-how much energy is emitted at a given by that body at a given
wavelength?



Blackbody Radiation
So, what do we mean by "blackbody"?

A body that absorbs all radiant energy that falls on'it
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Blackbody Radiation (Continued) @

The first accurate measurements of spectral emittance
were made by Lummer and Pringsheim in 1899. They
observed the distributions below:
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BLACKBODY  RADVATION ( ConT.) @

TS CoWVEWIENT Td WIRK wiTH A QuAWTI+7
RELATED To  R(),T] :

ATl = H RO
r~ \suzgo_\,élaﬁ.ﬁ QZQUw o_@é.:?\
’.V\ mp./u.w O/Y -.m nj\—Gc/\ .?nw @7\@\%% L@,\.—.\w\ 01
radialiow v The €n<apmluﬁ_\. lervel : (), ) +d)
lw 1893, W. Wien chowed VSing \_fﬂﬁkomvéﬁk.&

™h.T (AT - mwww: — Wien'S Law

me” 0»7_.._. b@._. «\Ay\: m..ﬁe\, glo%wlgmhw

" Cow wac hros\ \?n,..._. /\/\v.utnm T({ _.s\opchhmm“
»J maaﬁﬁl..?q:w\é&&i H»S\ G C rv Wiew 'S of.hip&\ral.ﬁf&




Rayleigh-Jeans Law @
Rayleigh and Jeans tried to determine 2%3?03 electrodynamics.

Note: we will gloss over the details here but you will come back to
this material in your thermal physics course. Also, more E&M
will help you go through the derivations.

We need to determine how many waves or modes can fit inside a
blackbody cavity. The EM waves must be "standing waves" so that
there is no dissipation (we've got thermal equilibrium)
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RayLeich-Jeans Law (cout.) ®
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Rayceict-Jeavs Law (conl.) M
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Rayeeie-Jeas Law (cont.) ©
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Standing EM waves are emitted and absorbed by the atoms in cavity. They
act as electric dipoles (little harmonic oscillators). The energy of those
oscillators depend on the amplitude and frequency of oscillation. The
amplitude can take any value therefore the energy of the oscillator can take
any value. What if this is wrong? N
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PLANCA'S QUANTUA  THEORY
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Note that for long wavelengths, Planck's formula agrees with
the one obtained by Rayleigh-Jeans: for long wavelengths, the
quantum of energy is small relative to KT so the "discreetness"
evident and the energies are nearly continously distributed.

Can you prove it mathematically?
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