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Wien’s formula worked quite well
until ~1900 when measurements
could be done at longer wavelengths
— this is how science develops

Wien’s formula only works for short
wavelengths (high frequencies)

Jean-Rayleigh classical physics approach
only works for long wavelengths (low
frequencies)

Implication: The correct formula should give
these two limits and connect them
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The Physics:
* No more UV catastrophe at high frequencies

* hf>>ksT, thermal energy ksT is not sufficient to excite the
oscillator

 Thus, no more excitation and de-excitation at such
frequencies f and that’s why the radiation curve drops at

high frequencies

* Energy Quanta (hf) set an energy scale to compete with
ksT

* [tis quantum physics and statistical physics in action
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Later developments:

Planck’s formula led to ground-breaking developments every time it was
re-visited

Einstein (1917) — Realized Planck’s formula requires a (then) new
phenomenon of Stimulated Emissions (how lasers work)

Bose (1924) — Realized Planck’s formula can be treated as a statistical
mechanics problem of a gas of photons

Einstein (1924) — After reading Bose’s manuscript, realized that Bose’s
method also worked for real matter (e.g. atoms) in addition to photons
(non-matter). We then have Bosons and Bose-Einstein distribution. A
consequent of Einstein’s work is the Bose-Einstein Condensation at
sufficiently low temperatures.

Planck’s formula is quite a formula in terms of opening up new areas of research!



Exercises and Think/Learn more...

* Take Planck’s formula and work out the long/short wavelengths limits

* Show that Wien’s law and Stefan-Boltzmann law follow from Planck’s
formula

e Carrying out the transformations to frequencies and angular frequencies

* Use a plotting software to plot thermal radiation versus wavelengths for
different T

* The limit kBT >> hf gives the classical physics limit. It is related to the idea of
each oscillator having the same energy kBT regardless of the frequency. Itis
called the equipartition of energy in thermal/statistical physics. Self-learn
what it is. [It will appear in thermal/statistical physics.]

* There is a pre-factor in Planck’s formula related to the dimension (3D,2D,1D)
of the system and the EM waves dispersion relation c = f A. Self-learn what
itis. [It will appear again in statistical mechanics and solid state physics
(density of states/modes).



This is a background radiation of 2.7K out there due to the big bang.
The work won the 1978 Nobel Prize for Penzias and Wilson. Self-learn
how they applied Planck’s formula to the work.

There is something called the “Planck telescope” flying around and
measuring the fluctuations in cosmic microwave background (CMB).
What is the science?

Planck’s constant h is part of the definition of resistance. How come?

Planck’s constant h is re-defining the Kilogram. What is the story and
the science?

There are many Max Planck’s Institute in Germany doing
research/education. Germany universities provide free tuition master’s
degree courses. You may want to look into these opportunities.



