Physics 1C
Lecture 28A

Blackbody Radiation

Any object emits EM radiation (thermal radiation).
A blackbody is any body that is a perfect absorber or
emitter of light.
Stefan’s Law describes the total
power radiated at all
wavelengths:
P = A σ T4

σ = 5.670x10-8 W m-2 K4 Stefan-Boltzman constant.
A = surface area of black body
The spectrum of radiation
depends on the temperature
As the temperature increases,
the peak of the intensity shifts
to shorter wavelengths.

Blackbody Radiation
A blackbody is any body that is a perfect absorber or
emitter of light.
The wavelength of the peak of the blackbody distribution
was found to follow Wien’s Displacement Law:
λmax T = const = 2.898 x 10-3 m

•

K

where λmax is the wavelength at which the curves peak.
T is the absolute temperature of the object emitting the
radiation.
The wavelength is inversely proportional to the absolute
temperature.
As T increases, the peak “moves” to shorter λ.

Blackbody Approximation

A good approximation of a black body is a
small hole leading to the inside of a hollow
object.
The nature of the
radiation leaving the
cavity through the
hole depends only on
the temperature of
the cavity walls.
Thermal radiation
from the human
body: T = 36.6ºC,
λmax = 9.8µm.

Blackbody Radiation
The experimental data of the emitted blackbody
radiation does not match what classical theory
predicts.
Classical theory predicts
infinite energy at very
short wavelengths, but
experiment displays no
energy at short
wavelengths.
This contradiction was
called the ultraviolet
catastrophe.

Planck’s Solution
In 1900, Max Planck hypothesized that
blackbody radiation was produced by
submicroscopic charge oscillators known as
resonators.
There were only a finite number of
resonators in any given material; even
though this number may be large.

Planck, 1901
Also, these resonators have discrete energies (or an
integer number of energy levels):

E n = nhf

•

where positive integer n is called the quantum
number, f is the frequency of vibration of the
resonators, and h is Planck’s constant, 6.626 x 10–34
Js.

Planck’s Solution
The main contribution that
Planck made to science
was the idea of quantized
energy (1918 Nobel Prize).
Before then, energy was
thought of having any
value (infinitesimally small
for example).
But Planck’s solution was
that there was a smallest
non-zero energy value.

Planck’s Solution
An energy-level diagram
shows the quantized
energy values and allowed
transitions.
You can only climb energy
levels by integer values
(like rungs on a ladder).
The reason that we
couldn’t classically
observe this was that the
lowest energy level is
very, very small (~10–20J).

Quantum Oscillator
Example
A pendulum has a length of 1.50m. Treating
it as a quantum system:
(a) calculate its frequency in the presence
of Earth’s gravitational field.
(b) calculate the energy carried away in a
change of energy levels from n=1 to n=3.

Answer
Note we are considering this as a quantum
system that has only certain allowed values
for energy.

Quantum Oscillator

Answer
From earlier in the quarter, we know how to calculate
the period of a pendulum:

The frequency is merely the inverse of the period:

The frequency will then help us to calculate the
energy levels of the pendulum.

Quantum Oscillator

Answer

We should calculate the n=1 energy level (the
lowest one) to help us find the energy carried
away.

For the n=3 energy, we have:

Quantum Oscillator

Answer
Calculating the energy difference gives us:

Note that there are only certain allowed energy
values.
Any energy value in between these allowed energy
values are forbidden.
Thus, all energy transfers must be in multiples of the
lowest energy level.

Photoelectric Effect
When light strikes certain metallic surfaces,
electrons are emitted from the surface. This
is called the photoelectric effect (discovered
by Philipp Lenard in 1902) .
We call the electrons emitted from the
surface photoelectrons.
No electrons are emitted if the incident light
frequency is below some cutoff frequency.
This cutoff frequency depends on properties of
the material being illuminated.
Electrons are emitted from the surface almost
instantaneously, even at low intensities.

Photoelectric Effect

Albert Einstein explained the photoelectric
effect by extending Planck’s quantization to
light.
He proposed that light
was composed of tiny
packets called
photons.
These photons would
be emitted from a
quantum oscillator as
it jumps between
energy levels (in this
case the oscillator is
an electron).

Photoelectric Effect

A photon’s energy would be given by: E = hf.
Each photon can give all its energy to an
electron in the metal.
This electron is now
called a
photoelectron (since a
photon released it).
The energy needed to
release the electron
from the metal is
known as the work
function, Φ.

Photoelectric Effect
If the energy of the photon is less than the work
function of the metal then the electron will not be
liberated.
But if the energy of the photon is greater than the
work function of the metal then the electron will be
liberated and given kinetic energy, as well.
The maximum kinetic energy of the liberated
photoelectron is:

KE max = hf ! "
The maximum kinetic energy depends only on the
frequency and the work function, not on intensity.

Photoelectric Effect
Key ideas from the photoelectric effect:
Light of frequency f consists of individual,
discrete quanta, each of energy E = hf. These
quanta are called photons.
In the photoelectric effect, photons are
emitted or absorbed on an all-or-nothing basis.
A photon, when absorbed by a metal, delivers
it’s entire energy to a single electron. The
light’s energy is transformed into the
electron’s kinetic energy.
The energy of a photon is independent of the
intensity of light.

Concept Question
The intensity of a beam of light is increased but
the light’s frequency is unchanged. Which of the
following statements is true?
A) The photons now travel faster.
B) Each photon now has more energy.
C) There are now more photons per second.
D) All of the above statements are true.
E) Only statements A and B above are true.

Concept Question
In a photoelectric effect experiment at a
frequency above cut off, the number of electrons
ejected is proportional to:
A) their kinetic energy.
B) their potential energy.
C) the work function.
D) the number of photons that hit the
sample.
E) the frequency of the incident light.

For Next Time (FNT)
Start reading Chapter 28
Start working on the homework for
Chapter 28

