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Need for Quantum Physics

*Problems remained from classical mechanics that the special
theory of relativity didn’t explain.

*Attempts to apply the laws of classical physics to explain the
behavior of matter on the atomic scale were consistently
unsuccessful.

*Problems included:
— Blackbody radiation

* The electromagnetic radiation emitted by a heated
object

— Photoelectric effect
* Emission of electrons by an illuminated metal

Introduction
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Fig 42-1, p.1353



lines could be described by the equation

l oc l l (36 1)
B R e
where n=3, 4, 5, and 6. The characteristic distribution of these “Balmer
lines”” (Fig. 36—2) is easily recognizable in spectra. But a numerical formula

is not a physical explanation. Why did the lines take on this pattern? The
answer took decades to find but the search for it led to profound insights.
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J.J. Thompson Model
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Fig 42-4, p.1355
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Rutherford Scattering of a-particles
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160 THE NUCLEAR ATOM




Figure 4-12 is a plot of their data showing the angular dependence
of the scattering using 7.7 MeV « particles. For a given scattering,
the distance of closest approach of the « to the nucleus can be cal-
culated from the geometry of the collision. For the largest angle,
near 180° the collision is nearly “head-on.” We can calculate the
distance D of closest approach for a head-on collision by setting the
potential energy at this distance equal to the original kinetic energy:

Ky,
i’DQ = 1MV
or
Kq,Q
B = s (4-13)

For the case of 7.7 MeV « particles, the distance of closest approach
for a head-on collision is

_ (2(7914.4 ev-A

~ — X —14
7.7 X 106 eV 3X 1077 A 3 X 10 meter
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Fig 42-5b, p.1355
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Connection between Bohr and de Broglie

Jfigure 51

Standing waves
around the circumference
of a circle.
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Express S. E. in spherical coordinates,
solutions separate into two parts, radial
Part and an angular part

Fig 42-10, p.1362
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15(7) Radial solution for H

in its ground state.
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Electron Probability Density for H

Probability per unit volume for finding the electron in the n=1,
2 and 3 states of the hydrogen atom.
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Transition Probabilities of Atoms and Molecules



Stimulated Emission and Lasers

Laser:

An acronym for “light amplification by the stimulated emission of
radiation”

Masers:

Microwaves are used instead of visible light.

The first working laser by Theodore H. Maiman in 1960

helium-neon laser

Fully Partially
silvered silvered
mirror mirror
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Absorption and Spontaneous Emission

Consider a two-level system

N ° E

m? m: 'Ym
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apsorption emission

N

n? n

Light from bulbs are due to spontaneous emission
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Absorption and Stimulated Emission

Em’ I\Im @ Em’ Nm
stimulated emission
E.. N, E.. N,

Laser light results from stimulated emission



Stimulated vs Spontaneous Emission

Stimulated emission requires the presence of a photon.  An “incoming” photon
stimulates a molecule in an excited state to decay to the ground state by emitting a
photon. The stimulated photons travel in the same direction as the incoming photon.

Spontaneous emission does not require the presence of a photon.
Instead a molecule in the excited state can relax to the ground state by spontaneously
emitting a photon. Spontaneously emitted photons are emitted in all directions.



When light travels through an absorbing medium, the medium absorbs the light; the
amount of light absorbed is determined by Beer’s Law.

For a medium to operate as a lasing medium, the transmitted light intensity should be
greater than the intensity of light incident on the material.



When an atom or molecule in the lasing medium absorbs light it is excited

The excited molecule then decays to a lower level either through emission of a photon
(stimulated or spontaneous) or via a non-radiative loss of the energy.

For lasing action, stimulated emission must dominate.

As determined by the Boltzmann factor, the population of the ground state > population
of excited state.

Hence, typically absorption dominates.



For stimualted emission to be the dominant process, the excited state population must
be larger than the lower state population.

In other words, for a medium to produce laser light, there must be a “population
inversion” where Nypper > Niower

How can a population inversion be created when the population in the ground state is
always greater that the population in the excited state?

What kinds of materials will “allow” for an inversion of population in its electronic
states?



How can a population inversion be created?

By excitation of the lasing atoms or molecules - this is called PUMPING.

If the pump source is very intense, the number of atoms or molecules excited can
be large.

However, once excited, the atoms and molecules must say in the excited state long
enough to create an excited population > ground state population



Two-Level System

m? Nm . Em1 Nm

N

. En’ Nn En1 n

Even with very a intense pump source, the best one can achieve with a two-level
system is

excited state population = ground state population



Three-Level System

The first laser, the ruby laser, was a three-level system

— fast
transitions
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Laser light due to transition from 2E state to %A, state
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Four-Level System
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Four-Level System

Nd:YAG laser
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Dye Lasers: Four-level systems
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RELATIVE ENERGY OUTPUT

Dye Tuning Curves
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Requirements for Laser Action

slow
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- Metastable state
Population
Inversion
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Light Amplification

Create a , Which consists of the lasing medium and two highly reflective
mirrors.

Mirror1 /" Pump power (P)\ Mirror2



Continuous vs Pulsed Lasers

Excitation of the lasing atoms or molecules is by using external sources of light,
examples flashlamps or another laser - PUMPING

The output of the laser light can be a continuous wave (cw) if the pumping is
continuous or pulsed if the pumping is pulsed.

Pulsed lasers have very high intensities because the laser intensity is concentrated in
a very short time duration.



Lasers in Chemistry

Lasers being monochromatic, with short pulse durations, and high intensity allow
detailed studies in chemical dynamics.

Can do very fast kinetic studies — femtosec (10-1°> s) studies — “look™ at bond
dissociation, bond formation, study kinetics in the liquid phase

Spectroscopy — monochromaticity allows detailed information on small molecules

High intensity — allows investigation of processes which which depend on light
intensity and have very small probabilities of occuring e.g. Raman scattering
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