Why do you need to know this material?

You should know how experimental results motivated the
development of quantum theory, which underlies all
descriptions of the structure of atoms and molecules and
pervades the whole of spectroscopy and chemistry in general.

What is the key idea?
Experimental evidence led to the conclusions that energy
cannot be continuouly varied and that the classical

concepts of a ‘particle and a ‘wave’ blend together when
applied to light, atoms and molecules.

What do you need to know already?

You should be familiar with the basic principles of classical
mechanics, which are reviewed in next.



Quantum Theory : Introduction &
Principles

Classical mechanics (53 /J£2)
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The failures of classical physics

(a) Black-body radiation
£ IRk, S B (R )k

An object capable of emitting and absorbing all
wavelengths of radiation uniformly.

A good approximation to a black body is a
pinhole In an energy container maintained at a
constant temperature, because any radiation
leaking out of the hole has been absorbed and
reemitted inside so many times that it has come
to thermal equilibrium with the walls.




Figure 7.6 Blackbody radiation
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Derivation of Rayleigh —Jeans
formula for black-body radiation
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Standing waves
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Planck’s formula of black-body
radiation
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(b) Photo-electric Effect

Force on electron of metal is suppose to be
proportional to the strength of
electromagnetic field of light,

E—_—cE+ev. <B

However, the result from Einstein experiment he
found that

1. Kinetic energy of electron £2 -k g crdp & & R
2. 7 threshold effect (no ejection for light
frequency v < v,)
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(c) Heat Capacities
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(d) Atomic and molecular spectra

The for the
guantization of energy comes from the
observation of the frequencies of radiation
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Figure 7.9  Three series of spectral lines of atomic hydrogen.
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Wave-particle Duality
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the wave that in quantum mechanics
replaces the classical concept of trajectory
IS called a wavefN,



Quantum Mechanics (=1 /J2)

In quantum mechanics, all the dynamic
properties of a system are contained in the
wavefunction, which is obtained by solving
the Schrodinger equation.



Why do you need to know this material?

Quantum theory provides the essential foundation for

understanding of the properties of electrons in atoms and
molecules.

What is the key idea?

All the dynamical properties of a system are contained in
the wavefunction, which is obtained by solving the
Schrodinger equation.

What do you need to know already?
You need to be aware of the shortcomings of classical
physics that drove the development of quantum theory.



The Schrodinger equation.

1926+ - Austrian physicist , Erwin Schrodinger
proposed an equation for finding the wavefN of any
system. The time-independent Schrodinger
equation for a particle of mass (m) moving in one
dimension with energy (E) is
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The principles of quantum theory

Why do you need to know this material?

The wavefunction is the central feature in quantum
mechanics, so you need to know how to extract dynamical
iInformation from it. The procedures described here allow
you to predict the results of measurements of observables.

What is the key idea?

The wavefunction is obtained by solving the Schrodinger
equation, and the dynamical information it contains is extracted
by determining the eigenvalues of hermitian operators.

What do you need to know already?

You need to know that the state of a system is fully described by
a wavefunction. You also need to be familiar with elementary
Integration and manipulation of complex functions.



The information in a wavefN
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(b) Eigenvalues and eigenfNs
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(c) Operator.

Observable i % 14 operator 7558 & 2.
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(d) Expectation value
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(e) Superposition

- #£fN » can be expanded in terms of all the eigenfNs of an operator ,

so called complete set of fNs.
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(g) Hermitian operators

Hermiticity: fl[/,*Ql//]dx =9 J%*Ql;gdx #







Hermitian operators

a. eigenvalues are real
b. eigenvectors are orthogonal Orthagmtlaliry:Jlgffl;{,-d’r:D
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Hermitian operators

Justification 9.2 The orthogonality of wavefunctions

Suppose we have two wavefunctions y, and y,, corresponding to two different
energies E, and E, , respectively. Then we can write

Hy,=Eyy, Hy,=E,y,

Now multiply the first of these two Schrédinger equations by w7, and the second by
v and integrate over all space:

J wiH wndf=E,,J v v,dT f v Hy,dt=E, J vy, dt

Next, noting that the energies themselves are real, form the complex conjugate of
the second expression (for the state 7)) and subtract it from the first expression (for
the state n):

f wi Hy,dr— Uwzﬁwmdr] =E,,fw:; ydt—E, J v, yrdrt

By the hermiticity of the hamiltonian (Section 8.5¢), the two terms on the left are
equal, so they cancel and we are left with

0= (En 7 Em) JW;I Wndr

However, the two energies are different; therefore the integral on the right must
be zero, which confirms that two wavefunctions belonging to different energies are
orthogonal.




The uncertainty principle
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both the momentum and its position of a particle . ~ #* £ = Heisenberg
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Complementary Observables
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The commutator of position
and momentum
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(2)

d Heisenberg uncertainty principle
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