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USING THE CHEMISTRY CASSETTE

This Chemistry Cassette learning programme has two components - an audio-
cassette and this book. The two are designed to be used together so always have
the book with you as you work through the cassette.

To help you to locate material in the book you will see that it has been divided
into numbered ‘frames’, each of which contains relevant diagrams, tables,
figures, etc. The speaker will give you the appropriate frame number when he
wants you to refer to anything.

This programme has been designed for individual, self-paced learning and you
can work through it at a rate related to your own heeds and understanding.
Switch off the tape player whenever you want to think, to write some notes or to
answer a question. Use the rewind control to revise or to repeat material that you
may not fully understand on a first hearing. Whenever appropriate make notes
to supplement the material contained in the book; this will enable you to build
up a detailed set of personal notes which will serve as your own authoritative
guide to the subject.
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Quantization

a TOPICS DISCUSSED IN THIS PRESENTATION

Side 1: The basic formulation of quantum mechanics.

The elementary predictions of classical mechanics
Experimental evidence for quantum theory

The Schrodinger equation

The wavefunction

Quantization

General features of quantum theory.

Side 2: Basic applications of quantum mechanics
The quantum theory of translation
i The quantum theory of vibration

The quantum theory of rotation

Angular momentum in gquantum mechanics.




e THE BASIC FEATURES OF CLASSICAL MECHANICS

OTHE CLASSICAL MECHANICS OF VIBRATIONAL MOTION

displacement
Restoring force

The condition for simple harmonic motion:
1. Notation. m mass )
v velocity , restoring force §>d1splacement
o] Momentum (p = mv) .o
f force 1 That is, f = -kx
2. Newton's second law. ‘ k is called the force constant.
dp/dt = f(t) \ Potential energy:  V = %kx?
That is: the rate of change of momentum is equal to Kinetic_energy: T = %mv? = p?/2m
the force acting at that instant. . s
Jotal energy: - E =T+ V =p*/2m + kx
3. The classical mechanics of translational motion.
Frequency: v = (1/2m)V(k/m)

When a stationary particle of mass m is subjected to

a constant force f, after a time t its position, Maximum amplitude of displacement when its energy is E:

speed and energy are given by !
’ A = V(2E/K)
A x(t) = x(®) + (f/2m)t2 ! )
: r ' If the displacement is initially A, after the oscillator
(B) v(t) = ft is released its position and momentum are given by
(C) ECt) = %mv? = (f2/2m)t?2 x(t) = A cos ot
p(t) = mwA sin wt

with w = 29y = V(k/m).




e THE BASIC FEATURES OF CLASSICAL MECHANICS

1. Notation.

2. Newton's second law.

m mass
v velocity
p Momentum (p = mv)
f force

dp/dt = f(t)

That is: the rate of change of momentum is equal to
the force acting at that instant.

The classical mechanics of translational motion.

When a stationary particle of mass m is subjected to
a constant force f, after a time t its position,

speed and
(A x(t)
(B) vt)
(C) E(D

energy are given by

x(0) + (f/2m)t?

ft

kmv2 = (f2/2m)t?2

°THE CLASSICAL MECHANICS OF VIBRATIONAL MOTION

.k ..'-
]_x'; bDisplacement

<-—f———" Restoring force

The condition for simple harmonic motion:
restoring force « displacement
That 1is, f = =kx

k is called the force constant.

Potential energy: V = %kx?

Kinetic energy: T = %mv? = p?/2m
Total energy: . E =T+ V = p?/2m + %kx?
Frequency: v = 172wV (k/m)

Maximum amplitude of displacement when its energy is E:

A = V(QE/K)

If the displacement is initially A, after tbe oscillator
is released its position and momentum are given by

x(t

= A cos wt
p(t) =

)
) mwA sin ot

with o = 2nv = V(k/m).




a THE CLASSICAL MECHANICS OF ROTATIONAL MOTION.

v

1. Notation
I Moment of inertia (mr2 for a
particle confined to a ring of
radius r )

J angular momentum (of magnitude mvr
for a particle )

w angular velocity (rate of change of
angle, de/dt)

T 'torque (moment of force, magnitude
fr)

2. Newton's second law.

di/dt = T

That is, rate of change of angular momentum is equal to
the torque acting at that instant.

~ 3. Predictions.

when a stationary body of moment of inertia I (e.g. a
particle of mass m on a ring of radius r) is subjected
to a constant torque T, after a time t its position
(angle), angular momentum and energy are given by

(A ¢(t) = o(0) + 4Tt?
(8 J(t) = Tt
(C) ECt) = p2/2m = (pr)2/2mr2= J2/21 = (T2/2I)t2

10

i

s ot T, -

e EXPERIMENTAL EVIDENCE FOR THE QUANTUM THEORY

1. Black body radiation.

2. Heat capacities at Low temperatures.
3. The photoelectric effect.

4. The Compton effect.

5. Atomic and molecular spectra.

11



e BLACK BODY RADIATION: THE EXPERIMENTAL DATA.

1. A pinhole in a closed vessel acts as a black body:

2. The energy density inside the cavity depends on the
wavelength and the temperature:

2000K
5000 [
3000 1750k
1000 - 1250K
1

A i 1
0 \000 2000 3000 4000 5000
visible region A/om

3. Two quantitative results were noticed:
Wein‘’s displacement law: The wavelength correspond-

ing to the maximum energy density at a temperature T
obeys  ApT = constant

Stefan’s law: The energy density % inside the
container at a temperature T obeys %= aT*

12
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GBLACK BODY RADIATION: THE THEORETICAL INTERPRETATION

1. The Rayleigh-Jeans calculation

An oscillator of frequency v has a mean energy kT. As a
consequence, all oscillators, even those of very high
frequency, are active at all temperatures.
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2. Planck’s calculation

An oscillator of frequency v can possess only an energy
that is some integral multiple of hv , where h is a
fundamental constant (h = 6.626 x 107%* J s). The
consequence is that high frequency oscillators are not
excited.
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6 HEAT CAPACITIES AT LOW TEMPERATURES

Heat capacity is defined as C = dq/dT, where dg is the
amount of heat needed to raise the temperature of an
object by dT.

Experimental results at room temperature and below are
as follows:

Classical value

04 I } '
0 100 . 200 : 300
) T/X

Einstein regarded the solid as a collection of
oscillators, of freguency v , and, following Planck,
allowed their energies to be only some integral nult1ple

of hv. Debye improved the calculation. They obtained
the following results:

5 % Classical (bulong and Petit)

Einstein

kT/hv
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9 THE PHOTOELECTRIC EFFECT

The experimental information is as follows:

1. No electrons are ejected, regardless of the intensity
of the light, unless its frequency exceeds a threshold
value characteristic of each metal.

2. Even at low light intensities, electrons are ejected
immediately if the fregquency is above threshold.

3. The kinetic energy of the ejected electrons is
linearly proportional to the frequency v of the
incident Light.

Einstein’s interpretation is as follows:

Conservation of energy:
Energy of incident photon = energy to remove
electron + kinetic energy of ejected electron

hv = ¢ + 4mv?
Conclusion: A light beam may be regarded as a stream of

photons. The energy of a photon is hv. High intensity
beams are dense streams of photons.
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@ THE COMPTON EFFECT

when Light strikes electrons it is scattered from them
with a change of wavelength from X to A + &A.

Classically a range of wavelengths is expected in the
scattered light.

Experimentally it is found that the wavelength is
increased by a single, definite amount which depends
only on the angle through which the Light is scattered.

Quantum theory takes the view that the Light should be
regarded as particles of energy hv and momentum h/x,

A =cly, (A

Then treating the electron-photon interaction as a
collision in which energy and momentum are conserved
Leads to. the expression:

éx = (h/m c)(1 - cos 8 )
which is verified experimentally. |

h/mec is called the Compton wavelength of the electron.
Its magnitude dis 2.426 x 1072 m,

electron
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m THE DIFFRACTION OF WAVES

The characteristic property of waves is their
diffraction by a screen. The pattern of light and dark
is readily explained by the interference of waves taking
different paths: constructive interference (where the
waves augment each other) leads to a bright band;
destructive interference (where the waves cancel)
accounts for a dark band.

pestructive interference
(bark)

e
S et

Constructive
interference
(Bright)
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