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Simple Harmonic Motion

simple hatmonic motion 12 typified by the motion of a mass on a spring when it 13
subiect to the near elastic restoring force given by Hooke's Law. The motion 15

stz oddal i time and detmnonstrates a single resonant frequency.
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Simple Harmonic Motion Equations

[he motion equation tor simple harmonic motion containg a complete description of

he motion, and other parameters of the motion can be caloulated fromm it

y=Asinwf = Asin |t
v m

The welocity and acceleration are grven by

v = mAcoswt
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The total energy tor an undatnped oscillator 15 the sum of its

lnetic eneroy and potential eneroy. which 15 constant at

E:KE+PE=%M3



Energy in Mass on Spring

The sinple harmonc motion of a mass on a spring 15 an example of an energy

ransformation between potential eneroy and lonetic energy. In the example below, it

3 assumed that 2 joules of work has been done to set the mass in motion.

KE=2.J
PE=0
Neglecting friction, the energy
will continue to be exchanged
between kinetic and potential,
with their total equal to 2 joules
at all times.
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KE=2J
FE=0

KE + PE = 2J
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Forced oscillations

Hang 200 g from a spring and take sufficient
readings to find the natural frequency of this
system.
Attach the spring and mass to the vibration
generator as shown in Figure 9.1. Set the signal signal frequency  vibration
= . generator meter generator
generator to produce sinusoidal waves and use a

spring
meter to measure its output frequency.

Observe the mass’s motion as you slowly increase |

the output frequency from well below the natural j T

frequency of the mass-spring system to well above
it. What do you expect to happen to the
oscillations?

Repeat the experiment for a different oscillating
mass.

Figure 9.1 The vibrator causes the mass to oscillate
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Standing Waves

The modes of wbration associated with resonance m extended objects like strings
atid air columnns have characteristic patterns called standing waves. These standing
wave modes anse from the combmation of reflection and interference such that the
reflected waves interfere constructively with the ncident waves, An inportant part
of the condition for this constructive mterference for stretched strings 15 the fact that
the wawves change phase upon reflection from a fized end. Under these conditions,
the medium appears to wbrate in segments or regions and the fact that these
wibrations are made up of traveling waves 12 not apparent - hence the term
"standing wawe".

Instead of confinuing
past the barrier, the
wave is reflected.
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Incident wave

wave on a string,

H{-'f;!r{-'{'l!‘i-'ﬂ'l Wielve i thera is a 1807 'Eh-EII’IQE
: f'f in phase, flipping the
Resultant wave reflected wave over

g0 that it interferes
constructively with
the incident wave,






Vibrating String

The fundamental wibrational mode of a stretched string 15 such that the wawvelength 13
twice the length of the string

Applyng the basic wave relationship gives an expression for the fundamental

frequency:

. _ VYiave on string ]
fi=— '”__;E” 5 Calculation

=ince the wave velocity 15 given by v = | , the frequency expression

vl L




The string will also whrate at all hartnonics of the fondamental. Each of these

hattomes will form a standing wawe on the stnng.




Standing or stationary waves are produced when two waves with the
same frequency and amplitude move towards each other and become
superimposed. The result is the creation of fixed nodal points of zero
displacement which alternate with fixed antinodal points of maximum
displacement. These nodes and antinodes are half a wavelength apart.
Standing waves do not transfer energy aleng their length, as do
progressive waves,

Standing
Waves

Plucking a stretched string fixed at both ends, such as one on a
stringed instrument, produces a standing wave with two fixed
nodes at each end. The three simplest standing waves or modes
are the first, second and third harmonics.

Standing waves such as the vibrations (overtones) of a
stringed instrument can generate progressive waves. The
progressive sound waves passing through air have the same
frequency as the plucked string which generates them. The
frequencies of each harmonic are whole number multiples of
the lowest fundamental frequency. For a stringed instrument,
when plucked, the string vibrates with all these frequencies.
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first
harmonic
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The first harmonic (or fundamental) has a node separation of X 5= =L

The string length is half a wavelength.

The second harmonic (or first overtone) has a node separation of %
The string length is one wavelength.
The third harmonic {or second overtone) has a node separation of 5 =
The string length is one and a half wavelengths.
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Production of a standing wave in an air column involves reflections from both the
closed end and the open end of the column,

Air
displacement

Alr pressure
variations | « =

Cpen end
Closad end is pressure
|5 pressure
antinodea.

™

No phase change upon 180° phase change upon
reflaection since the wave reflection since the wave
encounters a greater encounters a lessear acoustic
acoustic impedance, impedance. This phase change

is associated with energy loss
as sound energy is transmitted
to the outside air.



The term antinode is used A node is a place

to describe the point of where the medium
maximum vibration. does not move.
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Nodes and Open ends are antinodes

antinodes for for air columns.

displacement Ly/4 M
The existence of nodes == -
and antinodes is inherent haA.

in the standing waves - -
which constitute the = =

resonant modes of /
acoustic The center is a node for the
systems like | ¢\ hqamental mode of an open a
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Stretched string

Cylindrical air
column with both
ends open.

Flot of vibrational
amplitude by analogy
with stretched string.

be a node for the
air motion,

Cylindrical air
column with one
end closed




Harmonics

An ideal wmbrating string will wbrate
with its fundamental frequency and
all harmonics of that frequency.
The position of nodes and
antinodes 15 ust the oppostte of
those for an open ar column.

The fundamental frequency can be
calculated from

f - ] FELERE £ .H'rn"J:rr,'L[
| =

2L
where

Y wave in string = ﬁ

and the harmonics are integer

roultiples.

T = stringtension
m = string mass
L = stringlength
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i 0
-0.85 eV
-1.5eV
-3.4 eV - first excited state
ionisation
energy
Y —13.6eV e ground state

(a) Absorption bands in light from nearby galaxies

(b) Absorption bands in light from distant galaxies
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DIM FILAMENT LAMP

FLUORESCENT LAMP

SOURCES OF LIGHT

This spectrum shows which
colours are produced

All colours of light together
combine to produce white
BRIGHT FILAMENT LAMP

With a high electric current, the
whole spectrum of visible light is
produced (see p. 39).

Red, yellow, and green light
combine to produce orange

Lamp appears
orange

No blue light
produced

DIM FILAMENT LAMP

With a smaller current, the
temperature of the filament
(see pp. 532-33) is low.

Lamp produces certain colours
in each part of the spectrum

O T

All three types of cone are stimulated
and lamp appears white

FLUORESCENT LAMP

[n a fluorescent lamp, chemicals
called phosphors produce colours
in many parts of the spectrum.

LED produces colours in the
&green part of the spectrum

LED appears green

GREEN LED

An LED (light-emitting diode) is
made of a semiconductor, and
produces certain colours of light.

Two colours of light very close
together in the orange part of the
spectrum are produced

Lamp appears orange

SODIUM LAMP

In a sodium lamp, an electric current
excites electrons in sodium vapour,
giving them extra energy. The
electrons give the energy out as light.

Only certain colours
characteristic of neon
are produced

Lamp appears orange

NEON TUBE

In a similar way to a sodium lamp,
a neon discharge lamp produces a
characteristic orange glow.

GREEN LED

SODIUM LAMP

NEON TUBE



Figure 16.4 Superposition pattern
Jor laser light through a double slit

Figure 16.5 Superposition pattern caused
by white light through a double slit
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Thin
Lead crystal

screen

X-ray
tube
X-ray beam

Film in
holder

(a) (b)

38-18 (a) In an x-ray diffraction experiment, most x rays pass straight through the crystal, but
Some are scattered, forming an interference pattern that exposes the film in a pattern related to
the atomic arrangement in the crystal. (b) Laue diffraction pattern formed by directing a beam
of x rays at a thin section of quartz crystal.
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