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Section D Waves

D1(T) Investigating oscillations

When a mass hanging from a vertical spring is pulled down and rel
bobs up and down. Studying this simple arrangement gives a clear pi
of the essential features of any oscillating system.

1 Doesthe tlime period depend
on the amplitude of the
oscillations?

Cne complate cycks

Fig 1A Timing oscillations

Displace a mass downwards from equilibrium by a measured distance
release it (see Fig 1A). Time 20 complete oscillations and work out the
time period. 7. Repeat the measurement several times. Estimate and
record the probable errors in your measurements.

Repeat this for different initial displacements. Record all your
measurements in a table.

Question

1 Present your results as a graph, showing the experimental errors
in cach measurement on your graph. What conclusions can yvou
draw from your results?

2 How does the displacement Use a tickertimer and tickertape to record the motion of the mass for the
vary with time after the mass is first half-cycle after release. Fig 1B shows one way 1o do this.

released? Use your tape to make a graph of displacement against time. From the
graph, work out the time period.

Aalease

mass with =

tape straghl =]

\‘\ Low voltage

' a.c. supply
TS e

Tickertimer "f: T J
d\:'D:—‘. ::j !¢'\ G /'l

Fig 1B Recording the maton
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Wanes

Measuring the time period, T

2A The simple pendulum

The simple pendulum

Questions

2 Skewch graphs on the same axes to show how the velocity and the
acceleration vary with time. What can you say about the
accelerarion in relation to the displacement?

3 Describe the motion of the mass after release. The amplitude
gradually becomes smaller and smaller. Why?

Measure the time period for different masses hanging from the spring.
Record your measurements and estimate the probable error in them.

Questions

4 'The time period, 7" may be worked out from the equation:
T =24/ .%L

where m — mass hung on the spring and & = the spring
constant,

Plot a suitable graph to confirm the above relationship and work
out a value for k.

5 Determine the spring constant, &, by loading the spring with
different known weights and measuring the extension. Plota
graph of your measurements and work out a valuc for & rom this
graph. Compare this value of  with the value obtained above.

B s W T

R

* Two wood
squares to hald
the thread

Protractor beld
n aclamp

Pinused as

s referenca mark
for inilial postion

of hob and 1oe
counting cecliations

Set up the pendulum as in Fig 2A. Displace the pendulum by a measured
angle from its equilibrium position and time 20 complele oscillations.

How relisble is your timing? Repeat the measurement ten times,
displacing the pendulum by the same angle each time. Record your
measurements,

—
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Questions

1 Work out the average timing for 20 oscillations, 1.

2 From the spread of measurements, estimate the probable error foe
'l'm.

3 How many times is it necessary 1o make the measurements 1o
obtain a reliable resulc?

2 Doesthetime period depend  Displace the pendulum by 5° from equilibrium and time 20 oscillat

on the amplitude of after it has been released, Repeat the timings to obtain a reliable
oscillations? measurement. Record vour measurements and work out the time
i

Repeat and record the measurements for initial displacement, 8, = 105
15%,20°, 25 and 30°.

Question
4 Plota graph of 7 (on the vertical axis} against (. Use vour graph
decide if T depends on {).
3 How does the time period Measure the time period, 7', for at least five different lengths, L. For
depend on length? timing the initial displacement should not exceed 10°, Record all yous

measurements in g table.

Questions

5 Assume the relationship between T"and L is of the form 7" = kL=,
where % and # are constants. Using the theory of logarithms:

InT = In{kL.,") = Ink + In{L*) = Ink + alnL

This may be written in the form y = mx + ¢ (the equation for 2
straight line), where In7 is the y-value and Inf is the x-value.
a Plot a graph of InT against InL.
b Use vour graph to determine values for nand 2.

6 Theory gives T = 2x +'Lig, where g is the acccleration due 1o
gravity. Use this equation to work out a value for g.
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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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Figure 16.5 Superposition pattern caused
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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. 52-33) is low.

Lamp produces certain colours
in each part of the spectrum

-I;.

All three types of cone are stimulated

and lamp appears white

FLUORESCENT LAMP

In 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,
aneon discharge lamp produces a
characteristic orange glow.

GREEN LED

SODIUM LAMP

NEON TUBE
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Thin
Lead crystal
screen 2

* X-ray beam

(a)

Film in
holder

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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Maximum amplitude of driven system

low damping

high damping

natural frequency
of system

Standing or stationary waves are produced when two waves vith 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 along 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.

Driver frequency'

v ’f‘irsf .
: armonic
antinode antinode
node node node

1 =
harmonic

e

The first harmonic (or fundamental) has a node separation of % =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 % =
The string length is one and a half wavelengths.

uirs NIF~
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(a) Absorption bands in light from nearby galaxies

(b) Absorption bands in light from distant galaxies
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be— R (positive) — :
;g Focal Point

|
A |
A |
% /\5 When the object point P is very far from the mirror (s = *), the incoming rays
F

lel. From Eq. (37-4) the image distance s is given by

i

c b 1 | T pEvie
- S
I4 V The situation is shown in Fig. 35-9a. A beam of incident parallel rays conv
> /»;' | reflection, toapoint F atadistance R /2 from the vertex of the mirror. Point F is
. © | focal point, and its distance from the vertex, denoted by f; is called the focal
i e T s A :
; Z see that f is related to the radius of curvature R by
s'= B =f
2
(a) f= %
o8 esjive) i > We can discuss the opposite situation, shown in Fig. 35-9b. When the
-~ ’% | tances’ is very large, the outgoing rays are parallel to the optic axis. The object
‘i s is then given by
B e s R
il F | T + TR s =%

In Fig. 35-9b, rays coming to the mirror from the focal point are reflected
optic axis. Again we see that f = R/2.
Thus the focal point F of a concave spherical mirror has the properties

e\ ,,:___;l incoming ray parallel to the optic axis is reflected through the focal point
incoming ray that passes through the focal point is ref lected parallel to the optac

=T spherical mirrors these statements are true only for paraxial rays; for para
(b) they are exactly true.

: We will usually express the relationship between object and image di
35-9 (a) Incident rays parallel o mjrror, Eq. (35-4), in terms of the focal length f:
the axis converge to the focal point
F of a concave mirror. (b) Rays
diverging from the focal point F of
a concave mirror are parallel to the
axis after reflection. The angles
are exaggerated for clarity.

a1
e

@ |-

Now suppose we have an object with finite size, represented by the
Fig. 35-10, perpendicular to the axis PV. The image of P formed by paraxial
The object distance for point Q is very nearly equal to that for point B, so the &

1
I<

35-10 Construction for determining the position, orientation, and height of an image
by a concave spherical mirror.
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(d)

35-17 Image of an object at various distances from a concave mirror, showing principal rays.



Particles as waves
de Broglie’s hypothesis

a particle with momentum p has an associated wavelength / given by
. =hip
this wavelength is called the de Broglie Wave/ength'

e Because his very small, only atomic-sized particles will have sufficiently small momentum
for 4 to be detectable.

e If the de Broglie wavelength for an electron is comparable to atomic dimensions then
electron diffraction effects can be observed (principle of electron microscope).

e If the de Broglie wavelength for an electron is comparable to nuclear dimensions (very
high energy) then diffraction by the nucleus can be observed giving information on
nuclear size.

Example 1
What is the de Broglie wavelength for an electron accelerated through a p.d. of 5.0 kV?
m,=9.1x 103" kg

Stage 1
Apply the Law of Conservation of Energy to the accelerated motion:

Method 1
12 mv=eV
v=/(2evim)
=/(2x 1.6 x107°C x 5000 V/9.1 x 10-*' kg)
=42x10ms"
p=mv=38x102kgms'(orNs)

Method 2
E,=p’2mand E, =eV
p =./2meV)
=3.8x 102 kgms'(orNs)

Stage 2
Apply the de Broglie relation:

. =h/p
=6.6x103Js/3.8x 103 Ns
=1.7% 105" m




Example 2

The electron beam of example 1 is fired in a vacuum through a thin slice of graphite. The
regularly spaced rows of carbon atoms make the crystal lattice behave like a diffraction
grating to the electron beam, the diffraction following the ordinary rule for waves
(n4=ssin 0,) using the de Broglie wavelength. If the atomic spacingis 1.2 x 107" m at what
angle does the 1st order beam emerge?

The de Broglie wavelength has already been found to be
172 10 my

so using the grating relation
Tx(1.7x10""m)=1.2x10""m x sin 0,

0,=8:1°

If it hits a screen 140 mm from the graphite describe what is seen on the screen.

electron beam electrons

hit screen

from 5kV gun

140mm

Electron diffraction by graphite

a= 140 mm x tan 8.1° =20 mm (2 sig.fig.)

Because the graphite sample will have many layers of atoms at all possible orientations
(polycrystalline) there will be many diffracted beams at the angle 8.1°, forming an emerging
cone of electrons. They hit the screen making a circle of radius 20 mm.

Wave-particle duality

This dual nature of matter and radiation — some phenomena best described on a wave basis
using ideas of interference, diffraction and wavelength and others on a particle basis using

momentum and kinetic energy - is called wave-particle duality. It forms the basis of Quantum
Mechanics, the form of physical laws best suited to describe atomic and nuclear phenomena.

The wave nature of a moving particle can be applied to the electron in a hydrogen atom,
where the electron is represented as a standing wave whose wavelength in the fundamental
mode is twice the atom'’s diameter. This model, where the electron wave is thought of as
representing the probability of finding an electron at particular distances, is remarkably
successful at predicting the energy levels in hydrogen.




