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DefinitiOns
Many systems involve vibrations or oscillations;  

an object continually moves to-and-ro about a 

fxed average point ( the mean position)  retracing 

the same path through space taking a fxed 

time between repeats.  Oscillations involve the 

interchange o energy between kinetic and potential.
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between two 
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Defnition

Displacement,  

x

The instantaneous distance (SI 

measurement:  m)  o the moving 

object rom its mean position ( in a 

specifed direction)

Amplitude,  A The maximum displacement (SI 

measurement:  m)  rom the mean 

position

Frequency,  f The number o oscillations 

completed per unit time.  The SI 

measurement is the number o 

cycles per second or Hertz (Hz) .

Period,  T The time taken (SI measurement:  s)  

or one complete oscillation.  T =    
1
 __ 
f
  

Phase 

dierence,  

This is a measure o how in step  

dierent particles are.  I moving 

together they are in phase.    is  

measured in either degrees ()  or 

radians (rad) .  360 or 2  rad is one 

complete cycle so 1 80 or   rad is  

completely out o phase  by hal a 

cycle.  A phase dierence o 90 or 

/2  rad is a quarter o a cycle.

object  osci l lates between  extremes

displacement,  x

mean  position

ampl itude,  A

simple HarmOnic mOtiOn  (sHm)
Simple harmonic motion is  defned as the motion that takes place 

when the acceleration,  a,  o an object is  always directed towards,  and 

is proportional to,  its  displacement rom a fxed point.  This acceleration 

is caused by a restoring orce  that must always be pointed towards 

the mean position and also proportional to the displacement rom the 

mean position.

F   -x or F =  -  (constant)    x

Since F =  ma

a    -x or a  =  -  (constant)    x

The negative sign signifes that the acceleration is always pointing back 

towards the mean position.

A

-A

acceleration a  / m  s-2

displacement  x  / m

Points to note about SHM:

   The time period T does not depend on the amplitude A.  It is  

isochronous.

   Not all oscillations are SHM,  but there are many everyday examples 

o natural SHM oscillations.

example Of sHm: mass between twO springs

4 waVe s

simple  ha rmon ic  motion
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acceleratiOn,  VelOcity anD Displacement During sHm

displacement

velocity

acceleration

time
T

4
3T
4

T

2
T

     

     

     

 

  

     

     

  acceleration leads velocity by 90

  velocity leads displacement by 90

  acceleration and displacement are 

1 80 out of phase

  displacement lags velocity by 90

  velocity lags acceleration by 90

energy cHanges During simple HarmOnic mOtiOn
During SHM,  energy is  interchanged between KE and PE.  Providing there are no resistive forces which dissipate this energy,  the 

total energy must remain constant.  The oscillation is said to be undamped.

Energy in SHM is proportional to:

  the mass m

  the (amplitude)
2

  the ( frequency)
2
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intrODuctiOn   rays anD waVe frOnts 

Light,  sound and ripples on the surace o a pond are all 

examples o wave motion.

  They all transer energy rom one place to another.

  They do so without a net motion o the medium through 

which they travel.  

  They all involve oscillations (vibrations)  o one sort or 

another.  The oscillations are SHM.

A continuous wave  involves a succession o individual 

oscillations.  A wave pulse  involves just one oscillation.  

Two important categories o wave are transverse  and 

longitudinal  ( see below) .  The table gives some examples.

The ollowing pages analyse some o the properties that are 

common to all waves.

Example of energy transfer

Water ripples 

(Transverse)

A foating object gains an up and 

down  motion.

Sound waves 

(Longitudinal)

The sound received at an ear makes 

the eardrum vibrate.

Light wave 

(Transverse)

The back o the eye ( the retina)  is  

stimulated when light is  received.

Earthquake waves 

(Both T and L)

Buildings collapse during an 

earthquake.

Waves along a 

stretched rope 

(Transverse)

A sideways pulse  will travel down 

a rope that is  held taut between two 

people.

Compression waves 

down a spring 

(Longitudinal)

A compression pulse will travel 

down a spring that is  is  held taut 

between two people.

lOngituDinal waVes

Sound is a longitudinal wave.  This is  because the  

oscillations are parallel  to the direction o energy transer.  

o

(2)  ray  d iagram
view from above

(1)  wave front  d iagram

loudspeaker

direction

of energy

transfer

cross-section  through wave at one instant of time

lo
u
d
sp

ea
ke

r

motion  of a ir molecules in  
same d irection  as energy  
transfer

wave pattern  moves 
out  from loudspeaker

A point on the wave where everything is  bunched together  

(high pressure)  is  known as a compression.  A point 

where everything is ar apart  ( low pressure)  is  known as a 

rarefaction.  

displacement
of molecules

variation  of
pressure

situation

to  the  right

to  the left

average
pressure

distance 
a long wave

distance 
a long wave

rarefaction rarefaction rarefaction

wave moves
to right

v

compression compression

Relationship between displacement and pressure graphs

transVerse waVes

Suppose a stone is thrown into a pond.  Waves spread out as 

shown below.  

situation

(1)  wave front  d iagram (2)  ray  d iagram

cross-section  through  water
wave pattern  moves
out  from centre wave pattern  at  a  given

instant  of time

water surface moves
up and  down

wave pattern  sl ightly
later in  time

centre of pond edge of pond

direction  of 
energy  ow

The top o the wave is known as the crest,  whereas the 

bottom o the wave is known as the trough.

Note that there are several aspects to this wave that can be 

studied.  These aspects are important to all waves.

   The movement o the wave pattern.  The wave fronts  

highlight the parts o the wave that are moving together.

   The direction o energy transer.  The rays  highlight the 

direction o energy transer.

   The oscillations o the medium.

It should be noted that the rays are at right angles to the wave 

ronts in the above diagrams.  This is  always the case.

This wave is an example o a transverse wave because the 

oscillations are at right angles  to the direction o energy 

transer.

Transverse mechanical waves cannot be propagated through 

fuids ( liquids or gases) .
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DefinitiOns

There are some useul terms that need to be dened in order to analyse wave 

motion in more detail.  The table below attempts to explain these terms and they are 

also shown on the graphs.  

Because the graphs seem to be identical,  you need to look at the axes o the graphs 

careully.  

   The displacementtime graph on the let represents the oscillations or one point 

on the wave.  All the other points on the wave will oscillate in a similar manner,  

but they will not start their oscillations at exactly the same time.

  The displacementposition graph on the right represents a snapshot  o all the 

points along the wave at one instant o time.  At a later time,  the wave will have 

moved on but it will retain the same shape.

  The graphs can be used to represent longitudinal AND transverse waves because 

the y-axis records only the value o the displacement.  It does NOT speciy the 

direction o this displacement.  So,  i this displacement were parallel to the 

direction o the wave energy,  the wave would be a longitudinal wave.  I this 

displacement were at right angles to the direction o the wave energy,  the wave 

would be a transverse wave.  

position  / m



d
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Term Symbol Defnition

Displacement x  This measures the change that has taken place 

as a result o a wave passing a particular point.  

Zero displacement reers to the mean (or average)  

position.  For mechanical waves the displacement is 

the distance ( in metres)  that the particle moves rom 

its undisturbed position.

Amplitude A  This is  the maximum displacement rom the mean 

position.  I the wave does not lose any o its  energy 

its amplitude is  constant.  

Period T This is  the time taken ( in seconds)  or one complete 

oscillation.  It is  the time taken or one complete wave 

to pass any given point.  

Frequency f  This is the number o oscillations that take place in one 

second.  The unit used is the hertz (Hz) .  A requency o 

50 Hz means that 50 cycles are completed every second.  

Wavelength  This is  the shortest distance ( in metres)  along the 

wave between two points that are in phase  with 

one another.  In phase  means that the two points 

are moving exactly in step with one another.  For 

example,  the distance rom one crest to the next 

crest on a water ripple or the distance rom one 

compression to the next one on a sound wave.  

Wave speed c  This is  the speed ( in m s- 1 )  at which the wave ronts 

pass a stationary observer.  

Intensity I The intensity o a wave is the power per unit area 

that is  received by the observer.  The unit is  W m- 2 .  

The intensity o a wave is proportional to the square 

o its  amplitude:  I   A2 .

The period and the requency o any wave are inversely related.  For example,  i the 

requency o a wave is 1 00 Hz,  then its period must be exactly    1  ___ 
100

    o a second.  

In symbols,  

T =    
1
 __ 
f
  

waVe equatiOns

There is a very simple relationship 

that links wave speed,  wavelength and 

requency.  It applies to all waves.

The time taken or one complete 

oscillation is the period o the wave,  T.

In this time,  the wave pattern will have 

moved on by one wavelength,  .

This means that the speed o the wave 

must be given by 

c =     
distance
 ________ 

time
    =    


 

__ 
T
  

Since   
1
 __ 

T
   =  f

c =  f 

In words,  

velocity =  requency   wavelength

example

A stone is thrown onto a still water 

surace and creates a wave.  A small 

foating cork 1 .0 m away rom the 

impact point has the ollowing 

displacementtime graph (time is 

measured rom the instant the stone 

hits the water) :

2

1

0

-1

-2

d
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t/
cm

1.4 1.5 1.6 1.7 1.8

time/s

a)  the amplitude o the wave:

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

b)  the speed o the wave:

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

c)  the requency o the wave:

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

d)  the wavelength o the wave:

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2  cm

c =    
d
 __
 

t
   =    

1 .0
 

____
 

1.5
   =  0.67 m s

- 1

f =    
1
 

__
 

T
   =    

1
 

____
 

0.3
   =  3 .33  Hz

  =    
c
 __ 
f
   =    

0.666
 

______
 

3 .33
   =  0.2  m
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electrOmagnetic waVes

Visible light is  one 

part o a much larger 

spectrum o similar 

waves that are all 

electromagnetic.  

Charges that are 

accelerating generate 

electromagnetic 

felds.  I an electric 

charge oscillates,  

it will produce a 

varying electric and 

magnetic feld at 

right angles to one 

another.  

These oscillating felds 

propagate (move)  

as a transverse wave 

through space.  Since 

no physical matter 

is involved in this 

propagation,  they 

can travel through a 

vacuum. The speed 

o this wave can be 

calculated rom basic 

electric and magnetic 

constants and it 

is the same or all 

electromagnetic waves,  

3.0   108  m s- 1 .  

Although all 

electromagnetic 

waves are identical 

in their nature,  they 

have very dierent 

properties.  This is  

because o the huge 

range o requencies 

(and thus energies)  

involved in the 

electromagnetic 

spectrum.

See page 1 32  

(option A)  or more 

details.  
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1022

1021

1020

1019

1018

1017

1016

1015

1014

1013

1012

1011

1010

109

108

107

106

105

104

103

-rays

X-rays

UV

IR

microwaves

short  radio  waves

standard  broadcast

long radio

waves

3    1015 Hz

1    1015 Hz

frequency

possible

source

wavelength

3    1014 Hz

UV

Violet

Indigo

Red

10-7  m

10-6 m

radium

X-ray  tube

l ight  bulb

microwave oven

TV broadcast  aeria l

electric heater

10-13

10-12

10-11

10-10

10-9

10-8

10-7

10-6

10-5

10-4

10-3

10-2

10-1

1

101

102

103

104

105

radio  broadcast  aeria l

V
IS
IB
L
E

V I S I B L E

Blue

Green

Orange

Yel low

the sun

       



38 WAVE S

ivgg d  o od  xl ly

1. Direct metHODs
The most direct method to measure the speed o sound is to record the time taken t or sound to cover a known distance d:  speed c =    d __ 

t
  .  In 

air at normal pressures and temperatures,  sound travels at approximately 330 m s- 1 .  Given the much larger speed o light (3    1 08  m s- 1 ) ,  

a possible experiment would be to use a stop watch to time the dierence between seeing an event (e.g.  the ring o a starting pistol or a 

race or seeing two wooden planks being hit together)  and hearing the same event some distance away (100 m or more) .

Echoes can be used to put the source and observer o the sound in the same place.  Standing a distance d in ront o a tall wall (e.g.  

the side o a building that is  not surrounded by other buildings)  can allow the echo rom a pulse o sound (e.g.  a single clap o the 

hands)  to be heard.  With practice,  it is  possible or an experimenter to adjust the requency o clapping to synchronize the sound o 

the claps with their echoes.   When this is  achieved,  the requency o clapping  f can be recorded (counting the number o claps in 

a given time)  and the time period T between claps is  just T =    1  __ 
f
  .  In this time,  the sound travels to the wall and back.  The speed o 

sound is  thus c =  2df.

In either o the above situations a more reliable result will be achieved i a range o distances,  rather than one single value is used.   

A graph o distance against time will allow the speed o sound to be calculated rom the gradient o the best-t straight line (which 

should go through the origin) .

Timing pulses o sound over smaller distances requires small time intervals to be recorded with precision.  It is  possible to automate 

the process using electronic timers and /  or data loggers.  This equipment would allow,  or example,  the speed o a sound wave 

along a metal rod or through water to be investigated.   

2.  inDirect metHODs
Since c =  f  ,  the speed o sound can be calculated i we measure a sounds requency and wavelength.

Frequency measurement

a)  A microphone and a cathode ray oscilloscope (CRO)  [page 1 16]  can display a graph o the oscillations o a sound wave.  

Appropriate measurements rom the graph allow the time period and hence the requency to be calculated.

b)  Stroboscopic  techniques (e.g.  fashing light o known requency)  can be used to measure the requency o the vibrating object 

(e.g.  a tuning ork)  that is  the source o the sound.

c)  Frequency o sound can be controlled at source using a known requency source (e.g.  a standard tuning ork)  or a calibrated 

electronic requency generator.   

d)  Comparisons can also be made between the unknown requency and a known requency.  

Wavelength measurement

a)  The intererence o waves (see page 40)  can be employed to nd the path dierence between consecutive positions o 

destructive intererence.  The path dierence between these two situations will be .

path  B

source of

frequency   f

detector (microphone

and  cathode ray  osci l loscope (CRO) )

S

D

path  A

1

2

*

  

b)  Standing waves (see page 48)  in a gas can be employed to nd the location o adjacent nodes.  The positions in an enclosed tube 

can be revealed either:

  in the period pattern made by dust in the tube

  electronically using a small movable microphone.

c)  A resonance tube (see page 49)  allows the column length or dierent maxima to be recorded.  The length distance between 

adjacent maxima will be    __ 
2
   .

3.  factOrs tHat affect tHe speeD Of sOunD
Factors include:

  Nature o material

  Density

  Temperature ( or an ideal gas,  c   
 
   T  )

  Humidity ( or air) .
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intensity

The sound intensity,  I,  is  the amount of energy that a sound wave brings to a unit area every second.  The units of sound 

intensity are W m- 2 .  

It depends on the amplitude of the sound.  A more intense sound (one that is  louder)  must have a larger amplitude.

Intensity    (amplitude)2

This relationship between intensity and amplitude is  true for all waves.
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ampl itude,  A

I    A2

time

louder sound  

of same pitch

inVerse square law Of raDiatiOn

As the distance of an observer from a point source of light  

increases,  the power received by the observer will decrease 

as the energy spreads out over a larger area.  A doubling of 

distance will result in the reduction of the power received to a 

quarter of the original value.

d d

area  A

area  4A

The surface area A of a sphere of radius r is calculated using:

A  =  4r2

If the point source radiates a total power P in all directions,  

then the power received per unit area (the intensity  I)  at a 

distance r away from the point source is:

I =    
P
 

_____ 
4r2

  

For a given area of receiver,  the intensity of the received 

radiation is inversely proportional to the square of the distance 

from the point source to the receiver.  This is  known as the 

inverse square law and applies to all waves.

I   x- 2

waVefrOnts anD rays

As introduced on page 35,  waves can be described in terms of 

the motion of a wavefront and/or in terms of rays.

wavefront

point  source

of wave energy

rays spreading out

A ray  is  the path taken by the wave energy as it travels out 

from the source.  

A wavefront  is  a surface joining neighbouring points 

where the oscillations are in phase with one another.  In two 

dimensions,  the wavefront is  a line and in one dimension,  the 

wavefront is  a point.
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interference Of waVes
When two waves o the same type meet,  they interfere  

and we can work out the resulting wave using the principle 

o superposition.  The overall disturbance at any point and 

at any time where the waves meet is  the vector sum o the 

disturbances that would have been produced by each o the 

individual waves.  This is  shown below.

(a)  wave 1

(b)  wave 2

(c)  wave 1  +  wave 2  =  wave 3

0

0

0

t / s

t / s

t / s

y
1
 /
 u
n
it

y
2
 /
 u
n
it

y
 /
 u
n
it

Wave superposition

I the waves have the same amplitude and the same 

requency then the intererence at a particular point  can be 

constructive  or destructive.

graphs

wave 1  d isplacement  ( at  P)

wave 2  d isplacement  ( at  P)

resultant  d isplacement  ( at  P)

constructive destructive

time

time

time

A

A

2A

time

time

time

zero result

tecHnical language
Constructive intererence takes place when the two waves 

are in step  with one another  they are said to be in phase.  

There is a zero phase difference  between them.  Destructive 

intererence takes place when the waves are exactly out o 

step  they are said to be out of phase.  There are several 

dierent ways o saying this.  One could say that the phase 

dierence is equal to hal a cycle or 180 degrees  or   radians.

Intererence can take place i there are two possible routes or 

a ray to travel rom source to observer.  I the path dierence 

between the two rays is  a whole number o wavelengths,  then 

constructive intererence will take place.

path dierence =  n      constructive

path dierence =  (n  +    
1
 

__
 

2
  )      destructive

n  =  0,  1 ,  2 ,  3  .  .  .

For constructive or destructive intererence to take place,  the 

sources o the waves must be phase linked or coherent.

superpOsitiOn  Of waVe pulses
Whenever wave pulses meet,  the principle o superposition applies:  At any instant in time,  the net displacement that results rom 

dierent waves meeting at the same point in space is just the vector sum o the displacements that would have been produced by 

each individual wave.  y
ove ra ll

 =  y
1
 +  y

2
 +  y

3
 etc.

pulse  P

a)   i )

 i i )

i i i )

A

pulse  Q

P +  Q  =  2A

A

pulse  Q

A

pulse  P

A

b)   i )

 i i)

i i i)

P +  Q  =  A -  A =  0

A pulse Q

pulse  P A

A

pulse  Q pulse  P

A

examples Of interference
Water waves

A ripple tank can be used to view the intererence o water 

waves.  Regions o large-amplitude waves are constructive 

intererence.  Regions o still water are destructive intererence.  

Sound

It is possible to analyse any noise in terms o the component 

requencies that make it up.  A computer can then generate 

exactly the same requencies but o dierent phase.  This 

antisound will interere with the original sound.  An observer in 

a particular position in space could have the overall noise level 

reduced i the waves superimposed destructively at that position.  

Light

The colours seen on the surace o a soap bubble are a result 

o constructive and destructive intererence o two light 

rays.  One ray is refected o the outer surace o the bubble 

whereas the other is  refected o the inner surace.
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brewsters law

A ray o light incident on the boundary between two media 

will,  in general,  be refected and reracted.  The refected ray 

is always partially plane-polarized.  I the refected ray and 

the reracted ray are at right angles to one another,  then the 

refected ray is totally plane-polarized.  The angle o incidence 

or this condition is known as the polarizing angle.

i

r

incident  ray  
is  unpolarized

reected  ray  is  tota l ly  
plane-polarized

medium 1  ( vacuum)  
medium 2  (water)

transmitted  ray  
is  partia l ly  polarized

represents  electric eld  osci l lation  into  the paper
represents electric eld oscillation in  the plane of the paper


i
 +  

r
 =  90

Brewsters law relates the reractive index o medium 2,  n,  to 

the incident angle 
i
:

n  =     
sin 

i
 _____ 

sin 
r

    =     
sin 

i
 _____ 

cos 
i

    =  tan 
i

maluss law 

When plane-polarized light is incident on an analyser,  its 

preerred direction will allow a component o the light to be 

transmitted:

analyser s

preferred

direction

analyser

plane-polarized  l ight  

seen  head-on  with  

electric eld  ampl itude,  0



0

transmitted  component  of 

electric eld  after analyser 

 =  0cos 




0cos 



The intensity o light is  proportional to the (amplitude) 2 .  

Transmitted intensity I   E2

   I   E
0
 2  cos2  as expressed by Maluss  law:

I =  I
0
 cos2

I is  transmitted intensity o light in W m- 2

I
0
 is  incident intensity o light in W m- 2

  is  the angle between the plane o vibration and the analysers 

preerred direction

Optically actiVe substances

An optically active  substance is one that rotates the 

plane o polarization o light that passes through it.  Many 

solutions (e.g.  sugar solutions o dierent concentrations)  are 

optically active.  



original

plane of

vibration

optical ly  active

substance

plane of

vibration  

rotated

through  

angle  

poo

pOlarizeD ligHt

Light is part o the electromagnetic spectrum.  It is made up o 

oscillating electric and magnetic elds that are at right angles 

to one another (or more details see page 132) .  They are 

transverse waves;  both elds are at right angles to the direction 

o propagation.  The plane of vibration  o electromagnetic 

waves is dened to be the plane that contains the electric eld 

and the direction o propagation.  

direction  of electric 
eld  osci l lationdirection  

of 
magnetic

eld
oscil lation

plane vibration  of 
EM  wave containing 
electric osci l lations

distance 
a long 
the  wave

There are an innite number o ways or the elds to be oriented.  

Light (or any EM wave)  is said to be unpolarized  i the plane 

o vibration varies randomly whereas plane-polarized  light 

has a xed plane o vibration.  The diagrams below represent the 

electric elds o light when being viewed head on.

polarized  l ight:  over a

period  of time,  the  electric

eld  only  oscil lates in  

one d irection

unpolarized  l ight:  over a

period  of time,  the electric

eld  osci l lates in  

random directions

A mixture o polarized light and unpolarized light is  partially 

plane-polarized.  I the plane o polarization rotates uniormly 

the light is  said to be circularly polarized.  

Most light sources emit unpolarized light whereas radio waves,  radar 

and laboratory microwaves are oten plane-polarized as a result o 

the processes that produce the waves.  Light can be polarized as a 

result o refection or selective absorption.  In addition,  some crystals 

exhibit double refraction or birefringence  where an unpolarized 

ray that enters a crystal is split into two plane-polarized beams that 

have mutually perpendicular planes o polarization.

A polarizer  is  any device that produces plane-polarized light 

rom an unpolarized beam.  An analyser  is  a polarizer used to 

detect polarized light.

Polaroid is a material which preerentially absorbs any light in 

one particular plane o polarization allowing transmission only 

in the plane at 90 to this.

a)

trans-
parent

indicates the
preferred  directions

b)

zero  transmission
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u o oo

pOlarOiD sunglasses
Polaroid is a material containing long chain molecules.  The 

molecules selectively absorb light that have electric elds 

aligned with the molecules in the same way that a grid o 

wires will selectively absorb microwaves.

electric

eld

electric

eld

grid  

viewed

head  on

grid  

viewed

head  on

absorption

transmission

When worn normally by a person standing up,  Polaroid dark 

glasses allow light with vertically oscillating electric elds to 

be transmitted and absorb light with horizontally oscillating 

electric elds.

  The absorption will mean that the overall light intensity is 

reduced.

  Light that has reected from horizontal surfaces will be

horizontally plane-polarized to some extent.

  Polaroid sunglasses will preferentially absorb reected light, 

reducing glare  rom horizontal suraces.

cOncentratiOn  Of sOlutiOns 
For a given optically active solution,  the angle   through 

which the plane o polarization is rotated is proportional to:

  The length of the solution through which the plane-

polarized light passes.

  The concentration of the solution.

A polarimeter is  a device that measures   or a given solution.  

It consists o two polarizers (a polarizer and an analyser)  that 

are initially aligned.  The optically active solution is introduced 

between the two and the analyser is  rotated to nd the 

maximum transmitted light.

liquiD-crystal Displays (lcDs)
LCDs are used in a wide variety o dierent applications that 

include calculator displays and computer monitors.  The liquid 

crystal is  sandwiched between two glass electrodes and is  

bireringent.  One possible arrangement with crossed polarizers 

surrounding the liquid crystal is  shown below:

reector

l iquid  

crystal

electrodes

etched  into  glass

polarizers

l ight  enters the

LCD from the front

  With no liquid crystal between the electrodes,  the second

polarizer would absorb all the light that passed through the 

rst polarizer.  The screen would appear black.

  The liquid crystal has a twisted structure and,  in the absence

o a potential dierence,  causes the plane o polarization to 

rotate through 90.  

  This means that light can pass through the second polarizer,  

reach the refecting surace and be transmitted back along its 

original direction.

  With no pd between the electrodes,  the LCD appears light.

  A pd across the liquid crystal causes the molecules to 

align with the electric eld.  This means less light will be 

transmitted and this section o the LCD will appear darker.

  The extent to which the screen appears grey or black can be

controlled by the pd 

  Coloured lters can be used to create a colour image. 

  A picture can be built up from individual picture elements.

furtHer pOlarizatiOn  examples
Only transverse waves can be polarized.  Page 41  has 

concentrated on the polarization o light but all EM waves that 

are transverse are able,  in principle,  to be polarized.   

  Sound waves,  being longitudinal waves,  cannot be polarized.

  The nature of radio and TV broadcasts means that the signal is 

oten polarized and aerials need to be properly aligned i they 

are to receive the maximum possible signal strength.

  Microwave radiation (with a typical wavelength of a few

cm)  can be used to demonstrate wave characteristics in the 

laboratory.  Polarization can be demonstrated using a grid o 

conducting wires.  I the grid wires are aligned parallel to the 

plane o vibration o the electric eld the microwaves will 

be absorbed.  Rotation o the grid through 90 will allow the 

microwaves to be transmitted.

stress analysis
Glass and some plastics become bireringent (see page 41 )  

when placed under stress.  When polarized white light is  

passed through stressed plastics and then analysed,  bright 

coloured lines are observed in the regions o maximum stress.
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relectiOn  anD transmissiOn
In general,  when any wave meets the boundary between two 

dierent media it is partially refected and partially transmitted.

incident  ray
normal

reected  ray

transmitted  ray

medium (1)

medium (2)

medium (2)  is  optical ly
denser than  medium (1)

types O relectiOn
When a single ray o light strikes a smooth mirror it produces a single refected 

ray.  This type o perect  refection is very dierent to the refection that takes 

place rom an uneven surace such as the walls o a room.  In this situation,  a 

single incident ray is generally scattered in all directions.  This is  an example o a 

diffuse  refection.

l ight  leaves in  
one d irection

l ight  leaves in  
a l l  d irections

m
ir
ro
r 
re

e
ct
io
n

d
i
u
se

 r
e

e
ct
io
n

We see objects by receiving light that has come rom them.  Most objects do 

not give out light by themselves so we cannot see them in the dark.  Objects 

become visible with a source o light (e.g.  the Sun or a light bulb)  because diuse 

refections have taken place that scatter light rom the source towards our eyes.

An  observer sees  the  painting by

receiving this scattered  l ight.

Light  from the  

centra l  bulb  sets 

o in  a l l  d irections.

The surfaces of the 

picture  scatter the 

l ight  in  a l l  d irections.

Our brains are able to work out the location o the object by assuming that rays 

travel in straight lines.

relectiOn  O twO-DimensiOnal plane waVes
The diagram below shows what happens when plane waves 

are refected at a boundary.  When working with rays,  by 

convention we always measure the angles between the rays 

and the normal.  The normal is  a construction line that is  

drawn at right angles to the surace.

incident  
ray reected  

ray

incident  
angle  i reected  

angle  r

normal

surface
Law of reection:  i  =  r

law O relectiOn
The location and nature o optical images 

can be worked out using ray diagrams  and 

the principles o geometric optics.  A ray is 

a line showing the direction in which light 

energy is propagated.  The ray must always 

be at right angles to the waveront.  The 

study o geometric optics ignores the wave 

and particle nature o light.

wavefront

point  source 

of l ight

rays spreading out

When a mirror refection takes place,  the 

direction o the refected ray can be predicted 

using the laws o refection.  In order to 

speciy the ray directions involved,  it is usual 

to measure all angles with respect to an 

imaginary construction line called the normal.  

For example,  the incident angle is always taken 

as the angle between the incident ray and the 

normal.  The normal to a surace is the line at 

right angles to the surace as shown below.

normal

incident  ray

reected  ray

i

r

The laws o refection are that:

  the incident angle is  equal to the refected

angle

  the incident ray,  the refected ray and

the normal all lie in the same plane (as 

shown in the diagram) .

The second statement is  only included in 

order to be precise and is oten omitted.  It 

should be obvious that a ray arriving at a 

mirror (such as the one represented above)  

is  not suddenly refected in an odd direction 

(e.g.  out o the plane o the page) .

wv bhvou  fo

       



44 WAVE S

refractiVe inDex anD snells law

Reraction takes place at the boundary between two media.  

In general,  a wave that crosses the boundary will undergo a 

change o direction.  The reason or this change in direction is  

the change in wave speed that has taken place.

As with refection,  the ray directions are always specied by 

considering the angles between the ray and the normal.  I a 

ray travels into an optically denser medium (e.g.  rom air into 

water) ,  then the ray o light is  reracted towards  the normal.  

I the ray travels into an optically less dense medium then the 

ray o light is  reracted away from  the normal.

incident  ray

normal

less  dense medium

more  dense medium

refracted  
ray

ray  refracted  

towards normal

incident  ray

normal

more  dense medium

less  dense medium

ray  refracted  away  

from the normal

refracted  

ray

Snells law allows us to work out the angles involved.   

When a ray is  reracted between two dierent media,  

the ratio   
sin(angle o incidence)

  
________________

  
 sin(angle o reraction)

   is  a constant.  

The constant is  called the reractive index n  between the two 

media.  This ratio is  equal to the ratio o the speeds o the 

waves in the two media.

  
sin i
 _____
 

sin r
   =  n

I the reractive index or a particular substance is given as a 

particular number and the other medium is not mentioned 

then you can assume that the other medium is air (or to be 

absolutely correct,  a vacuum) .  Another way o expressing this 

is  to say that the reractive index o air can be taken to  

be 1 .0.  

For example the reractive index or a type o glass might be 

given as

n
g la ss

 =  1 .34

This means that a ray entering the glass rom air with an 

incident angle o 40 would have a reracted angle given by

sin r =    
sin 40
 

_______
 

 1 .34
    =  0.4797

 r =  28.7

n
gla ss

 =    

n
g la ss

 
____
 

n
a ir

   =    
sin 

air

 
_______
 

sin 
g las s

   =    
V

air

 
_____
 

V
g las s

  

examples

1.  Parallel-sided block

A ray will always leave a parallel-sided block travelling in a 

parallel direction to the one with which it entered the block.  

The overall eect o the block has been to move the ray 

sideways.  An example o this is  shown below.

ray  leaves block

paral lel  to  incident  ray

incident  ray

glass

2.  Ray travelling between two media

I a ray goes between two dierent media,  the two individual 

reractive indices can be used to calculate the overall reraction 

using the ollowing equation

n
1
 sin 

1
 =  n

2
 sin 

2
 or   

n
1

 
__
 

n
2

   =    
sin 

2

 
_____
 

sin 
1  

  

n
1
 reractive index o medium 1


1
 angle in medium 1

n
2
 reractive index o medium 2


2
 angle in medium 2

Suppose a ray o light is shone into a sh tank that contains 

water.  The reraction that takes place would be calculated as 

shown below:

1 st reraction:

n
glass

 =    
sin a
 _____
 

sin b
  

2nd reraction:

n
glass

   sin b  =  

n
water

   sin c

  

n
glass

 
_____
 

n
water

   =    
sin c
 _____
 

sin b
  

Overall the reraction is rom incident angle a  to reracted 

angle c.  

i.e.     n
overall

 =    
sin a
 _____
 

sin c
   =    

sin  a
 _____
 

sin b
       

sin b
 _____
 

sin c
  

=  n
wate r

s    d  v d

glass
(nglass =  1.6)

water
(nwater =  1.3)

air
(nair =  1.0)

a
b

c

refractiOn  Of plane waVes

The reason or the change in direction in reraction is the change 

in speed o the wave.

normal
medium 1
(e.g.  a ir)

medium 2  (e.g.  glass) r

i
boundary

refracted  ray
wavelength  smal ler 
since speed  reduced

 

Snells law  (an experimental law o reraction)  states that 

the ratio   
sin i
 

____
 

sin r
   =  constant,  or a given requency.

The ratio is equal to the ratio o the speeds in the dierent media 

  
n

1

 
___
 

n
2

   =    
sin 

2

 
______
 

 sin 
1

   =    
V

2

 
___
 

V
1

  

 speed o wave in medium 2

 speed o wave in medium 1
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tOtal internal reflectiOn  anD critical angle
In general,  both refection and reraction can happen at the 

boundary between two media.  

It is,  under certain circumstances,  possible to guarantee 

complete ( total)  refection with no transmission at all.  

This can happen when a ray meets the boundary and it is  

travelling in the denser medium.  

partia l

transmission

partia l  reection

total  

reection

grazing 

emergence

source

O

n1

n2

n1<  n2

3

2
1

1

c
2

Ray1  This ray is  partially refected and partially reracted.

Ray2   This ray has a reracted angle o nearly 90.  The 

critical ray  is  the name given to the ray that has a 

reracted angle o 90.  The critical angle  is  the angle 

o incidence 
c
 or the critical ray.

Ray3   This ray has an angle o incidence greater  than the critical 

angle.  Reraction cannot occur so the ray must be totally 

refected at the boundary and stay inside medium 2.  The 

ray is said to be totally internally refected.

The critical angle can be worked out as ollows.  For the critical ray,

n
1
 sin 

1
 =  n

2
 sin 

2


1
 =  90


2
 =  

c

  sin 
c
 =    

1
 ___ 

n
2

  

examples
1.  What a sh sees under water

At  greater than  the critica l  angle,  the surface 

of the  water acts l ike  a  mirror.  Objects inside  

the water are  seen  by  reection.

entire  world  outside  water is

visible  in  an  angle  of twice  the

critical  angle

critica l  angle  c

2.  Prismatic refectors

A prism can be used in place o a mirror.  I the light strikes the 

surace o the prism at greater than the critical angle,  it must 

be totally internally refected.  

Prisms are used in many optical devices.  Examples include:

  periscopes  the double refection allows the user to see 

over a crowd.

  binoculars  the double refection means that the 

binoculars do not have to be too long

  SLR cameras  the view through the lens is  refected up to 

the eyepiece.

periscope
The prism arrangement del ivers the  
image to  the eyepiece the  right  way  
up.  By  sending the l ight  a long the  
instrument  three times,  it  a lso  a l lows 
the  binoculars to  
be  shorter.

binoculars

objective  lens

eyepiece 

lens

ro  d    

metHODs fOr Determining refractiVe inDex 

experimentally

Part  of
ray  identied

Part  of ray  in
block can  be inferred
from measurements

Part  of ray  identied
in  several  positions

glass
block

semi-circular
glass block

centre

ray  heading towards 
centre  wi l l  not  be 
refracted  entering the block

1 .  Locate paths taken by dierent rays either by sending a ray 

through a solid and measuring its position or aligning objects 

by eye.  Uncertainties in angle measurement are dependent on 

protractor measurements.  (See diagrams on let)

2.   Use a travelling microscope to measure real and apparent 

depth and apply ollowing ormula:

n  =    
real depth o object

  _______________________   
apparent depth o object

  

3 .  Very accurate measurements o angles o reraction can be 

achieved using a prism o the substance and a custom piece 

o equipment call a spectrometer.
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DiractiOn

When waves pass through apertures they tend to spread out.  

Waves also spread around obstacles.  This wave property is called 

diffraction.

d geometric 

shadow region

geometric 

shadow region

d  < 

d geometric 

shadow 

region

geometric 

shadow 

region

d   

d
geometric 

shadow 

region

d  > 

geometric 

shadow 

region

d

geometric

shadow region
d   

diraction  more  

important  with  

smal ler 

obstacles

d  > 

d

geometric

shadow region











d =  width o obstacle/gap 

Diraction -  wave energy is received in geometric shadow region.

There are some important points to note rom these diagrams.

  Diraction becomes relatively more important when the 

wavelength is large in comparison to the size o the aperture 

(or the object) .  

  The wavelength needs to be o the same order o magnitude 

as the aperture or diraction to be noticeable.

practical signiicance O DiractiOn

Whenever an observer receives inormation rom a source 

o electromagnetic waves,  diraction causes the energy to 

spread out.  This spreading takes place as a result o any 

obstacle in the way and the width o the device receiving the 

electromagnetic radiation.  Two sources o electromagnetic 

waves that are angularly close to one another will both spread 

out and interere with one another.  This can aect whether or 

not they can be resolved (see page 1 01 ) .  

Diraction eects mean that it is impossible ever to see atoms 

because they are smaller than the wavelength o visible light,  

meaning that light will diract around the atoms.  It is,  however,  

possible to image atoms using smaller wavelengths.  Practical 

devices where diraction needs to be considered include:

  CDs and DVDs  the maximum amount of information that

can be stored depends on the size and the method used or 

recording inormation.

  The electron microscope  resolves items that cannot be

resolved using a light microscope.  The electrons have 

an eective wavelength that is  much smaller than the 

wavelength o visible light (see page 1 27) .

  Radio telescopes  the size of the dish limits the maximum

resolution possible.  Several radio telescopes can be linked 

together in an array to create a virtual radio telescope with 

a greater diameter and with a greater ability to resolve 

astronomical objects.  (See page 1 81 )

Dfo

examples O DiractiOn

Diraction provides the reason why we can hear something 

even i we can not see it.

I you look at a distant street light at night and then squint 

your eyes the light spreads sideways  this is  as a result o 

diraction taking place around your eyelashes!  (Needless to 

say,  this explanation is a simplifcation.)

basic ObserVatiOns

Diraction is a wave eect.  The objects involved (slits,  apertures,  

etc.)  have a size that is o the same order o magnitude as the 

wavelength.

1st  minimum

intensity

There  is  a  central  maximum 

intensity.

Other maxima  occur roughly

halfway  between  the minima.

Diraction  of a  single  sl it.

angle

As the angle  increases,  

the   intensity  of the  

maxima  decreases.
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principles Of tHe twO-sOurce interference 

pattern

Two-source interference  is simply another application of 

the principle of superposition,  for two coherent sources having 

roughly the same amplitude.

Two sources are coherent if:

  they have the same frequency

 there is a constant phase relationship between the two sources.

regions where  waves are in  phase:  

constructive  interference

S1 S2

destructive  
interference

Two dippers in water moving together are coherent sources.  This 

forms regions of water ripples and other regions with no waves.

Two loudspeakers both connected to the same signal generator 

are coherent sources.  This forms regions of loud and soft sound.

A set-up for viewing two-source interference with light 

is  shown below.  It is  known as Youngs double slit  

experiment.  A monochromatic  source of light is  one that 

gives out only one frequency.  Light from the twin slits ( the 

sources)  interferes and patterns of light and dark regions,  

called fringes,  can be seen on the screen.

source
sl it

monochromatic
l ight  source

twin  source
sl its ( less than  5  mm)

separation
of sl its

region  in  which
superposition  occurs

possible
screen
positions 

1  m0.1  m

S0

S1

S2

Set-up 2

The use of a laser makes the set-up easier.

laser double  

sl it

screen

The experiment results in a regular pattern of light and dark 

strips across the screen as represented below.

intensity  distribution view seen

intensity
fringe width,  d

dark darkbright bright

Set-up 1

matHematics

The location of the light and dark fringes can be mathematically 

derived in one of two ways.  The derivations do not need to be 

recalled.

Method 1

The simplest way is to consider two parallel rays setting off from 

the slits as shown below.

paral lel  rays

S1

S2

d path  d ierence 
p  =  dsin  





If these two rays result in a bright patch,  then the two rays 

must arrive in phase.  The two rays of light started out in phase 

but the light from source 2  travels an extra distance.  This extra 

distance is called the path difference.  

Constructive interference can only happen if the path 

difference is a whole number of wavelengths.  Mathematically,  

Path difference =  n  

[where n  is  an integer  e.g.  1 ,  2 ,  3  etc. ]

From the geometry of the situation

Path difference =  d sin 

In other words n    =  d sin   

Method 2

If a screen is used to make the fringes visible,  then the rays 

from the two slits  cannot be absolutely parallel,  but the 

physical set-up means that this is  effectively true.

 sin   =    
p
 __
 s  

 tan   =   
X
 __
 

D
  

If   is  small sin    tan 

so    
p
 __
 s   =   

X
 __
 

D
  

    p  =    
Xs 
 ___
 

D
  

For constructive 

interference:

 p  =  n

    n  =    

X
n
s
 ____
 

D
  

      X
n
 =    

nD
 _____
 s  

fringe separation d =  X
n  +  1

 -  X
n
 =    

D
 ___
 s  

      s  =    
D
 ___
 

d
  

This equation only applies when the angle is  small.

Example

Laser light of wavelength 450 nm is shone on two slits that 

are 0.1  mm apart.  How far apart are the fringes on a screen 

placed 5 .0 m away?

d =    
  D  
 

_____
 s   =    

4.5    1 0
- 7
   5
  

______________
  

1 .0   1 0
- 4
   =  0.0225  m =  2 .25  cm

to-o  o v





S1

S2

s

X

2

D

p

P

N
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stanDing waVes
A special case o intererence occurs when two waves meet 

that are:

  of the same amplitude

  of the same frequency

  travelling in opposite directions.

In these conditions a standing wave  will be ormed.  

The conditions needed to orm standing waves seem quite 

specialized,  but standing waves are in act quite common.  They 

oten occur when a wave refects back rom a boundary along 

the route that it came.  Since the refected wave and the incident 

wave are o (nearly)  equal amplitude,  these two waves can 

interere and produce a standing wave.

Perhaps the simplest way o picturing a standing wave would 

be to consider two transverse waves travelling in opposite 

directions along a stretched rope.  The series o diagrams below 

shows what happens.

resultant  wave

wave 1  moves 

wave 2  moves 
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wave 2

wave 1

total

wave 2

wave 1
total

wave 2

wave 2

wave 2

wave 1

wave 1

wave 1

total

total

total

distance

distance

distance

distance

distance

a)

b)

c)

d)

e)

Production o standing waves

to
ta
l d

is
p
la
ce

m
e
n
t

antinode antinode

node node node node

distance

A standing wave  the pattern remains xed

There are some points on the rope that are always at rest.  

These are called the nodes.  The points where the maximum 

movement takes place are called antinodes.  The resulting 

standing wave is so called because the wave pattern remains 

xed in space  it is  its amplitude that changes over time.  A 

comparison with a normal ( travelling)  wave is given below.

Stationary wave  Normal (travelling)  

wave

Amplitude All points on the 

wave have dierent 

amplitudes.  The 

maximum amplitude 

is 2A  at the antinodes.  

It is  zero at the nodes.

All points on the 

wave have the same 

amplitude.

Frequency All points oscillate 

with the same 

requency.

All points oscillate 

with the same 

requency.

Wavelength This is  twice  the 

distance rom one 

node (or antinode)  

to the next node (or 

antinode) .

This is  the shortest 

distance ( in metres)  

along the wave 

between two points 

that are in phase with 

one another.

Phase All points between 

one node and the 

next node are moving 

in phase.

All points along a 

wavelength have 

dierent phases.

Energy Energy is  not 

transmitted by the 

wave,  but it does have 

an energy associated 

with it.

Energy is transmitted 

by the wave.

Although the example let involved transverse waves on a rope,  

a standing wave can also be created using sound or light waves.  

All musical instruments involve the creation o a standing 

sound wave inside the instrument.  The production o laser light 

involves a standing light wave.  Even electrons in hydrogen 

atoms can be explained in terms o standing waves.

A standing longitudinal wave can be particularly hard to 

imagine.  The diagram below attempts to represent one 

example  a standing sound wave.

antinode antinode
zero

movement

etc.etc.
node nodemax.

movement

A longitudinal standing wave

nur d  produco  of d (ory)  v
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bOunDary cOnDitiOns

The boundary conditions o the system speciy the conditions 

that must be met at the edges ( the boundaries)  o the system 

when standing waves are taking place.  Any standing wave that 

meets these boundary conditions will be a possible resonant 

mode o the system.

1.  Transverse waves on a string

I the string is xed at each end,  the ends o the string cannot 

oscillate.  Both ends o the string would refect a travelling wave 

and thus a standing wave is possible.  The only standing waves 

that t these boundary conditions are ones that have nodes at 

each end.  The diagrams below show the possible resonant modes.

N  =  node

A =  antinode
l

A NN

0 =  2 l,

1st  harmonic = f0

N A N NA N A N A

N A N NA

N A N NA N A

'  =  l,   f '  =  2f0

"  =     l,  f"  =  3 f0
2

3

"'  =     ,  f"'  =  4f0
l

2

Harmonic modes or a string

The resonant mode that has the lowest requency is called the 

undamental or the frst harmonic.  Higher resonant modes 

are called harmonics.  Many musical instruments (e.g.  piano,  

violin,  guitar etc. )  involve similar oscillations o metal strings.

2.  Longitudinal sound waves in a pipe

A longitudinal standing wave can be set up in the column o air 

enclosed in a pipe.  As in the example above,  this results rom 

the refections that take place at both ends.

As beore,  the boundary conditions determine the standing 

waves that can exist in the tube.  A closed end must be a 

displacement node.  An open end must be an antinode.  Possible 

standing waves are shown or a pipe open at both ends and a 

pipe closed at one end.

N  =  n o de

A  =  a n t inode
l

A

A

N

N A AN

A N A AN A N

A

1 st  ha rmon ic

frequen cy  =  f0
0  =  2 l

 '  =  l

f '  =  2f0

"  =
2 l

3

f"  =  3 f0

Harmonic modes or a pipe open at both ends

l

N A

N N AA

N N N AAA

N  =  n ode

A  =  a n t inode

1 st  ha rmon ic

frequen cy  =  f0
0  =  4 l

"  =
4l

3

f"  =  5f0

 '  =
4l

3

f'  =  3 f0

Harmonic modes or a pipe closed at one end

Musical instruments that involve a standing wave in a column o 

air include the fute,  the trumpet,  the recorder and organ pipes.

example

An organ pipe (open at one end)  is 1 .2  m long.  

Calculate its undamental requency.   

The speed o sound is 330 m s
- 1
.

l =  1 .2  m     

 __
 

4
   =  1 .2  m (rst harmonic)

     =  4.8  m

v =  f

f =    
3 30
 

____
 

4.8
     69  Hz

resOnance tube

Tuning fork of

known  frequency

Resonance wi l l  occur

at  d ierent  values of x.

The  d istance between  

adjacent resonance lengths =

N

A

x

2


bod  odo
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b)  On the diagram above

(i)  draw an arrow to indicate the direction in which  

the marker is  moving.  [1 ]

( ii)  indicate,  with the letter A,  the amplitude of  

the wave.  [1 ]

( iii)  indicate,  with the letter ,  the wavelength of the 

wave.  [1 ]

( iv)  draw the displacement of the string a time   T __ 
4
    later,  

where T is  the period of oscillation of the wave.  

Indicate,  with the letter N,  the new position of the 

marker.  [2]

The wavelength of the wave is 5.0 cm and its speed is 10 cm s- 1 .

c)  Determine

(i)  the frequency of the wave.  [1 ]

( ii)  how far the wave has moved in   T __ 
4
   s.  [2]

Interference of waves

d)  By reference to the principle of superposition,  explain 

what is  meant by constructive interference.  [4]

The diagram below (not drawn to scale)  shows an 

arrangement for observing the interference pattern  

produced by the light from two narrow slits S
1
 and S

2
.

monochromatic

l ight  source

double  sl it

x

single  sl it

screen

M

S1

S2

d

yn

D

O

P

 

The distance S
1
S

2
 is  d,  the distance between the double slit 

and screen is D  and D    d such that the angles   and   shown 

on the diagram are small.  M is the mid-point of S
1
S

2
 and it is  

observed that there is a bright fringe at point P on the screen,  

a distance y
n
 from point O  on the screen.  Light from S

2
 travels 

a distance S
2
X further to point P than light from S

1
.

e)  ( i)   State the condition in terms of the distance S
2
X  

and the wavelength of the light ,  for there to be  

a bright fringe at P.  [2]

( ii)  Deduce an expression for   in terms of S
2
X and d.  [2]

( iii)  Deduce an expression for   in terms of D  and y
n
.  [1 ]

For a particular arrangement,  the separation of the slits  is  

1 .40 mm and the distance from the slits to the screen is 

1 .50 m.  The distance y
n
 is  the distance of the eighth bright 

fringe from O and the angle   =  2 .70   1 0- 3  rad.

f)  Using your answers to (e)  to determine

(i)  the wavelength of the light.  [2]

( ii)  the separation of the fringes on the screen.  [3]

5.  A bright source of light is  viewed through two polarisers 

whose preferred directions are initially parallel.  Calculate the 

angle through which one sheet should be turned to reduce 

the transmitted intensity to half its original value.

1 .  A surfer is  out beyond the breaking surf in a deep-water 

region where the ocean waves are sinusoidal in shape.  The 

crests are 20 m apart and the surfer rises a vertical distance of 

4.0 m from wave trough  to crest,  in a time of 2 .0 s.  What is  

the speed of the waves?

A.  1 .0 m s- 1  B .  2 .0 m s- 1

C.  5 .0 m s- 1  D.  1 0.0 m s- 1

2.  A standing wave is established in air in a pipe with one closed 

and one open end.

X

The air molecules near X are

A.  always at the centre of a compression.

B.  always at the centre of a rarefaction.

C.  sometimes at the centre of a compression and sometimes 

at the centre of a rarefaction.

D.  never at the centre of a compression or a rarefaction.

3.  This question is  about sound waves.

A sound wave of frequency 660 Hz passes through air.   The 

variation of particle displacement withdistance along the 

wave at one instant of time is shown below.

0.5

  0 .5

0
0 1 .0 2 .0

distance / mdisplacement  /mm

a)  State whether this wave is an example of a longitudinal or 

a transverse wave.  [1 ]

b)  Using data from the above graph,  deduce for this sound 

wave,

(i)  the wavelength.  [1 ]

( ii)  the amplitude.  [1 ]

( iii)  the speed.  [2]

4.  The diagram below represents the direction of oscillation of a 

disturbance that gives rise to a wave.

a)  By redrawing the diagram,  add arrows to show the 

direction of wave energy transfer to illustrate the 

difference between

(i)  a transverse wave and [1 ]

( ii)  a longitudinal wave.  [1 ]

 A wave travels along a stretched string.  The diagram below 

shows the variation with distance along the string of the 

displacement of the string at a particular instant in time.  A 

small marker is  attached to the string at the point labelled 

M.  The undisturbed position of the string is shown as a 

dotted line.

direction  of wave travel

M

ib  questons  waves

       


