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Sil i ihL

IdentIfIcatIon  of Shm
In order to analyse a situation to decide i SHM is  taking place,  

the ollowing procedure should be ollowed.

  Identiy all the orces acting on an object when it is  

displaced an arbitrary distance x rom its rest position using 

a ree-body diagram.

  Calculate the resultant orce using Newtons second law.  I 

this orce is  proportional to the displacement and always 

points back towards the mean position ( i.e.  F   -x)  then 
the motion o the object must be SHM.

  Once SHM has been identifed,  the equation o motion 

must be in the ollowing orm:

a  = -   (   restoring orce per unit displacement,  k
    ____   

oscillating mass,  m
  )     x

  This identifes the angular requency   as 2  =   (   k  _ m   )   or 
  =       (   k _ m  )    .  Identifcation o   allows quantitative 

equations to be applied.

acceLeratIon,  veLocIty and dISpLacement 
durIng Shm
The variation with time o the acceleration,  a,  velocity,  v,   

and displacement,  x,  o an object doing SHM depends on the 

angular requency .

The precise ormat o the relationships depends on where the 

object is  when the clock is started (time t =  zero) .  The let 
hand set o equations correspond to an oscillation when the 

object is  in the mean position when t =  0.  The right hand set 
o equations correspond to an oscillation when the object is  at 

maximum displacement when t =  0.

x =  x
0
 sin t x =  x

0
 cos t

v =  x
0
 cos t v =  -x

0
 sin t

a  =  -2  x
0
 sin t a =  -2  x

0
 cos t

The frst two equations can be rearranged to produce the 

ollowing relationship:

v =     
_______
 (x

0
 -  x2 )   

x
0
 is  the amplitude o the oscillation measured in m

t is  the time taken measured in s

  is  the angular requency measured in rad s1

 t is  an angle that increases with time measured in radians.  A 

ull oscillation is completed when ( t)  =  2  rad.

The angular requency is related to the time period T by the 

ollowing equation.

T =    2 _     =  2 
___

   
m
 _ 

k
    

  acceleration leads velocity by 90

  velocity leads displacement by 90

  acceleration and displacement are 1 80 out o phase

  displacement lags velocity by 90

  velocity lags acceleration by 90

exampLe 
A 600 g mass is  attached to a light spring with spring constant 

30 N m1 .  

(a)  Show that the mass does SHM.  

(b)  Calculate the requency o its oscillation.

(a)  Weight o mass =  mg  =  6.0 N

Additional displacement x down means that resultant orce 

on mass =  k x upwards.  Since F   -x,  the mass will oscillate 

with SHM.

(b)  Since SHM,  T =  2 
____

  (   m _ 
k
  )     =  2 

_____

  (   0.6  _ 
30

  )     =  0.889s
 f =    1  _ 

T
   =     

1
 _ 

0.889
    =  1 .1  Hz

SImpLe harmonIc motIon  (Shm)  equatIon
SHM occurs when the orces on an object are such that 

the resultant acceleration,  a,  is  directed towards,  and is  

proportional to,  its  displacement,  x,  rom a fxed point.  

a   -x or a = - (constant)    x
The mathematics o SHM is simplifed i the constant o 

proportionality between a  and x is  identifed as the square 

o another constant   which is  called the angular requency.  

Thus the general orm or the equation that defnes SHM is:  

a = -2  x

The solutions or this equation ollow below.  The angular 

requency   has the units o rad s- 1  and is related to the time 

period,  T,  o the oscillation by the ollowing equation.  

 =   2 _ 
T
  

tWo exampLeS of Shm
Two common situations that approximate to SHM are:

1 .   Mass,  m,  on a vertical spring 

Provided that:

  the mass o the spring is negligible compared to the 

mass o the load

  riction (air riction)  is  negligible

  the spring obeys Hookes law with spring constant,  k at 

all times ( i.e.  elastic limit is  not exceeded)

  the gravitational feld strength g  is  constant

  the fxed end o the spring cannot move.

Then it can be shown that:  

2  =   k _ m   

Or T = 2 
__

   
m
 _ 

k
    

2.  The simple pendulum o length l and mass m

Provided that:

  the mass o the string is negligible compared with the 

mass o the load

  riction (air riction)  is  negligible

  the maximum angle o swing is small (  5   or 0.1  rad)

  the gravitational feld strength g  is  constant

  the length o the pendulum is constant.  

Then it can be shown that:  

 2  =   
g
 _ 
l
   

Or T = 2 
__

   
l
 _ g    

Note that the mass o the pendulum bob,  m,  is  not in this 

equation and thus does not aect the time period o the 

pendulum,  T.
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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.

The kinetic energy can be calculated from 

E
k 
=   

1
 
_
 

2
   mv2

 =    
1
 
_
 

2
   m  

2  
(x

0
 -  x2

)

The potential energy can be calculated from 

E
p  
=   

1
 
_
 

2
   m  

2x2

The total energy is

E
 
= E

k  
+  E

p  
=   

1
 
_
 

2
    m  

2  
(x

0
 -  x2 )

 
+   

1
 
_
 

2
   m  

2  x2  =    
1
 
_
 

2
   m  

2  x
0

Energy in SHM is proportional to:

  the mass m

  the (amplitude)
2

  the ( frequency)
2

enrgy cangs during simpl armonic motionhL

E

p

total

k

x0-x0

Graph showing the

variation  with  d istance,  x

of the  energy,   during SHM   

x

t

Graph showing the

variation  with  time,  t

of the  energy,  

during SHM    
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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 o visible light.

nu 

bsl 

gmil

sw

difi



()  straight

        edge 

(b)  single

        long sl it

        b  ~ 3

()  circular

        aperture            

()  single

        long sl it

        b  ~ 5

SIngLe-SLIt dIractIon  WIth  WhIte LIght
When a single slit is  illuminated with white light,  each 

component colour has a specifc wavelength and so the 

associated maxima and minima or each wavelength will be 

located at a dierent angle.  For a given slit width,  colours 

with longer wavelengths ( red,  orange,  etc. )  will diract more 

than colours with short wavelengths (blue,  violet,  etc. ) .  The 

maxima or the resulting diraction pattern will show all the 

colours o the rainbow with blue and violet nearer to the 

central position and red appearing at greater angles.  

incident  white  l ight

rst  order

Red

Violet

Violet

Red

rst  order

zero order

difihL

The angle  of the rst  minimum is given  by  sin   =   .

For smal l  angles,  this  can  be  simpl ied  to   =   .

intensity

10

1.1

0.4

There  is  a  central  maximum intensity.  

Other maxima  occur roughly  ha lfway  

between  the minima.

As the angle  increases,  

the  intensity  of the  

maxima  decreases.

b  =  sl it  width
angle

1st  minimum


b

 =


b


b

 =
3
b

 =2
b

The intensity plot or a single slit is:

expLanatIon
The shape o the relative intensity versus angle plot can be 

derived by applying an idea called Huygens principle.  We 

can treat the slit as  a series  o secondary wave sources.  In the 

orward direction (  =  zero)  these are all in phase so they add 

up to give a maximum intensity.  At any other angle,  there is  a 

path dierence between the rays that depends on the angle.  

The overall result is the addition o all the sources.  The condition 

or the frst minimum is that the angle must make all o the 

sources across the slit cancel out.

The condition or the frst maximum out rom the centre is  

when the path dierence across the whole slit is    3 ___ 
2
  .  At this 

angle the slit can be analysed as being three equivalent sections 

each having a path dierence o    __ 
2
   across its  length.  Together,  

two o these sections will destructively interere leaving the 

resulting amplitude to be   1  __ 
3
   o the maximum.  Since intensity 

  (amplitude) 2 ,  the frst maximum intensity out rom the 

centre will be   1  __ 
9
   o the central maximum intensity.  By a similar 

argument,  the second maximum intensity out rom the centre will 

have   1  __ 
5
   o the maximum amplitude and thus be   1  __ 

25
   o the central 

maximum intensity.

b

path  d ierence across sl it  =  b  sin  

b  s in    =  

s in      

For  1 s t  m in imum :  

  s in   =

S in ce  a ngle  i s  sm a l l ,  

fo r  1 s t  m in imum



b

          =


b
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tw-s i  ws:  ys bl-

sli  i
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douBLe-SLIt Interference
The double-slit intererence pattern shown on page 47 was derived assuming that each slit was behaving like a perect point source.  

This can only take place i the slits are infnitely small.  In practice they have a fnite width.  The diraction pattern o each slit needs 

to be taken into account when working out the overall double slit intererence pattern as shown below.

Decreasing the slit width will mean that the observed pattern becomes more and more idealized.  Unortunately,  it will also mean 

that the total intensity o light will be decreased.  The intererence pattern will become harder to observe.

angle  

angle  

stil l  appl ies but d ierent fringes

wil l  have dierent intensities with

it being possible for some fringes

to be  missing.

angle  

(a)  Youngs fringes for innitely  narrow slits

(b)  diraction  pattern  for a  nite-width  slit

(c)  Youngs fringes for sl its of nite width

relative  intensity

intensity

intensity

bright

fringes

D

d
s  =

InveStIgatIng youngS douBLe-SLIt experImentaLLy
Possible set-ups or the double-slit experiment are shown on 

page 47.

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

In the original set-up (set-up 1 )  light rom the monochromatic 

source is diracted at S
0
 so as to ensure that S

1
 and S

2
 are 

receiving coherent light.  Diraction takes place providing S
1
 

and S
2
 are narrow enough.  The slit separations need to be 

approximately 1  mm (or less)  thus the slit widths are o the 

order o 0.1  mm (or less) .  This would provide ringes that 

were separated by approximately 0.5mm on a screen (semi-

transparent or translucent)  situated 1m away.  The laboratory 

will need to be darkened to allow the ringes to be visible and 

they can be viewed using a microscope.  

The most accurate measurements or slit separation and ringe 

width are achieved using a travelling microscope.  This is  a 

microscope that is  mounted on a rame so that it can be moved 

perpendicular to the direction in which it is  pointing.  The 

microscope is moved across ten or more ringes and the distance 

moved by the microscope can be read o rom the scale.  The 

precision o this measurement is oten improved by utilizing a 

vernier scale.  

In the simplifed version (set-up 2)  o the experiment,  ringes 

can still be bright enough to be viewed several metres away 

rom the slits and thus they can be projected onto an opaque 

screen ( it is  dangerous to look into a laser beam) .  Their 

separation can be then be directly measured with a ruler.

Set-up 2

laser double  

sl it

screen

Set-up 1
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mlipl-sli  ifihL

uSeS
One o the main uses o a diraction grating is the accurate 

experimental measurement o the dierent wavelengths o 

light contained in a given spectrum.  I white light is  incident 

on a diraction grating,  the angle at which constructive 

intererence takes place depends on wavelength.  Dierent 

wavelengths can thus be observed at dierent angles.  The 

accurate measurement o the angle provides the experimenter 

with an accurate measurement o the exact wavelength 

(and thus requency)  o the colour o light that is  being 

considered.  The apparatus that is  used to achieve this accurate 

measurement is  called a spectrometer.  

white  

l ight white  centra l  

maximum

third  ( and  part  of the fourth)  

order spectrum not  shown

diraction  

grating

R

R

R

R

V

V

V

V

1st  order

2nd  order

the dIractIon  gratIng
The diraction that takes place at an individual slit aects 

the overall appearance o the ringes in Youngs double-

slit experiment (see page 98 or more details) .  This section 

considers the eect on the fnal intererence pattern o adding 

urther slits.  A series o parallel slits (at a regular separation)  is  

called a diffraction grating.

Additional slits at the same separation will not aect the 

condition or constructive intererence.  In other words,  the 

angle at which the light rom slits adds constructively will  

be unaected by the number o slits.  The situation is  

shown below.

d

path  d ierence 



between  sl its  =  d sin    

For constructive  
interference:

path  d ierence =  n
between  sl its [,  2,  3]

n  =  d sin  

This ormula also applies to the Youngs double-slit 

arrangement.  The dierence between the patterns is most 

noticeable at the angles where perect constructive intererence 

does not take place.  I there are only two slits,  the maxima will 

have a signifcant angular width.  Two sources that are just out 

o phase interere to give a resultant that is nearly the same 

amplitude as two sources that are exactly in phase.  

time

resultant  interference 

pattern

source A

source B

The addition o more slits  will mean that each new slit is  

just out o phase with its neighbour.  The overall intererence 

pattern will be totally destructive.

overal l  interference pattern  is  total ly  destructive

time

The addition o urther slits at the same slit separation has the 

ollowing eects:

  the principal maxima maintain the same separation

  the principal maxima become much sharper

  the overall amount o light being let through is increased,  

so the pattern increases in intensity.

(a)  2  slits

(b)  4 slits

(c)  50 slits

Grating patterns
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exampLe
The equations in the box on the right work out the angles or 

which constructive and destructive intererence take place or a 

given wavelength.  I the source o light is an extended source,  the 

eye receives rays leaving the lm over a range o values or .

I white light is  used then the situation becomes more 

complex.  Provided the thickness o the lm is  small,  then one 

or two colours may reinorce along a direction in which others 

cancel.  The appearance o the lm will be bright colours,  such 

as can be seen when looking at 

  an oil lm on the surace o water or

  soap bubbles.

rays from an  

extended  source eye focused  

at  innity

appLIcatIonS
Applications o parallel thin lms include:

  The design o non-refecting radar coatings or military 

aircrat.  I the thickness o the extra coating is designed so 

that radar signals destructively interere when they refect 

rom both suraces,  then no signal will be refected and an 

aircrat could go undetected.

  Measurements o thickness o oil slicks caused by spillage.  

Measurements o the wavelengths o electromagnetic signals 

that give constructive and destructive intererence (at known 

angles)  allow the thickness o the oil to be calculated.

 Design o non-refecting suraces or lenses (blooming),  solar 

panels and solar cells.  A strong refection at any o these suraces 

would reduce the amount o energy being useully transmitted.  

A thin surace lm can be added so that destructive intererence 

takes place or a typical wavelength and thus maximum 

transmittance takes place at this wavelength.

phaSe changeS
There are many situations when intererence can take place 

that also involve the refection o light.  When analysing 

in detail the conditions or constructive or destructive 

intererence,  one needs to take any phase changes  into 

consideration.  A phase change is the inversion o the wave 

that can take place at a refection interace,  but it does not 

always happen.  It depends on the two media involved.

The technical term or the inversion o a wave is that it has 

undergone a phase change o .  

  When light is  refected back rom an optically denser 

medium there is a phase change o .

  When light is  refected back rom an optically less dense 

medium there is no phase change.

n1  <  n2

n1

n2

incident  wave

transmitted  wave 

( no phase change)

reected  wave 
(no  phase change)

n1  <  n2

n1

n2

incident  wave

transmitted  wave 
( no phase change)

reected  wave 

(  phase change)

condItIonS or Intererence patternS
A parallel-sided lm can produce intererence as a result o the 

refections that are taking place at both suraces o the lm.

thickness d
lm

(refractive index =  n)  

A
C

D

E

B







air

air

From point A,  there are two possible paths:  

These rays then interfere and we need to calculate

the optical path difference.  

In addition,  the phase change at A is equivalent to     path  

difference.   

1.  along path AE in air

2.  along ABCD in the lm of thickness d

The path AE in air is  equivalent to CD in the lm

So path difference =  (AB  +  BC)  in the lm.


2

F

= ze ro

when  viewed

a lon g th e  n o rm a l

=  2dn  cos   +     

if 2dn  cos   =  m :  destructive       

if 2dn  cos   =   m +          :  constructive       

So total path difference =  (AB  +  BC)  in lm +  

By geometry:





2



2



2
=  n(AB  +  BC)  +

(AB  + BC)  =  FC

=  2  d cos   

  path difference

 

m =  0,1 ,2 ,3,4



2

or when  = 0,  2dn  =  m:  destructive

or when  = 0,  2dn  =  m:  constructive

ti  lll  flshL
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dIffractIon  and reSoLutIon

I two sources o light are very close in angle to one 

another,  then they are seen as one single source o light.  I 

the eye can tell the two sources apart,  then the sources are 

said to be resolved.  The diraction pattern that takes place 

at apertures aects the eyes ability to resolve sources.  The 

examples to the right show how the appearance o two line 

sources will depend on the diraction that takes place at 

a slit.  The resulting appearance is  the addition o the two 

overlapping diraction patterns.  The graph o the resultant 

relative intensity o light at dierent angles is  also shown.

These examples look at the situation o a line source o light 

and the diraction that takes place at a slit.  A more common 

situation would be a point source o light,  and the diraction 

that takes place at a circular aperture.  The situation is exactly 

the same,  but diraction takes place all the way around the 

aperture.  As seen on page 97,  the diraction pattern o the 

point source is thus concentric circles around the central 

position.  The geometry o the situation results in a slightly 

dierent value or the frst minimum o the diraction 

pattern.  

For a slit,  the frst minimum was at the angle 

  =    

 _ 
b
  

For a circular aperture,  the frst minimum is at the angle 

  =    
1 .22  
 _ 

b
  

I two sources are just resolved,  then the frst minimum o 

one diraction pattern is located on top o the maximum o 

the other diraction pattern.  This is known as the Rayleigh 

criterion.  

exampLe

Late one night,  a student was observing a 

car approaching rom a long distance away.  

She noticed that when she frst observed the 

headlights o the car,  they appeared to be 

one point o light.  Later,  when the car was 

closer,  she became able to see two separate 

points o light.  I the wavelength o the light 

can be taken as 500 nm and the diameter o 

her pupil is approximately 4 mm, calculate 

how ar away the car was when she could 

frst distinguish two points o light.  Take the 

distance between the headlights to be 1 .8 m.

When just resolved

  =    
1 .22    
 _ 

b
  

 =    
1 .22    5    1 0- 7

  __ 
0.004

  

 =  1 .525    1 0- 4

Since   small

  =    
1 .8
 _ 

x
   [x is  distance to car]

  x =    
1 .8
 __  

1 .525    1 0- 4
  

=  1 1 .803

  1 2  km

rslihL

reSoLvance of dIffractIon  gratIngS

As a result o Rayleighs criterion,  there is  a limit placed 

on a gratings ability to resolve dierent wavelengths.  The 

resolvance,  R,  o a diraction grating is defned as the ratio 

between a wavelength being investigated,  ,  and the smallest 

possible resolvable wavelength dierence,  .  

R  =   

 _ 


  

For any given grating,  R  is  dependent on the diraction order,  

m,  being observed (frst order:  m  =  1 ;  second order:  m  =  2 ,  etc.)  

and the total number o slits,  N,  on the grating that are being 

illuminated.

R  =   

 _ 


    =  mN

Example:  

In the sodium emission spectrum there are two wavelengths 

that are close to one another (the Na D-lines) .  These are 

589.00 nm and 589.59 nm.  In order or these to be resolved by 

a diraction grating,  the resolvance must be 

R  =   

 _ 


   =   

589.00
 _ 

0.59
   =  1 000

In the frst order spectrum,  at least 1 000 slits must be 

illuminated whereas in the second order spectrum,  the 

requirement drops to only 500 slits.

(a)  resolved

re
la
ti
ve

 in
te
n
si
ty

angle  

appearance

two sources clearly  separate

(b)  just resolved

appearance

resultant  intensity

diraction  pattern  

of source A

diraction  pattern  

of source B

sl ightly  d immer

two maxima  visible

angle  

(c)  not resolved

angle

appearance

resultant  intensity

diraction  pattern  

of source A

diraction  pattern  

of source  B

appears as one source
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movIng Source 
Source moves rom A to D  with velocity,  u

s
,  speed o waves is  v.

stationary

observer

receives sound

at  lower frequency

stationary

observer

receives sound

at  higher frequency

moving source

A BC D

ust

o

Received  
frequency
at  P

Received  
frequency
at  Q

f' =  f v
v -  us

f' =  f v
v +  us

f' =  f v
v   us

Q P

mathematIcS o the doppLer eect 
Mathematical equations that apply to sound are 

stated on this page.

Unortunately the same analysis does not apply to light 

 the velocities can not be worked out relative to the 

medium. It is,  however,  possible to derive an equation 

or light that turns out to be in exactly the same orm as 

the equation or sound as long as two conditions are met:

  the relative velocity o source and detector is  used 

in the equations.

  this relative velocity is a lot less than the speed o light.

 Providing v <<  c

relative speed o 

source and observer

speed o light

change in 

requency

change wavelength 

due to relative motion

wavelength when no 

relative motion

requency o 

source

   
f
 _ 

f
    =    

 _ 

       v _ c  

doppLer eect
The Doppler eect is  the name given to the change o requency 

o a wave as a result o the movement o the source or the 

movement o the observer.  

When a source o sound is  moving:

  Sound waves are emitted at a particular requency rom the 

source.

  The speed o the sound wave in air does not change,  but 

the motion o the source means that the wave ronts are all 

bunched up  ahead o the source.  

  This means that the stationary observer receives sound 

waves o reduced wavelength.

  Reduced wavelength corresponds to an increased requency 

o sound.

The overall eect is  that the observer will hear sound at a 

higher requency than it was emitted by the source.  This applies 

when the source is moving towards the observer.  A similar 

analysis quickly shows that i the source is  moving away rom 

the observer,  sound o a lower requency will be received.  

A change o requency can also be detected i the source is 

stationary,  but the observer is  moving.

 When a police car or ambulance passes you on the road,  you can 

hear the pitch o the sound change rom high to low requency. It 

is high when it is approaching and low when it is going away.

  Radar detectors can be used to measure the speed o a 

moving object.  They do this by measuring the change in the 

requency o the refected wave.

  For the Doppler eect to be noticeable with light waves,  the 

source (or the observer)  needs to be moving at high speed.  

I a source o light o a particular requency is moving away 

rom an observer,  the observer will receive light o a lower 

requency.  Since the red part o the spectrum has lower 

requency than all the other colours,  this is called a red shift.  

  I the source o light is  moving towards the observer,  there 

will be a blue  shift.

t dl fhL

movIng oBServer

 

S
O

u
o

in  a  t ime  t,  observer has moved  u
o
t

I f observer is  moving away  from source:

I f observer is  moving towards source:  

f'  =  f v -  uo

v

f'  =  f v +  uo

v

f' =  f v   uo

v

exampLe
The requency o a cars horn is 

measured by a stationary observer as 

200 Hz when the car is  at rest.  What 

requency will be heard i the car is  

approaching the observer at  

30 m s
- 1
?  (Speed o sound in air is   

330 m s
- 1
. )

f =  2 00  Hz

f  =  ?

u
s  
=  3 0  m s

- 1

v  =  3 30  m s
- 1

f  =  200  (   300
 
_
 

300 -  30
  )  

=  200   1 .1

=  220 Hz
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1 .  Train going through a station

The sound emitted by a moving trains whistle is  o constant 

requency,  but the sound received by a passenger standing 

on the platorm will change.  At any instant o time,  it is  

the resolved component o the trains velocity towards the 

passenger that is  used to calculate the requency received.

received  frequency  

t imetrain  passing

through station  

2.  Radars  speed measurement

In many countries the police use radar to measure speed o 

vehicles to see i they are breaking the speed limit.

reected

wave

transmitted

RADAR wave
RADAR

transmitter moving car

V



'
stationary

Pol ice

  Pulse o microwave radiation o known requency 

emitted.

  Pulse is  refected o moving car and received back at 

source.

  Dierence in emitted and received requencies is  used to 

calculate speed o car.

  Double Doppler eect taking place:

  Moving car receives a requency that is  higher than 

emitted as it is  a moving observer.

  Moving car acts as a moving source when sending 

signal back.

3.  Medical physics  blood fow measurements

Doctors can use a pulse o ultrasound to measure the speed o 

red blood cells in an analogous way that a pulse o microwaves 

is used to measure the speed o a moving car (above) .


s

red  blood  cel l

reected

sound

transmitter

incident

sound

receiver

skin

4.  Receding galaxies  red shit

  The relative intensities o the dierent wavelengths o 

light received rom the stars in distant galaxies can be 

analysed.

  The light shows a characteristic absorption spectrum.

  The measured wavelengths are not the same as those 

associated with particular elements as measured in the 

laboratory.

  For the vast majority o stars,  all the received requencies 

have been shited towards the red end o the visible 

spectrum (i.e.  to lower requencies) .  The light shows a 

red shift  ( see page 202) .

  The magnitude o the red shit is  used to calculate the 

recessional velocity and provides evidence or the Big 

Bang model o the creation o the Universe.

5 .  Rotating object

The rotation o luminous objects (e.g.  the Sun)  can be 

measured by looking or a dierent Doppler shit on one 

side o the object compared with the other.

l ight  red  shifted rotating star

view above pole

l ight  blue shifted

6.  Broadening o spectral lines

  Absorption and emission spectra provide evidence or 

discrete atomic energy levels (see page 69) .

  Precise measurements show that each individual level 

is  actually equivalent to a small but dened wavelength 

range.

  The gas molecules are moving so light rom molecules 

will be subjected to Doppler shit.

  Dierent molecules have a range o speeds so there 

will be a general Doppler broadening  o the discrete 

wavelengths.

  A higher temperature means a wider distribution o 

kinetic energies and hence more broadening to the 

spectral line.  

exampls an applications o t dopplr fcthL

       



104 I B  Q u e s t I o n s    wave  p h e n o m e n a

1 .  When a train travels towards you sounding its whistle,  the 

pitch o the sound you hear is  dierent rom when the train 

is  at rest.  This is  because

A.  the sound waves are travelling aster toward you.

B.  the wave ronts o the sound reaching you are spaced 

closer together.

C.  the wave ronts o the sound reaching you are spaced 

urther apart.

D.  the sound requency emitted by the whistle changes with 

the speed o the train.

2.  A car is  travelling at constant speed towards a stationary 

observer whilst its horn is sounded.  The requency o the note 

emitted by the horn is 660 Hz.  The observer,  however,  hears a 

note o requency 720 Hz.

a)  With the aid o a diagram,  explain why a higher  

requency is  heard.  [2]

b)  I the speed o sound is 330 m s
-1
,  calculate the  

speed o the car.  [2]

3.  This question is about using a diraction grating to view  

the emission spectrum o sodium.

Light rom a sodium discharge tube is incident normally 

upon a diraction grating having 8.00   1 0
5
 lines per metre.  

The spectrum contains a double yellow line o wavelengths 

589 nm and 590 nm.

a)  Determine the angular separation o the two lines when 

viewed in the second order spectrum.  [4]

b)  State why it is  more dicult to observe the double  

yellow line when viewed in the rst order spectrum.  [1 ]

4.  This question is about thin lm intererence.

A transparent thin lm is sometimes used to coat spectacle 

lenses as shown in the diagram below.

boundary  A boundary  B

glass lens,  refractive

index =  1.53

coating,  refractive

index =  1.30

air,  refractive

index =  1.00

incoming

l ight

a)  State the phase change which occurs to light that

 ( i)  is  transmitted at boundary A into the lm.  [1 ]

 ( ii)  is  refected at boundary B.  [1 ]

 ( iii)   is  transmitted at boundary A rom the lm into  

the air.  [1 ]

b)  Light o wavelength 570 nm in air is  incident on the 

coating.  Determine the smallest thickness o the coating 

required so that the refection is  minimized or normal 

incidence.  [2]

5 .  Simple harmonic motion and the greenhouse eect

a)  A body is displaced rom equilibrium.  State the two  

conditions necessary or the body to execute simple 

harmonic motion.  [2]

b)  In a simple model o a methane molecule,  a hydrogen 

atom and the carbon atom can be regarded as two 

masses attached by a spring.  A hydrogen atom is 

much less massive than the carbon atom such that any 

displacement o the carbon atom may be ignored.

 The graph below shows the variation with time t o 

the displacement x rom its equilibrium position o a 

hydrogen atom in a molecule o methane.

0.10 0.150.05 0.20 0.25 0.30

t  /  10-13s

x  /  10-10m

  2 .0

  1 .5

  1 .0

  0 .5

0.0

0.5

1.0

1.5

2.0

 The mass o hydrogen atom is 1 .7    1 02 7
 kg.  Use data 

rom the graph above

 ( i)  to determine its  amplitude o oscillation.  [1 ]

 ( ii)   to show that the requency o its  oscillation is   

9.1    1 0
1 3
 Hz.  [2]

 ( iii)   to show that the maximum kinetic energy o the 

hydrogen atom is 6.2    1 0
1 8
 J.  [2]

c)  Sketch a graph to show the variation with time t o 

the velocity  v o the hydrogen atom or one period o 

oscillation starting at t =  0.  (There is no need to add 
values to the velocity axis.)  [3]

d)  Assuming that the motion o the hydrogen atom is 

simple harmonic,  its requency o oscillation f is  given 

by the expression

f =    1  _ 
2
  
___

  
k
 _ m
p

    ,

 where k is  the orce per unit displacement between a 

hydrogen atom and the carbon atom and m
p
 is  the mass 

o a proton.

 ( i)   Show that the value o k is  approximately  

560 N m
1
.  [1 ]

 ( ii)   Estimate,  using your answer to (d) (i) ,  the 

maximum acceleration o the hydrogen atom.  [2]

e)  Methane is classied as a greenhouse gas.

 ( i)  Describe what is  meant by a greenhouse gas.  [2]

 ( ii)   Electromagnetic radiation o requency  

9.1    1 0
1 3
 Hz is  in the inrared region o the 

electromagnetic spectrum.  Suggest,  based on 

the inormation given in (b) (ii) ,  why methane is 

classied as a greenhouse gas.  [2]

IB Questions  wave phenomenaHL

       


