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Equation for the Intensity of Radiation ,

Your notes

Equation for the Intensity of Radiation

Progressive waves transfer energy

The amount of energy passing through a unit area per unit time is the intensity of the
wave

Therefore, the intensity is defined as power per unit area

- POWER (W)
INTENSITY (sz)aj)
> AREA (m?)

Intensity is equal to the power per unit area

The area the wave passes through is perpendicular to the direction of its velocity

The intensity of a progressive wave is also proportional to its amplitude squared and

frequency squared
‘/E "PROPORTIONAL TO"

| K Afe.-EAMPLITUDE (m |
INTENSITY (Wm—2)<
| K fze—E FREQUENCY (Hz) |

Intensity is proportional to the amplitude? and frequency?

This means, if the frequency or the amplitude is doubled, the intensity increases by a
factor of 4(22)

Spherical Waves

A spherical wave is a wave from a point source that spreads out equally in all directions
The area the wave passes throughis the surface area of a sphere: 4mur?

As the wave travels further from the source, the energy it carries passes through
increasingly larger areas as shown in the diagram below:
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INTENSITY AT
SURFACE OF SPHERE

|= P
49Tr2

SOURCE POWER

SPHERE AREA
4J7r2

THE ENERGY TWICE AS FAR FROM THE
SOURCE |S SPREAD OVER FOUR TIMES THE
AREA, HENCE ONE-FOURTH THE INTENSITY.

Intensity is proportional to the amplitude squared

= Assuming there’s no absorption of the wave energy, the intensity | decreases with
increasing distance from the source

= Note theintensity is proportional to 1/r?

= This means when the source is twice as far away, the intensity is 4 times less

» The1/r?relationship is known in physics as the inverse square law

o

Worked Example

(

The intensity of a progressive wave is proportional to the square of the amplitude of
the wave. Itis also proportional to the square of the frequency. The variation with time
t of displacement x of particles when two progressive waves Q and P pass separately
through a medium are shown on the graphs
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Wave Q Wave P

2X 41
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Answer:

SIEEP 4

STEP 2

STEP 3

STEP 4

o

1, SaveMyExams

/\
to 2t, t \/ t,

Theintensity of wave Qis Io. What is the intensity of wave P?

INTENSITY EQUATION
L= K
| £

CALCULATE HOW MUCH THE AMPLITUDE HAS
INCREASED/DECREASED

WAVE P IS HALF THE AMPLITUDE OF WAVE Q

1
AP= ?AQ

WAVE P=%I0 OF WAVE Q

CALCULATE HOW MUCH THE FREQUENCY HAS
INCREASED/DECREASED
WAVE P IS DOUBLE THE FREQUENCY OF WAVE Q

2
f, =2,

WAVE P =41, OF WAVE Q

SUBSTITUTE BACK INTO INTENSITY EQUATION

Iy (P) (% x 4)|0(Q]

INTENSITY OF WAVE P = INTENSITY OF WAVE Q = |,

Examiner Tips and Tricks
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The key concept with intensity is that it has aninverse square relationship with ,
distance (not alinear one). This means the energy of a wave decreases very rapidly

withincreasing distance

1, SaveMyExams © 2026 Save My Exams, Ltd.

Your notes

Get more and ace your exams at savemyexams.com

5


https://www.savemyexams.com/?utm_source=pdf

Refraction & Refractive Index ,

Your notes

Refraction & Refractive Index

= Refraction occurs whenlight passes aboundary between two different transparent
media

= Atthe boundary, the rays of light undergo a change in direction and a change in speed
= Thechangeindirectionis caused by the changein speed

= Entering amore dense medium slows the light down and it bends towards the
normal

= |nthe denser medium there are more particles closer together providing more
friction to the passing of the light through the material

= Entering aless dense medium speeds the light up and it bends away from the
normal

= When passing along the normal (perpendicular) the light does not change direction

= |tsspeeddoesstillchange, asitis passing through a medium with a different
refractive index

LIGHT BENDS TOWARDS

THE NORMAL
NORMAL
AR NORI\fAL
LOW REFRACTIVE ! N
INDEX | AIR
GLASS . GLASS
HIGH REFRACTIVE [
INDEX i
1
:
|
: A4
1
NORMAL NORMAL
LIGHT BENDS AWAY FROM LIGHT DOES NOT BEND
THE NORMAL AT ALL

Refraction of light through a glass block

Calculating Refractive Index

= Therefractiveindex, n, is a property of a material which measures how much light slows
downwhen passing throughiit
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= Where:
= c=thespeedoflightinavacuum(m s
= v=thespeedoflightinasubstance (m s

= Light travels at different speeds within different substances depending on their
refractive index

= Amaterial with a highrefractive indexis called optically dense, such material causes
light to travel slower

= Since the speed of lightin a substance will always be less than the speed of lightina
vacuum, the value of the nis always greater than1

= |ncalculations, the refractive index of air can be taken to be approximately 1

= Thisis because light does not slow down significantly when travelling through air (as
opposed to travelling through a vacuum)

Snell'sLaw
= Snell’slawrelates the angle of incidence to the angle of refraction, it is given by:
n;sin6;=n,sin 6,
= Where:
= n;=therefractive index of material 1
= n,=therefractive index of material 2
= 0;=the angle of incidence of the ray in material 1(°)

= 0,=theangle of refraction of the ray in material 2 (°)
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n sin B,

=
Ny sinB,

0,

n‘l
MATERIAL 1
MATERIAL 2

BOUNDARY

Snell's Law is used to find the refractive indices or the angles to the normal at a boundary
= @rand ;are always taken from the normal
= Material 1is always the material in which the ray goes through first

= Material 2is always the material in which the ray goes through second

o

Worked Example

(

Alightrayis directed at a vertical face of a glass cube. The angle of incidence at the
vertical faceis 39° and the angle of refractionis 25° as shownin the diagram.

AIR GLASS CUBE

NORMAL LINE

Show that the refractive index of the glassis about 1.5.

Answer:
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Step 1: Write down the known quantities

e Refractive index of air,n; =1

e Refractive index of glass = n;

e Angle of incidence, 6; = 39°

e Angle of refraction, 6, = 25°
Step 2: Write out Snell's Law

n, sinf,
n, sin6,

Step 3: Calculate the refractive index of glass

sin 39
n2 =-—
si

=1.489=1.5(2s.f)
n25

e Note that in a “show that" question, the answer should be to at least one more

significant figure than the value given in the question

\

;
Examiner Tips and Tricks
Always double-checkif your calculations for the refractive index are greater than 1.
Otherwise, something has definitely gone wrong in your calculation!
The refractive index of air will not be givenin the question. Always assume thatngi; = 1.
Always check that the angle of incidence and refraction are the angles between the
normal and the lightray. Remember the normalline is notreally there - it has been
drawnin to give you a place to measure from.

\
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Critical Angle

Asthe angle of incidence at the boundary between a more dense and aless dense
mediumisincreased, the angle of refraction also increases until it gets to 90°

When the angle of refractionis exactly 90° the lightis refracted along the boundary (if
the boundary is straight)

= Atthis point, the angle of incidence is known as the critical angle C
= This canonly occurwhen light passes from a more dense to aless dense material

This angle can be found using the formula:

sin(C) =

Sl

This can easily be derived from Snell’s law:
n;sin0;=n,sin 8>

Where:
= 0,=90°

= no=1(air)

o

Worked Example

Aglass cubeisheldin contact with aliquid and alight ray is directed at the vertical
face of the cube. The angle of incidence at the vertical face is 39° and the angle of
refractionis 25° as shownin the diagram. The light ray is totally internally reflected at
X. The refractive index of the glass cube is 1.45 and the refractive index of the liquid is
1.32.
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AIR GLASS CUBE

NORMAL LINE

LIQUID X

a) Complete the diagram to show the path of the ray beyond X

b) Calculate the critical angle for the ray at the glass-liquid boundary
Answer:

Part (a)

Complete the diagram to show the path of the ray beyond X

AR GLASS CUBE

NORMAL LINE

LIQUID X

Step 1: Draw the reflected angle at the glass-liquid boundary

= Whenalightrayisreflected, the angle of incidence = angle of reflection
= Therefore, the angle of incidence (and reflection)is 90° - 25° = 65°
Step 2: Draw the refracted angle at the glass-air boundary

= Atthe glass-airboundary, the light ray refracts away from the normal
= Duetothereflection, the lightrays are symmetrical to the other side
Part (b)

Calculate the critical angle for the ray at the glass-liquid boundary:

Step 1: Recall Snell's Law and rearrange to make critical angle the subject

4

Your notes
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nisinB;=nysin B, ,

112 Your notes
sin(C) = —=sin(0,)
Hl

Step 2: Substitute in the known quantities

= ny=refractive index of glass cube =1.45

= np=refractive index of liquid =1.32

= 91=C

= G, =90°(The angle of refractionis 90° when at the critical angle)

m,

sin(C) = H—sin(Gz)

oo (132
-S4

Step 3: Calculate the critical angle

C = 65.55°

o

Examiner Tips and Tricks

Always draw ray diagrams with a ruler, and make sure you're comfortable calculating
unknown angles. The main rules to remember are:

= Anglesinarightangle addupto 90°

= Anglesonastraightlineadd up to180°

= Anglesinany triangle add up to 180°
Foranglesinparallellines, such as alternate and opposite angles, take alook at the
OCR GCSE mathsrevisionnotes '7.1.1Angles in Parallel Lines'
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Total Internal Reflection

= Totalinternal reflection (TIR) occurs when:

The angle of incidence is greater than the critical angle and the incident refractive
index nyis greater than the refractive index of the material at the boundary n;

= Therefore, the two conditions for total internal reflection are:
= Theangle of incidence, 8;> the critical angle, C

= Refractive index n; > refractive indexn» (air)

i<e >

r

s |
ST S

REFRACTION THE CRITICAL ANGLE| {TOTAL INTERNAL REFLECTION

Diagram showing refraction, the critical angle and total internal reflection
= Two conditions are necessary for total internal reflection to occur:
= Thelight must be going from a more dense medium into aless dense one

= The angle of incidence must be greater than the critical angle

1
o, , |
2\ l !
! |
|
CRITICAL | ANGLE TOTAL INTERNAL
l REFLECTION
I 2 I
1 Pl
|
|
ec 1 e'l 1 82
| |
| |
1 ]
1 1
n,sin B, = n,sin B, 6in B = 6,=86,
1
WHERE n,>n,

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com


https://www.savemyexams.com/?utm_source=pdf

o Your notes

Examiner Tips and Tricks

If asked to name the phenomena make sure you give the whole name - Total Internal
Reflection. Remember: Total Internal Reflection occurs when going from a more
dense to aless dense material and ALL of the light is reflected. If asked to explain
whatis meant by the critical angle, you can draw the diagram above (showing the
three semi-circular blocks).
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Measuring Refractive Index 4

Your notes

Measuring Refractive Index

Aim of the Experiment
= Toinvestigate the refraction of light through a perspex block
Equipment
= RayBox-to provide a narrow beam of light to refract through the perspexbox
= Protractor - to measure the light beam angles
= Sheet of paper - to mark with lines forangle measurement
= Pencil - to make perpendicularline and angle lines on paper
= Ruler-todraw straightlines on the paper
= Perspexblock - torefract the light beam
Variables
= Dependentvariable = angle of refraction, r
= Controlvariables:
= Use of the same perspex block
= Width of the lightbeam

= Same frequency / wavelength of the light

Method
SHEET OF RAY LEAVING
PAPER : PERSPEX BLOCK
v ;
GLASS /
DRAWN PENCIL
LINES
|
'E‘sg;w \ERAY ENTERING PERSPEX BLOCK|

Apparatus to investigate refraction

1. Place the perspex block on a sheet of paper, and draw around it using a pencil
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2. Switch ontheray box and direct abeam of light at the side face of the block
3.Mark onthe paperwithasmall 'x":
= Apointontheray close to the ray box
= The point where the ray enters the block
= The point where the ray exits the block
= Apointonthe exitlightray whichis a distance of about 5 cm away from the block
4. Draw a dashed line normal (at right angles) to the outline of the block
5. Remove the block and join the points marked 'x' with three straight lines

6. Replace the block within its outline and repeat the above process for aray striking the
block at different angles of incidence

= Anexample of the data collection table is shown below:

Angle of incidence,| Angle of refraction, r

Analysis of Results
= jandrare always measured from the normal
= Forlightrays entering perspexblock, the light ray refracts towards the central line:
i>r
= Forlightrays exiting the perspexblock, the light ray refracts away from the central line:

i<r

= Whenthe angle of incidenceis 90° to the perspex block, the light ray does not refract, it

passes straight through the block:
i=r

= |fthe experiment was carried out correctly, the angles should follow the pattern, as
shown below:

s

Your notes
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ANGLE OF
INCIDENCE, i

ANGLE OF
REFRACTION, r

How to measure the angle of incidence and angle of refraction

Safety Considerations

= Therayboxlight gets hot and could burnif touched

= Runburnsunder cold running water for at least five minutes
= Lookingdirectlyinto the light may damage the eyes

= Avoidlooking directly at the light

= Stand behind the ray box during the experiment
= Keep allliquids away from the electrical equipment and paper

= Take care using the perspex

= Damage to the perspexblock can affect the outcome of the experiment

o

Examiner Tips and Tricks

Inyour examination you could be asked about the method for this experiment or given
asetof results and asked how accurate they are orhow they can be improved.
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Plane Polarisation

= Transverse waves can oscillate in any plane perpendicular to the direction of motion (and
energy transfer) of the wave

= Suchwaves are said to be unpolarised
= \Whenawaveis plane polarised:

Particle oscillations occur in a single plane perpendicular to the direction of wave
propagation

= Polarisation canonly occurin transverse waves

= Thisisbecause transverse waves oscillate in any plane perpendicular to the
propagation direction
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DIRECTION OF
- —7 PROPAGATION

VERTICALLY POLARISED

DIRECTION OF
DIRECTION OF . —7 PROPAGATION
DISPLACEMENT -

—_—

-
—
-—
—
—
-—

HORIZONTALLY POLARISED

DIRECTION OF
=7 PROPAGATION

Diagram showing the displacement of unpolarised and polarised transverse waves

= Since longitudinal waves oscillate in the same direction as the direction of motion of the
wave, polarisation of longitudinal waves cannot occur

= Methods of polarisationinclude

= polarising filters

reflection (from a non-metallic plane surface)

= refraction

Polarising filters

= Light waves can be polarised by making them pass through a polarising filter (also
known as a polariser)
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= Thefilterimposesits plane of polarisation on the incident light wave ,

= Apolariserwith a vertical transmission axis only allows vertical oscillations to be Your notes
transmitted through the filter (A)

= [fvertically polarisedlightisincident on a filter with a horizontal transmission axis, no
transmission occurs (B), and the wave is blocked completely

POLARISER

A -7

POLARISED LIGHT

UNPOLARISED LIGHT

POLARISER ROTATED 90’

- -7

—

—_—

- NO LIGHT TRANSMITTED

TRANSMISSION  AXIS

POLARISED LIGHT

Diagram showing an unpolarised and polarised wave travelling through polarisers

Polarisation by reflection

= Whenlightisreflected from anon-metallic surface e.g. the surface of water ora wet
road, itundergoes partial plane polarisation

= Reflectedlightis polarisedin a plane parallel to the reflecting surface

= This meansif the surfaceis horizontal, a proportion of the reflected light will oscillate
more in the horizontal plane thanin the vertical plane

= Sunglasses with vertically aligned Polaroid lenses can block this horizontally polarised
light
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= Asaresult, they canreduce glare, which means ,
= objectsunderthe surface of water can be viewed more clearly Your notes

= drivers can see theroad more clearly

UNPOLARISED
N LIGHT
—~

GLARE
GREATLY
REDUCED

LIGHT DIRECTLY FROM [
LIGHT REFLECTED FROM WATER  |cuN REDUCED SLIGHTLY

BECOMES PARTIALLY POLARISED  (5UT NOT AS MUCH AS
GLARE FROM WATER

WATER

Copyright @ Save My Exams. All Rights Reserved

When sunlight reflects off a horizontal reflective surface, such as water, the light
becomes horizontally polarised. This is where Polaroid sunglasses come in useful with
their vertically aligned polarising filters

Polarisation by refraction

= Lightcanalso become partially polarised by refraction when transmitted from one
mediuminto another, such as from airinto glass or water

= Refractedlightis polarisedin a plane perpendicular to the transmitting surface

= This means if the surfaceis horizontal, a proportion of the transmitted (refracted)
light will oscillate more in the vertical plane than in the horizontal plane

= Whenunpolarisedlightisincident on a horizontal surface into which it can refract:
= some of thelightisreflected, partially polarisingitin the horizontal plane

= some of the beamis transmitted and refracted, also partially polarising it, but in the
vertical plane
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MPERPENDICULAR TO
AR PLANE OF PAPER

GLASS

PARTIALLY POLARISED LIGHT

Unpolarised light can be partially polarised by both reflection and refraction at the
boundary between two media, such as air and glass

Using polarisation for stress analysis

= Polarising filters can be used to observe stress concentrations in materials due to
changesinrefractive index

= Asample of transparent material (such as plastic) is positioned between two polarising
filters with their planes at 90° to one another

= Whenthe materialis unstressed, no light passes through

= \Whenthe materialis stressed, the plane of polarisation of the light passing through
the materialis rotated

= Different areas under different degrees of stress cause light to pass through at different
speeds

= Theresultis aninterference pattern with different colours revealing areas of varying
stressinthe material

= The brighterregionsrepresent areas under more stress

= Thedarkerregionsrepresent areas underless stress

Using polarisation for chemical analysis

= Polarising filters can also be used to analyse the strength of chemical samples, such as
sugar solutions

= |nasimilar way to materials under stress, chemical solutions can also rotate the plane of
polarisation of the light passing through

= The degree of polarisation depends on the concentration of the solution

= The higher the concentration of the sample, the greater the angle at which the light
emerges
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= Thelower the concentration of the sample, the smaller the angle at which the light ,

emerges
Your notes
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