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This booklet has homework exercises, notes and space for
completing worked examples on the Particles & Waves Unit
and covers the following key areas:

10.
11.
12.
13.
14.

RefractionT Snel | 6s Law
Total Internal Reflection & Ciritical Angle
Interference

Diffraction Grating

Photoelectric effect

Intensity of Radiation

Energy Level Diagrams
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DATA SHEET

COMMON PHYSICAL QUANTITIES

Quantity Symbol Value Quantity Symbol Value
Speed of light in
vacuum c 3-00 ¥ 10°m s Planck's constant h 663 % 10715
Magnitude of the
charge on an electron € 160 ¥ 107 C Mass of electron i, 9.11 X 10 kg
Universal Constant of
Gravitation G |6-67 ¥ 107" m? kg™ s7* | Mass of neutron m, 1-675 X 1077 kg
Gravitational
acceleration on Earth g 9-dms™ Mass of proton m, 1-673 X 107 kg
Hubble's constant H, |2-3%107%s7

REFRACTIVE INDICES

The refractive indices refer to sodium light of wavelength 58% nm and te substances at a temperature of
273K

Substance Refractive index Substance Refractive index
Diamond 2-42 Water 1-33
Crown glass 1+50 Air 1-00
SPECTRAL LINES
Element | Wavelength/nm Colour Element Wavelength/nm Colour
Hydrogen 656 Red Cadmium B4 Red
486 Blue-green 509 Green
434 Blue-violet 480 Blue
410 Violet L
397 Ultraviolet Asers
389 Ultraviolet Element Wavelength/nm Colour
Carbon dioxide 9550 Infrared
Sodium 589 Yellow 10590
Helium-neon 633 Red

PROPERTIES OF SELECTED MATERIALS

Substance Density/kg m™ Melting Point/K Boiling Point/K
Aluminium 2-70 x 10° 933 2623
Copper 896 * 10° 1357 2853
lce 9-20 x 10° 273 e
Sea Water 1-02 % 10° 264 377
Water 1-00 * 10° 273 373
Air 1-29
Hydrogen 9.0 x 1072 14 20

The gas densities refer to a temperature of 273 K and a pressure of 1-01 ¥ 105Pa.
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Relationships required for Physics Higher

V=u+at
s=ut+1at’
v =u'+2as
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max. value — min. value
number of values

random uncertainty =
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Additional Relationships

Circle
circumference = 2ar

area = ar’

Sphere

area = 4w

volume =<7

Trigonometry
sind = opposite
hypotenuse
058 = adjacent
hypotenuse
tan 8 = opposite
adjacent

sin‘@+cost =1
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Electron Arrangements of Elements

Group 1 Group 2 Group 3 Gmoupd  Group 5  Groups  Group T Group O
[N (18
1 Key 2
H Atomic number He
1 Symbol (15) (16) un :
rogen | @) Electron arrangement o
3 4 ne 7 | g 10
Li Be Mame N o F Me
21 2,2 25 26 2,7 2.8
Litfium Benylium Nitragen Ciygen Fuorng Neon
1" 12 15 16 17 18
Na Mg Transition Elements P $ cl Ar
2,81 282 2,85 286 a7 138
sodium | Magnesiam @ (4 (5} (8} 7} (8) i) (10) (1) 12} Phasphonas | Sulbfur Chiarine Argon
1% 20 Fal 22 23 24 25 26 o 28 29 El] 33 34 35 EL
K Ca 5c Ti b) Cr Mn Fe Co Mi Cu In As Se Br Kr
2,881 2,882 2,892 28102 | 28112 | 28130 | 28132 | 28042 | 280152 | 28062 | 28180 | 28182 18,185 | 28186 | 28187 | 2,188
Potassium Calcium Zaandium Tiranium Vanadium | Chromium | Manganese lran Cobalt ksl Capper Tinc Arsanic Zalenium Bromine Krypton
a 38 39 40 4 42 43 A4 45 L 47 48 Ll 52 33 534
Rb 5r Y Ir Mb Mo Tc Ru Rh Pd Ag Cd 5b Te | Xe
2,818, 2,818, |238,1813,| 23,1813, |2,8,1815, | 2,8,18,16, | 2,818 2,818, 2,818, 2,818, 2,818, 2,818, 28,18,
2818811281882 1281892) Sy, 13,1 1 2 1 i 14,0 8,1 18,2 18,5 18,6 18,7 144
Rubidium | Stromtium Ttrium Lirmmium Hiabium |Molybdenum| Technetium | Ruthenium | Fhodium | Palladium Silbvar Cadmium Antimany | Telurium ladine Kenan
aa a6 ar 72 73 74 73 76 kL 78 79 80 83 84 85 86
Cs Ba La Hf Ta W Re Os Ir Pt Au Hg Bi Po At Rn
2,818,18, (2,8,18,18, 281818 (28,1832, | 2,818 |28,1832 (28,1832, |2,8,1832,|2,8,1832, (2,818.32,| 2,818 2,8,18, 2,818, 2,8,18, 2,8,18, 28,18,
8.1 8,2 92 10,2 AR 12,2 13,2 14,2 15,2 1741 32,18, 32,182 32,18,5 32,18,6 aziey | 33188
s ium Barium Lanthanum | Hafnium Tantsum Tungsten Rhenjum Osmium Iridium Platinum iGakd ey Bismuth Palamum Astatine Radan
ar a8 a9 104 105 106 107 108 109 10 111 12
Fr Ra Ac Rf Db 58 Bh Hs Mt Ds Rg Cn
2,818,32 (2,8,18,32, 281832 (28,1832, | 281832, | 28,1832, | 28,1832, |2,8,1832,|2,8,1832, (2,818,32, | 2,818,32, | 2,81832
13,31 18,8,2 18,92 32,10,2 32,2 33,2 33132 32,142 12,15,2 2470 32,18 32,18,2
Francium Radium Actimum  [Rutherfordies| Dubmium | Sashorgium | Bahrium Hessium | Mattnerum (Darmatadtiom Roentge mum|Coparmidum
57 58 59 60 &1 &2 & 6 &5 68 69 70 M
Lanthanid La Ce Pr Nd Pm Sm Eu Gd Th Er Tm b Lu
andes | ;q443, 2818, |28,1821,|238,18,22 12,4,18,23, | 2,8,18,24, | 2,8,18,25, | 2,818,235, [ 2,8,18,27, 281830, (28,183, | 2,81832, | 2,8,18.32,
18,92 20,8,2 82 8,2 8,2 8.2 | 9.2 o a2 82 82 9,2
Lanthanum Corum  |Paseodwmiem| Meodymium | Prometiium | Samarum | Euopium | Gadolimum | Teridum Erlrum Trabum Yiterbium Lutetium
a9 90 k| 92 9 k= %5 6 ar 100 i 102 103
Actinid Ac Th Pa U Hp Pu Am Cm Bk Fm d Mo Lr
t es 24,1832, 28,18,32, | 28,1832, | 2,8,18,32, | 2,8,18,32, | 2,8,18,32, | 2,8,18,32, | 2,8,18,32, | 2,8,18,32, 28,1832, |1 28,1832, | 28,1832, | 2,8,18,32,
18,92 18,10,2 20,92 21,92 12,92 24832 2582 59,2 78,2 30,8,2 .82 32,82 3252
Adinium Thorum | Potactnies | Uranium Meptunium | Phionium | Amencum Curum Berelium Fermium  |Mendelewiom| MNobelium |Lawrencium
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8.Refractioni S n e lLlvw s

Learning Outcomes:

A Absolute refractive index of a material is the ratio of the sine of angle of
incidence in vacuum (air) to the sine of angle of refraction in the material.
Refractive index of air treated as the same as that of a vacuum.

Situations where light travels from a more dense to a less dense substance.
Refractive index can be found from the ration of speed of light in vacuum (air)
to the speed in the material and the ratio of the wavelengths.

Variation of refractive index with frequency.

To 3o I o

Refraction and Refractive Index

Experiment i Refractive index of a perspex box

Method
1 Place the block on white paper and trace
around its outline. Draw in the normal at the
midpoint B.
1 With incident angle ga = 10 , measure the
angle gp, the refracted angle in the perspex.
1 Repeat for the other values of incident
angle.

Results

d d sid/ 4«jn

1 2

10

2 o0

3w

4 QU

50

6 QU

Now draw a graph of your results
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To o

A
A

The ratio sin d1 / sin d2 is a constant when light passes obliquely from medium
1 to medium 2.

The absolute refractive index, n, of a medium is the ratio sin di / sin d2 where
d1 is in a vacuum (or air as an approximation) and dz is in the medium.

i.e. n =sin di/ sin d2

Note that the refractive index of air is 1.
Therefore, we can write:

C

n2 = sin
ni sin

1
2

C

The refractive index measures the effect a medium has on light. The greater
the refractive index, the greater the change in speed and direction.
The absolute refractive index is always a value greater than (or equal to) 1.

Calculating the refractive index, n, using a sin @2

graph

A

A

The refractive index can also be calculated
by plotting a graph of how sin d1 varies with
sin d2

The refractive index is equal to the gradient
of this graph.

sin ©1
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Refractive Index and Frequency

A Note that the different colours are refracted through different angles.

A i.e. The refractive index depends on the frequency (colour) of the incident
light.

A The refractive index of the medium for blue light is greater than that for red.

A | This is why when white light passes through a triangular prism it is broken up
into the colours of the rainbow.

A Wavelength, a; and velocity, v, change during refraction, but frequency does
not change.

i.e. The frequency of a wave is unaltered by a change in medium.

When light passes from medium 1 to medium 2:

Too o

sindi = N = Vi
sin d2 =3 V2

A Note: medium 1 will always be air at Higher level regardless of the direction of
light

Example 1

Using information in the diagram, find the refractive index of the plastic:

30° Plastic

Example 2

A Calculate the speed of light in glass of refractive index 1.50.

(this is a common question, here the examiner assumes that you know the
speed of light in air is 3x108 ms™1)
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Old Higher Past Paper Examples

2006 Qu: 15

2006 Qu: 15

2006 Qu: 16
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16.

Light travels from air into glass.

Which row in the table describes what happens
to the speed, frequency and wavelength of the

light?

Speed Frequency Wawelength
A increases stays constant increases
B increases decreases stays constant
C | stays constant decreases decreases
D decreases decreases stays constant
E decreases stays constant decreases

2005 Qu: 16

16. A liquid and a solid have the same refractive
index.

What happens to the speed and the wavelength
of light passing from the liquid into the solid?

Speed Wawelength
A stays the same stays the same
B decreases decreases
€ decreases increases
D increases increases
E increases decreases
2003 Qu: 16

16. An engineer creates an experimental window Which row in the table gives possible values
using sheets of transparent plastics P, Q and R. for the refractive indices of the three plastics?

A ray of light directed at the window follows

the path shown.
P 0 R
air P Q R / air A 1-5 1-9 2-3
B B 15 15 23
/ o 23 2:3 15
/ D 2:3 1-9 15
/ E 15 15 12
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2003 Qu: 27

(b) A laser produces light of frequency 474 x 10'*Hz in air.

A ray of light from this laser is directed into a block of glass as shown
below.

The refractive index of the glass for this light is 1:60.

(i) What is the value of the frequency of the light in the block of glass?
(ii) Calculate the wavelength of the light in the glass.

2003 Qu: 27
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28. A physics student investigates what happens when monochromatic light passes
through a glass prism or a grating.

(a) The apparatus for the first experiment is shown below.

red filter red light

white light \\

projector

glass prism

(i) Calculate the refractive index of the glass for the red light.

2004 Qu: 27

(a) A ray of red light is incident on the liquid surface as shown.

ray of
red light

bulb and rotating
coloured filters inside

(i) Calculate the refractive index of the liquid for the red light.

(if) A ray of blue light is incident on the liquid surface at the same angle
as the ray of red light.

The refractive index of the liquid for blue light is greater than that
for red light. Is the angle of refraction greater than, equal to or less
than 82 ° for the blue light?

You must explain your answer.
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Revised / CfE Higher Past Paper Examples

CfE Specimen Qu: 12

A student is investigating the refractive index of a Perspex block for red
light.

The student directs a ray of red light towards a semicircular Perspex block as
shown.

Perspex
block

r
—_L_ pormal

ray of red light

The angle of incidence i is then varied and the angle of refraction r is
measured using a protractor.

The following results are obtained.
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i(") r() sin i sinr
10 16 017 0-28
15 25 0-26 0-42
20 32 0-34 0-53
25 37 0-42 0-60
30 53 0-50 0-80

(a) (i) Using square ruled paper, draw a graph to show how sin r varies
with sin i. 3

(i) Use the graph to determine the refractive index of the Perspex for
this light. 2

(iii) Suggest two ways in which the experimental procedure could be
improved to obtain a more accurate value for the refractive index.
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2013 Revised Qu: 29

29. A student places a glass paperweight containing air bubbles on a sheet of white paper.

The student notices that when white light passes through the paperweight, a pattern
of spectra i1s produced.

The student decides to study this effect in more detail by carrying out an experiment

in the laboratory.

A rav of green light follows the path shown as it enters an air bubble inside glass.

_normal

ray of green light /1\90 5

glass bubble

The refractive index of the glass for this light 1s 1-49.
(a) Calculate the angle of refraction, #, inside the air bubble.

(b) Calculate the maximum angle of incidence at which a ray of green light can enter

the air bubble.

(¢) The student now replaces the ray of green light with a ray of white light.

Explain why a spectrum is produced.
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9. Total Internal Reflection & Critical Anqgle

Learning OQutcomes

A Critical angle and total internal reflection.

Total Internal Reflection & Critical Angle definitions by diagram

A Diagram 11 light is refracted.

A Diagram 2 i Light is refracted at 90°, the angle of incidence in this case is
called the critical angle, Uc

A Diagram 31 Any angle bigger than the critical angle will show Total Internal

Reflection
Diagram 1 Diagram 2 Diagram 3
M Lw
Semicirculan
glesosD GoteRl g
boid

The Critical Angle

~—
8

A The critical angle,Uc is the angle of
incidence when the angle of refraction is
90°.

A Itis the smallest angle of incidence above
which Total Internal Reflection occurs. It is Coticallangle
often given the symbol, Uc

Total Internal Reflection

A Takes place when all of a light ray is
completely reflected and none of it is
refracted.

A This takes place at angles above the critical
angle, Uc

Critical Angle and Refractive Index
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Example

Find the critical angle of a material with refractive index 1.4

Old Higher Past Paper Questions
2008 Qu: 16

16. The value of the absolute refractive index of
diamond 15 2-42.

The critical angle for diamond is

A 0413°
B 244°
C o 420°
D 656°
E 900"
2009 Qu: 15

15. A rav of monochromatic light passes into a
glass block as shown.

A 003

B 0-55

¢ 087

ray of light D 120
The refractive index of the glass for this light is E 1-81.
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2001 Qu: 27(b)

() A ray of monochromatic light passes from air into a block of glass as

shown.

ormal | <
no | )\

normal - -

air

(i) Using information from the diagram, show that the refractive index
of the glass for this light is 1-61.
(ii) Show by calculation whether the ray is totally internally reflected at

point X.

2002 Qu: 27

A ray of red light is directed at a glass prism of side 80 mm as shown in the
diagram below.

Using information from this diagram, show that the refractive index of the
glass for this red light is 1-52,

What is meant by the term critical angle?
Calculate the critical angle for the red light in the prism.

Sketch a diagram showing the path of the ray of red light until after it
leaves the prism. Mark on your diagram the values of all relevant angles.

80mm
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Revised / CfE Higher Past Paper Examples
Revised 2014 Qu: 15

Cfe Higher 2016 Qu: 10
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