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Higher Physics 

Particles & Waves Unit 

Book 2 of 2 

St Andrew’s Academy 
 

 

Name: _____________________________________ 

 

This booklet has homework exercises, notes and space for 

completing worked examples on the Particles & Waves Unit 

and covers the following key areas: 

 

 

8.  Refraction – Snell’s Law 

9.   Total Internal Reflection & Critical Angle 

10. Interference 

11. Diffraction Grating 

12. Photoelectric effect 

13. Intensity of Radiation 

14. Energy Level Diagrams 
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8. Refraction – Snell’s Law 

Learning Outcomes: 

• 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. 

 

Refraction and Refractive Index 

Experiment – Refractive index of a perspex box 

 Method 

 Place the block on white paper and trace 
around its outline.  Draw in the normal at the 
midpoint B. 

 With incident angle a = 10, measure the 

angle p, the refracted angle in the perspex. 

 Repeat for the other values of incident 
angle. 
 

 

Results 
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Now draw a graph of your results 
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• The ratio sin θ1 / sin θ2 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 θ1 / sin θ2 where 
θ1 is in a vacuum (or air as an approximation) and θ2 is in the medium. 
 

  i.e.  n = sin θ1 / sin θ2 
 

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

 
• n2 = sin Θ1 

 n1  sin Θ2 

 

• 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 
graph 
 

• The refractive index can also be calculated 
by plotting a graph of how sin θ1 varies with 
sin θ2 

• The refractive index is equal to the gradient 
of this graph. 
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Refractive Index and Frequency 
 

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

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

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

 
• This is why when white light passes through a triangular prism it is broken up 

into the colours of the rainbow. 
 

• Wavelength, λ, 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: 

 
  sin θ1  = λ1  = v1 
  sin θ2   λ2     v2 

 
• 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: 
 

 
 
Example 2 
 

• 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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2005 Qu: 16 

 

2003 Qu: 16 
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2003 Qu: 27 

 

 

 

 

 

 

 

2003 Qu: 27 
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2004 Qu: 27 
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Revised / CfE Higher Past Paper Examples 

CfE Specimen Qu: 12 
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2013 Revised Qu: 29 
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9. Total Internal Reflection & Critical Angle 

Learning Outcomes 

• Critical angle and total internal reflection. 

Total Internal Reflection & Critical Angle definitions by diagram 

• Diagram 1 – light is refracted. 
• Diagram 2 – Light is refracted at 900, the angle of incidence in this case is 

called the critical angle, Θc 
• Diagram 3 – Any angle bigger than the critical angle will show Total Internal 

Reflection 
 

Diagram 1   Diagram 2      Diagram 3 

 

The Critical Angle 

• The critical angle,Θc is the angle of 
incidence when the angle of refraction is 
900. 

• It is the smallest angle of incidence above 
which Total Internal Reflection occurs. It is 
often given the symbol, Θc 
 

Total Internal Reflection 

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

• This takes place at angles above the critical 
angle, Θc 

 

Critical Angle and Refractive Index 

 

n =  __1__      

                 sin θc 
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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 

 

 

2009 Qu: 15 
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2001 Qu: 27(b) 

 

 

 

 

 

 

 

2002 Qu: 27 
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Revised / CfE Higher Past Paper Examples 

Revised 2014 Qu: 15 

  

 

 

 

Cfe Higher 2016 Qu: 10 
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Snell’s law, Total Internal Reflection and Critical Angle homework Due date:_______ 

1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.  

 
3. 
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4. 
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5.  
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10. Interference 

Learning Outcomes: 

• Conditions for constructive and destructive interference. 
• Constructive and destructive interference in terms of phase between two 

waves. 
• Coherent waves have a constant phase relationship and have the same 

frequency, wavelength and velocity. 
• Interference of waves using two coherent sources. 

 
Waves Revision 
 

• The energy of a wave depends on its amplitude (a). 
 

 

Old Higher 2007 

 

Wave Equation 

• Wavelength, λ: the length of one wave (m). 
• Frequency, f: the number of waves per second (Hz). 
• Wave speed, v: the speed of a wave (ms-1) 
• They are all related by the equation: 

 
v = f λ 

 

 

 

 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiSq_vjl9rYAhWLblAKHcgvA-EQjRwIBw&url=http://physicsndyou.blogspot.com/2011/11/waves-frequency-vs-amplitude.html&psig=AOvVaw0TkOtG1Uq8IAo7aW38FKSm&ust=1516113144635746
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Interference and Path Difference 

Coherent Sources 

• If waves coming from two sources have the same frequency, wavelength and 
velocity and are in phase, then the two sources are coherent. 

• They will also have the same amplitude. 
 

• A coherent wave is a wave which has  
 no phase difference / constant phase relationship. 
 

Interference of sound 

• In the experiment we set up two coherent sound 
sources. 

• We can hear a series of soft and loud noises as we 
move parallel to the two sound sources. 

• This can be explained by interference – the process 
by which two waves interact. 

 

Interference 

• When two sets of waves (any type – water, micro, sound) meet, they combine 
to produce a new pattern. 

• The new pattern depends on the original wavelengths, amplitudes etc. 
• Waves combine in one of two ways: 
a. Constructive Interference (loud) 
b. Destructive Interference (soft) 

 

Interference is the test for a wave. 

 

Constructive Interference 

• Two sets of waves meet in phase. 
• Two crests meet or two troughs meet to produce a larger crest or trough. 
• This is where we heard loud sounds in the demo. 

 
 

 

 

 

 

 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwirhNSt_LjLAhUHWRoKHU_JBy0QjRwIBw&url=http://thew33d.tripod.com/notes/aphys11.html&bvm=bv.116573086,d.ZWU&psig=AFQjCNHWxeti9B1zJhbtZFiXgDfKA4CVNw&ust=1457797313497153
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Maxima 

• In an interference pattern formed by two coherent sources, maxima occur at 
points of constructive interference: 
 

Path difference = mλ    for maxima 
 

 where m is an integer, λ is the wavelength i.e. path difference = λ, 2λ, 3λ, etc. 
 

• Note - the space between each maxima is equal to one wavelength. 
 

Example 1: 

• Microwave radiation of wavelength 2.5 cm is 
passed through two slits (giving two coherent 
sources). 

• A receiver is moved from directly between the 
two sources (central maximum) up to the third 
area of constructive interference. 

• What is the path difference, S2X – S1X? 
 

 

 

 

 

 

 

Example 2 

Find the wavelength of the waves used in the 

diagram if the second off-centre maximum 

occurs at A: 
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Destructive interference 

Two sets of waves meet out of phase. 
One crest meets a trough and they cancel each other out. 
This is where we heard soft sounds in the demo. 

 

 

Minima 

• Minima occur at points of destructive interference: 
 

• Path difference = (m+½)λ for minima 
 

• i.e. path difference = ½λ, 1½λ, 2½λ, etc. 
 

 
Example 1 
 

• Find the wavelength of the waves used below for the zero order minimum: 
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Example 2 
 

• In a microwave interference experiment, H is 
the first order minimum, that is there is one 
other minimum between H and G.  

• Measurement of distances EH and FH gives: 
EH = 42.1 cm and FH = 46.6 cm.   

• Calculate: 
(a) the wavelength; and  
(b) the frequency of the microwaves used. 
 
 

 
Multi-choice Past Paper Examples: 

Old Higher 2000 Qu: 14 
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Old Higher 2008 Qu: 14 

 

 

 

 

 

Old Higher 2004 Qu: 14 
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Old Higher 2004 Qu: 15 

  

 

 

Old Higher 2006 Qu: 14 
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Old Higher 2006 Qu: 14 

 

 

 

 

 

 

 

 

Section 2 Past Paper Examples: 

Old Higher 2003 Qu: 28(a) 
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Old Higher 2013 Qu: 28(a) 
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Old Higher 2010 Qu: 27 
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CfE Higher 2016 Qu: 27 
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Interference homework      Due date:______________ 

 

1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.  
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3.  

 
4.  
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5.  
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11. Diffraction grating  

Learning Outcomes: 

• The relationship between the wavelength, distance between the sources, 
distance from the sources and the spacing between maxima or minima. 

• The relationship between grating spacing, wavelength and angle to the 
maxima. 

 

The Grating and Monochromatic Light 

• A grating consists of many equally spaced slits positioned extremely close 
together (e.g. 300 lines per mm). 

• Light is diffracted through each slit and interference takes place in a similar 
fashion to the double slit. 

 

The Grating Equation 

• For a grating: 

   mλ = d sin θ 

m = order of the maximum 
λ = wavelength of light 
d = separation of slits 
θ = angle from zero order to nth maximum 
 λ and d must be in same units!!! 
 

Calculating separation of slits, d 

• d is the distance between the slits on the grating. 
• It is usually very small, e.g. 10-6 m. 
• You can find d if you are given N, the number of slits (or lines) per metre on 

the grating. 
     d =   1  

 N 
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Example: 
 

• If N = 500 lines per mm, calculate d: 
 

 
 
 
 
 
How to increase the separation of the maxima (increase θ) 
 

If the grating equation is rearranged to sinθ = nλ / d, then it can be seen that 
to increase θ (the separation of the maxima) you can: 
 

1. Increase the wavelength (move from blue towards red light). 
2. Decrease the slit separation (have more lines per mm). 
3. Move the screen further away. 

 
 
Example 
 

• A diffraction grating with 300 lines per mm is used to produce an interference 

pattern. The 2nd order maximum is obtained at a diffracted angle of 19º. 

• Calculate the wavelength of the light. 
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Old Higher 2006 Qu: 27(b) 

 

 

 

 

 

 

Old Higher 2005 Qu: 28(b) 
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Old Higher 2004 Qu: 28(b) 
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Revised Higher 2012 Qu: 28(b) 
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Diffraction grating homework     Due date:______________ 

1.  

 
2.  
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3.  

 
4.  
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5.  

 

 

 

 

 

 

 

 

 



116 
 

 

12. Photoelectric effect 

Learning Outcomes: 

• Photoelectric effect as evidence for the particulate nature of light 
• Photons of sufficient energy can eject electrons from the surface of materials 
• The threshold frequency is the minimum frequency of a photon required for 

photoemission 
• The work function of the material is the minimum energy required to cause 

photoemission 
• Determination of the maximum kinetic energy of photoelectrons 

 

What is the photoelectric effect? 

• Sometimes, when electromagnetic radiation above a certain frequency strikes 
a surface, electrons are emitted. 

• This can be used to detect radiation and is the basis on which solar cells and 
light dependent resistors operate. 

 
Gold leaf electroscope 

 
• The photoelectric effect can be demonstrated using a gold leaf electroscope: 

 
Results 

1. Only negatively charged electroscopes (metal) discharge. 
2. Even dim UV light is enough to discharge, this is because it has a high 

frequency  
3. White light does not work as it has a lower frequency 

 
Frequency 

• We can see that photoelectric emission depends on frequency. 
• The minimum frequency required for photoelectric emission to occur is called 

the threshold frequency, f0.  
• Below this frequency, no emission occurs 
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Irradiance 
• Increasing irradiance at f < f0 will still have no effect. 
• Increasing irradiance at f > f0 will cause more photoelectric emission. They are 

directly proportional. 
• A bigger irradiance results in a bigger photoelectric current produced. 

 

Old Higher 2012 Qu: 15 
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CfE Higher 2015  
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Quantum Theory  Does light travel as waves or photons? 

• Modern physics now takes the view that light can act both like a wave and like 
a particle without contradiction. It depends on how we test it.  

• If we look for evidence that it is a wave, we can find it. But also, if we look for 
evidence that it is a particle we can find that too.  

• The universe seems to be made up of things that are both particle-like and 
wave-like. This is known as wave–particle duality. 
  

• To eject an electron from a metal requires a precise amount of energy. A 
weak UV source has sufficient energy to do this for a clean zinc surface, but 
no matter how high the intensity of the white light is, no electrons are ejected.  

• This is true even though, over a period of time, the ‘total’ energy of the white 
light is greater than that of the UV. 
 

• In 1904 Einstein applied an earlier idea of Planck to the phenomenon and 
proposed that light was not a continuous wave, but existed as a stream of 
‘packets’ or ‘quanta’.  

 
• These quanta are called photons and are particles of light (and other 

electromagnetic radiation), although unlike other particles they have no mass.  
 

 

Revised Higher 2012 
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Energy of Photons 

• A photon has energy given by: 
     
    E = h f 
 

• E = energy (J) 
• f = frequency (Hz)  
• h = Planck’s constant (6.63 x 10-34Js) – given in data sheet 

 
V = f λ 
 

• Often only the wavelength of light is given. As we know that light travels at 3 x 
108 ms-1 (known as c) we can use the equation v = f λ and our energy 
equation is then re-arranged: 

     
    E =  h  c 
          λ 
 
Work function 
 

• When a photon is absorbed its energy is used to release an electron. 
• The minimum energy needed by an electron to produce photoelectric 

emission (escape from a metal) is called the work function, which is 
dependent on frequency: 
 

   Work function = h f0 

 
• Every metal has a different value for work function. 

 
Any extra energy is kinetic energy, Ek 

 

• Such an electron would escape but have no kinetic energy.  
• If the energy of the incoming electron,  

E = hf (where f>f0), is greater than the work function, then the extra energy will 
appear as kinetic energy: 

• Ek = E – E0 
 

   Ek = hf - hf0 
 
 
Example 1 
 

• The work function for Gold is 7.84 x 10-19 J 
• A piece of Gold is illuminated with frequency of 1.5 x 1015 Hz 
• Will photoelectrons be emitted from the Gold foil? 

 
 



121 
 

 

Example 2 (Old Higher 2007 Qu: 30) 

 

 

 

 

 

 

 

 

Section 2 Past Paper Questions 

Old Higher 2008 Qu: 29 
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Old Higher 2005 Qu: 29 
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Old Higher 2000 Qu: 28 
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Photoelectric effect homework     Due date:______________ 

1.  

 

2.  
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3.  

 

 

 

 

 

 

 

 

 

 

4.  
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13. Intensity of Radiation 

Learning Outcomes 

• Irradiance and the inverse square law. 
• Irradiance is power per unit area. 
• The relationship between irradiance and distance from a point light source. 
• Line and continuous emission spectra, absorption spectra and energy level 

transitions. 
 

Irradiance (known as Intensity in older past papers) 

• When radiation falls on a surface, the irradiance, I, is defined as the power per 
unit area: 
 
I = P 

  A 
 

• I – intensity (Wm-2) [or lux] 
• P – power (W) 
• A – area (m2) 

 

Experimentally proving the inverse square law 

• A light meter can measure the intensity of light from a bulb in a darkened 

room at various distances over a metre. 

 

• Measure irradiance levels at different distances and plot a graph of your 

results (I and 1/d2). The graph confirms the inverse square law. 
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Irradiance and distance 

• As you move further away from a point source, the intensity of radiation 
decreases. 

• The relationship between intensity (I) and distance (d) can be shown to follow 
an inverse square law: 

•  
I α 1  in rel. sh. as I = k 

   d2        d2 
 
Therefore:  I1d1

2 = I2d2
2 

 
• *This is only the case for a point source of light – one that radiates light 

in all directions i.e. a lamp not a laser (or a torch) 
 

Example 

• A lamp shines on a screen of area 2.5m2, which is 3m away. The intensity at 
the screen is 0.01 Wm-2. 

a) Calculate the power of the incident beam. 
b) If the screen is moved to a distance of 1.5m from the lamp what would the 

new intensity be? 
 

 

 

 

 

 

Multi-choice past paper questions 

Old Higher 2001 Qu: 18 
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Old Higher 2005 Qu: 17 

 

 

Old Higher 2005 Qu: 17 

 

 

 

 

Old Higher 2003 Qu: 17 
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Revised Higher Specimen Paper 

 

Section 2 Past Paper Questions 

Old Higher 2008 Qu: 28 
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Revised Higher 2012 Qu: 17 
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Intensity of radiation homework     Due date:______________ 

1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.  
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3.  

 
4.  

 
5.  
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14. Energy Level Diagrams 

Learning Outcomes 

• The bohr model of the atom 
• Movement of electrons between energy levels. 
• The terms ground state, energy levels, ionisation and zero potential energy for 

the Bohr model of the atom. 
• Emission of photons due to movement of electrons between energy levels and 

dependence of photon frequency on energy difference between levels. 
• The relationship between photon energy, Planck’s constant and photon 

frequency. 
• Absorption lines in the spectrum of sunlight provide evidence for the 

composition of the Sun’s upper atmosphere. 
 
Emission spectra 
 

• An emission spectra is a range of colours given out by a light source. There 
are two kinds: 

1. Continuous spectra – given by white light passing through a prism. 
2. Line Spectra – some sources of light such as sodium and mercury vapour 

lamps do not produce continuous spectra when viewed through a 
spectroscope.  

• They produce line spectra – coloured lines spaced out by different amounts. 
 

Explanation of emission spectra – the Bohr Model 

• A scientist called Niels Bohr suggested that electrons are confined to certain 
orbits outside the nucleus. 

• He created the Bohr Model to explain emission spectra: 

 

1. The electrons have different fixed energies in different orbits (E1, E2 etc) 
2. They can move between each levels but cannot stop in between. 
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Energy level diagram 

• We can look at the energy levels of an atom of say Hydrogen and present 

them in an energy level diagram: 

 

• In the smallest orbit, E0, (also known as W0)the electron has least energy and 
is said to be in the ground state. 

• An electron which moves to a higher energy level is said to be in an ‘excited 
state’. 

• If an electron gains enough energy it can reach the top level, the ionisation 
level. 

• It is here at which the electron can leave the atom. 
 

• If the difference in energy levels is denoted as ∆E, then the frequency of the 
emitted photon will be expressed as: 
 

f  =  ∆E 
       h 

 
• The frequency of the emitted photon is therefore determined by the magnitude 

of the energy change. 
• Frequencies of between 4 – 7 x 1014 Hz are in the visible spectrum – we can 

see them. 
• Emitted photons between these frequencies are the colours shown on spectra 

lines. 
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An emission line 
• An emission line in a spectrum occurs when an electron makes a transition 

between an excited energy level, say W2, to a lower energy level, W1, where: 
• W2 – W1 = h f  
• The emission line will appear brighter if more electrons make that particular 

transition. 
 

An absorption line 
• An absorption line in a spectrum occurs when an electron in energy level W1 

absorbs radiation of energy hf and is excited up to energy level W2, where: 
• W2 = W1 + h f  

 
Frequency and wavelength (common PS question) 

 
• As f  = ∆E  we can see that 

      h 
 f and E are proportional. 

• The bigger the ∆E the bigger the f. 
• Using v = f λ (as v is constant) we can deduce that the bigger the f the 

smaller the λ. 
 

• In other words: ∆E increases = f increases = λ decreases 
• Oppositely: ∆E decreases = f decreases = λ increases 

 
Spectra 
 

• Continuous spectra are produced by solids, liquids and high pressure gases. 
• Line spectra are produced by low pressure gases.  

 
Example 1 

a) Calculate the frequency of the radiation for an electron making a transition 
from W2 to W1: 

b) Find the wavelength of this radiation. 
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Example 2 – Old Higher 2004 Qu: 16 

  

 

Absorption Spectrum 

• The absorption spectrum of an element consists of black lines on a 
continuous spectrum. 

• The lines are in exactly the same positions as the bright lines of the emission 
spectrum 
 
Emission (above) and Absorption (below) spectrum 

 

Absorption lines in the Sun 

• Absorption lines occur in the Sun’s spectrum because the gases in the Sun’s 

outer atmosphere absorb photons of certain frequencies. 

• This gives dark lines and allows the elements which make up the Sun to be 

determined. 

• The dark lines are called Fraunhofer lines. 
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Example – CfE Higher 2015 

 

 

 

 

 

Multi-choice Past Paper Questions 

Old Higher 2000 Qu: 20 
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Old Higher 2006 Qu: 18 

  

 

 

 

 

 

Old Higher 2007 Qu: 17 
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Section 2 Past Paper Questions 

Old Higher 2003 Qu: 27 

 

 

 

 

 

 

Old Higher 2009 Qu: 27 
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Old Higher 2011 Qu: 30(b) 
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Energy level diagrams homework     Due date:______________ 

1.  

 
 

2.  
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3.  

 
4.  
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5.  
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Homework Numerical Answers 

The Standard Model: 

1. A 

2. D 

3. B 

4. (a)(i) - (ii) - (b) 1e or +1e or e (c)(i) -  (ii)  1.9 x 10-20 s 

5. (a) - (b)(i) - (ii) – 1/3e (c)(i) - (ii) - (d)  3.4 x 10-10 s 

Electric fields and potential difference: 

1. B 

2. v= 29.63x106 m/s 

3. (a)(i) Ek = 8.03x10-16J  (ii) V = 5021.9V (b) – 

4. (a) 4 x 10-15 J (b) 2.22 x 106 ms-1  (c) 3.33 x 10-15 N 

Radioactive decay, fission and fusion: 

1. D 

2. D 

3. D 

4. – 

5. 2.51 x 10-26 kg 

6. 11.7 x 10-27 kg 

Refractive index, TIR and Critical Angle: 

1. C 

2. B 

3. E 

4. (a)(i)  1.29 (ii) -  

(b)(i) 33.70 (ii) -  (20.90)  

5. (a) 1.49  (b) (i) 44.00 (ii) –  

Interference: 

1. C 

2. C 

3. (a)(i) -  (ii) 676 mm 

4. –     (λ= 0.34m) 

5. 0.04 m 

Diffraction grating: 

1. E 

2. (i) 4.03 x 10-6 m  (ii) -  

3. 6.91 x 10-7 m / 691 nm 

4. 11 
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Photoelectric effect: 

1. B 

2. A 

3. C 

4. (a) -  (b)(i) 1 x 10-19 J  (ii) 2.28 x 10-19 J  (c) 0.625 V 

Intensity of radiation: 

1. B 

2. A 

3. D 

4. E 

5. 1.33 x 1011 Wm-2 

Energy level diagrams: 

1. B 

2. C 

3. A 

4. (a) - (b) 3.15 x 1015 Hz 

5. 453 nm;  6.6 x 1014 Hz 
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Particles and Waves revision        Past Paper questions 

 

Year Questions 
Multi-Ch                                     Section B 

2000 14, 16, 17, 18, 20                     27, 28, 29 

2001 14, 15, 17, 18, 19,20                23(b),27,28(b) 29(a) 

2002 15,16,17,19                              27,28, 29(b)(ii) 

2003 15,16,17,18,20                         27,28(a),29(a) 

2004 10,14,15,16,18                           27,28(b),29(c)(ii),30 

2005 7,8,13,14,15,16,17,18,19,20      28, 29 

2006 14,15,16,17,18,19                      24,27(NOT (a)(i)),28, 29(b) 

2007 14,15,17                                     24,28,29,30,31(a) 

2008 8,13,14,15,16,17,18,19,20         27,28,29  

2009 8,15,16                                       27,28,29,30(a) 

2010 7,8,14,15,18                               27,28(b),29(NOT(b)) 30(a),(b) 

2011 8,15,16,17,19                             27,28(b),29,30 

2012 14,15,16,17,18,19                      23,28,29,30(c) 

2013 8,14,15,16,17,20                        28,29(NOT(c)),30, 31(a) 

2014 15,16,19                                     28,29,30,31 

2015 8,14,15,16,17,18,19                   29(a),30,31 

Rev. Spec 15,16,17,18,19                           26,27,28,29,31 

Rev. 2012 9,10,11,12,13,14,15,16              23,26,27,28,29,30 

Rev. 2013 10,11,12,13,14,15,16                 26,27,28,29 

Rev. 2014 8,9,10,11,13,14                          25(b),26,27,28,29 

Rev. 2015 8,9,10,11,12,13,14,15,16           25(a)&(b)(i),26,27,28,29    

CfE Spec 7,8,9,10,11,12,13,15,                 7,8,9,10,11,12 

CfE 2015 9,10,11,12,13,14,15,16              4(a)&(b),6,7,8,9 

CfE 2016 8,9,10,11,12,13,14,15,16           6,7,8,9,10 

CfE 2017 8,9,10,11,12,13,14,15                6,7,8,9,10,11 

CfE 2018 8,9,10,11,12,13,14                     6,7,8,9,10 

CfE 2019 11,12,13,14,15,16,17,18,19       7,8,9,10,11 

 

  

 

 

 

 


