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General Course Information 

The Higher Physics course is made up of 3 units.  

 Our Dynamic Universe 

 Particles & Waves 

 Electricity 

 

Each unit is made up of the following  sections: 

 

 Our Dynamic Universe  1.1 Motion—Equations and Graphs 

      1.2 Forces, Energy and Power 

      1.3 Collisions, Explosions and Impulse 

      1.4 Gravitation 

      1.5 Special Relativity 

      1.6 The Expanding Universe 

 

 Particles & Waves  2.1 Forces On Charged Particles 

      2.2 The Standard Model 

      2.3 Nuclear Reactions 

      2.4 Inverse Square Law 

      2.5 Wave Particle Duality 

      2.6 Interference and Diffraction 

      2.7 Spectra  

      2.8 Refraction of Light 

 

 Electricity    3.1 Monitoring and Measuring A.C. 

      3.2 Circuits 

      3.3 Capacitors 

      3.4 Semiconductors and P-N Junctions 
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Homework 

The Physics department considers the completion of homework to be the highest priority for every 

pupil in Higher Grade Physics. 

The Higher Grade Physics course is a very fast and demanding course that introduces new concepts 

daily and requires hard work from every pupil. Due to the practical work and new theory introduced 

during class time, there is usually little time left for written problems. For this reason, problems will 

be issued on a regular basis. The homework is not considered to be an ‘optional extra’, it is essential 

to the understanding of new concepts and to the successful completion of the course. Past paper 

homework booklets will also be used throughout the year. 

Only if all homework is completed fully and to the best of a pupil’s ability can any degree of       

success be expected. 
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What you will be issued 

1. The Course Profile booklet 

 This gives an overview of the course and contains the study guides for the course. 

2. Printed notes for every unit and problems for every section. 

 The Physics department website contains these materials  and more , such as past paper  

 homework booklets, assignment advice and past papers and solutions. 

 

Assessment 

1. You will be assessed throughout the year; multiple choice section tests, past paper homework, 

end of unit tests, laboratory reports etc.  

2. Prelim Examination 

 At the start of February you will be tested upon the work covered to that date. The examination 

 will be in a similar format to the final examination. The grade obtained in the  this exam will  

 determine your estimate grade and gives a clear indication of how you are  performing. 

3. Course Assessment 

 The Course assessment will consist of three components: two question papers and an             

 assignment.  

 Question paper 1 is a multiple choice paper which is worth 25 marks. Candidates will have 45  

 minutes to complete this paper. 

 Question paper 2 contains restricted and extended response questions and will be scaled from 

 130 to 95 marks. Candidates will have 2 hours and 15 minutes to complete this paper 

 Marks will be distributed approximately proportionately across the units. The majority of the 

 marks will be awarded for applying knowledge and understanding. The other marks will be 

 awarded for applying scientific inquiry, scientific analytical thinking and problem solving skills.  

 A data booklet containing relevant data and formulae will be provided.                                         

 (See the following pages) 

 The assignment requires candidates to apply skills, knowledge and understanding to    

 investigate a relevant topic in physics. It will assess the application of skills of scientific inquiry 

 and related physics knowledge and understanding.  

 The assignment is worth 20 marks, which will be scaled to 30 marks. 

 The final course award is based upon your performance in the assignment, which is carried out 

 during the year, and the external SQA examination, at the end of the school year. The course 

 assessment is graded A to D and is determined by the total mark for all course assessments    

 together.  
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OUR DYNAMIC UNIVERSE 

Study Guide 

 

At the end of section 1.1 Motion – Equations and Graphs you should be able to : 

 

 1 state that acceleration is the change in velocity per unit time.  

 

 2 describe the principles of a method for measuring acceleration.  

 

 3 use the terms ‘constant velocity’ and ‘constant acceleration’ to describe motion         
  represented in graphical or tabular form. 

 

 4 draw and interpret velocity–time graphs. 

 

 5 draw and interpret acceleration–time graphs using information obtained from a          
  velocity–time graph for motion with a constant acceleration.  

 

 6 draw and interpret displacement–time graphs using information obtained from a       
  velocity–time graph for motion with a constant acceleration.  

 

 7 interpret motion-time graphs for bouncing objects and objects thrown vertically. 

 

 8 show how the following relationships - the equations of motion - can be derived from  
  basic definitions in kinematics:  

 

 

 

 

 9 carry out calculations using the above kinematic relationships. 
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OUR DYNAMIC UNIVERSE 

Study Guide 

 

At the end of section 1.2 Forces, Energy and Power you should be able to :      

 

 1 explain the motion of an object by using Newton’s laws. 

 

 2 define the newton. 

 

 3 carry out calculations involving the relationship between unbalanced force (F), mass (m)
  and acceleration (a) in situations where resolution of forces is not required.  

  

 

 4 use free body diagrams to analyse the forces acting upon an object in one dimension. 

 

 5 explain terminal velocity. 

 

 6 identify on a velocity-time graph of a falling object when the forces are balanced or    
  unbalanced.  

 

 7 identify and calculate forces acting at an angle to the direction of motion, and interpret 
  the resultant motion. 

 

 8 resolve a force into two perpendicular components.  

 

 9 resolve the weight of an object on a slope into a component acting down the slope and 
  a component acting normal to the slope. 

 

 10 use the principle of conservation of energy and appropriate relationships to solve     
  problems involving work done, potential energy, kinetic energy and power. 
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OUR DYNAMIC UNIVERSE 

Study Guide 

 

At the end of section 1.3 Collisions, Explosions and Impulse you should be able to : 

 

 1 define the momentum (p) of an object as a vector quantity that is the product of the  
  mass (m) and velocity (v) of the object.  

 

 

 2 define the law of conservation of linear momentum as the total momentum before a     
  collision is equal to the total momentum after a collision in the absence of net external 
  forces.  

 

 3 state that the law of conservation of linear momentum can be applied to the interaction 
  of two objects moving in one dimension.  

 

 3 define an elastic collision as one in which both momentum and kinetic energy are          
  conserved. 

 

 4 define an inelastic collision as one in which momentum is conserved but kinetic energy is      
  lost.  

 

 5 carry out calculations concerned with collisions in which the objects move in only one  
  dimension.  

 

 6 carry out calculations concerned with explosions in one dimension.  

 

 7 apply the law of conservation of momentum to the interaction of two objects moving in 
  one dimension to show that: 

  - the changes in momentum of each object are equal in size and opposite in            
   direction.  

  - the forces acting on each object are equal in size and opposite in direction.  

 

 8 define impulse acting upon an object as a vector quantity that is the product of the force 
  acting upon the object and the time of interaction.  

 

 9 define impulse as the change in momentum of an object. . 
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OUR DYNAMIC UNIVERSE 

Study Guide 

 

 10 carry out calculations involving the relationships between impulse, force, time and         
  momentum. 

 

 

 11 explain that the force acting during an interaction is not constant. 

 

 12 explain the effects of changing the interaction time between objects on the force acting       
  during the interaction. 

 

 13 find the impulse from the area under a force-time graph.  
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OUR DYNAMIC UNIVERSE 

Study Guide 

 

At the end of section 1.4 Gravitation you should be able to : 

 

 1 describe the principles of a method for measuring the acceleration of a falling object. 

 

 2 describe projectiles as objects in free-fall with a constant horizontal velocity component.  

 

 3 state that the horizontal motion and vertical motion of a projectile are independent of  
  each other.  

 

 4 resolve the initial velocity of a projectile into horizontal and vertical components.  

 

 5 carry out calculations, using the equations of motion, for projectiles.  

 

 6 explain the link between satellite motion and projectile motion. 

  

 7 understand the factors that determine the gravitational field strength of planets, natural
  satellites etc.  

 

 8 use Newton’s Universal Law of Gravitation to calculate the gravitational force between 
  two objects of known mass. 

 

 

 



 Higher Physics Course Profile 

15 

OUR DYNAMIC UNIVERSE 

Study Guide 

 

At the end of section 1.5 Special Relativity you should be able to : 

 

 1 state that the speed of light in a vacuum is the same for all observers in all reference  
  frames.  

 

 2 state that the measurements of space, time and distance for a moving observer are  
  changed relative to those for a stationary observer, giving rise to time dilation and length 
  contraction.  

 

 3 explain how the constancy of the speed of light led Einstein to derive his theory of Special 
  Relativity. 

 

 4 use the time dilation formula to analyse real and observed times. 

 

 

 5 use the length contraction formula to analyse real and observed lengths. 

 

 

 6 explain that relativistic effects are only observed when objects are moving with velocities 
  close to the speed of light. 
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OUR DYNAMIC UNIVERSE 

Study Guide 

 

At the end of section 1.6 The Expanding Universe you should be able to : 

 

 1 describe the Doppler Effect in terms of the changing frequencies of sound and light for  
  moving objects. 

 

 2 use the Doppler Effect equation for calculations involving the sound emitted by moving 
  objects.  

 

 

 3 understand that light from distant galaxies is moved to longer wavelengths (red-shifted) 
  because they are moving away from the Earth. 

 

 4 state that the Doppler Effect equations used for sound cannot be used with light from fast 
  moving galaxies because relativistic effects need to be taken into account.  

 

 5 use appropriate relationships to solve problems involving red-shift, observed wavelength, 
  emitted wavelength and the recessional velocity of a distant galaxy. 

   

 

 6 explain Hubble’s law as the relationship between the recessional velocity of a galaxy and 
  its distance from the observer.  

 

 7 use Hubble’s Law to solve problems involving the Hubble constant, the recessional         
  velocity of a galaxy and its distance from us. 

 

 

 8 explain how the Hubble-Lemaitre Law allows us to estimate the age of the universe. 

 

 9 state that measurements of the velocities of galaxies and their distance from us lead to 
  the theory of the expanding Universe. 

 

 10 state that the mass of a galaxy can be estimated by the orbital speed of the stars within it. 
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OUR DYNAMIC UNIVERSE 

Study Guide 
 

 11 explain that the measurements of the mass of our galaxy and others lead to the conclsion 
  that there is significant mass that cannot be detected - dark matter. 

 

 12 explain that the measurements of the accelerating rate of the expansion of the universe
  lead to the conclusion that there is something that overcomes the force of gravity – dark 
  energy. 

 

 13 describe the relationship between the temperature of a stellar object and the distribution 
  of emitted radiation over a wide range of wavelengths. 

 

 14 state that the peak wavelength of the distribution of emitted radiation is shorter for  
  objects with a greater temperature.  

 

 15 state that objects with greater temperature emit more radiation per unit surface area per 
  unit time. The greater the temperature of a star, the greater the irradiance. 

 

 16 provide evidence to support the Big Bang theory and subsequent expansion of the         
  Universe. 
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PARTICLES & WAVES 

Study Guide 

 

At the end of section 2.1 Forces on Charged Particles you should be able to : 

 

 1 state that, in an electric field, a charge experiences a force.  

 

 2 state that electric fields exist around charged particles and between charged parallel  
  plates. 

 

 3 sketch electric field patterns for single-point charges and systems of two-point charges. 

 

 4 sketch electric field patterns between two charged parallel plates. 

 

 5 identify the direction of free electric charges in an electric field. 

  

 6 state that an electric field applied to a conductor causes the free electric charges in it to 
  move.  

 

 7 state that work is done when a charge is moved in an electric field.  

 

 8 state that the potential difference (V) between two points in an electric field is a measure 
  of the work done (W) in moving one coulomb of charge (Q) between the two points.  

 

 9 state that if one joule of work is done moving one coulomb of charge between two  
  points, the potential difference between the two points is one volt.  

 

 10 carry out calculations involving the relationship between potential difference, work and
  charge.  

 

 

 11 use the conservation of energy principle to calculate the speed of a charged particle in an 
  electric field. 
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PARTICLES & WAVES 

Study Guide 

 

 12 understand that a moving charge produces a magnetic field. 

 

 13 determine the direction of the force on a charged particle moving in a magnetic field. 

 

 14 state the three types of particle accelerator. 

 

 15 state that high energy collisions of charged particles produce other particles. 

 

 16 describe the basic operation of three different types of particle accelerator in terms of  
  acceleration,  deflection and collision of charged particles. 



Higher Physics Course Profile 

20 

PARTICLES & WAVES 

Study Guide 

 

At the end of section 2.2 The Standard Model you should be able to : 

 

 1  define the standard model as a model of fundamental particles and interactions. 

 

 2  state that the range of orders of magnitude studied in Physics range from the very small 
  to the very large.  

 

 3  place objects in order in relation to their relative size.  

 

 4 state that fundamental particles are not composed of any other particles.  

 

 5 state that all particles are either Fermions or Bosons. 

 

 6 name the three generations of Quark pairs. 

 

 7 explain that evidence for the existence of quarks comes from high energy collisions        
  between electrons and nucleons. 

 

 8 name the three generations of Lepton pairs. 

 

 9 describe beta decay as the first evidence for the neutrino. 

 

 10 state that Fermions are the matter particles and consist of quarks and leptons. 

 

 11 state that hadrons are composite particles made of quarks. 

 

 12 state that Baryons are made from three Quarks. 

 

 13 state that Mesons are made from two Quarks, one Quark and an anti-Quark. 

 

 14 give some examples of sub atomic particles. 

 

 15 explain that every particle has an antiparticle and that the production of energy in the   
  annihilation of particles is evidence for the existence of antimatter. 
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PARTICLES & WAVES 

Study Guide 

 

 16  state that antimatter is a particle which has the same mass as their equivalent particle but 
  opposite charge.  

 

      17  state that bosons are the force mediating particles. 

 

      18 state that the Strong and Weak Forces only act over short distances relative to the size of 
 an atom. 

 

 19 state that the force mediating particle for the Strong Force is the Gluon. 

 

 20 state that the force mediating particles for the Weak Force are the W- and Z- boson. 

 

 21 state that the Electromagnetic Force is responsible for all electrical and magnetic           
  phenomena. 

 

 22 state that the force mediating particle for the Electromagnetic Force is the Photon. 

 

 23 state that the Gravitational Force is responsible for the large scale structure of the         
  Universe.  

 

 24 state that the force mediating particle for the Gravitational Force is the Graviton. 
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PARTICLES & WAVES 

Study Guide 

 

At the end of section 2. 3 Nuclear Reactions you should be able to : 

 

 1  describe how Rutherford showed that:  

  - the nucleus has a relatively small diameter compared with that of the atom  

  - most of the mass of the atom is concentrated in the nucleus.  

 

 2 state what is meant by alpha, beta and gamma decay of radionuclides. 

 

 3 identify the processes occurring in nuclear reactions written in symbolic form.  

 

 4 state that in fission a nucleus of large mass number splits into two nuclei of smaller mass   
  numbers, usually with the release of neutrons.  

 

 5 state that fission may be spontaneous or induced by neutron bombardment.  

 

 6 state that in fusion two nuclei combine to form a nucleus of larger mass number.  

 

 7 explain, using E = mc2, how the products of fission and fusion acquire large amounts of  
  kinetic energy.  

 

 8 carry out calculations involving the relationship between energy (E) and mass (m) loss  
  for fission and fusion reactions. 

 

 

 9 state that nuclear fusion reactors require charges at a very high temperature (plasma). 

 

 10 state that magnetic fields are used to contain charged particles in nuclear fusion            
  reactors. 

 

 11 state that in a fusion reactor the coolant must be contained so that it doesn’t vaporise  
  and cool the reaction down. 

 

 12 state that in a fusion reactor the coolant must be confined to ensure that more energy is 
  given out than is absorbed.  
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PARTICLES & WAVES 

Study Guide 

 

At the end of section 2. 4 Inverse Square Law you should be able to : 

 

  1 state that the irradiance at a surface on which radiation is incident is the power per unit 
  area.  

 

 2 carry out calculations involving irradiance, the power of radiation incident on a surface 
  and the area of the surface. 

 

 

 3 describe the principles of a method for showing that the irradiance is inversely               
  proportional to the square of the distance from a point source.  

 

 4 carry out calculations involving the relationship between irradiance and distance. 

 

 

 5 explain that if N photons per second are incident per unit area on a surface, the               
  irradiance at the surface is given by I = Nhf.  
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PARTICLES & WAVES 

Study Guide 

 

At the end of section 2. 5 Wave Particle Duality you should be able to : 

 

 1 state that the photoelectric effect is evidence for the particle model of light.  

 

 2 state that photoelectric emission from a surface occurs only if the frequency of the                
  incident radiation (f) is greater than some threshold frequency (fo) which depends on the  
  nature of the surface.  

 

 3 state that for frequencies smaller than the threshold value, an increase in the irradiance  
  of the radiation at the surface will not cause photoelectric emission.  

 

 4 state that for frequencies greater than the threshold value, the photoelectric current    
  produced by monochromatic radiation is directly proportional to the irradiance of the  
  radiation at the surface.  

 

 5 state that a beam of radiation can be regarded as a stream of individual energy bundles 
  called photons, each having an energy (E) dependent on the frequency of the                 
  radiation (f).  

 

 6 carry out calculations involving the relationship between the energy (E),                    
  Planck’s constant (h) and the frequency of photons (f). 

 

 

 7 state that photoelectrons are ejected with a maximum kinetic energy which is given by 
  the difference between the energy of the incident photon and the work function of the 
  surface.  

 

 8 carry out calculations involving the maximum kinetic energy (Ek), the threshold frequency 
  of the material (fo) and the frequency of the photons (f). 
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PARTICLES & WAVES 

Study Guide 

 

At the end of section 2.6 Interference and Diffraction you should be able to : 

 

 1 state that interference is the test for a wave.  

 

 2 use correctly in context the terms: ‘in phase’, ‘out of phase’ and ‘coherent’, when applied to 
  waves.  

 

 3 explain the meaning of: ‘constructive interference’ and ‘destructive` interference’, in terms 
  of superposition of waves.  

 

 4 state that reflection, refraction, diffraction and interference are characteristic behaviours of 
  all types of waves.  

 

 5 state the conditions for maxima and minima in an interference pattern formed by two      
  coherent sources in the form: 

 

         for maxima, and 

         for minima, where m is an integer. 

 

 6 carry out calculations using the relationships for maxima and minima in an interference
  pattern formed by two coherent sources.  

 

 7 carry out calculations involving the grating spacing, wavelength, order number and the     
  angle to the maximum.   

 

 

 8 describe the effect of grating on a monochromatic light beam.  

 

 9 carry out calculations involving the relationship between wavelength, order, slit separation 
  and angle for gratings.  

 

 10 describe the principles of a method for measuring the wavelength of a monochromatic light 
  source, using a grating.  

 

 11 state approximate values for the wavelengths of red, green and blue light.  
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PARTICLES & WAVES 

Study Guide 

 

 12 describe and compare the white light spectra produced by: a grating and a prism. 
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PARTICLES & WAVES 

Study Guide 

 

At the end of section 2.7 Spectra you should be able to : 

 

 1 state that electrons in a free atom occupy discrete energy levels (the Bohr model of the 
  atom).  

 

 2 draw a diagram which represents qualitatively the energy levels of a hydrogen atom.  

 

 3 use the following terms correctly in context: ground state, excited state, ionisation level.  

 

 4 state that an emission line in a spectrum occurs when an electron makes a transition     
  between an excited energy level and a lower level.  

 

 5 state that an absorption line in a spectrum occurs when an electron in a lower energy   
  level absorbs radiation and is excited to a higher energy  level.  

 

 6 carry out calculations involving energy level transitions, photon energy and photon        
  frequency. 

 

 

 7 explain the occurrence of absorption lines (Fraunhofer lines) in the spectrum of sunlight.  
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PARTICLES & WAVES 

Study Guide 

 

At the end of section 2. 8 Refraction of Light you should be able to : 

 

  1 state that the ratio  is a constant when light passes obliquely from medium 1 to    
  medium 2.  

 

  2 state that the refractive index of air is treated the same as that of a vacuum. 

 

 3 state that the absolute refractive index, n, of a medium is the ratio  where θ1 is in a 
  vacuum (or air as an approximation) and θ2 is in the medium.  

 

 4 describe an experiment to determine the refractive index of a medium.  

 

 5 state that when light enters an optically more dense medium the speed decreases, the 
  wavelength decreases but the frequency remains unchanged. 

 

 6  state that the refractive index is the ratio of the speed of light in a vacuum (air) to the  
 speed of light in the material. It is also the ratio of the wavelengths. 

 

 7 state that the refractive index depends on the frequency of the incident light. 

 

 8 carry out calculations involving the relationships between refractive index, angle,       
  wavelength, speed and frequency.  

 

 

 9 explain what is meant by total internal reflection.  

 

 10 explain what is meant by critical angle θC.  

 

 11 describe the principles of a method for measuring a critical angle.  

 

 12 derive the relationship between critical angle and absolute refractive index of a medium.  
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PARTICLES & WAVES 

Study Guide 

 

 13 carry out calculations involving the relationship between critical angle and absolute         
  refractive index of a medium. 
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ELECTRICITY 

Study Guide 

 

At the end of section 3.1 Monitoring & Measuring A.C. you should be able to : 

 

 1 describe a.c. as a current which changes direction and instantaneous value with time. 

 

 2 determine the frequency of an a.c. signal from its period. 

 

 

 3 determine the frequency and peak voltage of an a.c. supply using an oscilloscope.  

 

 4 state that the r.m.s. voltage is equivalent to a d.c. voltage that produces the same power. 

 

 5 state the relationship between the peak and r.m.s. values for a sinusoidally varying      
  voltage and current.  

 

 6 carry out calculations involving peak and r.m.s. values of voltage and current. 
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ELECTRICITY 

Study Guide 

 

At the end of section 3.2 Circuits you should be able to : 

 

 1 state that voltage is defined as the energy transformed per unit of charge 

 

 2 carry out calculations involving the relationship between energy, voltage and charge.  

 

 

 3 state that the energy supplied to each coulomb of charge which passes through a source 
   is known as the electromotive force (e.m.f.). 

  

 4 state that the energy transformed into another form of energy by a circuit component is 
  known as the potential difference (p.d.)  

 

 5 carry out calculations involving the relationships between power, current, voltage and  
  resistance in circuits containing resistors. 

 

 

     

 6 state that a potential divider consists of a number of resistors, or other components,    
  connected in series across a supply. 

 

 7  carry out calculations involving potential differences and resistances in potential divider 
   circuits. 

         

 

 8 state that an electrical source is equivalent to a source of e.m.f. (E) with a resistor in     
   series, the internal resistance (r).  

 

 9 describe the principles of a method for measuring the e.m.f. (E) and internal resistance (r) 
  of a source.  

 

 10 determine the e.m.f. (E), internal resistance (r) and short circuit current from a graph. 
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ELECTRICITY 

Study Guide 

 

 11 explain why the e.m.f. of a source is equal to the open circuit p.d. across the terminals of 
  the source.  

 

 12 state that the closed circuit p.d. across the terminals of a source is equal to the terminal 
  potential difference (t.p.d.). 

 

 13 state that the e.m.f. of a cell is equal to the sum of the t.p.d. and the lost volts. 

 

 14 carry out calculations involving the relationship between the e.m.f., t.p.d. and the lost  
   volts.  

 

 

 15  state that R = r for maximum transfer of energy between a source and a load. 

 

 16 use the following terms correctly in context: electromotive force (E), internal              
  resistance (r), lost volts, terminal potential difference (t.p.d.), short circuit and open  
  circuit. 
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ELECTRICITY 

Study Guide 

 

At the end of section 3.3 Capacitors you should be able to : 

 

 1 state that the charge Q on two parallel conducting plates is directly proportional to the 
  p.d. V between the plates.   

 

 2 state that capacitance is the ratio of charge to p.d. 

 

 3 state that the unit of capacitance is the farad and that one farad is one coulomb per volt.  

 

 4 carry out calculations involving the relationship between capacitance, charge and          
  potential difference.  

 

 

 5 calculate the charge stored on a capacitor for a constant charging current.  

 

 

 6 explain why work must be done to charge a capacitor. 

 

 7 state that the work done to charge a capacitor is given by the area under the graph of  
  charge against p.d.  

 

 8 carry out calculations involving the relationships between capacitance, charge, potential 
  difference and energy stored in a capacitor.  

 

 

 9 describe an experiment to investigate the variation of current in a capacitor and voltage 
  across a capacitor with time, for the charging and discharging of capacitors. 

 

 10 draw qualitative graphs of current against time and of p.d. against time for the charge  
  and  discharge of a capacitor in a d.c. circuit containing a resistor and capacitor in series.  

 

 11 carry out calculations involving p.d. and current in CR circuits. 
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ELECTRICITY 

Study Guide 

 

At the end of section 3.4 Semiconductors & P-N Junctions you should be able to : 

 

 1 state that materials can be divided into three broad categories according to their          
  electrical properties – conductors, insulators and semiconductors.  

 

 2 state that the electrons in atoms are contained in energy levels and when atoms come  
  together, the electrons then become contained in energy levels separated by gaps.  

 

 3 state that in conductors the highest occupied band is not completely full and this allows 
  electrons to move therefore conduct. This band is known as the conduction band.  

 

 4 state that highly conductive metals have free electrons and partially filled electron bands. 
  Some metals have overlapping valence and conduction bands. Each band is partially filled 
  and therefore they are conductive. 

 

 5 state that in insulators the highest occupied band (called the valence band) is full. The  
  band above the valence band is the conduction band.  

 

 6 state that for an insulator the gap between the valence band and the conduction band is 
  large and at room temperature there is not enough energy available to move electrons 
  from the valence band in to the conduction band where they would be able to contribute 
  to conduction. 

 

 7 state that for a semiconductor the gap between the valence band and the conduction  
  band is smaller and at room temperature there is sufficient energy available to move  
  some electrons from the valence band in to the conduction band allowing some   
  conduction to take place. 

 

 8 state that an increase in temperature increases the conductivity of a semiconductor. 

 

 9 state that the addition of impurity atoms to a pure semiconductor (a process called      
  doping) decreases its resistance.  

 

 10 explain how doping can form an n-type semiconductor in which the majority of the  
  charge carriers are negative, or a p-type semiconductor in which the majority of the  
  charge carriers are positive.  
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 11 describe the movement of the charge carriers in a forward/reverse-biased p–n junction 
  diode.  

 

 12 state that p-n junctions are used in a number of devices. 

 

 13 state that LEDs are forward biased p-n junction diodes which emit photons when a       
  current is passed through the junction.  

 

 14 explain how the movement of electrons across the p-n junction of an LED results in       
  recombination with holes causing photons to be omitted. 

 

 15 state that solar cells are p-n junctions designed so that a potential difference is produced 
  when photons are incident upon it. This is the photovoltaic effect. 

 

 16 explain how the creation of electron-hole pairs within the p-n junction of an solar cell  
  causes a potential difference to be produced. 
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At the end of section 4.1 Uncertainties you should be able to : 

 

 1 State that measurement of any physical quantity is liable to uncertainty.  

 

 2 Distinguish between random uncertainties and recognised systematic effects.  

 

 3 State that the scale-reading uncertainty is a measure of how well an instrument scale  
  can be read.  

 

 4 Explain why repeated measurements of a physical quantity are desirable. 

 

 5 Calculate the mean value of a number of measurements of the same physical quantity.  

 

 6 State that this mean is the best estimate of a ‘true’ value of the quantity being   
  measured.  

 

 7 State that where a systematic effect is present the mean value of the measurements will
  be offset from a ‘true’ value of the physical quantity being measured.  

 

 8 Calculate the approximate random uncertainty in the mean value of a set of   
  measurements using the relationship:  

approximate random uncertainty in mean = max. value–min. value    
            no. of measurements 

 

 9 Estimate the scale-reading uncertainty incurred when using an analogue display and a  
  digital display.  

 

 10 Express uncertainties in absolute or percentage form.  

 

 11 Identify, in an experiment where more than one physical quantity has  been measured, 
   the quantity with the largest percentage uncertainty.  

 

 12 State that this percentage uncertainty is often a good estimate of the percentage  
  uncertainty in the final numerical result of the experiment.  

 

 13 Express the numerical result of an experiment in the form: final value ± uncertainty. 
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At the end of section 4.2  Units, Prefixes and Scientific Notation you should be able to : 

 

  1 Use SI units of all physical quantities appearing in the content statements.  

 

 2 Give answers to calculations to an appropriate number of significant figures.  

 

 3 Check answers to calculations.  

 

 4 Use prefixes (p, n, μ, m, k, M, G).  

 

 5 Use scientific notation. 
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