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Higher Physics 

Electricity Unit 

St Andrew’s Academy 
 

 

 

This booklet has notes and space for completing worked 

examples on the Electricity Unit and covers the following key 

areas: 

 

1. Monitoring and measuring a.c. 

2. Current, potential difference, power and resistance 

3. Internal resistance 

4. Internal resistance & EMF from a graph 

5. Capacitance 

6. Energy in a capacitor 

7. Charge and discharge graphs 

8. Conductors, semiconductors and insulators 

9. p-n junctions 
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1. Monitoring and measuring a.c. 

 

Learning outcomes: 

• A.C as a current which changes direction and instantaneous value with time 

• Calculations involving peak and r.m.s. values 

• Determination of frequency from graphical data 

 

Background revision (a.c. and d.c.) 

• There are two types of electrical current: 

1. Direct Current (d.c.) where the current only travels in one direction eg a battery. 

2. Alternating Current (a.c.) where the current is constantly changing direction eg the 

mains socket. 

 

Background revision (oscilloscope) 

• An electronic device called an oscilloscope can be used to draw a graph of the 

electrical signal of both a.c. and d.c. 
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Using an oscilloscope 

• Oscilloscopes have dials on them to allow you to 

calibrate two things about the signal produced: 

• On the x-axis – time per cm (time base often given in ms) 

• On the y-axis – volts per cm (voltage gain often given in 

mV) 

 

 

 

Period of a wave 

 

• The period of a wave is the time taken for one complete wave to pass a point. 

• It has the symbol T and is measured in s. 

• For example, if we have an oscilloscope set to 1ms cm-1  (a time of 1ms for each 

gridline 1 cm apart) as shown:  

 

 

 

 

 

 Then we can see that one complete wave is made after 4 boxes. 

 Therefore the period of 1 wave, T = 4 x 1ms = 4ms: 

 T = 4 x 10-3 s 

 

Measuring the frequency of a wave 

 

• Once we have established the period of a wave, T, using the method above, we can 

find the frequency of a wave, f, by the equation: 

• f  = 1 

   T 
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Experiment 

Frequency on signal 
generator (Hz) 

Period of one wave, T (s) Frequency calculated  
f = 1 / T (Hz) 

   

   

   

   

 

Peak voltage 

 

• When we consider voltage there are two values that we must consider: 

1. Peak voltage  

2. R.m.s. voltage (root mean square voltage)  

• Peak voltage is “always bigger” than r.m.s. voltage 

• The value quoted for the mains (230V) is the r.m.s. value. 

• The r.m.s. voltage of an a.c. value is equivalent to the d.c. value e.g. an r.m.s of 

230V a.c = 230V d.c. 

• Oscilloscope traces show the peak voltage of a wave, consider the following 

oscilloscope trace: 

• (the y-gain setting is set to 0.1 V cm-1) 

 

• The amplitude shown is 2 cm. Therefore the peak voltage is 2 x ‘volts per cm’ setting 

on the control. 

• 2 x 0.1v cm-1 = 0.2 V 

 

Peak and r.m.s. formulae 

 

• The peak voltage and r.m.s. voltage are related by: 

• Vpeak = √2 Vr.m.s 

• Peak current and r.m.s current have a similar relationship: 

• Ipeak = √2 Ir.m.s 
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Mulitiple choice Examples: 

Old Higher 2004 Qu: 12: 

 

 

Old Higher 2005 Qu: 9 
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Old Higher 2007 Qu: 10: 

 

 

 

 

 

Revised Higher 2012 Qu: 19 
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Paper 2 Examples: 

Old Higher 2000 – Qu: 26 

 

 

 

 

 

 

 

 

 

 

 

 



10 
 

Old Higher 2003 Qu: 25 
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Measuring and measuring a.c. homework    Due date:________________ 

 

1. The diagram below shows the screen and the settings of an oscilloscope, which is 

being used to measure the output frequency of a signal generator. 

 

What is the frequency of the signal applied to 

the input of the oscilloscope? 

 

A 2.5 Hz 

B 12.5 Hz 

C 40 Hz 

D 250 Hz 

E 500 Hz 

 

 

 

 

 

 

2. The diagram below represents an alternating voltage. 

 

What d.c. supply voltage would produce the same rate of heating from this heater? 

A 5 V 

B 10 / √ 2 V 

C 10 V 

D 10 √ 2 V 

E 20 V 
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3. An immersion heater can be operated either from an a.c. supply or a d.c. supply. The 

graph below represents the a.c. supply voltage. 

 

What d.c. supply voltage would produce the same rate of heating from this heater? 

A 6 V 

B 12 / √ 2 V  

C 12 V 

D 12 √ 2 V  

E 24 V 

 

4. An oscilloscope is connected across a resistor in a circuit. The trace obtained is 

shown below. 

 

The peak voltage shown on the oscilloscope is 10 volts and the time base setting is 

0.2 ms cm-1. Calculate:  

(a) The r.m.s. voltage across the resistor 

(b) The frequency of the a.c. voltage.  
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2. Current, potential difference, resistance and 

power: 

 

Learning Outcomes: 

• Use relationships involving potential difference, current, resistance and power to 

analyse circuits.  

• Calculations may involve several steps.  

• Calculations involving potential dividers circuits.  

 

Ohm’s Law: 

• The constant proportion of voltage v current is defined to be the resistance. 

• R  = V or V = IR 

   I 

• This is known as Ohm’s Law. 

 

Circuit rules: 

 

Quantity Definition Series Parallel 

Current Flow of electric 
charges 

Is = I2 = I3 = I4 Ip = I1 + I2 + I3 

Voltage Energy given to 
each charge 

Vs = V1 + V2 + V3 Vp = V1 = V2 = V3 

Resistance The limit of electrical 
current 

Rs = R1 + R2 + R3 1 = 1  +  1  +  1 
Rp  R1    R2     R3 

 

CfE 2018 Qu: 
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Light Emitting Diodes (LEDs): 

 

• LED stands for Light Emitting Diode. 

• Transforms Electrical  Light Energy 

• It has the following symbol. 

• (you must know how to draw this)  

 

 

 

Using an LED correctly: 

• Build a simple circuit involving a battery and a bulb.  

• Change the direction of the bulb. Does it still light? 

• Repeat the above for an LED. 

 

Output Device Does it light in both directions? 

Lamp 
 

LED 
 

 

• Therefore, an LED only works in one direction (the 

arrow points to the negative terminal). 

 

 

 

 

What happens if there are several LEDs facing different directions? 

• If one LED is facing the positive terminal that will block any current passing through 

it.  

• Therefore if we have two LED’s in series, facing opposite directions then none of 

them will work.  
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Example: 

 

 

Worked example: 

• The LED in the circuit requires 1.5 V to 

operate when the current is 200mA. 

Find the value of the fixed resistor. 
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Two resistors in parallel: 

• For two and only two resistors in parallel, the following formula can be used to 

calculate total resistance, RT: 

RT  = R1 x R2 

      R1 + R2 

Note - This is not in the rel. sheet. 

 

Combining Resistance: 

• In a series circuit, the total resistance is always bigger than the biggest resistor. 

• In a parallel circuit, the total resistance is always smaller than the smallest resistor. 

 

Multiple-choice Example - CfE Specimen Qu: 14: 

 

What if we have both?: 

• If we have both parallel and series resistors in a circuit; 

1. Work out any resistors that are in series in the same branch. 

2. Then work out resistors in parallel and replace them with the value of one resistor. 

3. Work out the resistors in series. 
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Worked Example 1: 

• Calculate the total resistance 

between X and Y. 

 

 

 

 

 

 

 

 

 

Worked Example 2: 

• Calculate the total resistance between X and Y. 
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Multiple choice Examples: 

Revised Higher 2012 Qu: 8 

 

 

 

 

 

 

CfE Specimen Higher Qu: 19 
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Revised Higher 2014 Qu: 18 

  

 

 

 

 

Old Higher 2014 Qu: 17: 
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Old Higher 2006 Qu: 8: 

 

Potential Dividers: 

• A potential divider circuit is a series circuit where the 

voltage (potential) is split between two resistors. 

• It is also known as a voltage divider. 

• It is often shown on its side: 

 

Formula 1:  When the supply voltage, Vs, is not known: 

R1 =  V1 

   R2   V2 

 

Formula 2: When the supply voltage, Vs, is know: 

• Given in relationship sheet:  V2 =  R2______  x VS   

       (R1 + R2) 

• Not given in relationship sheet: V1 =  R1______           x VS   

       (R1 + R2 ) 
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Worked example: 

Find the voltage across both resistors  

(V1 and V2):  

 

• V2  =  R2  x VS   

   R1+R2 

 = 10   x  12 

  30 + 10  

 = 3 V 

• V1 can then just be calculated using formula for voltage in series: Vs = V1 + V2 

• So V1 = 12 - 3 = 9V 

 

What if we have two potential dividers in parallel? 

 

1. Work out the voltage of R2 on each branch. 

2. The reading on the voltmeter is the difference 

between the two.  

 

 

 

 

 

Worked Example – find the reading on the voltmeter in the circuit above:  
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Multiple-choice Example 2013 Qu: 7: 

 

 

 

 

 

 

 

 

Power: 

• Power (P) is defined as the rate of energy transferred per second. 

• It is measured in Watts. 

• There are several different formulae that can be used for electric power. 

• P = IV 

• P = I2 R 

• P =  V2 

  R 

• P =  E 

  t 

• (the formula V = IR can also be used to work out any unknown values) 
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CfE Higher 2018: 

 

 

 

CfE Higher 2019: 

 

 

 

 

 

 



24 
 

Current, potential difference, resistance and power homework:   

Due date:________________ 

1.  

 

2.  

 

3. 
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4.  

 

 

 

 

5.  

 

6. 
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3. Internal resistance: 

 

Learning outcomes: 

• Electromotive force, internal resistance and terminal potential difference. Ideal 

supplies, short circuits and open circuits.  

 

Electromotive Force (E.M.F.): 

 An electric field applied to a conductor causes the free electric charges in it to move. 

  

 The e.m.f. (symbol E) of a source is the electric potential energy supplied to each 

coulomb of charge which passes through the source. 

 

 The p.d. (potential difference – symbol V) is the work required to push each coulomb 

of charge through a resistor. 

 (In resistors the work becomes heat.) 

• For example, an EMF of 6 V means that there is 6J of energy given to each coulomb 

of charge.  

 

Multiple-choice example – 2008 Qu: 9: 
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Internal Resistance: 

 

 Real cells and batteries have internal resistance. 

 An electrical source is equivalent to a source of e.m.f. (electro-motive force) with a 

resistor in series (internal resistance). 

E  =  IR  +  Ir   R = load resistor 

       r = Internal resistance 
       I = current 
e.m.f      terminal  ‘lost volts’   
 potential difference    
     

 Remember!!!  E.m.f. is measured in VOLTS. 
 

 The ‘lost volts’ increase with the current. 
 

 E.m.f. can also be defined by explaining the equation above 
 
ie  terminal potential difference + lost volts 

 

 

The short circuit current: 

 This is the current when the circuit shorts across the battery terminal. 

 It can be found using Ohm’s Law with the EMF and the internal resistor: 

I = E 

  r 
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What does the voltmeter read? 

• The voltmeter can provide two 

pieces of information 

depending on whether the 

switch is open or closed: 

• Open switch – voltmeter 

provides EMF, E (known as 

open circuit p.d.) 

• Closed switch – voltmeter 

provides t.p.d, V (voltage 

across load resistor, R) 

 

 REMEMBER! With values for both EMF (E) and tpd (V) you can now work out lost 

volts (Ir):  lost volts = E – V 

 

 

Multiple-choice example 2002 Qu: 10: 
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Tackling problems: 

• Problems will always give at least three of the possible six factors in the question: 
 

• E   =  V 
• I   =          A    (= E / R+r)  
• R   =          Ω  
• r   =          Ω  
• tpd   =  V   (=IR)  
• lost volts  = V   (=Ir)  

 
Always use V = IR 
 

• V = IR can be used to help you find the tpd and lost volts: 
 

  V = I  R 
  tpd = I  R (load resistor) 
  lost v = I  r (internal resistor) 
 

• Remember if you have trouble working out any values then try using V = IR as above 

 

Worked Example: 

 

The voltmeter reads the terminal 

potential difference (t.p.d.). What will 

the voltmeter read in the above circuit? 

 

 

 

 

 

 

 

 

Common PS question: 

A second resistor will be placed in parallel with the load resistor (R), what happens to the 

reading on the voltmeter? 

• 2 resistors in parallel means RT down 

• So I up 

• Lost volts up 

• Voltmeter reading down 
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Multiple-choice examples 

Old Higher 2003 Qu: 9: 

 

 

 

 

 

 

Old Higher 2006 Qu: 9: 
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Paper 2 Examples  

Old Higher 2011 Qu: 24: 
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Old Higher 2002 Qu: 24: 
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Internal resistance homework    Due date:________________ 

1.  

 

2.  

 

3.  
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4.  
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4. Internal Resistance & EMF from a graph: 

 

Learning outcomes: 

• Determining internal resistance and electromotive force using graphical analysis.  

 

Finding Internal Resistance (r) Experimentally: 

The e.m.f. and internal resistance of a cell can be found using the circuit below: 

 

V (the t.p.d.) and I are measured  

for various values of the variable resistor. 

A table is compiled and then a graph of voltage 

against current is plotted. 

 

 

Results: 

Current (A) t.p.d. across the 
resistor (V) 

  

  

  

  

  

  

 

The following graph is obtained (using line of best fit): 

 

There are two key pieces of information 

provided by the graph: 

1. The internal resistance, r. 

 

This is equal to the negative of the gradient 

of the line. 

 

                 r = - gradient of the line 

 

2. The E.m.f, E. This is equal to the 

y intercept. 

                

               E = intercept on y-axis. 
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What is the short circuit current?: 

This is the current produced the E.m.f. and the internal resistor ONLY (i.e. the load resistor is 

not taken into account). You can calculate by: 

Short circuit current  I = E 
     r 
 

Paper 2 Examples:  

Old Higher 2005 Qu: 25: 
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Old Higher 2001 Qu: 24: 
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Old Higher 2014 Qu: 25: 
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CfE Higher 2015 Qu: 10: 
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Internal resistance & EMF from a graph homework  Due date:________________ 

 

1. 
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2. 
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5. Capacitance 

 

Learning outcomes: 

• Capacitors and the relationship between capacitance, charge and potential difference. 

 

Capacitors:           Circuit symbol: 

• CAPACITORS are devices which can store charge. The ability of 

a device to store charge is called its capacitance. 

• A capacitor is two conducting layers separated by an insulator. 

 

 

Storing charge: 

 

• Charge can be stored on parallel metal plates by connecting them 

to a d.c. source. 

• Electrons leave one plate and at the same time electrons are added 

to the other plate. 

• The energy to cause this transfer of charge from one plate to the 

other is the work done by the source. 

 

 

 

What effect does a larger supply voltage have? 

 

• The plates build up charge until the p.d. across the plates is equal to 

the p.d. of the source. 

• Therefore, a larger supply voltage = larger charge 

• The charge (Q) on two parallel conducting plates is directly 

proportional to the p.d. (V) between the plates. 

    Q   α   V 

• The parallel plates store the energy supplied to them in an electric 

field between the plates. 

• When the source is disconnected, the charge and energy are stored. 
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Experimentally investigating charge on and p.d. across the plates of a capacitor: 

 

• Discharge the capacitor (there is a button 

beside the capacitor). 

• Connect the circuit and set the switch to charge 

the capacitor as shown in the diagram. 

• Allow enough time for the capacitor to charge 

fully. 

• Set the switch to fully discharge the capacitor 

through the coulomb meter. 

• Repeat for other charging voltages. Plot a graph of charge against voltage. 

 

Results: 

 

The charge, Q, is directly proportional to the voltage, V. 

 

Q = CV 

 

 

 

Capacitance equation:  

• Capacitance C is the ratio of charge to p.d. 

• The unit of capacitance is the Farad, F.  

• One Farad is one Coulomb per Volt. 

•  

    C  =   Q 
                         V 
 

• The Farad is often expressed as μF (x10-6F),  

 nF (x10-9F) or pF (x10-12F) 
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Worked Example: 

 

 

 

 

 

 

 

 

Multiple-choice Examples  

Old Higher 2002 Qu: 11: 
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Old Higher 2003 Qu: 13: 

 

Old Higher 2009 Qu: 11: 

 

 

Multiple-choice example – CfE 2016 Qu: 20: 
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6. Energy Stored in a Capacitor 

Learning Outcomes: 

• The total energy stored in a charged capacitor is the area under the charge against 

potential difference graph.  

• Use the relationships between energy, charge, capacitance and potential difference.  

• Variation of current and potential difference against time for both charging and 

discharging.  

• The effect of resistance and capacitance on charging and discharging curves.  

 

Work done in Charging a Capacitor: 

 Work must be done (against the electrostatic forces) when pushing electrons on 

to the negative plate and pulling them off the positive plate. 

 

 The negative electrons are pulled away from the positive plate and then pushed onto 

the negative plate. They both act against their attraction (as negative charges repel 

other negative charges and are attracted to positive charges). 

 This work becomes energy stored in the electric field between the plates and the 

capacitor. 

 

 Once some charge is on the plate, this will repel more charge and so the current 

decreases until the electrons from the cell do not have enough energy to ‘climb’ the 

potential gradient onto the plate. 

 

 The charging then ceases. 

 In this way, work is done in charging the capacitor. 

 

 The work done in charging a capacitor is given by the area 

under the graph of charge against p.d. 

 

 Energy stored in a capacitor  = ½ x b x h   

  

= ½ x charge x p.d.  

    

= ½ x Q x V 

 

 

 



53 
 

 We already know that Q = CV. There we can write the following three equations: 

 

 Energy stored in a capacitor,  E = ½ QV = ½ CV2 = ½ Q2  
      C 

 

 It is very important that you use the equations above (laid out in this way in the 

relationship sheet) and do not use W = QV (this is used later on in the course). 

 

 

 

 

Summary of main points: 

• Work (energy) is required to charge a capacitor to move the electrons onto the plate 

against the force due to the other charges on the plate. 

• This energy is found by the area under a QV graph or by any of the equations: 

• E = ½ QV = ½ CV²= ½ Q²/C 

 

 

   Exam hint 1: 

• They will often give you the voltage of the resistor and then question you about the 
capacitor. 

• Remember you must first calculate the voltage of the capacitor (use the voltage in 
series rule): 

   Vs = V1 + V2 

   Vs = VR + VC 

   Exam hint 2: 

• The initial charging current is the current right at the start of the charging process. 

• We can see from our QV graph, that the voltage across the capacitor right at the start 

is 0 V. 

• This means all the voltage is in the resistor 

• We can therefore use V = IR to work out the initial charging current because all the 

voltage in the resistor at the start. 

• See example 1 (a) 
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Paper 2 Examples  

Old Higher 2007 Qu: 26: 
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Old Higher 2006 Qu: 25: 
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7. Charge and Discharge Graphs 

 

Learning Outcomes: 

• Variation of current and potential difference against time for both charging and 

discharging.  

• The effect of resistance and capacitance on charging and discharging curves.  

 

Capacitance - Charging / Discharging Graphs – The RC Circuit: 

The diagram below shows a d.c. circuit containing a resistor and capacitor in series.  

This is known as an RC circuit, or a CR circuit. 

 

As we have previously seen, a capacitor does not instantly charge. It takes some time to fully 

charge as the electrons move against the forces of repulsion. We can therefore investigate 

how both voltage and current vary with time for a charging and a discharging capacitor. 

 

Voltage / time graphs: 

Results for CHARGING capacitor   Results for DISCHARGING capacitor 
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Current / time graphs: 

The current during charging and discharging can be displayed by monitoring the potential 

difference (voltage) across the fixed resistor, R, using the equation I = V / R. 

Results for CHARGING capacitor   Results for DISCHARGING capacitor 

 

Note the negative value for current for the DISCHARGING graph. This is because the direction 

of the current has changed. 

 

How can the time take to CHARGE / DISCHARGE be affected? 

Two adjustments that can be made to an RC circuit to increase the charging time are: 

1. Increase the capacitance (more charge is stored) 

2. Increase the resistance (less current will flow at the start) 

Increasing the supply voltage can also increase the time taken to charge. 

 

Multiple-choice Examples  

Old Higher 2006 Qu: 11: 

 

 



59 
 

Old Higher 2011 Qu: 13: 

 

 

 

 

 

 

Old Higher 2010 Qu: 12: 
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Paper 2 Examples  

 

Open-ended question – CfE 2019: 
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Old Higher 2010 Qu: 24: 
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CfE Higher 2016 Qu: 13: 
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CfE Higher 2015 Qu: 11: 
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Capacitance homework      Due date:________________ 

1.  

 

2.  
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3.  

 

4.  
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5.  
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6.  
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8. Semiconductors 

Learning outcomes: 

• Solids can be categorised into conductors, semiconductors or insulators by their ability 

to conduct electricity.  

• The electrons in atoms are contained in energy levels. When the atoms come together 

to form solids, the electrons then become contained in energy bands separated by 

gaps.  

• In metals, the highest occupied band is not completely full and this allows the electrons 

to move and therefore conduct. This band is known as the conduction band.  

• In an insulator, the highest occupied band (called the valence band) is full. The first 

unfilled band above the valence band is the conduction band. 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 into the 

conduction band where they would be able to contribute to conduction. There is no 

electrical conduction in an insulator.  

• In a semiconductor, the gap between the valence band and conduction band is smaller 

and at room temperature there is sufficient energy available to move some electrons 

from the valence band into the conduction band allowing some conduction to take 

place. An increase in temperature increases the conductivity of a semiconductor.  

 

Semiconductors: 

• By considering their electrical properties, we can divide materials into three groups: 

• Conductors – materials with many free electrons. These electrons can be easily made 

to flow through the material. For example, all metals, semi-metals like graphite and 

arsenic. 

• Semiconductors – Materials which are insulators when pure, but will conduct by the 

addition of impurities, e.g. silicon (Si), germanium (Ge). 

• Insulators – Materials that have very few free electrons, which cannot move easily. For 

example plastic, glass and wood. 

 

Band theory: 

The conduction of these three materials can be explained using band theory. 
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Conductors: 

• In metals, the highest occupied band is not completely full and this allows the 

electrons to move and therefore conduct. This band is known as the conduction band.  

Insulators: 

• In an insulator, the highest occupied band (called the valence band) is full.  

• The first unfilled band above the valence band is the conduction band.  

• 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 into the conduction band where they would be able to contribute to 

conduction.  

• There is no electrical conduction in an insulator. 

 

Semiconductors: 

• In a semiconductor, the gap between the valence band and conduction band is smaller 

and at room temperature there is sufficient energy available to move some 

electrons from the valence band into the conduction band allowing some conduction 

to take place.  

• An increase in temperature increases the conductivity of a semiconductor by giving 

more electrons the energy to move into the conduction band. Therefore reducing its 

resistance.  

         (It gives more energy to move electrons from the valence band to the conduction band).  

 

Multiple-choice Examples  

Revised Higher Specimen paper Qu: 14: 
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Revised Higher 2012 Qu: 18: 

  

Paper 2 Examples  

CfE Higher Specimen paper Qu: 14: 
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Revised Higher 2013 Qu: 31(a): 

 

 

 

 

CfE Higher 2019 Qu: 14: 
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9. p-n Junctions 

Learning outcomes: 

• During manufacture, the conductivity of semiconductors can be controlled, resulting in 

two types: p-type and n-type. 

• When p-type and n-type materials are joined, a layer is formed at the junction. The 

electrical properties of this layer are used in a number of devices. 

• Solar cells are p-n junctions designed so that a potential difference is produced when 

photons enter the layer. This is the photovoltaic effect.  

• LEDs are p-n junctions which emit photons when a current is passed through the 

junction. 

 

 

Doping: 

• When we add impurities to a pure semiconductor this is called Doping. 

• Doping reduces the resistance of a semiconductor (therefore making it more 

conductive to electrical current)  

 

 

Semiconductors – Silicon: 

 

 

 

• The silicon atom has 4 valence electrons in the outer shell (this just means they have 

4 electrons available for bonding). 

• In a pure crystal. Each atom is bonded to another atom, meaning there are very few 

free electrons. 

• The material insulates. 

• At higher temperatures, a few electrons escape from their atoms. 

• They leave behind a ‘hole’. 

• Both electrons and holes increase conductivity and reduce resistance. 
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N-type semiconductor: 

 

 
• Arsenic is an impurity with five outer electrons. 

• If it is added to the silicon, it leaves one spare electron. 

• These free electrons can form a current. 

• Since the overall charge is negative we call these ‘n-type’ semiconductors 

 

P-type semiconductor: 

 

 
 

• Indium is an impurity with three outer electrons. 

• If it is added to the silicon, it leaves a ‘hole’ i.e. a missing electron 

• This hole can move through the lattice, carrying a positive charge. 

• This is called a p-type semiconductor. 

 

P-type and N-type: 

 

• Both p-type and n-type materials are electrically neutral (only their charges have a 

charge when an impurity is added). 

• The more doping that takes place the more charge carriers there are: 

• p-type – majority charge carrier are holes 

• n-type – majority charge carrier are electrons 
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Multiple-choice Examples  

Old Higher 2009 Qu: 17: 

 

Old Higher 2004 Qu: 17: 

 

Old Higher 2003 Qu: 19: 
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Old Higher 2008 Qu: 18: 

 

 

p-n Junctions: 

• The p-n junction diode: When a semi-conductor is grown 

so that one half is p-type and the other is n-type, the 

resulting product is known as a p-n junction diode. 

 

 

• Since the electrons and the holes have combined, there are no free charge carriers 

just around the junction where they join. 

• This is called the depletion layer. 

• There will be a small voltage, a potential barrier, across this junction due to this charge 

separation. 

• This voltage will tend to oppose any further movement of charge. 
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Biasing: 

• This is equivalent to having a potential difference across the junction which opposes 

any further movement of electrons (from n-type to p-type) and holes (from p-type to n-

type). 

• Applying a voltage to a semiconductor is called biasing. 

• There are two ways to apply the voltage: 

 
 

The forward-biased diode: 

• In the forward biased diode, the following occurs: 

• The negative electrons are given enough energy to flow through the depletion layer 

and in an anti-clockwise direction to the +ve end of the battery. 

• The +ve holes travel in the opposite direction to the –ve end of the battery. 

• The depletion layer becomes removed and the diode conducts. 

 

 

The reverse-biased diode: 

• In the reverse-biased diode, the applied potential causes the depletion layer to 

increase in depth, increasing the size of the potential barrier. 

• The diode is now less likely to conduct. 
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The Light Emitting Diode (LED): 

 

• The LED has a p-n junction very close to the surface. 

• It is used in the forward-biased mode. 

 

• When holes and electrons are crossing the junction, some meet, re-combine and emit 

energy in the form of a photon of light, hence the name. 

 

The photodiode: 

• A p-n junction coated in a transparent coating will react to light. 

• This photodiode can be used in two modes: 

1. Photovoltaic mode 

2. Photoconductive mode 

 

 

1. Photovoltaic mode: 

 

 In this case the photodiode acts as the 

power source to the motor. This is how solar 

cells work. 

 When a photon of light falls on the junction 

its energy is absorbed, producing electron-

hole pairs and subsequently a voltage. 

 

 

2. Photoconductive mode: 

 

• In this case the photodiode acts as a light sensor. 

• It is reverse-biased and would not normally conduct (in dark 

conditions). 

• However when intense light falls on the junction it releases 

electrons and creates electron-hole pairs. 

• This decreases the depletion layer and its resistance and therefore 

allows a current to flow. 

• As resistance decreases with light intensity this is called a Light 

Dependent Resistor (LDR). 

• The switching action of this reverse-bias mode is extremely fast 

and can even be used in light gates. 
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Summary: 

p-n junction diode Forward bias – conducts 

Reverse bias – does not 

LED Forward bias – conducts and emits light 

Reverse bias – does not conduct, does not emit light 

Photodiode No bias – photovoltaic mode – acts like a solar cell 

Reverse bias – photoconductive mode – acts like an LDR 

 

Multiple-choice Examples  

Old Higher 2007 Qu: 18: 

  

 

Revised Higher 2014 Qu: 19: 
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Paper 2 Examples  

Old Higher 2004 Qu: 29(a)-(b): 
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Semiconductors and p-n junctions homework  Due date:________________ 

1.  

 

2.  

 

3.  
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4.  

 

5.  

 

6.  
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Electricity Revision Questions 

1. CIRCUITS 

 

2. EMF AND INTERNAL RESISTANCE 
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3. AC & VOLTAGE 

 

4. P-N JUNCTIONS 
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5. Capacitors 
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6. Open-ended 
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Homework Numerical Answers 

AC & Voltage:   1. D;  2. B;  3; B; 4. (a) 7.07 V (b) 625 Hz 

Current, potential difference, resistance & power: 1. (a) 5 V (b) 2.5 V 2. B 3. C 4. C

       5. C  6. (a)(i) 1800 Ω (ii) – (iii) 5.2 V 

 

Internal resistance: 1. E 2. B 3. D 4. (a) – (b)(i) 5 A (ii) 1.6 V (iii) 0.08 Ω (c) – 

Internal resistance & EMF from a graph:  1. (a)(i) – (ii) 1.6 Ω (iii) 1.43 V  

2. (b)(i) tpd + lost volts (ii) E=1.4 V; r=0.4Ω (iii) –  

 

Capacitance:   1. B 2. E 3. D     4. E 5. (a) - (b) 4.4x10-4 A (c)(i) 0.0405 J (ii) –  

   6. (a)(i) 1.6x10-5 F  (ii) 17 +/- 1 µF (iii) –  

Semiconductors / p-n:  1. D 2. C 3. D 4. (a) – (b) –  5.  
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Electricity revision        Past Paper questions 

Year Questions 

Multi-Ch                                     Section B 

CfE 2018 15,16,17,18,19,20                   2(a)(ii),11,12 

CfE 2017 16,17,18,19                            12,13,14,15 

CfE 2016 17,18,19,20                            11,12,13 

CfE 2015 17,18,19                                 10,11 

CfE Spec 14,16,17,18,19                       13, 14 

Rev. 2015 17,18,19                                 30,31 

Rev. 2014 15,16,17,18,19                       30, 31 

Rev. 2013 17,18,19,20                         30, 31 

Rev. 2012 17,18,19,20              31, 32 

Rev. Spec 11,12,13,14              30 

2015 8,10,11                                   25,26,27,28(a) 

2014 8,9,10,11,18                           25,26,27(a) 

2013 10,11,18                                 25,26,27 

2012 8,9,10,11,                               25,26 

2011 8,11,12,13              24, 25 (a, b) 

2010 9,12,16                                   24,26 

2009 9,11,17,19                              24,25(a),26 

2008 9,10,18                                  21(c),24,25 

2007 8,9,10,18                                25,26 

2006 8,9,11                                     25,26(a),27)a)(i) 

2005 7,9                                          21(b)(i),25,26 

2004 12,17                                       24,25,29 

2003 8,9,10,11,12,13,14,19             25, 

2002 8,10,11,12,18                          24 

2001 8,9,10                                      24,25 

2000 8                                              24,25,26 

 


