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Monitoring and Measuring Alternating Current 

 

An a.c. supply produces a flow of charge in a circuit that regularly reverses direction. The 

symbol for an a.c. supply is shown below:- 

 

 
 

An a.c. supply would produce a trace that shows alternating peaks and troughs. 
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The table below contains the details of the Past Paper examples for this area of the 

course. Past Papers, and their solutions, are free to download from the SQA website. 

 

Year Section/Paper One Section/Paper Two 

2015 17 and 18 No examples 

2016 17 No examples 

2017 16 No examples 

2018 No examples 12 a)i), a)ii) and b) 

2019 20 and 21 No examples 
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Current, Potential Difference, Power and Resistance 
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A typical parallel circuit is shown below. 

 
By applying the parallel resistors relationship it can be shown that the total resistance for 

this circuit is 8.8Ω. 
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Example 3 

Find the total resistance of the following resistor combination. 

 

 
 

Firstly, deal with the parallel combination. 

RT  =  ?          R1  =  6Ω         R2  =  12Ω          R3  =  3Ω 

 

 
 

1/ RT   =   1/6        +       1/12       +       1/3 

1/ RT   =   2/12       +       1/12       +       4/12 

1/ RT   =   7/12 

RT   =  1.7Ω 

 

Now apply the rule for resistors in series 

 
 

RT   =  5     +    1.7     +     8 

 

RT   =  14.7Ω 
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Wheatstone Bridge Circuit 

 

When two potential dividers are connected in parallel as shown below it is known as a 

Wheatstone Bridge circuit. 

 

 
 

The voltmeter measures the potential difference between the two midpoints of the parallel 

branches. If the voltmeter reads 0V the bridge circuit is said to be balanced. This will 

happen when the ratios of the resistors in the circuit are equal.  

 

 
 

This bridge arrangement is often used to find the value of an unknown resistor and can be 

drawn in a diamond formation. 

 

 
 

 Thus assuming the galvanometer (a sensitive meter) has a zero reading we can apply the 

above equation. 

 

 
 

10 / 25  =  3.6  /  Rx 

 

Rx  = 9.0kΩ 
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The table below contains the details of the Past Paper examples for this area of the 

course. Past Papers, and their solutions, are free to download from the SQA website.  

 

This area appears to have very few examples, but the knowledge for this area must 

be secure as it needed for the areas that follow. 

 

Year Section/Paper One Section/Paper Two 

2015 No examples No examples 

2016 18 and 19 No examples 

2017 No examples No examples 

2018 15 and 16 2a)ii 

2019 23 No examples 

 

Electrical Sources and Internal Resistance 

 

When a power supply is part of a closed circuit, it must itself be a conductor. As all 

conductors have some resistance, the power supply must have its own value of resistance. 

The name given to the resistance of a power supply is internal resistance and it is given 

the symbol, r. 

A power supply provides the energy for the charges which flow through the closed 

circuit. The energy given to a coulomb of charge flowing through the power supply is 

known as the e.m.f. (electromotive force) of the supply. E.m.f. is defined as the electrical 

potential energy given to each coulomb of charge passing through the supply. E.m.f. is 

normally measured in volts (V) or joules per coulomb (JC-1) and is given the symbol, E. 

 

A typical circuit diagram which shows e.m.f. and r is shown below. 

 
 

By applying the principle of conservation of energy, the electrical potential energy 

available from the supply must be equal the energy “wasted” by the internal resistor 

added to the energy used by the load (external) resistor, R. 

 

E  =  Voltmeter reading  +  Lost volts in r 

  

The voltmeter reading is usually known as the terminal potential difference or t.p.d. and 

the lost volts can be calculated using Ohm’s Law. 

 

E  =  t.p.d.    +    Ir 

The t.p.d. can also be calculated using Ohm’s Law. 
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E  =  IR     +     Ir 

 

This equation is usually written as: - 

 

E  =  I  (R  +  r) 

 

In a short circuit, which is usually created using a short thick wire, R  =  0. This will 

result in the maximum flow of current and the above equation can be written as: - 

 

E  =  Ir 

 

In an open circuit, when no load (external) resistor is connected, no current will be 

flowing and no energy is wasted. This means that the e.m.f. will be equal to the t.p.d.. 

 

 

 
  (c) the lost volts if the external resistance is increased to 58Ω 
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E  =  Ir 

1.5  =  I  x  2 

I  =  0.75A 

(c) 

E  =  I ( R + r ) 

1.5  = I ( 58 + 2 ) 

1.5  =  I (60) 

I  =  0.025A 

 

Lost volts  =  Ir 

Lost volts  =  0.025  x  2 

Lost volts  =  0.05V 

When dealing with graphs of t.p.d. vs current it should be noted that the y-intercept is 

equal to the e.m.f. and that the gradient of the line is equal to the negative of the internal 

resistance. 

 

 
 

 

Load Matching Theory 

 

In the following circuit the load is varied by adjusting the variable resistor. The current 

value is read from the ammeter and the power dissipated in the load is calculated using 

P  =  I2R. 

 
The experimental results show that the maximum power transfer takes place when the 

resistance already present in the circuit is equal to the load resistance. In the above circuit 

this happens when r  =  R. 
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Load matching or power transfer theory is often represented by plotting a graph of power 

vs load resistance. A typical graph is shown below. 

 

 

 
 

The table below contains the details of the Past Paper examples for this area of the 

course. Past Papers, and their solutions, are free to download from the SQA website. 

 

Year Section/Paper One Section/Paper Two 

2015 No examples 10 

2016 No examples 12 a) 

2017 No examples 12 

2018 No examples 11 a) and b) 

2019 No examples 12 
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Capacitors 

 

 
 

 

 

 



Higher – Electricity – Summary Notes 

Mr Downie 2019 14 

 
 



Higher – Electricity – Summary Notes 

Mr Downie 2019 15 

 
 

 

 

 

 

 

 

 

 



Higher – Electricity – Summary Notes 

Mr Downie 2019 16 

 

 
Although the current vs time graph has the same shape as that during charging the 

currents in each are flowing in opposite directions. The discharging current decreases 

because the p.d. across the plates decreases as charge leaves them. 

 

Factors affecting the rate of charge/discharge of a capacitor 

When a capacitor is charged to a given voltage the time taken depends on the value of the 

capacitor. The larger the capacitor the longer the charging time, since a larger capacitor 

requires more charge to raise it to the same p.d. as a smaller capacitor as V = Q / C. 

 
When a capacitor is charged to a given voltage the time taken depends on the value of the 

resistance in the circuit. The larger the resistance the smaller the initial charging current, 

hence the longer it takes to charge the capacitor as Q = I x t 

 
 

(The area under this I vs t graph = charge.) 
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(d) V = I  x  R 

10  =  I  x  1x106 

I  =  1  x 10-5A 

       (e )  10V 

       (f)   Q  =  V  x  C 

              Q  =  10  x  1x10-6 

              Q  =  1 x 10-5C 
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The table below contains the details of the Past Paper examples for this area of the 

course. Past Papers, and their solutions, are free to download from the SQA website. 

 

Year Section/Paper One Section/Paper Two 

2015 No examples 11 

2016 20 13 

2017 17 and 18 13 

2018 17, 18 and 19 No examples 

2019 No examples 13 
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Semiconductors and p-n junctions 

 

The basic structure of an atom consists of a central nucleus which is orbited by electrons. 

These electrons are contained in discrete energy levels. No electrons exist between 

energy levels. 

 

 
 

In insulators the outermost level has no electrons that are free to move. In conductors the 

outermost level does have electrons that are free to move which allows electrical 

conduction to take place. 

 

In a solid there will be large numbers of atoms joined together. This means that it is more 

appropriate to look at energy bands rather than energy levels. 

 

 

__________________ 

conduction band 

__________________ 

 

 

 

band gap 

__________________ 

valence band 

__________________ 

 

 

__________________ 

filled band 

__________________ 

INSULATOR BAND DIAGRAMS 

should illustrate the following theory. 

 

 

 

 

In insulators, 

• the valence band is full 

• the conduction band is empty 

• the band gap is large 

• there is no electrical conduction 

           (At room temperature) 
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__________________ 

 

conduction band 

__________________ 

__________________ 

 

valence band 

__________________ 

 

 

 

 

__________________ 

filled band 

__________________ 

CONDUCTOR BAND DIAGRAMS 

should illustrate the following theory 

 

 

 

 

In conductors, 

• the valence band is full 

• the conduction band contains 

some electrons 

• the band gap is small and can 

overlap as shown above 

• there is electrical conduction 

           (At room temperature) 

A third group of materials called semiconductors exists. The band diagram for a 

semiconductor is similar to that of a conductor – the band gap between the valence and 

conduction bands is small enough to allow some electrons to occupy the conduction 

band. 

 

__________________ 

conduction band 

__________________ 

band gap 

__________________ 

valence band 

__________________ 

 

 

__________________ 

filled band 

__________________ 

SEMICONDUCTOR BAND DIAGRAM 

 

 

 

 

 

 

 

 

 

 

 

 



Higher – Electricity – Summary Notes 

Mr Downie 2019 22 

LEDs and Band Diagrams 

 

Band diagrams are a useful way to explain the operation of device that are made from 

semiconductor materials, e.g. an LED. 

 

 
 

When a olttage is applied to the LED, the electrons in the conduction band will move 

towards the junction as show by the arrow. When electrons drop from the conduction 

band to the valence band a photon is released allowing light energy to be emitted by the 

LED. 

 

However, in situations where electrons are unable to drop from the conduction band to 

the valence band light energy wil not be releasaed by the LED. A band diagram showing 

this situatuon is shown below. 

 

 
 

A more detailed explanation of LEDs and band theory can be found between pages 205 

and 212 in your textbook. 

 

Further background reading on semi-conductor theory is contained in the next few pages 

of these Summary Sheets. 
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Some of the free electrons from the n-type material diffuse across the junction and fill 

some of the holes in the p-type material. This can also be thought of as holes moving in 

the opposite direction to be filled by electrons. This movement means the area around the 

junction loses virtually all of its free charge carriers. This area is therefore known as the 

depletion layer. 
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Electrons from the n-type material will be given enough energy from the battery to flow 

across the junction and round the above circuit in an anti-clockwise direction. This 

movement will result in a similar movement of holes in the clockwise direction. The 

diode conducts because the depletion layer has been removed. 

 

 
 

In the reverse biased diode the applied potential difference increases the depletion layer. 

The diode will become even less likely to conduct. 

 

 

 
       light will depend on the materials that are used to make the semiconductor. 
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The Photodiode 

A p-n junction in a transparent coating will react to light. The symbol for a photodiode is 

shown below. 

 
 

 

 
 

The table below contains the details of the Past Paper examples for this area of the 

course. Past Papers, and their solutions, are free to download from the SQA website. 

 

Year Section/Paper One Section/Paper Two 

2015 19 No examples 

2016 No examples 12b)i) 

2017 19 14a) 

2018 No examples 11c) and 12a)iii) 

2019 24 14a) b) and c) 
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