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Worksheet 1 
Cells and batteries 

Many different types of battery are used to provide the 

power supplies in electrical and electronic equipment.  
 

They can be categorized by materials used in them.  

Types include lead-acid, nickel-cadmium (NiCad) and 

nickel metal hydride (NiMH).  

Here are the e.m.f.’s of some single-cell batteries: 

Alkaline (primary dry cell)    1.5V 

Lead-acid (secondary cell)    2V 

Nickel-cadmium (secondary cell)  1.2V 

Nickel-metal hydride (secondary cell) 1.2V 

Zinc-carbon (primary dry cell)   1.5V 
 

 

The cells within them can be either primary (non-rechargeable) or secondary (rechargeable). 

In primary cells, the active constituents are used up at the end of the cell’s life, whereas for 

secondary cells, the chemical reaction is reversible and the cell can be re-charged many times.  
 

Batteries consist of a number of individual cells connected in series or in parallel. For example, 

a 24V lead-acid battery will usually have 12 cells (each with an e.m.f. of 2V) connected in 

series.  
 

This first worksheet examines batteries and the cells within them. 

Over to you: 
 

• Set up each of the series-connected battery arrangements 

shown opposite. The diagram below shows one way of arranging 

the cells on the baseboard. 
 

• For each, use a multimeter (set to the 20V DC range) to measure 

the output voltage.  
 

• For the single-cell battery (a), measure the voltage, E1. 
 

• For the two-cell battery (b), check that the voltage, V = E1 + E2 
 

• For the three-cell battery (c), check that  V = E1 + E2 + E3 
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Worksheet 1 
Cells and batteries 

Over to you: 
 

• Set up each of the parallel-connected battery arrange-

ments shown opposite.  
 

 

• For each use measure the output voltage.  
 

• For the single-cell battery (a), measure voltage E1. 
 

• For the  two-cell battery (b), check that the voltage, V = 

E1 = E2. 
 

• For (c), check that V = E1 = E2 = E3. 

w1d 

For your records: 
 
 

• Summarise your findings for voltages in series-connected cells. 
 

• Summarise your findings for voltages in parallel-connected cells. 
 

• With a series-connected battery the same load current flows through each of the cells.  
 

• With a parallel-connected battery the load current is shared between the cells. 

Questions  
 

1. How many nickel-cadmium cells are required in a series-connected 24V battery? 
 

2. Two batteries are connected in parallel to supply 180A for an engine starter motor.  

 How much current is supplied by each battery? 
 

3. An emergency lamp uses eight 1.5V dry-cells connected in series.  

 What voltage is applied to the lamp? 
 

4. A 24V battery supplies 18 parallel-connected emergency lights. Each light requires 1.5A. 

 What current is supplied by the battery? 
 

5. Why should parallel connection of dissimilar types of batteries be avoided? 
 

Answers are provided on page 70. 
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Over to you: 
 

A. Series circuit: 
 

• Set up the arrangement shown, using 12V 0.1A bulbs.  
 

• Make sure that the power supply is set to 12V. 
 

• This is a series circuit - There is only one route for the electric current 

to flow around the circuit. 
 

• Measure the current flowing at point P. 

 To do this, plug the wires from the ammeter into the posts at the ends 

of the link at point P, and remove the link. This is shown in the picture.  
 

• Record the result in the table. 
 

• Now replace the link at P.  
 

• Measure and record the current at point Q in the same way.  
 

• Next, measure and record the current at points R and S. 
 

B. Parallel circuit: 
 

• Set up the second circuit, again using 12V 0.1A bulbs.  
 

• The power supply is still set to 12V. 
 

• This is a parallel circuit - there are ‘branches’ in the circuit, and a 

number of ways for current to flow around it. 
 

• Measure the current at the points shown in 

 the circuit diagram and record them in the 

 table given opposite, specifying A or mA: 

Worksheet 2 
Current measurement 

The symbols for three electrical meters are shown on 

the right. Ammeters measure current, voltmeters 

measure voltage (potential difference) and ohmmeters 

measure resistance.  

 

They are often combined as a multimeter, which offers 

a convenient and cheap way to measure a range of 

electrical quantities. The photograph shows a typical multimeter.  

It can measure both AC and DC quantities, and the symbols shown 

opposite distinguish between the two: 
 

This worksheet shows you how to use a multimeter to measure the current 

flowing in a circuit. 

Ammeter 

Voltmeter 

Ohmmeter 

w2a 

AC 
DC 

w2b 

w2d 

w2c 

w2e 

w2f 

Position P Q R S 

Current         

Position P Q R S T U 

Current           
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Worksheet 2 
Current measurement 

For your records: 
 

Use your findings to complete the following statements: 
 

• In a series circuit, the .................... current flows in all parts. 
 

• In a parallel circuit, the currents in all the parallel branches add up to the current leaving 

the .................... 
 
 

Copy the circuit diagrams given below, and calculate the readings on ammeters A to H. 

 

So what? 
 

Using a multimeter to measure current: 
 

• Plug one wire into the black COM socket. 
 

• Plug another into the red mA socket. 
 

• Select the 200mA DC range by turning the dial to the ‘200m’ mark next to the ‘A   ’  

 symbol. 
 

• Break the circuit where you want to measure the current, by removing a link, and then plug 

the two wires in its place. 
 

• Press the red ON/OFF switch when you are ready to take a reading. 
 

• Change to a lower range if the reading allows it. (A ‘1’ on the display means that the reading 

is too big for the chosen range.) 

 

A possible problem! 

The ammeter range is protected by a fuse located inside the body of the multimeter. This fuse 

may have ‘blown’, in which case the ammeter range will not work. Report any problems to your 

tutor so that the fuse can be checked. 

 

A challenge: 

The first circuit you built was a series circuit. The second was not. 

See if you can spot a pattern for the behaviour of currents in each of the circuits! 

w2h 

w2i 

w2j 

w3i 
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Over to you: 
 

A. Series circuit: 
 

• Set up the arrangement shown, using 12V 0.1A bulbs,  

 but without the voltmeters.  
 

• Make sure that the power supply is set to 12V. 
 

• This is a series circuit with only one route around it. 
 

• Measure the voltage across the first bulb, shown as P.  

 To do this, plug the wires from the voltmeter into the posts at 

either end of the bulb. Don’t remove any connecting links!  
 

• Record the result in the table. 
 

• Next, measure and record the voltage across the second bulb, 

Q, in the same way.  
 

• Then measure and record the voltage across the bulb, R.  
 

B. Parallel circuit: 
 

• Set up the second circuit, again using 12V 0.1A bulbs.  
 

• The power supply is still set to 12V. 
 

• This is a parallel circuit - notice the ‘branches’ in the circuit. 
 

• Measure the voltage at the points P, Q and R and record  

 them in the table given opposite, specifying V or mV: 

Worksheet 3 
Voltage measurement 

We can visualise electric current easily - it’s the flow of tiny electrons . More 

precisely, electric current measures the number of electrons per second 

passing a particular point in the circuit.  
 

It’s more difficult to picture voltage, but you can think of it as the pressure 

that causes the current to flow.  
 

Fortunately, it’s easier to measure voltage than current. There’s no need to 

break the circuit - just add the voltmeter in parallel with the component you 

are interested in!  
 

Ammeters are connected in series but voltmeters are connected in parallel! 
 

This worksheet shows you how to use a multimeter as a voltmeter. 

w2c 

w3b 

w3d 

Position P Q R 

Voltage       

Position P Q R 

Voltage       
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Worksheet 3 
Voltage measurement 

So what? 
 

Using a multimeter to measure voltage: 
 

A multimeter can measure both AC and DC quantities. The symbols were given on the last 

worksheet. 
 

• Plug one wire into the black COM socket. 

• Plug another into the red V socket. 

• Select the 20V DC range by turning the dial to the ‘20’ mark next to the ‘V                     ’ symbol. 

 (It is good practice to set the meter on a range that is much higher than the reading 

you are expecting. Then you can refine the measurement by choosing a lower range that 

suits the voltage you find.) 

• Plug the two wires into the sockets at the ends of the component under investigation. 

• Press the red ON/OFF switch when you are ready to take a reading. 

• If you see a ‘-’ sign in front of the reading, it means that the voltmeter leads are connected the 

wrong way round. Swap them over to correct this! 

 

Two challenges: 

• Looking at the results for the first circuit, add together the readings of the voltmeters at points 

P, Q and R. What do you notice about this total?  

 

• Find a pattern in the results for the behaviour of the second circuit. 

For your records: 
 

• In a series circuit, the voltages across the components add up to the voltage across 

the .................... . 
 

• In a parallel circuit, the components all have the .................... voltage across them. 
 

• Copy the following circuit diagrams, and calculate the voltages across bulbs A to E. 

w3f 

w3g 

w3h 

w3i 
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Over to you: 
 

• Build the circuit shown in the diagram.  
 

• The picture shows one way to set this up. 
 

• Make sure that the power supply is set to 3V! 
 

• The variable resistor allows us to change the  

 voltage across the 100 resistor.  
 

• Before you switch on, select the 20mA DC range 

on the ammeter, and the 20V DC range on the volt-

meter.  
 

• Notice the positions of the red and black connecting 

wires. This ensures that the meters are connected 

the right way round to avoid ‘-’ signs on the read-

ings. 
 

• Turn the knob on the variable resistor fully anticlock-

wise, to set the voltage supplied to a minimum. 
 

• Turn the knob slowly clockwise until the voltage across the re-

sistor reaches 0.1V. Then read the current flowing through the 

resistor. 
 

• Turn the voltage up to 0.2V, and take the current reading again. 
 

• Keep doing this until the voltage reaches 1.0V. (Don’t go past 

this or the resistor may overheat.) 
 

• Write your results in a table like the one opposite. 

Worksheet 4 
Ohm’s Law 

Current I  - how many electrons pass per second.  
 

Voltage V - a measure of how much energy the electrons gain or 

lose as they flow around a circuit.  
 

Resistance R  - how difficult it is for the electrons to pass through 

a material. In squeezing through, the electrons lose energy to the 

resistor, which warms up as  a result.  
 

The photograph shows Georg Simon Ohm - a significant figure in 

the study of electrical and electronic principles! 
 

Ohm’s law leads to a very important relationship in electricity: V = I x R 

w4a 

w4b 

 to ammeter 

Resistor 
voltage 

Resistor 
current 

0.1V   

0.2V   

    

1.0V   
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Worksheet 4 
Ohm’s Law 

For your records: 
 
 

• Ohm’s law gives us the equations:     V = I x R     R = V / I     I = V / R 

 where R = resistance in ohms, I = current in amps and V = voltage. 

 (This also works with R in kilohms and I in milliamps, because the kilo and milli cancel out.) 

• Copy the following diagrams, and calculate the missing quantities: 

 

 

 

Resistor Colour Code: 
 

Resistors come ringed with coloured bands to show the resistance value.  

Each colour represents a number, given in the table below. 
 
 
 
 

  

To read the colour code: 

• start from the opposite end to the gold or silver band; 

• write down the number shown by the first colour band; 

• do the same for the second colour band; 

• add the number of 0’s shown in the next band (e.g. for red, add two 0’s.) 

• the final band gives the tolerance - how accurately it is made, (gold = 5%, silver = 10%.)  

For the resistors in the photograph: Resistance = 7 (purple) 5 (green) 000 (orange) = 75000 

with a tolerance of 5% 

So what? 
 

Using a multimeter to measure resistance: 

You cannot measure resistance while the component is in the circuit. It must be removed first. 

• Plug one wire into the black COM socket, and the other into the V  socket. 

• Select the 200k range, (or a range much higher than the reading you are expecting.)  

• Plug wires into the two sockets at the ends of the component under investigation. 

• Press the red ON/OFF switch when you are ready. 

• Turn the dial to a lower range, until you find the reading. 
 

A challenge: 

• Plot a graph to show your results.  

• Ohm’s law predicts a straight line, so draw the best straight 

line through your points. 

• If you know how, calculate the gradient of your graph. Ohm’s 

law calls this quantity the resistance of the resistor. 

w4e Black Brown Red Orange Yellow Green Blue Purple Grey White 

0 1 2 3 4 5 6 7 8 9 

w4f 
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Worksheet 5 
Series and parallel circuits 

In nearly all electrical circuits, some components are connected 

in series, while others are in parallel.  
 

To apply the rules that you learned earlier, you have to recognise 

which parts of a circuit are in series and which are in parallel. 
 

In a complex circuit, components in parallel have the same voltage across them, but may carry 

different currents, while components in series have the same current flowing through them, but 

may have different voltages across them. 

Over to you: 
 

• Connect a 270 resistor, a 1k resistor and a 2.2k resistor, as shown in the diagram.  

 The 270 and 1k resistor are in series, while the 2.2k resistor is in parallel with the  

 Combination. 

• Note: 2.2kΩ and 2k2Ω mean exactly the same thing, with 

the unit multiplier prefix replacing the decimal point. 
 

• Use extra connecting links so that the current can be  

 measured at points A, B, C and D. The photograph shows 

one way to do this. 
 

• Set the power supply to give a 4.5V output. 
 

• Remove the connecting link at A, and connect a  

 multimeter to read the current. Record it in the table. 
 

• Remove the multimeter and replace link A. 
 

• Remove the connecting link at B, and use a  

 multimeter to measure the current here. 

 Record it in the table. 
 

• In the same way, measure and record the  

 current at points C, and D. 
 

• Connect the multimeter to read the voltage 

across resistor R1. Record it in the table. 
 

• Then connect the multimeter up to read the volt-

age across R2 and R3, in turn, and record them 

in the table. 

w5b 

w5c 

w5a 

Power supply voltage 4.5V 

Current at point A in mA   

Current at point B in mA   

Current at point C in mA   

Current at point D in mA   

Voltage across R1 (270 resistor)   

Voltage across R2(1k resistor)   

Voltage across R3(2.2k resistor)   
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Worksheet 5 
Series and parallel circuits 

So what? 
 

• The same current flows through R1 and R2, as they are in series. This is the current you 

measured at point C.  
 

• The current readings at A and D should be the same, as these measure the total current 

leaving and returning to the power supply.  
 

• The current from the power supply splits, with part going through R1 (and then R2), while the 

rest flows through R3. In other words, adding together the readings at B and C should give a 

total equal to the reading at A (and D). 
 

• The full power supply voltage appears across R3, but is split between R1 and R2.   
 

• Complete rows 1, 2 and 3 of the following table. 

 

 

 

 

 

 

 

 

 
 

• Complete the table by calculating the total resistance RT of the three resistors by: 

• using I and VS in the formula  R = V / I; 

• adding together the resistance of R1 and R2, as these are in series, to give RC, their com-

bined resistance, and then using RT = RC x R3 / (RC + R3). 
 

• Think of reasons why these two approaches might give different values for RT. Which, do you 

think, gives the more reliable result? 

Questions 
 

For the circuit shown opposite, calculate: 
 

1. The total resistance; 

2. The current at P; 

3. The voltage across R3, the 6k resistor; 

4. The current at R; 

5. The current at Q; 

6. The voltage across R1, the 8k resistor. 

 

Answers are given on page 70. 

w5d 

Power supply voltage 4.5V 

Average of currents at A and D in mA ( = I )   

Sum of currents at B and C in mA   

Sum of voltages across R1 and R2 ( =VS)   

Total resistance RT = VS / I   

Combined resistance of R1 and R2 (in series) (=RC)   

Total resistance of all three resistors RT = RC x R3 / RC + R3   
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Worksheet 6 
Voltage dividers 

Resistors are used to protect other components from excessive current.  
 

They can also be used in voltage dividers to split the voltage from a power 

supply into smaller predictable portions. This is particularly useful when 

one of the resistors is a sensing component, such as a LDR (light-

dependent resistor,) or a thermistor, (temperature-dependent resistor.) 
 

Voltage dividers form the basis of many sensors. The output voltage can 

represent temperature, light-level, pressure, humidity, strain or other physical quantities. 

Over to you: 
 

• Connect two 10k resistors in series, as shown in the circuit diagram. 
 

• Set the power supply to give a 6V output. 
 

• Remove the connecting link at A, and connect a multimeter, 

set on the 2mA DC range, to measure the current.  

 Record the value in the table. 
 

• Remove the multimeter and replace link A. 
 

• Set up the multimeter to read DC voltages of about 5V, and connect it to read the voltage 

across resistor R1, and then across R2. Record these in the second column of the table. 
 

• Next, set the power supply to 9V, and repeat the measurements. Record them in the third 

column of the table. 

 

 

 

 

 

 

 

 

• Now, swap resistor R1 for a 1k resistor.  

 Repeat the process and record the results in the second table. 
 

• Finally, replace both resistors, with a 2.2k resistor for R1, and a 22k resistor for R2.  

 Repeat the measurements and record them in the third table. 

w6a 

w6b 

R1 = 10k, R2 = 10k 

Power supply voltage 6V 9V 

Current at point A in mA     

Voltage V1 across R1     

Voltage V2 across R2     

R1 = 1k, R2 = 10k 

Power supply voltage 9V 

Current at point A in mA   

Voltage V1 across R1   

Voltage V2 across R2   

R1 = 2.2k, R2 = 22k 

Power supply voltage 9V 

Current at point A in mA   

Voltage V1 across R1   

Voltage V2 across R2   
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Worksheet 6 
Voltage dividers 

 

So what? 
 

First of all, look at the theoretical behaviour of this circuit -  

• Resistors R1 and R2 are connected in series. Their total resistance, is given by: 

RT =(R1 + R2). 

• The full power supply voltage, VS, appears across this total resistance, RT, and so the current 

I, flowing through the two resistors is given by: 

I = VS / RT  

• The voltage across resistor R1 is given by: 

V1 = I x R1 

• The voltage across resistor R2 is given by: 

V2 = I x R2 
 

• Calculate RT, I, V1 and V2 for each of the circuits looked at, and complete the next table with 

your results: 
 

 

 

 

 

 

 

 

 

• Compare the values of V1 and V2 with those you measured for each circuit.  

 Why might you expect the experimental values to be different? 

For your records: 
 

• There is a straightforward way to view these results: 

• The voltage from the power supply is shared between the resistors,  

 so that  V1 + V2 = VS. 

• The bigger the resistor, the bigger its share of the voltage.  
 

• In the first circuit, R1 = R2 = 10k so V1 = V2 =  VS / 2 
 

• In the second and third circuits, R2 = 10 x R1, and so V2 = 10 x V1. 
 

• The second and third circuits produce the same result, but the current is different.  
 

• Sometimes it is best to use big resistor values, to reduce battery drain and power dissipation. 
 

• However, using lower resistor values allows us to draw more current from the voltage  

 divider circuit without really affecting voltages V1 and V2. 

Circuit RT I V1 V2 

R1 = 10k, R2 = 10k, Vs = 6V         

R1 = 10k, R2 = 10k, Vs = 9V         

R1 = 1k, R2 = 10k, Vs = 9V         

R1 = 2.2k, R2 = 22k, Vs = 9V         
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Worksheet 7 
Current dividers 

Voltage dividers use resistors connected in series to split a voltage into 

calculable fractions. 
 

Current dividers use resistors connected in parallel to set up known  

fractions of current. 
 

Current dividers are used in ammeters. A known fraction of the total  

current passes through the meter and is measured. From that the  

total current is calculated. 

Over to you: 
 

• Connect two 10k resistors in parallel, as shown in the circuit diagram. 
 

• Set the power supply to give a 6V output. 
 

• Remove the connecting link at A. Connect a multimeter, on 

the 2mA DC range, to measure the current, I, at A (the total 

current leaving the power supply.) Record the value in the 

table. 
 

• Remove the multimeter and replace link A. 
 

• Measure the current at B, I2,  in the same way, and record the result in the table. 
 

• Set up the multimeter to read DC voltages of about 10V, and connect it across the power sup-

ply to read VS. Record it in the table. 
 

• Next, set the power supply (Vs) to 9V, and repeat the measurements. Record them in the ta-

ble. 

 

 

 

 

 

 

• Lastly, swap resistor R1 for a 1k resistor.  Change the multimeter range to 10mA. 
 

• Repeat the process, with the power supply still set to 9V, and record the results in a second 

table. 

w7a 

w7b 

R1 = 10k, R2 = 10k 

Power supply voltage   

Current at point A, I, in mA     

Current at point B, I2, in 
mA 

    

R1 = 1k, R2 = 10k 

Power supply voltage  

Current at point A, I, in mA   

Current at point B, I2, in 
mA 
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Worksheet 7 
Current dividers 

So what? 
 

First of all, the theoretical behaviour -  

• The voltage across resistor R1 =VS, and so: 

  VS = I1 x R1 

• Similarly, VS = I2 x R2 

 which means that: 

 I1 x R1 = I2 x R2 

 or: I1 = I2 x (R2 / R1) 
 

The current I from the power supply splits into I1 and I2 at the junction.  

In other words:  I  = I1 + I2 
 

Using the equation for I1 given above: I  = I2 x (R2 / R1) + I2 

   = I2 ( 1 + R2 / R1) 
 

Re-arranging this gives I2  = I x (R1 ) / (R1 + R2) 

This can be used to calculate the current I2 flowing in the branch of the circuit. 
 

• Use this formula to calculate I2 in the three cases you looked at in your investigation. Write 

your results in the following table: 

 

 

 

 

 

 
 

• Compare the calculated values of I2 with those you measured for each circuit.  

 Again, why might you expect the experimental value to be different to the theoretical one? 

For your records: 

 

• As with voltage dividers, there is a straightforward way to view these results: 
 

• The current from the power supply is shared between the resistors,  

 so that   I  = I1 + I2 
 

• The bigger the resistor, the smaller its share of the current.  
 

• In the first and second circuits, R1 = R2 = 10k so I1 = I2 =  I / 2. 
 

• In the third circuit, R2 = 10 x R1, and so I1 = 10 x I2. 

w5c 

Circuit I2 in mA 

R1 = 10k, R2 = 10k, Power supply set to 6V   

R1 = 10k, R2 = 10k, Power supply set to 9V   

R1 = 1k, R2 = 10k, Power supply set to 9V   
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Worksheet 8 
Using Kirchhoff’s Laws 

• Kirchhoff’s Current Law - ‘What flows in must flow out’ 

 The algebraic sum of all currents at any junction is zero. 

 In other words, I1 = I2 + I3 
 

• Kirchhoff’s Voltage Law -  

Around any loop in the circuit, the algebraic sum of voltages is 

zero. The expression ‘algebraic sum’ simply means that we 

must take the direction of current flow into account. 
  

There are three loops in the circuit you will investigate. 

These are shown in different colours in the diagram. 

 

Over to you: 
 

• Connect a 1k, a 2.2k and a 10k resistor, as shown in the circuit diagram. 
 

• Set the power supply to give a 9V output. 
 

• Remove the connecting link at P.  

 Connect a multimeter, on the 20mA DC range, to measure 

the current at P, (the total current leaving the power supply,) 

and record it in the table. 
 

• Remove the multimeter and replace link P. 
 

• Measure the current at Q and then R in the same way, and record the results in the table. 
 

• Set up the multimeter to read DC voltages of about 10V, and use it to measure the voltages 

across the three resistors. Record them in the table. 

 

 

 

 

 

 

 

 

 
 

• Next, we are going to analyse these results using Kirchhoff’s Current and Voltage Laws. 

w8a 

w8c 

w8b 

Measurement Value 

Current at point P in mA   

Current at point Q in mA   

Current at point R in mA   

Voltage across R1   

Voltage across R2   

Voltage across R3   



Page 18 Copyright 2012 Matrix Technology Solutions Ltd 

Worksheet 8 
Using Kirchhoff’s Laws 

 

So what? 
 

• Kirchhoff’s current law gives us the relationship: 

 I1 = I2 + I3 

• Now apply Kirchhoff’s voltage law to each of the three loops. 

• The green loop: 9 = V1 + V2 equation 1  

 The orange loop: 9 = V1 + V3 equation 2 

 The blue loop: 0 = V2 + V3 

• Ohm’s law gives us the relationships: 

V1 = I1 x R1 = (I2 + I3) x R1 

V2 = I2 x R2      

V3 = I3 x R3 

• Inserting the values of the resistors (in k) gives: 

V1 = (I2 + I3) x 1 = (I2 + I3)  

V2 = I2 x 10 

V3 = I3 x 2.2 

• Using these, equation 1 becomes 9 = (I2 + I3) + (10 x I2) 

  or 9 = 11 I2 + I3 

  which means that I3 = 9 - 11 I2 

  and equation 2 becomes 9 = (I2 + I3) + (2.2 x I3)  

  or 9 = I2 + 3.2 I3 

 Inserting the value of I3 gives 9 = I2 + 3.2 (9 - 11 I2) 

  so (35.2 - 1) I2 = 28.8 - 9 

  which gives I2 = 0.58 mA 

 Substituting this in earlier equations I3 = 9 - 11 I2 = 9 - 11 x 0.58 = 2.63 mA 

  and so I1 = 0.58 + 2.63 = 3.21 mA 

 In turn, these values give V1 = 3.21 x 1 = 3.2 V 

  V2 = 0.58 x 10 = 5.8 V 

  V3 = 2.63 x 2.2 = 5.8 V (not surprisingly!) 

• Check your measured values against these results! 

For your records: 
 

• Kirchhoff’s Current Law - ‘What flows in must flow out’ 

 The algebraic sum of all currents at any junction is zero. 
 

• Kirchhoff’s Voltage Law -  

 Around any loop in the circuit, the algebraic sum of voltages is zero. 

w8d 
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Worksheet 9 
Superposition 

 

In this worksheet you are going to examine the effect of each power source separately. Then, 

the voltages and currents caused by the separate power supplies are “superimposed” to find 

the actual voltages and currents, in the circuit containing the multiple power sources.  

In practice, all these values would be calculated, but this investigation takes actual 

measurements to check that the approach works. 

 

Over to you: 
 

Build the circuit shown opposite, but do not switch on any power supplies yet! 

In three separate stages, measure currents and voltages:  

1. using only the 9V power supply; 

2. using only the 6V power supply; 

3. using both power supplies. 

Step 1: Use only the 9V power supply 

Replace the 6V power supply carrier with a connecting link.  

Switch on the 9V power supply.    

Use a multimeter, on the 2mA DC range, to measure the current at A, then at B and then 

at C, and record the values in the table. The directions of current flow have been added for you. 

Use a multimeter, on the 10V DC range to measure the voltage across the power supply, and 

then each resistor, and record the results in the table. The voltage directions (opposite to current 

flow, as current flows from a high voltage to a low voltage,) have been added for you. 

Step 2: Use only the 6V power supply 

Replace the 9V power supply carrier with a connecting link. 

Return the 6V power supply and carrier, and switch on. 

Repeat the measurements and record them in the table.  

Add arrows to show the directions of currents and voltages. 

Step 3: Use both power supplies 

Reconnect both power supplies, and switch them on. 

Measure the currents and voltages once more, recording the results in the table. 

Add arrows to show the directions of currents and voltages. 

 Step 1 - 9V supply  Step 2 - 6V supply 

only 

Step 3 - Both power 

supplies 

Measurement Value Direction Value Direction Value Direction 

Current at A = IA       

Current at B = IB       

Current at C = IC       

Voltage across power supply, VS     Not needed 

Voltage across 1k resistor, V1       

Voltage across 2.2k resistor, V2  ➔     

Voltage across 5.6k resistor, V5  ➔     

Voltage across 10k resistor, V10       

w7a 
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Worksheet 9 
Superposition 

 

So what? 

• For steps 1 and 2, Kirchhoff’s voltage rule applies, so using the symbols defined in the table 

on the previous page, V1 + V2 + V10 = VS 

 and  V1 + V2 + V5   = VS 

 Kirchhoff’s current rule still applies so     IA = IB+ IC  

• For step 3, these rules also apply but we have to take direction into account.  

 The diagrams show the directions of current flow for the circuits used in the first two stages. 

 

 
 

 Step 1  Step 2 

Notice that the current flows the same way through the 10k resistor in both.  

This means that when both power supplies are used: 

• current at C = sum of separate currents due to the two power supplies  

•  voltage across the 10k resistor = sum of separate voltages due to the two power supplies 
 

In all other resistors, the current direction reverses between step 1 and step 2, so 

 current at A = difference between separate currents at A due to each power supply.  

 current at B = difference between separate currents at B due to each power supply.  

  V1   = difference between separate V1 voltages due to each power supply.  

  V2   = difference between separate V2 voltages due to each power supply.  

  V5   = difference between separate V5 voltages due to each power supply.  

The direction of the current or voltage is the direction of the bigger component from step 1 or 2. 
 

For example, here are a set of typical results: 

Step 1:  IA = 0.87mA  IB = 1.16mA  V2 = 1.95V ➔ V5 = 6.54V ➔ 

Step 2:  IA = 0.93mA ➔ IB = 0.59mA ➔ V2 = 2.08V  V5 = 3.36V  

When both power supplies are used: 

IA = 0.06mA  IB = 0.57mA  V2 = 0.13V  V5 = 3.18V ➔ 
 

Look at the measurements you made. Check that the rules outlined above work for your results. 

For your records: 
 

To calculate the currents and voltages in a circuit that has more than one power source: 

• replace all power sources but one with short-circuit links; 

• calculate the currents and voltages caused by that remaining power source; 

• do the same thing for each of the other power sources in turn; 

• for each component, superimpose the currents and voltages from each separate power 

source (meaning that you must take into account the direction - add them when they are in 

the same direction - subtract smaller from bigger when they are in opposite directions.) 

w7b w7c 
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Worksheet 10 
Using Thevenin’s Theorem 

 

Complex circuits, having large numbers of resistors and power sources, are difficult to analyse!  
 

It may be possible to work out the combined resistance of parallel resistors, and then combine 

that with the total of series resistors to arrive at the total resistance of the circuit. Then that 

could be used to work out the total current leaving the power source. Further calculations could 

work out how much current flows through each component, and what the voltage across it is.   
 

In some cases, this procedure is not possible, because the resis-

tor connections are not straightforward. The classic example of 

this is the bridge network, shown in the diagram. 
 

Thevenin’s theorem offers a quick way forward in both of these 

cases. It states that any combination of voltage sources, current 

sources and resistors is electrically equivalent to a single voltage 

source in series with a single resistor. 

 

Over to you: 
 

Connect two 10k resistors and a 15k resistor, 

as shown in the circuit diagram. Set the power 

supply to 6V. 
 

Set up the multimeter to read DC voltages of 

about 10V, and use it to measure the output volt-

age VOUT with nothing else connected to the out-

put.  This is known as the open-circuit output volt-

age, VOC. Record it in the table. 
 

Set the multimeter on the 10mA DC range, and 

connect it to the output terminals. As ammeters 

have zero resistance ideally, this short-circuits 

the output. The reading you get is called the short

-circuit current, ISC. Record the value in the table. 
 

Connect the following resistors across the output, 

i.e. in parallel with the 15k resistor, in turn: 

• a 10k resistor; 

• a 270 resistor. 

Each time, measure the output voltage, VOUT, and 

the output current ( the current at point A).  

Record the results in the table. 

Load  Measurement Value 

None  Open-circuit output voltage 

VOUT 

 

Short-circuit current ISC  

 

10k  

Output voltage VOUT  

Output current IOUT  

 

270  

Output voltage VOUT  

Output current IOUT  

w8a 
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Worksheet 10 
Using Thevenin’s Theorem 

 

So what?   

 

Thevenin’s theorem says that the circuit you built, circuit A,  

is electrically equivalent to circuit B. 

In other words, if both were enclosed in black boxes, with on-

ly the output sockets accessible, then no experiment you 

could perform could tell the difference between them. 
 

To see this, first you need to use the component values given 

in circuit A to calculate VOC and REQ: 

1. What is the combined resistance of R1 and R2, i.e. two  

 10k resistors, connected in parallel? 

 Answer ..................................................... 

2. This combined resistance and R3, the 15k resistor, form a voltage di-

vider.  

 Calculate the output voltage, which is actually VOC, for this voltage divider. 

 VOC = ...................................................... 

3. If the output terminals were short-circuited, (connected together), this would remove the  

 effect of the 15k resistor, leaving only the two 10k resistors to limit the output current.  

 Calculate that current, i.e. the short-circuit output current, ISC. 

 ISC = ..................................................... 

4. The theorem says that you would get exactly the same values for VOC and ISC in circuit B.  

 If you short-circuit the output of circuit B, then the full voltage, VOC, from the voltage source 

appears across the equivalent resistor, REQ, and the current flowing through it would be ISC. 

Ohm’s law then gives the value of REQ as: 

REQ = VOC / ISC 

 Calculate the equivalent resistance REQ. 

 REQ = ....................................................  

5. Write your values for VOC and REQ on the Thevenin  

 equivalent circuit, shown opposite. 

6. Use this circuit to calculate the output voltage, VOUT, and output current, IOUT, when the follow-

ing load resistors are connected across the output: 

 (a) 330k          (b) 10k          (c) 270 

 

 Write your answers in the table. 

 

 

7. Check your measured values against these results!  

 Notice how much easier it was to calculate VOUT and IOUT in step 6, using the equivalent  

 circuit, than using the procedure in steps 1 to 3. That’s the merit of Thevenin’s theorem! 

Circuit A 

Circuit B 

Load VOUT IOUT 

10k   

270   

w8c 
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Worksheet 11 
Maximum Power Transfer 

There are two common situations in electrical systems. Often we 

want one subsystem to pass on a voltage signal to a subsequent 

subsystem. This is called voltage transfer. Occasionally, we want 

to transfer electrical power from one subsystem to the next. This 

happens at the end of an audio system, for example, where we 

want the loudspeakers to receive as much power as possible 

from the preceding driver subsystem.  

The maximum power transfer theorem states that  the maximum 

amount of power will be transferred from one subsystem to the next when the input resistance 

of the final subsystem  is equal to the Thevenin equivalent resistance of the preceding one.  

 

Over to you: 
 

Connect two 10k resistors and a 15k resistor, 

as shown in the circuit diagram.  

 

Set the power supply to 6V. 
 

 

 

 

This is the same circuit you investigated in worksheet 8. There, you found that the 

Thevenin equivalent resistance of the circuit is 3.75k. 
 

Connect the first resistor listed in the table as a load for this circuit.  

Use a multimeter, set to read DC voltages of about 10V, to measure the output voltage VOUT. 

Then set it on the 2mA DC range, measure the output current IOUT.  

Record your measurements in the table. 
 

Repeat this procedure for each of the resistors in turn.  
 

If you have one, set a variable resistor to a resistance of 3.75k, (the equivalent resistance of 

the circuit,) and use it as the load. As before, measure the current through it and voltage 

across it. 

Load Resistor Output Voltage 

VOUT 

Output Current 

IOUT 

1k   

2.2k   

5.6k   

10k   

22k   
   

3.75k   

w9a 
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Worksheet 11 
Maximum Power Transfer 

 

So what? 

• Power dissipated = current x voltage. 

 To dissipate a lot of power, both the current through the load and the voltage across 

it must be big. Look at your table of results. The voltage across the load is big when 

the load resistance is high. However, the current through the load is big when the 

load resistance is small! 
 

• Use your measurements to calculate the  

 power dissipated in the load, using  

 P = IOUT x VOUT for each value of load  

 resistor .  

 Complete the table with your results. 

 

• Plot a graph of your results, with ‘Load’  

 on the x-axis, and draw a smooth curve  

 through your plotted points.  

 

 

 

A graph of a typical set of 

results is shown here: 

 

For your records: 
 

Maximum power is transferred when the current through the load and the voltage 

across it are both big. However, the current is big  when the load resistance is 

small, and the voltage across the load is big when the load resistance is big. 

These conflicting requirements lead to: 

Maximum power transfer theorem: 

The maximum amount of power will be transferred from one subsystem to the 

next when the input resistance of the final subsystem  is equal to the Thevenin 

equivalent resistance of the preceding one.  

Load Resistor Power Transferred 

= IOUT x VOUT 

1k  

2.2k  

5.6k  

10k  

22k  
  

3.75k  
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Over to you: 
 

• Set up each circuit in turn . 
 

• For each bulb, measure: 
 

• the current through it,  

• the voltage across it.  

(First, decide where to connect the ammeter and voltmeter!) 
 

 

Worksheet 12 
Power in DC circuits 

Electrical power is vital to the operation of many complex 

systems. An aircraft, for example, would not be able to fly 

without electricity.  
 

The ability to generate and make efficient use of electrical 

power is central in the modern world. As a result, you need a 

sound grasp of electrical power and energy conversion. 
 

 This worksheet provides a useful introduction to this topic. 

w9a 

w9b 

w9c 

w9d 

A few relationships that you need to know: 
 

A reminder: 

Electric current is a measure of how many electrons are passing per second.  

Voltage is a measure of the energy the electrons gain or lose on passing through a component. 
 

Fact 1:  Number of coulombs Q = Current I x time t 

(Common sense - current measures how many electrons pass per second, so to find out how many have 

passed in 10 seconds, for example, you simply multiply the current by 10!) 
 

Fact 2:  One volt means one joule of energy given to or lost by one coulomb of charge. 

(A 12V battery gives each coulomb of charge that passes through it 12J of energy. If the voltage dropped 

across a resistor is 2V, every coulomb that passes through it loses 2J of energy (i.e. converts 2J  to heat 

energy. It’s the electrons struggling to squeeze past the atoms in the resistor - it makes them hot!) 
 

Fact 3:  Power is the rate at which energy is converted. 

(So - a power rating of one watt means that one joule of energy is converted from one form to another 

every second. The old style of domestic light bulbs had power ratings of about 60W. Newer energy-

saving types have a rating of 15W for the same brightness, because they waste less electrical energy as 

heat!) 
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Worksheet 12 
Power in DC circuits 

For your records: 
 
 

• Power is the rate at which energy is being used. 
 

• When a component has a voltage V across it, and a current I flowing through it, it is  

 converting energy from one form to another at a rate given by the power formula  

P = I x V. 

So what? 
 

Formula juggling - ignore all but the result if you wish: 
 

 P = E / t   from fact 3          and   E = Q x V   from fact 2          so  P = Q x V / t 

     but  Q = I x t   from fact 1          so      P = I x t x V / t 

     or, cancelling out the ‘t’            Result    P = I x V 
 

The cast: 

P = power in watts     E = energy converted in joules     Q = charge in coulombs 

I = current in amps     V = voltage dropped in volts!    t = time energy conversion took in seconds 

 

• Use your results to answer the following: 
 

• Calculate: 

• the power dissipated in each bulb (using the formula P = I x V) 

• how long it takes each bulb to take 1J of energy from the electrons; 

• how much energy (in joules) the power supply is losing each second. 
 

• Each of the three circuits that you investigated transferred energy at different rates.  

 The amount of energy transferred depends not only on the number of lamps but also on 

the way they are connected. Think about the energy dissipated in each of the three 

circuits. Which circuit transfers the least energy and which the most in a given time? 

Explain to your colleague why this is.. 

 

• Which battery will ‘go flat’ first?  

Explain your answer in terms of the amount of energy converted. 

Questions: 
 

1. A DC power unit supplies 28V to two parallel loads, each rated at 288W, for 10 minutes. 

 What current is supplied to each load?  

 What energy is supplied by the power unit in that 10 minutes? 
 

2. The battery in an emergency radio beacon can supply 480kJ of energy. The battery is rated at 

12V 1A. For how many hours will the beacon operate? 

 

Answers are provided on page 70. 
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Worksheet 13 
Electrostatics and capacitors 

Static electricity can be produced by friction (for example, 

rubbing a balloon on a woollen sweater).  
 

Bodies charged by this method have either positive or 

negative polarity, depending on whether a deficit or excess 

of charge-carrying electrons is present.  
 

Bodies can remain in this state for some time. Stray static 

charge like this cause electrical noise and interference to 

avionic and communications equipment . Special 

measures, such as static discharging wicks - are used to avoid the build-up of charge on 

aircraft.  
 

Capacitors, extremely useful electrical components, provide us with a means of accumulating 

and storing electric charge. A simple capacitor consists of two metal plates separated by an 

insulating dielectric, such as polyester film. The charge present is the product of the 

capacitance of the capacitor (in Farad) and the applied voltage (in Volt). In other words Q = C x 

V coulomb.   

Over to you (optional investigation): 
 

• Make your own capacitor with a square of thin card between two 

square aluminium plates. Keep it clamped together by placing it 

between heavy glass plates with a heavy object on top.  
 

• Measure the capacitance of your capacitor using a digital 

multimeter switched to the 2nF range. 
 

• Increase the separation of the plates by adding extra pieces of 

card (up to six).  
 

• Each time, measure and record the capacitance.  

 

 

 
 

• Next change the amount by which the plates overlap (whilst keeping the plates parallel). Mark 

lines on the capacitor at 75%, 50%, 37.5%, 25% and 12.5% of the surface and for each 

overlap, measure and record the capacitance in the table.  

w10b 

w10a 

Area of over-
lap 

100% 
(A) 

75% 
(3A/4

) 

50% 
(A/2) 

37.5% 
(3A/8

) 

25% 
(A/4) 

12.5% 
(A/8) 

C in nF             

Thickness of card 1 2 3 4 5 6 

C in nF             
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Worksheet 13 
Electrostatics and capacitors 

So what? 
 

Use your results to: 
 

• Plot a graph showing how the capacitance changes with plate separation. 
 

• Plot a graph showing how capacitance changes with the overlapping area of the plates.  

 

• What conclusions can you draw from the first graph? 
 

• What conclusions can you draw from the second graph? 
 

 

For your records: 
 

• Increasing the separation of the plates reduces the capacitance.  

 More precisely, capacitance is inversely proportional to the plate separation. 
 

• Increasing the overlap of the plates increases the capacitance. 

 More precisely, capacitance is directly proportional to the plate area. 
 

• Combining these results we can arrive at the important relationship: 

 

 

 where: 

 C = capacitance; 

 A = plate area; 

 d = plate separation; 

 Ɛ0 = permittivity of free space; 

 Ɛr = relative permittivity of the dielectric material (insulator). 

0 r AA A
C k

d d d

 
 = =
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Worksheet 14 
Capacitor charge and discharge 

Capacitors provide a means of storing electric charge, acting as a 

reservoir for electrical energy. Charge can be transferred to a capacitor 

by connecting it to a power supply or a battery.  
 

When the capacitor discharges, the stored energy is released, usually 

as heat. Later, the capacitor can be recharged. The stored energy is 

then replenished. 
 

In this worksheet, you investigate capacitor charge and discharge.  

Over to you: 
 

Charging a capacitor: 
 

• Build the circuit shown opposite, using values R = 10kΩ and C = 1,000µF. 
 

• Make sure that the DC power supply is set to 9V. 
 

• Use a multimeter, on the 20V DC scale to measure the voltage 

across the capacitor. 
 

• Press and hold down switch S to discharge the capacitor fully. 
 

• Release S so that the capacitor begins to charge, and measure and record the capacitor 

voltage every 10 seconds.  
 

• Repeat this process using values of C = 2,200µF and R = 10kΩ , and then C = 1,000µF with 

R = 22kΩ. You now have three sets of readings, set out in three tables like the one below: 
 

Discharging a capacitor: 
 

• Build the circuit shown opposite, with R = 10kΩ and C = 1,000µF. 
 

• Again, make sure that the power supply is set to 9V DC and that the multimeter is on the 20V 

DC range. 
 

• Press and hold down switch S to charge the capacitor fully. 

The charge will build up rapidly as there is no resistance to 

limit the charging current. 
 

• Release S so that the capacitor begins to discharge and 

record the voltage every 10 seconds in a table like the one above.  
 

• Repeat the same process for values of C = 2,200µF and R = 10kΩ , and then C = 1,000µF 

with R = 22kΩ. You should once again have three sets of readings set out in three tables. 

w11a 

w11b 

R =      k, C =      F 

Time in s 0 10 20 30 40 50 60 70 80 90 100 110 120 

Capacitor voltage in V                           

w11c 
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Worksheet 14 
Capacitor charge and discharge 

So what? 
 

• Use your results to: 

• plot three graphs showing how the capacitors charge, when connected to series 

resistors, (over the period from 0 to 120s.) 

• plot three graphs showing the discharge of capacitors through ‘shunt’ resistors, (again 

over the period from 0 to 120s.) 
 

• The diagrams show typical shapes for these graphs. Guided by your experimental points, 

draw smooth curves for each graph.  

•  

 

 

 

 

 

 

 

• Take a close look at your graphs. Does the capacitor ever completely charge or discharge? 
  

• What effect do the values chosen for C and R have on the rate at which the capacitor charges 

or discharges? 
 

• For each charging graph, find the time it takes for the capacitor voltage to reach 63% of its 

final value. Compare this with the corresponding time constant (= R x C, where R is in M 

and C in F.)  
 

• For each discharging graph, find the time it takes for the capacitor voltage to fall to 37% of its 

initial value. Once again, compare this time value with the corresponding time constant).  
 

• The charge and discharge curves show exponential growth and exponential decay 

respectively. Find out as much as you can about the exponential constant, e. 

w11d 

Voltage Voltage 

Time Time 

Charging a capacitor Discharging a capacitor 

For your records: 
 

• A capacitor charges faster initially, as a larger charging current flows, and then the rate of 

charging slows down. The shape of the charging curve is an example of exponential growth. 
 

• When a capacitor discharges, the voltage across it falls rapidly to begin with, and then falls 

more slowly. This is an example of exponential decay. 
 

• The rate of change of voltage for both charge and discharge is governed by the time constant 

for the R-C network. The time constant T is calculated using the formula: 

T = R x C 

 and it has units of seconds if R is in  and C in F,  

 or if R is in M when C is in F. 
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Worksheet 15 
Electromagnetism 

Many electrical components, such as the generator shown here, 

are based on the application of electromagnetism.  
 

To generate an emf, you need a magnetic field, a wire conductor 

and some relative movement as you will see from this 

investigation. 

w12a 

w12c 

Over to you: 
 

• Set up the arrangement shown in the diagram.  
 

• The amount of electricity generated will be tiny. We can observe it using: 
 

• the Locktronics milli-ammeter mod-

ule, ( though this may not give good re-

sults) 
 

• a multimeter, connected to points X 

and Y; 
 

• an oscilloscope, connected to points 

X and Y.  (as shown) 
 

• If using the multimeter, set it to its most 

sensitive DC current scale, you may need 

several attempts to see convincing re-

sults. 
 

• For the oscilloscope, suitable settings are given at the bottom of the page. 
 

• Move the magnet into the coil as fast as you can and watch what happens to the output.   
 

• Next reverse the direction of motion, and pull the magnet out, watching what happens.  
 

• Investigate the effect of speed of movement on the emf produced. 

Typical oscilloscope settings: 

Timebase    1s/div (X multiplier x1)      

Voltage range   Input A  ±200mV DC (Y multiplier x1)  

    Input B  Off 

Trigger mode Auto   Trigger channel   Ch.A      

Trigger direction Rising       Trigger threshold  10mV 
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Worksheet 15 
Electromagnetism 

w12d 

So what? 
 

From the results, the generated current and voltage have: 

• a magnitude that depends on the speed of movement; 

• a polarity that depends on the direction of motion. 
 

Typical results for the oscilloscope are shown here. Inserting 

the magnet generates a pulse of current in one direction, and 

withdrawing it produces a pulse of opposite polarity. (Experiment with other time base settings 

to try to get better results.) 
 

Here’s the underlying physics: 

• When the wire moves at right-angles to the magnetic field, the electrons move with it. 

• Whenever electrons move, they generate a magnetic field. 

• This interacts with the field of the magnet, exerting a force on the electrons at right-angles 

to the direction of motion and to the magnetic field. 

• This force pushes electrons along the wire, generating a voltage and a current if there is an 

electrical circuit. 

• Using a coil of wire increases the size of voltage and current generated because each wire 

turn in it is moving inside the magnetic field, and so has electricity generated in it.  

  The effects of all the turns add together, increasing the amount of electricity generated. 
 

Fleming’s Right-hand Rule: 

Fleming devised a painful way of predicting the direction of the  

generated current .  
 

Use your right-hand to produce the gesture shown in the picture. Fore 

finger, centre finger and thumb are all at right-angles to each other! 

When the Fore finger points in the direction of the magnetic Field (from 

North pole to South pole,) and the thuMb points in the direction of the 

Motion, the Centre finger points in the direction of the resulting Cur-

rent.  This is also known as the dynamo rule. 
 

Optional extension: 
 

If you have other coils available, and other magnets, you could show that the magnitude also  

depends on the number of turns of wire in the coil and the strength of the magnetic field. 

w12e 

For your records: 
 
 

Use the results of the investigation to answer the following questions: 
 

• What factors determine the emf generated?  
 

• How can you predict the polarity of the emf generated? 
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Worksheet 16 
Inductors and inductance 

w13a 

A current flowing in a conductor creates a magnetic field in the space around 

it. This can be intensified by winding the conductor into a coil and then 

inserting a core of a material such as iron, steel or ferrite, a ceramic material 

containing iron oxide.  
 

When a changing current passes through an inductor, an induced emf 

appears across its terminals. This opposes the change that created it, which 

explains why larger inductors are often referred to as chokes.  
 

Inductors are used in many applications, from filters to fluorescent lighting and ignition units. 

Over to you: 
 

• Build the circuit shown.  

 The push-to-make switch, S is connected in series with R, a current-limiting resistor. The 

inductor, L is the primary of the 2:1 transformer.  
 

• Set the power supply to 12V DC.  
 

• Connect an oscilloscope to display the voltage drop across the inductor. Make sure the leads 

are connected with the polarity shown on the diagram. Typical settings for the oscilloscope 

are given in the next section. 
 

• Switch on the DC power supply and then press, and hold the switch closed so that current 

flows through the inductor.  
 

• Keep the switch closed for a few seconds then release it and observe the result on the 

oscilloscope . You should see a sudden, very large negative voltage spike. 
 

• You may have to repeat this step several times to obtain a satisfactory display  

w13b 

Typical oscilloscope settings: 

Timebase    1 ms/div (X multiplier x1)      

Voltage range   Input A  ±20 V DC (Y multiplier x1)  Input B  Off 

Trigger mode Normal  Trigger channel   Ch.A      

Trigger direction Falling       Trigger threshold  1000 mV 
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For your records: 
 

Back emf: 
 

• appears whenever current is suddenly removed from an inductor. 
 

• opposes the original current flow. 
 

• can be very large and many times greater than the supply voltage. 
 

• We often take precautions to limit the back emf generated when an inductive  component 

(such as a relay coil) is switched on and off.  
 

 Later, you see that this can be achieved easily using  a diode, connected with reverse bias, in 

parallel with the inductive component. 

 

So what? 
 

The trace shows a typical display 

produced when the switch is 

released. 
 

It shows the large negative spike 

generated as the magnetic field 

in the inductor suddenly 

collapses, when the current is 

interrupted.  
 

Here’s the physics: 
 

• When the switch is closed, a steady current flows in the inductor and produces a steady 

magnetic field in its core. 
 

• When the current is interrupted by opening the switch, the magnetic field collapses rapidly 

because there’s nothing to maintain it. 
 

• When the field collapses through the turns of the inductor coil, a voltage is generated 

across the terminals of the inductor. This can be many times greater than the supply 

voltage. 
 

• The induced voltage is negative. In other words it opposes the original direction of current 

flow, and as a result it is called a back emf. 
 

• A large back emf. can cause considerable damage such as arcing at switch or relay 

contacts and destruction of low-voltage electronic components. 

w13c 
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The ability to make accurate measurements of alternating current 

and voltage is an important skill. In reality, AC measurements are 

not quite so easy to make as DC. 
 

First of all, here’s a brief introduction to some of the quantities and 

terminology that you will need to get to grips with: 
 

 

AC voltage and current 

When measuring alternating voltage and 

current, we usually use root-mean-square 

(RMS) values. These are the effective value 

of an alternating current. They are the DC 

equivalents that would produce the same 

heating effect if applied to a resistor.  
 

It is sometimes useful to use the peak or 

peak-to-peak value of an AC waveform as 

they are easy to measure using an 

oscilloscope (see the picture). 
  

Frequency 

The frequency of a repetitive waveform is the number of cycles of the waveform which occur in  

one second. Frequency is expressed in hertz, (Hz), and a frequency of 1Hz is equivalent to one 

cycle per second. Hence, a signal frequency of 400Hz means that 400 cycles of it occur every 

second. 
 

Periodic time 

The periodic time (or period) of a signal is the time taken for one complete cycle of the wave. 

The relationship between periodic time, t, (in s) and frequency, f, (in Hz)  is:  

T = 1 / f  or  f = 1 / T 

For example, the periodic time of a 400Hz AC signal is 2.5ms. 
 

Waveforms 

Waveforms show us how voltage or current signals vary with time. Common types of waveform 

include sine (or sinusoidal), square, triangle, ramp (which may be either positive or negative 

going), and pulse. In this module we are concerned only with the most basic of waveforms, the 

sine wave.  
 

Waveforms are viewed and measured using an 

oscilloscope,  either a conventional type like the 

one shown in the picture or a virtual instrument 

(like Picoscope). 

w14b 

w14a 
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Over to you: 
 

• Connect an oscilloscope to display the output of an audio frequency signal generator. (Typical 

oscilloscope settings are given at the bottom of the page.) 
 

• Adjust the signal generator to produce a sine wave output at 100Hz. and set the amplitude of 

the signal so that the display on the oscilloscope is exactly 2V peak-peak.  
 

• Sketch the oscilloscope display on the graph paper and make 

sure that you label the voltage and time axes.   
 

• Use the X-axis time scale on the oscilloscope to measure 

accurately the time for one complete cycle (i.e. the periodic 

time). Show this in the table.  
 

• Set the signal generator to 200Hz, 400Hz, 600Hz, 800Hz and 

finally 1,000Hz and at each frequency measure and record the 

period time in the table. 
 

• Use the data in the table to plot a graph of periodic time 

against frequency.  

 Use this to verify the relationship f = 1/T. 

Frequency  

(Hz) 

Periodic 

time (ms) 

100  

200  

400  

600  

800  

1000  

Typical oscilloscope settings: 

Timebase  - 1ms/div (X multiplier x1)      

Voltage range  - Input A -  ±5V DC (Y multiplier x1)           Input B -  Off 

Trigger Mode - Auto   Trigger Channel  - Ch.A      

Trigger Direction - Rising      Trigger Threshold - 10mV 

For your records: 
 

• Write a short description of the following AC terms: 
 

• amplitude; 
 

• frequency; 
 

• period. 
 

• The rms (root-mean-square) value of a sinusoidal AC signal gives the equivalent DC volt-

age which has the same effect. To replace an AC power source, which has a rms voltage of 

12V, you could use a 12V DC source instead. 
 

• The rms and peak values of a sinusoidal AC signal are related by the relationship: 

Peak value = rms value x √ 2 
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Over to you: 
 

 

• Connect a 47mH inductor in series with a signal generator, as 

shown in the circuit diagram. 
 

• Use enough connecting links so that the current can be 

measured at point A. The photograph shows one way to do this. 
 

• Set the signal generator to the maximum output (5Vpp) AC voltage 

at a frequency of 50Hz. 
 

• Remove the connecting link at A, and connect a multimeter, set to 

read up to 20mA AC, in its place.  
 

• In the table, record the current flowing at point A. 
 

• Remove the multimeter and replace link A. 
 

• Set up the multimeter to read AC voltages of up to 20V and 

connect it in parallel with the inductor.  
 

• Record the voltage in the table. 
 

• Now change the signal generator frequency to 100Hz and repeat 

the measurements. Record them in the table. 
 

• Do the same for frequencies of 500Hz and 1kHz (1,000Hz). Again, record the measurements 

in the table. 
 

 

w15b 

w15c 

Resistors oppose electric currents. Inductors oppose changes to electric 

currents, but the mechanism is different. An electric current flowing in the 

inductor, sets up a magnetic field. Increasing the current increases the 

magnetic field, and that takes energy from the current, opposing the  

increase. Reducing the current reduces the magnetic field, and that  

releases energy, which tries to maintain the current. 
 

Inductors behave rather like flywheels on a rotating shaft. Their angular momentum tries to 

keep the shaft rotating at the same speed. When the shaft starts to slow down, the energy 

stored in the flywheel tries to keep it going. When the shaft tries to speed up, the flywheel 

requires energy to speed it up, and so the flywheel seems to resist the change. 

w15a 

Frequency 
Current 
I 

Voltage 
V 

50 Hz     

100 Hz     

500 Hz     

1 kHz     
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For your records: 
 

• The opposition of an inductor to changing currents is called inductive reactance, XL, given by 

the formula: XL = 2 π f L where f is the AC frequency, and L is the inductance of the inductor.  
 

• It can also be obtained from the formula XL = V / I, where V and I are rms voltage and current 

respectively.  
 

• Inductance is measured in a unit called the Henry, (H) and reactance in ohms. 
 

• Complete the following: 

When the AC frequency is doubled, the inductive reactance is …………… . 

When the AC frequency is halved, the inductive reactance is …………… . 

So what? 
 

• Resistors behave in a linear way. From Ohm’s Law  we know that if you double the current 

through the resistor, you double the voltage dropped across it, and so on. The ratio of voltage 

to current is called resistance. 
 

• Inductors are more complicated. If you double the rate of change of current through the 

inductor, you double the voltage dropped across it, and so on. The ratio of voltage to rate of 

change of current is called inductance. 
 

• The higher the frequency of the AC, the faster the current changes, and so the greater the 

voltage drop across the inductor. In other words, the voltage dropped depends on the  

 frequency of the AC supply. This is not the case with pure resistors, where frequency has no 

effect. 
 

• We describe this behaviour in terms of the (inductive) reactance, XL, defined, in the same 

way as resistance, as XL = V / I. As a result, the units of reactance are ohms. 
 

• The inductive reactance measures the opposition of the inductor to changing current. The 

higher the frequency ,f, the greater the change in current. In fact, the formula for inductive 

reactance is: XL = 2  f L 
 

• Using your measurements, calculate the XL, from the formula:     XL = V / I 

 and compare that with the value calculated using      XL = 2  f L  where L = 47mH. 
 

• Carry out these calculations and complete the following table with your results: 

 

 

 

 

 

 

Frequency 

Inductive reac-

tance 

XL = V / I 

Inductive reac-

tance 

XL = 2  f L 

50Hz     

100Hz     

500Hz     

1kHz     
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Over to you: 
 

• Connect a 1F capacitor in series with the signal generator, as 

shown in the circuit diagram. 
 

• Use enough connecting links so that the current can be measured 

at point A. 
 

• Set the signal generator to the maximum output (5Vpp) AC voltage 

at a frequency of 50Hz. 
 

• Remove the connecting link at A, and connect a multimeter, set to 

read up to 20mA AC, in its place.  
 

• Record the current flowing at point A in the table. 
 

• Remove the multimeter and replace link A. 
 

• Set up the multimeter to read AC voltages of up to 20V and con-

nect it in parallel with the capacitor.  
 

• Record the voltage in the table. 
 

• Now change the signal generator frequency to 100Hz and repeat 

the measurements. Record them in the table. 
 

• Do the same for frequencies of 500Hz and 1kHz (1,000Hz). Again, record the measurements 

in the table. 

w16b 

An electric current sets up a magnetic field inside an inductor. This then  

oppose changes to electric currents. An electric current sets up an 

electric field across the plates of a capacitor. This opposes changes to 

the voltage applied to the capacitor.  
 

Before the voltage can increase, electrons must flow onto the plates of the 

capacitor, increasing the electric field. This requires energy.  
 

When the voltage starts to decrease, electrons flow off the plates, reducing the electric field. 

These electrons try to maintain the voltage across the capacitor’s plates. 
 

Capacitors behave rather like buckets in a water circuit. They must fill up before any water 

flows anywhere else in the circuit. When the flow of water starts to fall, excess water flows from 

the bucket, trying to maintain the flow. 

w16a 

w16c 

Frequency 
Current 
I 

Voltage 
V 

50 Hz     

100 Hz     

500 Hz     

1 kHz     
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For your records: 
 

• The opposition of a capacitor to changing voltage is called capacitive reactance, XC, given by: 

XC = 1 / (2  f C) where f is the frequency of the AC signal, and C is the capacitance.  
 

• It can also be obtained from the formula XC = V / I, where V and I are rms voltage and 

current respectively. 
 

• Capacitance is measured in farads (F), though, in practice, this unit is too large. Most capaci-

tors have values given in microfarads (F). 
 

• Complete the following: 

When the AC frequency is doubled, the capacitive reactance is …………… 

When the AC frequency is halved, the capacitive reactance is …………… 

So what? 
 

• For resistors, double the current through the resistor and you double the voltage dropped 

across it, and so on. For inductors, double the rate of change of current through the inductor 

and you double the voltage dropped across it, and so on.  
 

• Capacitors oppose changing voltage. The faster the rate of change of voltage, the greater the 

current needed to charge or discharge the capacitor. The higher the frequency of the AC, the 

faster the voltage changes, and so the greater the current flowing in the circuit.  

 In other words, the current depends on the frequency of the AC supply. 
 

• We describe this behaviour in terms of the capacitive reactance, XC, defined, in the same 

way as resistance, as XC = V / I. As before, the units of reactance are ohms. 
 

• Capacitive reactance measures the opposition of the capacitor to changing current. The 

formula for capacitive reactance is: XC = 1/(2  f C) 
 

• Capacitors are mirror images of inductors. As the frequency of the AC supply increases, an 

inductor offers more opposition, (inductive reactance increases, and current decreases) 

whereas a capacitor offers less opposition, (capacitive reactance decreases and current 

increases). 
 

• Using your measurements, calculate the XC, using both : 

  XC = V / I    and    XC = 1 / (2  f C)  where C = 1F 

• Carry out those calculations and complete the following table with your results: 

 

 

 

 

 

 

Frequency 
Capacitive reactance 

XC = V / I 

Capacitive reactance 

XC = 1 / (2  f C) 

50Hz     

100Hz     

500Hz     

1kHz     
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 When an inductor and a resistor are connected in series, the pair act as a  

voltage divider, but with an important difference - the way they share an AC voltage 

changes with frequency. The circuit is known as a series L-R circuit.  

As it is a series circuit, the same current flows everywhere.  
  

The opposition to the current comes in two forms, the resistance of the resistor, 

which is independent of frequency, and the reactance of the inductor, which  

increases as the frequency increases. Together, these combine to make what is 

known as the impedance of the circuit. 

  

Over to you: 
  

• Connect a 270 resistor, and a 47mH inductor in series with 

the signal generator, as shown in the circuit diagram. 
 

• Use enough connecting links so that the current can be  

 measured at point A. 
 

• Set the signal generator to to the maximum output (5Vpp) AC 

voltage at a frequency of 100Hz. 
 

•  Remove the link at A, and connect a multimeter, set to read up to 20mA AC, in its place.  
 

• Record the current flowing at point A in the table. 
 

• Remove the multimeter and replace link A. 
 

• Set up the multimeter to read AC voltages of up to 20V. Connect it to measure the signal gen-

erator voltage, VS, applied across the two components, and record it in the table. 
 

• Measure the voltage VL, across the inductor, and then the voltage VR, across the resistor. 

Record these voltages in the table. 
 

• Next, set the signal generator to a frequency of 1kHz. and repeat the measurements. 
 

• Record them in the table.  

w17b 

w17a 

Measurement AC frequency = 100Hz 
AC frequency = 
1kHz 

Current at point A in mA     

Supply voltage VS     

Voltage VR across 270 resistor     

Voltage VL across 47mH induc-
tor 
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For your records: 
  

• When the rms value of supply voltage is used, all currents and voltages will be rms. 
 

• At  frequency f, the reactance of the inductor is:  XL = 2  f L. 
 

• The impedance of a L-R circuit is:    Z = (R
2
 + XL 

2
)
½

 
 

• The rms current is given by: I = VS / Z where VS = AC supply rms voltage. 
  

• The resulting rms voltage across the resistor: VR = I x R    
 

• The resulting rms voltage across the inductor: VL = I x XL 

So what? 
  

Theory allows us to calculate the quantities that you just measured. You can then compare the 

two results. 
 

• The two effects limiting the current are: 

• the resistance of the resistor, R = 270; 

• the reactance XL of the inductor. 

• At the first frequency, 100Hz: XL = 2  f L = 2  (100) x  (47 x 10
-3

) = 29.5 
 

• The voltage across the resistor is in phase with the current through it. The voltage across the 

inductor is 90
0
 ahead of the current . As a result, we cannot simply add together resistance 

and reactance. Instead, we combine them using the impedance formula which takes phase 

into account: Z  = (R
2
 + (XL - XC)

2
)
½
 

 

• In this case, there is no capacitive reactance, and so:   

Z = (R
2
 + XL 

2
)
½ 

 = ((270)
2
 + (29.5)

2
)
½
  = 271.61 

 

• We can use this to calculate current, using the formula: 

I  = VS / Z             where VS = AC signal generator voltage 
 

• Use your measured value of VS to calculate I. 
 

• Use this in the formula VR = I x R to calculate the voltage VR across the resistor. 
 

• Use it again in the formula VL = I x XL to calculate the voltage, VL,  across the inductor.  
 

• Check these results against your measured values. 
 

• At the second frequency, 1kHz:  

• the share of the AC voltage changes - the higher frequency increases the reactance of 

the inductor to 10 times its earlier value, so XL = 295.3 , and the inductor takes a much 

bigger share of the AC voltage; 

• the output impedance of the signal generator may change; 

• Repeat the calculations at 1kHz, and check your results against the measured values. 
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An inductor and a resistor, connected in series, act as a voltage divider, which 

depends on AC frequency. For the inductor, reactance increases as the 

frequency increases. 
  

A similar effect is seen when a capacitor and resistor are connected in series, 

but with an important difference - the reactance of the capacitor decreases as 

the frequency increases. 
 

As before, since it is a series circuit, the same current flows in all parts of the circuit. 

 Over to you: 
  

• Connect a 270 resistor, and a 1F capacitor in series with 

the signal generator, as shown in the circuit diagram. 
 

• Use enough connecting links so that the current can be 

measured at point A. 
 

• Set the signal generator to the maximum output (5Vpp) AC 

voltage with a frequency of 100Hz. 
 

• Remove the connecting link at A, and connect a multimeter, set to read up to 20mA AC, in its 

place. Record the current flowing at point A in the table. 
 

• Remove the multimeter and replace link A. 
 

• Set up the multimeter to read AC voltages of up to 20V. Connect it to measure the signal gen-

erator output voltage, VS, applied across the two components, and record it in the table. 
 

• Measure the voltage VC, across the capacitor, and then the voltage VR, across the resistor. 

Record these voltages in the table. 
 

• Next, set the signal generator to a frequency of 1kHz., repeat the measurements and record 

them in the table.  

w18a 

w18b 

Measurement AC frequency = 100Hz AC frequency = 1kHz 

Current at point A in mA     

Voltage VR across R     

Voltage VC across C     
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 So what? 
  

Once again, theory allows us to calculate the quantities that you just measured, and then you 

can then compare the results. 

• The two effects limiting the current are: 

• the resistance of the resistor, R =  270;  

• the reactance XC of the capacitor:  

• At the first frequency, 100Hz: XC = 1 / (2  f C) = 1 / (2  (100) x  (1 x 10
-6

) = 1591.5 
 

• Voltage and current are in phase in the resistor. There is a phase lag of 90
0 
between voltage 

and current in the capacitor. Again, the formula for impedance, Z, takes this phase shift into 

account. In this case, there is no inductive reactance, and so: 

 using  Z  = (R
2
 + (XL - XC)

2
)
½   

= (R
2
 + XC 

2
)
½
 

  = ((270)
2
 + (1591.5)

2
)
½ 

= 1614.3 

• We can use this value of impedance to calculate the current, using the formula: 

    I  = VS / Z where VS = AC signal generator voltage 

• Use your measured value of VS to calculate I. 
 

• Use this in the formula VR = I x R to calculate the voltage VR across the resistor. 
 

• Use it again in the formula VL = I x XC to calculate the voltage, VC,  across the capacitor.  

• Check these results against your measured values. 
  

• At the second frequency, 1kHz:  

• again, the share of the AC voltage changes. The higher frequency reduces the reac-

tance of the capacitor to one-tenth its earlier value - i.e. 159.2 . The capacitor takes a 

much lower share of the AC voltage; 

• the output impedance of the signal generator may change. 

• Repeat the calculations at 1kHz, and check your results against the measured values. 

For your records: 
  

• At a frequency f, the reactance of a capacitor is:    XC = 1 / (2  f C). 
 

• The impedance of a C-R circuit is:    Z = (R
2
 + XC 

2
)
½
. 

 

• The rms current is given by: I = VS / Z where VS = AC supply rms voltage. 
 

• The resulting rms voltage across the resistor is   VR = I x R. 
 

• The resulting rms voltage across the capacitor VC = I x XC. 



Page 45 Copyright 2012 Matrix Technology Solutions Ltd 

Worksheet 22 
L-C-R series circuit 

 At this point, AC circuits become very interesting!  
  

In inductors, reactance increases with frequency. In capacitors 

it decreases with frequency, and in resistors frequency has no 

effect 
  

A series LCR circuit has all three, though the resistance may 

be that of the inductor wire itself, rather than that of a discrete 

resistor. 
 

At one particular frequency, the resonant frequency, the circuit 

behaves in an extraordinary way! 

 Over to you: 
  

• Connect a 47mH inductor and a 1F capacitor in series, as 

shown in the circuit diagram. 
 

• Set the signal generator to the maximum output (5Vpp) AC 

voltage at a frequency of 100Hz. 
 

• Remove the connecting link at A, and connect a multimeter, 

set to read up to 20mA AC, in its place.  
 

• Record the current flowing at point A in the table.  
 

• Remove the multimeter and replace the link. 
  

• Set up the multimeter to read AC voltages of up to 20V. Connect it to measure the signal 

generator output voltage, VS, and record it in the table. 
  

• Change the frequency to 200Hz, and repeat the measurements. Again record them in the 

table. 
  

• Repeat the measurements for each of the frequencies listed and record them in the table. 

  

  

w19a 

w19b 

Frequency in 
Hz 

Sig. gen. output 
VS 

Current at A in 
mA 

Impedance in k

 

100       

200       

300       

400       

500       

600       

700       

800       

900       

1000       
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 So what? 
  

• Your results table may not make it obvious what is happening, partly because the output 

impedance of the AC power supply will probably have an effect on output voltage. This will  

 become clearer when we look at the impedance of the circuit.  
  

• Complete the table, by calculating the impedance, Z, at each frequency, using the formula:     

Z = VS / I  
  

• At low frequencies, the capacitor has a high reactance, and the inductor a low reactance.  
 

• As the frequency rises, the capacitor’s reactance falls, but the inductor’s reactance increases.  
 

• At one value of frequency, called the resonant frequency, the combined effect of the two is a 

minimum.  

 At this frequency, the impedance of the circuit is a minimum. 
  

• Plot a graph of impedance against frequency, and use it to estimate the resonant frequency. 

A typical frequency response curve is shown below. 

 

 

For your records: 
  

For a series LCR circuit, the impedance is a minimum at the resonant frequency, fR.  

This can be calculated from the formula fR =       1   

        2  √ (L x C) 

Z in kΩ 

x100 Hz 
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When an inductor and a resistor are connected in parallel, the pair act as a current 

divider, which shares the AC current in a way that changes with the frequency of 

the AC supply.  
 

Since the inductor and resistor are connected in parallel, they have the same 

voltage across them, but take a current which depends on resistance / reactance. 

 

 

Over to you: 
 

Connect a 270 resistor and a 47mH inductor in  

parallel with the AC supply, as shown. 
 

Use enough connecting links so that the current can 

be measured at points A, B and C. 
 

Set the AC power supply to output a frequency of 

100Hz. 
 

Remove the connecting link at A, and connect a multimeter, set to read up to 20mA 

AC, in its place. Record the current flowing at point A in the table. Remove the multi-

meter and replace link A. 
 

Do the same for the currents flowing at points B and C. 
 

Set up the multimeter to read AC voltages of up to 20V. Connect it to measure the AC 

supply voltage, VS, applied across the two components, and record it in the table. 
 

Next, set the AC power supply to a frequency of 1kHz. 
 

Repeat the measurements of currents and the voltage across the two components, 

and record them in the table.  

w6a 

Measurement AC frequency = 100Hz AC frequency = 1kHz 

Current at point A in mA   

Current at point B in mA   

Current at point C in mA   

Supply voltage VS   
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So what? 
 

• As before, we are going to calculate the quantities you measured, so that you can 

compare the two. Use your value of VS to complete the calculations below. 
 

At a frequency of 100Hz 

• Resistance of resistor R1 = 270  

 and so the current through it, (at point C,) IC= VS / R = .............. / 270 = .............. A 

•  Reactance XL of inductor L1 is given by:  

   XL = 2  f L 

   = 2  (100) x  (47 x 10
-3

) 

   = 29.5 

 and so the current through it, (at point B,) IB= VS / XL = ............ / 29.5 = ............ A 

• The current at A, IA, is found by combining these currents, but not by simply add-

ing them. 

 These currents are not in phase! The current, IC,  through the resistor is in phase 

with VS. The current, IB, through the inductor lags behind VS by 90
0
.  

 The currents can be combined using the formula:  IA
2
 = IB

2
 + IC

2 

 or:     IA = √ (IB
2
 + IC

2
) 

• Use your results to the calculations above to calculate a value for IA. 

• Check these results against your measured values. 
 

At a frequency of 1kHz 

• Notice how the share of the current changes. The reactance of the inductor is 10 

times bigger (i.e. 295.3.) Thus, the inductor takes offers a much more difficult 

route for the current and so passes a much smaller current. 

• You need to measure the AC supply voltage across the resistor and inductor 

again. The output impedance of the AC power supply itself will have an effect.  

• Repeat the calculations at the new frequency, and check your results against the 

measured values. 

For your records: 
 

For a parallel combination of a resistor and inductor,  

the total current IS is given by: 

IS
2
 = IL

2
 + IR

2
      

where IL = current through inductor and IR = current through resistor. 

Using the AC version of Ohm’s Law: 

IL = VS / XL     and     IR = VS / R 
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Worksheet 24 
Capacitor and Resistor in Parallel 

 

When a capacitor and a resistor are connected in parallel, they act as a current  

divider, sharing the AC current in a way that changes with the frequency of the AC 

supply.  
 

However, in this case, when the supply frequency increases, the reactance of the 

capacitor decreases, making it an easier route for the current to flow though. 

 

Over to you: 
 

Connect a 270 resistor and a 1F capacitor in  

parallel with the AC supply, as shown. 
 

Use enough connecting links so that the current can 

be measured at points A, B and C. 
 

Set the AC power supply to output a frequency of 

100Hz. 
 

Remove the connecting link at A, and connect a multimeter, set to read up to 20mA AC, in 

its place. Record the current flowing at point A in the table. Remove the multimeter and 

replace link A. 
 

Do the same for the currents flowing at points B and C. 
 

Set up the multimeter to read AC voltages of up to 20V. Connect it to measure the AC 

supply voltage, VS, applied across the two components, and record it in the table. 
 

Next, set the AC power supply to a frequency of 1kHz. 
 

Repeat the measurements of currents and the voltage across the two components, and 

record them in the table.  

w7a 

Measurement AC frequency = 100Hz AC frequency = 1kHz 

Current at point A in mA   

Current at point B in mA   

Current at point C in mA   

Supply voltage VS   
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Worksheet 24 
Capacitor and Resistor in Parallel 

 

So what? 
 

• As before, we are going to calculate the quantities you measured, so that you can 

compare the two. Use your value of VS to complete the calculations below. 
 

At a frequency of 100Hz 

• Resistance of resistor R1 = 270  

 and so the current through it, (at point C,) IC= VS / R = .............. / 270 = .............. A 

•  Reactance XC of capacitor C1 is given by:  

   XC = 1 / 2  f C 

   = 2  (100) x  (1 x 10
-6

) 

   = 1591.5 

 and so the current through it, (at point B,) IB= VS / XC = .......... / 1591.5 = ............ A 

• Again, these currents are not in phase. The current, IC,  through the resistor is in 

phase with VS. The current, IB, through the capacitor leads VS by 90
0
.  

The current at A, IA, is found by combining these currents, using the formula:   

IA
2
 = IB

2
 + IC

2 

  or: IA = √ (IB
2
 + IC

2
)  

• Use your results to the calculations above to calculate a value for IA. 

• Check these results against your measured values. 
 

At a frequency of 1kHz 

• Once again. notice how the share of the current changes. The reactance of the 

capacitor is 10 times smaller (i.e. 159.2.) Thus, the capacitor offers a much 

easier path for the current and so passes a much bigger current. 

• As usual, measure the AC supply voltage across the resistor and inductor again. 

The output impedance of the AC power supply itself will have an effect.  

• Repeat the calculations at the new frequency, and check your results against the 

measured values. 

For your records: 
 

For a parallel combination of a resistor and capacitor,  

the total current IS is given by: 

IS
2
 = IC

2
 + IR

2
      

where IC = current through capacitor and IR = current through resistor. 

Using the AC version of Ohm’s Law: 

IC = VS / XC     and     IR = VS / R 
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Over to you: 
 

Connect a 47mH inductor and a 1F capacitor in  

parallel, as shown in the circuit diagram. 
 

Set the AC power supply to output a frequency  

of 100Hz. 
 

Remove the connecting link at A, and connect a multimeter, set to read up to 20mA 

AC, in its place. Record the current flowing at point A in the table. Remove the multimeter 

and  

replace the link. 
 

Set up the multimeter to read AC voltages of up to 

20V. Connect it to measure the AC supply voltage,  

VS, applied across the two components, and record  

it in the table. 
 

Change the frequency to 200Hz, and repeat the  

measurements. Again record them in the table. 
 

Do the same for the other frequencies listed, and  

complete the table. 

Worksheet 25 
Parallel LCR circuit 

 

 

We return to the question of resonance again. In worksheet 

5, you investigated a series circuit, which favoured one  

particular frequency, known as the resonant frequency,  

more than any other. Now you take a look at the behaviour 

of a parallel circuit. 
 

Remember - inductors have a reactance that increases with 

frequency, capacitors have a reactance that decreases with 

frequency and resistors don’t care about frequency. 
 

Our parallel circuit has an inductor connected in parallel with a capacitor. In reality, the  

resistance of the wire used to make the inductor, appears in series with the inductor. To  

begin with, we assume that this is so small that we can ignore it. The procedure is the same 

as that used for the series circuit - measure current and voltage over a range offrequencies, 

and use these measurements to calculate the impedance of the circuit at that frequency. 

Fre-

quency 

in Hz 

AC supply 

voltage VS 

in V 

Current I 

at A in 

mA 

100   

200   

300   

400   

500   

600   

700   

800   

900   

1000   

w8b 

is
t2

_
1
5
5
6
8
7
8

-r
fi

d
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Worksheet 25 
Parallel LCR circuit 

 

So what? 
 

• As before, the results will look clearer when we calculate the impedance of the circuit at 

the different frequencies.  
 

• Complete the table, by calculating  

 the impedance, Z, at each frequency, 

using the formula:     

Z = VS / I  
 

• At low frequencies, the capacitor has 

a high reactance, and the inductor a 

low reactance, and so more current 

flows through the inductor than 

through the capacitor.  

 

 As the frequency rises, the capacitor’s 

reactance falls, but the inductor’s 

reactance increases. Gradually,  the 

capacitor offers an easier path for the 

current than does the inductor. The 

resonant frequency is where the 

combined effect of the two, the circuit 

impedance, is a maximum.  

 

• Plot a graph of impedance against 

frequency, and use it to estimate the 

resonant frequency. A typical 

frequency response curve is shown 

opposite. 

For your records: 
 

For a parallel LCR circuit, the impedance is a maximum at the resonant fre-

quency, fR.  

At frequencies below fR, the inductor offers an easier route for the current. At 

frequencies above fR, the capacitor offers an easier route. 

Fre-

quency 

in Hz 

Imped-

ance Z in 

k 

AC supply 

voltage VS 

in V 

Current I 
at A in 

mA 

100    

200    

300    

400    

500    

600    

700    

800    

900    

1000    

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1 2 3 4 5 6 7 8 9 10

Im
p
e
d
a
n
c
e
 i
n
 k
ilo
h
m

Frequency in Hz x 100
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Worksheet 26 
Q Factor and Bandwidth 

 

What connects trombones, bridges and wine glasses with LCR 

circuits? They all have a resonant frequency.  

In trombones, air vibrates at the resonant frequency, producing a  

musical note - usually desirable! Resonance can have undesirable  

effects too. Everyone has heard the story of the opera singer singing 

so loud that she shatters a wine glass. Bridges can also resonate. In 

November 1940, the bridge over Tacoma Narrows, near Seattle, USA, 

collapsed when the aerodynamic effects of the wind blowing over it 

made it vibrate at its resonant frequency. The replacement was made 

more rigid - given more resistance to vibration!  

Well -  LCR circuits behave in the same way when you add some resistance! It suppresses the 

vibration, making it less likely to build up.  

 

Over to you: 
 

Connect a 47mH inductor and a 1F capacitor in series with the 

AC supply. This is the circuit you used in worksheet 5, though the 

procedure will be slightly different! 
 

Set the AC supply to output a frequency of 100Hz. 
 

Connect a multimeter to measure the AC voltage, VS, and  

record it in the table. Then measure, and record, the voltage, VC 

across the capacitor. 
 

Change the frequency to 200Hz, repeat the measurements and record them.  

Do the same for the other frequencies listed, and complete the table. 
 

Next, connect a 100 resistor in series with the inductor and capacitor, and repeat the meas-

urements. Finally, swap the 100 resistor for a 180 resistor and repeat the measurements. 

w9b 

w9a 

No series resistor 100 series resistor 180 series resistor  

Frequency in 

Hz VS in V VC in V VS in V VC in V VS in V VC in V 

100       

200       

300       

400       

500       

600       

700       

800       

900       

1000       

is
t2

_
7
7
2
5
7
2
7

-s
o

u
n
d

-n
o

is
e
-c

o
n
ce

p
t-

b
lu

is
h

-
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Worksheet 26 
Q Factor and Bandwidth 

 

So what? 
 

• The ‘Q’ in Q factor stands for ‘Quality’. There are several ways to view the Q factor of a 

resonant circuit.  

• The higher the quality, the longer it takes for the oscillations to die out.  

• The Q factor is a measure of the sharpness of the peak of the frequency response curve.  

• It is the ratio of energy stored, to the energy lost per cycle of the AC. 

• The higher the quality, the greater the voltage amplification of a resonant circuit.  
 

• We will use this final version.  

 At resonance, the voltage across the inductor, VL, is equal to 

the voltage across the capacitor, VC.  

 The voltage amplification refers to the ratio of the voltage 

across the capacitor (or inductor, as it is equal,) to the supply 

voltage, VS at resonance.  
 

 In other words: Q factor = VC / VS 

 

• Complete the table by calculating the ratio (VC / VS) for each 

frequency and for each value of series resistor used. The  

 first row shows the value of the series resistor added to the 

resistance of the inductor, i.e. the resistance of the long 

length of wire used to wind the coil inside it. 
 

• Plot three graphs to show the frequency responses of your 

three circuits, 

 (with no added resistance, with 100 added in series and 

with 180 added in series.)  

 The results should resemble those shown 

opposite. 
 

• Use your graph to estimate the Q factor of 

the L-C circuit. 
 

• Notice the effect on the shape of the  

 resonance curve, and on its Q factor of 

adding series resistance to the circuit. 

 

 

 

Frequen-

cy  

in Hz 

0  100  180  

VC / 

VS 

VC / 

VS 

VC / 

VS 

100    

200    

300    

400    

500    

600    

700    

800    

900    

1000    

0
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Q
 f
a
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Frequency in Hz x 100
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 A huge advantage of generating electricity as AC is that it allows the use of 

transformers, to step-up or step-down an AC voltage to any desired value.  
 

Our treatment of the transformer links it, in four steps, to the principles we met 

earlier, where we saw that an electric current is generated 

when a magnetic field moves across a conductor.  
 

In the transformer, the moving magnetic field is produced by 

an electromagnet supplied with AC.  

Worksheet 27 
Transformers 

w20a 

w20c 

Over to you: 
  

Step 1 - Moving the magnet: 
 

• Build the arrangement shown opposite. 

• Suitable oscilloscope settings are given below. 

• Plunge a magnet into the coil, and then pull it out, 

watching the oscilloscope as you do so. 
 

Step 2 - Electromagnet, not magnet: 
 

• Now, connect the second coil, at X and Y, to a DC power supply, set to 3V. 

• Switch the DC supply on and off, watching the trace as you do so. 
 

Step 3 - AC not DC: 
 

• This time, create a moving magnetic field by connecting points X and Y to a signal generator, 

 set to an amplitude of 3V and a frequency of around 1kHz. 

• Switch on the signal generator, and watch the trace. 
 

Step 4 - Intensify the field: 
 

• Slide a ferrite core down the middle of the two coils, and notice the effect this has.  

• We now have a simple but very inefficient transformer! 
 

Optional extension: 

Investigate the effect of: 

• changing the amplitude of the AC supply from the signal generator;  

• changing the frequency of the AC supply from the signal generator;  

• linking the coils with cores made from other materials, like steel, instead of ferrite. 

To 
oscilloscope 

w20f 

Typical oscilloscope settings: 

Timebase  Steps 1 and 2: 1s/div Steps 3 and 4: 1ms /div        (X multipli-

er x1)    

Voltage range  Input A -  ±500mV DC (Y multiplier x1)      (needs increasing 

for step 4.)      

    Input B -  Off 
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So what? 
 

The pictures show typical traces for this investigation: 
 

• the upper one shows current spikes generated when the 

DC supply to the second coil is switched on and off. 
 

• the lower one shows current generated when the  

 second coil is connected to the AC supply . 
 

We saw earlier that the essential ingredients to generate  

electricity are a magnet, wire and movement. Here, we have 

replaced the magnet with an electromagnet (second coil), 

and produced movement by using an alternating magnetic 

field.  
 

One coil, called the primary, is supplied with AC current, and generates an alternating magnetic 

field. This links with the other coil, called the secondary. As a result, an alternating voltage is 

generated in the secondary. This is the principle of the transformer. 
 

Some refinements: 
 

• The strength of the magnetic field in the primary depends on factors like: 

• the number of turns of wire in the primary coil  

• the current flowing through it, which, in turn, depends on the voltage applied to it. 
 

• The voltage generated in the secondary coil depends on factors like: 

• the strength of the magnetic field generated by the primary 

• the number of turns of wire in the secondary coil 

• how effectively the magnetic field of the primary links with it. 
 

In other words, the voltage generated in the secondary depends on the number of turns in the 

primary, and the number of turns in the secondary. The next worksheet explores this link. 

Worksheet 27 
Transformers 

ms
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w20e 

w20d 

For your records: 
 

• Copy the circuit symbol for the transformer, given at the top of the previous page. 
 

• Describe the role played by each of the three components in the transformer: 
 

• the primary coil, 
 

• the secondary coil, 
 

• the core. 
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Worksheet 28 
Practical transformers 

 Transformers play an important role in many electrical and 

electronic applications by allowing AC voltages to be 

stepped up or down to any desired value.  
 

In this worksheet you investigate the operation of a small 

transformer, which has a laminated steel core, when used for 

step-down and then step-up operation. 

Over to you: 
  

Step-down transformer: 

In a step-down transformer, the primary coil, the one supplied with AC power, has more turns of 

wire than the secondary, the one that generates the transformer output voltage.  
 

Here we use a commercial transformer with a turns ratio of 2:1, meaning that one coil has twice 

as many turns as the other. The primary will be the ‘2’ coil, and the secondary the ‘1’ coil. 
 

•  Build the system shown, which delivers power to a 

1k load. (Ignore any labelling on the transformer itself.) 

•  Connect a signal generator to the ‘2’ coil (primary), 

using the low impedance output (typically 50.) Set 

it to output a sine wave with frequency 300Hz, and 

amplitude 5V.  

 (If in doubt, check these with your instructor.) 

•  Connect a multimeter, set on the 20V AC voltage 

range, to measure voltage VP across the primary (the ‘2’) coil, and then VS across the 

secondary (the ‘1’ coil.) 

•  Set the multimeter to the 20mA AC current range, and connect it to replace the link below the 

‘2’ coil, to read the primary current, IP.  

• Replace the connecting link and measure the secondary current, IS in the same way. 

• Record all measurements in the table. 
  

Step-up transformer: 

In a step-up transformer, the primary coil has fewer turns than the secondary. In this case, the 

primary will be the ‘1’ coil, and the secondary the ‘2’ coil.  
 

•  The system is the same as above, except that the transformer carrier is now upside down. 

•  Connect the multimeter to measure the secondary voltage VS. Adjust the amplitude of the 

signal from the signal generator until VS is the same as in the previous investigation. 

•  Now measure and record VP, IP and IS. 

 

w21a 

w21b 

Reading Step-down Step-up 

VP     

VS     

IP     

IS     
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So what? 
  

The last worksheet looked at transformer principles, but the final device was very inefficient.  

This one uses an improved version - two coils, side by side, as before, but 

linked by a much more elaborate core, threading through the centre of the 

coils, and wrapped around the outside too. The result - more effective 

linkage between the magnetic field generated in the primary and the 

secondary coil. 
  

What the results show: 
  

• Look at the ratio VP:VS for both step-up and step-down 

transformers. The transformer equation says that, for an 

ideal transformer: 

   VP / VS = NP / NS 

 where NP and NS are the number of turns on the two coils. 
 

• Next look at the ratio IP:IS for both transformers.   

 In general terms: 

• a step-up transformer ‘steps up’ the voltage (virtually doubles it) 

but ‘steps down’ the current - IP, is much greater than IS. 

• a step-down transformer ‘steps down’ the voltage, but delivers 

 the same secondary current for a much smaller primary current. 

• Both delivered the same voltage, VS, to the 1k load, and so IS, the secondary current, 

was very similar in both cases. 
 

The acid test: 

What about the power? Was it stepped up or stepped down?  
 

Using the formula: Power = Current x Voltage: 

Power delivered to the primary coil,  PP = IP x VP  =  ...................................mW 
 

Power delivered from the secondary,  PS = IS x VS = ....................................mW 
 

      For an ideal transformer (100% efficient): PP = PS  

 and   IS / IP = NP / NS 

(Optional extension:) 
 

• Investigate the effect of applied frequency on the output of the transformer. Research the 

topic of power matching to explain your results. 

Worksheet 28 
Practical transformers 

w21c 

w21d 

w21e 

For your records: 
 

• Copy the transformer equation, and explain what it means, in words. 
 

• Explain what is meant by ‘step-up’ and ‘step-down’ when applied to transformers. 

 Include the role of the number of turns of wire, and specify exactly what is stepped up, and 

what is stepped down in each case. 

AC  
supply 

Primary 

Secondary 

Input 

Output 

Load 

Laminated steel core 

Magnetic flux linking primary 
and secondary windings 
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Worksheet 29 
Diode characteristics 

Diodes allow current to flow in one direction but not the other. The 

performance of a diode can be illustrated by plotting a graph of 

‘forward’ and ‘reverse’ current against the applied voltage. This 

graph allows us to predict accurately how a diode will behave in a 

particular circuit and decide whether or not it is suitable that 

application.  
 

In this worksheet you compare the characteristics of two different 

diodes. One is a general purpose low-voltage silicon diode 

(1N4001) whilst the other is a shottky diode. 

Over to you: 
 
 

• Build the circuit shown opposite, to allow you to measure 

the forward characteristics of a diode. 
 

• Set the DC power supply for an output of 4.5V. 
 

• Set the voltmeter to the 20V DC range and the ammeter to 

the 20mA DC range.  
 

• Use the ’pot’ to vary the voltage, VF, applied to the diode from 

0.1V to 0.7V in steps of 0.1V.  
 

• At each step, measure and record the forward current, IF, in 

the table.  
 

• Repeat this procedure for a Shottky diode. 

 

• Next invert the diode, and change the power supply voltage 

to 12V, as shown in the lower diagram, .This allows you to 

measure the reverse characteristics of the two 

diodes.  
 

• Change the ammeter to the 200µA DC range.  
 

• Once again, use the ’pot’  to vary the voltage 

applied to the diode, now called VR, but this time 

you will only need to take current readings, IR, at 

0V, 5V and 10V.  
 

• Record them in the table. 
 

• Repeat the process for the other diode. 

w22b 

Forward characteristics 

VF IF (1N4001) IF (Shottky) 

0     

0.1     

0.2     

0.3     

0.4     

0.5     

0.6     

0.7     

Reverse characteristics 

VR IR (1N4001) IR (Shottky) 

0     

5.0     

10.0     

w22a 
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Worksheet 29 
Diode characteristics 

So what? 

• Use the axes like those shown below to plot your results as graphs of applied voltage against 

current for both the forward and reverse directions and for both diodes.  

 Notice that the voltage and current scales are different for the two directions. 

 

 

 

 

 

 

 

 

 

 

 

 

• Describe what the graphs tell you about the behaviour of the two kinds of diode. 
 

• What forward voltage is required to make each of the diodes begin to conduct? 
 

 Silicon ..................... Shottky ..................... 

For your records: 

 

• Diodes are usually made from semiconducting crystals. The behaviour of the device depends 

on the material it is made from, as the graph shows. 
 

• The diode is a ‘one-way valve’. It allows a current to flow 

through it in only one direction.   

 (A resistor behaves in exactly the same way no matter   

which way the current flows. Try it !)  
 

• When it is forward-biased, a silicon diode conducts, with 

a voltage drop of about 0.7V across it.  
 

• When reverse-biased, it does not conduct (for low 

voltages, at any rate.)   
 

• When forward-biased, a Shottky diode conducts, with a 

voltage drop of about 0.2V across it. Some Germanium 

diodes have a forward voltage drop of around 0.3V. 

w22a 
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Worksheet 30 
Half-wave rectifier 

 One of the most common applications for a diode is to convert 

alternating current (AC) to direct current (DC) in a rectifier circuit. 

This exploits the unidirectional properties of a diode  - current flows 

only when the anode is positive with respect to the cathode.  
 

The next issue is to maintain the current flow while the diode is not 

conducting. This involves the use of a large value capacitor acting as 

a reservoir for charge. This maintains current flow, and output 

voltage, until the diode conducts again. 

w23a 

Over to you:  

 

• Build circuit A. The AC power supply provides the input. The 

180 resistor acts as the load for the rectifier circuit. 
 

• Connect a DC voltmeter to measure the DC output voltage, 

VOUT. Record it in the first line of the table. 
 

• Connect a dual trace oscilloscope, using two ‘x10’ probes, so 

that channel A displays at least two complete cycles of the 

input waveform and channel B displays the corresponding 

output. Connect the oscilloscope ground terminals to the 

negative rail of the circuit.  
 

• Modify the circuit by adding a 47F capacitor, C, connected 

as in circuit B. 

 Take care to connect it the right way round, as shown! 
 

• Notice the effect on the oscilloscope trace. 
 

• Again measure and record the output voltage, VOUT.  
 

• Repeat this process for all the other values of capacitor C, 

given in the table. 

Typical oscilloscope settings: 

Timebase    10 ms/div  
 

Voltage range  (Both Inputs )   ±5V DC with x10 probes   
    

Trigger Mode   Repeat   Trigger Channel  

 ch.A      
 

Trigger Direction Rising      Trigger Threshold - 4 mV 

Capacitor VOUT 

None - circuit A   

47µF   

100µF   

150µF   

1000µF   
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Worksheet 30 
Half-wave rectifier 

For your records: 
 

•  Sketch a voltage-time graph for the output signal for circuit A.  
 

• Sketch a voltage-time graph for the output signal for circuit B with the 1000F capacitor. 
 

• Explain the difference between these two graphs. 
 

• Which value of reservoir capacitance produced the highest value of DC output voltage?   

 Why was this? 

So what? 
 

The diode allows current to flow through it (and the load) in one direction only. It acts as a small 

resistor for currents trying to flow in one direction (when it is forward-biased,) and as a very large 

resistor for currents trying to flow in the other direction, (when reverse-biased.) 

 

 

The first diagram shows a typical trace obtained from the 

first circuit. The AC input is turned into a DC output 

(rectified.) Notice that, while the output is DC (as it never 

crosses the 0V line,)  it is not steady DC.  

 

 

The second diagram shows the same signal, using a  

different time base setting for the oscilloscope (2ms/div.)  

to show the rectification in more detail. 
 

In particular, notice that the DC output, (the lower one), is  

approximately 0.7V lower than the AC input. The diode does 

not really conduct until the voltage across it reaches 0.7V. 

Thereafter, there is a 0.7V drop across the diode, leaving the 

DC output 0.7V below the AC input at all points. 

 

 

The third diagram shows the effect of adding a smoothing  

capacitor. The output voltage is now both DC and steady.  

A B 

0.7V gap 

A closer view 

With capacitor in circuit 

DC 

A - AC current changes direction here 
B - DC current does not change direction 

w23c 

w23d 

w23e 
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Worksheet 31 
Full-wave bridge rectifier 

The diode in a half-wave rectifier conducts for no more than 50% of 

the time. This is inefficient and requires large reservoir capacitors.  
 

Most practical power supplies use four diodes to maintain the current 

flow through the load on both positive and negative half-cycles of the 

supply.  
 

In practice, they use either four individual diodes (as shown opposite) 

or a single component, a bridge rectifier, where the four diodes are 

encapsulated in a single package.  
 

In this worksheet you investigate a full-wave rectifier, using four 

diodes.  

Over to you: 
 

• Build the circuit shown opposite, using the AC power 

supply as the input once again. 
 

• Measure the DC output voltage, VOUT and record it in 

the first line of the table (for ‘Capacitor - None’.). 
 

• Using the same time base and voltage sensitivity settings as before, connect an oscilloscope 

to display at least two complete cycles of the output.  

  Do not try to display the input waveform at the same time.  

The common ground connection will short-circuit one of the diodes!   

 The input waveform is the same as that displayed in 

the previous worksheet.  
 

• Modify the circuit by adding a 47F reservoir 

capacitor, C, as in the second circuit.  

 Take care to connect it the right way round, as 

shown! 
 

• Notice the effect on the oscilloscope trace. 
 

 

• Measure and record the DC output voltage, VOUT.  
 

• Use each of the other capacitor values shown in the 

table. Measure and record the DC output voltage, VOUT, for each. 
 

 

 

w24a 

Capacitor VOUT 

None   

47µF   

100µF   

150µF   

1000µF   

w24c 
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Worksheet 31 
Full-wave bridge rectifier 

So what? 
 

The circuit diagram for the full-wave rectifier is shown opposite.   
 

It was pointed out that you cannot measure the input and output 

waveforms simultaneously.  
 

To do that, you would connect one channel to points A and C to 

measure the input, and the other to points B and D to measure the 

output. However, most oscilloscopes have a common 0V connection between the two channels. 

This would connect points C and D together, say, and thus short-circuit one of the diodes. 
 

The three oscilloscope traces show typical waveforms for: 

 

•  the AC signal going into the full-wave rectifier, 

 

 

 

 

•  the DC output 

 

 

 

 

• the effect of the reservoir capacitor. 

 

 
 

The DC output, in the middle trace, is an improvement on the half

-wave output, in that current flows through the load throughout 

the AC cycle. Again, it is DC , because the trace never crosses the 0V line. However, again, a 

reservoir capacitor is needed to provide smooth DC. 

For your records: 
 
 

• Sketch a voltage-time graph of the full-wave rectified DC output signal, without smoothing. 
 

• Compare the performance of  the full-wave rectifier with the half-wave rectifier.  

 Which circuit performed the best, and why? 
 

• The output of this full-wave rectifier, using four diodes, is 1.4V less than the AC input peak 

value, and is not smooth DC. 
 

• Again, a  large capacitor can be connected across the output of the rectifier to smooth the DC 

signal produced. 

w24d 

w24e 

w24g 

w24f 


