
Chapter 3 – Resistive components in circuits

60

      GCSE Electronics – Component 1: Discovering Electronics

© WJEC 2017

Resistive components in circuits

Learners should be able to:

(a) describe the effect of adding resistors in series and 

(b) use equations for series and parallel resistor combinations
•  resistors in series 21 RRR +=

•  resistors in parallel 
21

21

RR
RRR

+
×

=

(c) select resistors for use in a circuit by using the colour and E24 codes for values, tolerances and power 
ratings

(d) use photosensitive devices, ntc thermistors, pressure, moisture and sound sensors, switches, potenti-
ometers and pulse generators in circuits

(e) design and test sensing circuits using these components by incorporating them into voltage dividers

(f) design and use switches and pull-up or pull-down resistors to provide correct logic level/edge-triggered 
signals for logic gates and timing circuits. (This will be covered in Chapter 6.)

(g) select and apply the voltage divider equation in sensing circuits 

 V  =  × V2
OUT IN

1 2

R
R  + R

 for a voltage divider 

(h) determine the value of a current-limiting resistor for LEDs in DC circuits.
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Resistors

We briefly considered resistors in Chapter 2. We shall now look at resistors in more detail.

Using resistors to control and limit current

All filament lamps have maximum voltage and current ratings. If these are exceeded the filament in the 
lamp will melt and the lamp will be damaged. It is very likely that the lamp you have used in your practical 
work would have been a 6 V, 0.06 A lamp. Such bulbs are designed to work on a 6 V supply. When 6 V is 
applied across a bulb, its filament offers sufficient resistance to keep the current down to 0.06 A and the 
bulb lights up to its specified brightness. At working temperature, the filament provides a resistance of about 
100 Ω.

If we were to connect the same bulb to a 12 V battery, this resistance would only be sufficient to keep the 
current down to about 0.12 A. This high current would probably burn out the filament, and the bulb would be 
damaged. Extra resistance is required in the circuit to limit the current to 0.06 A. This extra resistance could 
be provided by connecting two such bulbs in series across the supply (see circuit below left).

The second bulb provides an extra resistance of about 100 Ω. The same effect could be produced by using 
a fixed resistor of value 100 Ω (see circuit above right). The wide range of resistor values offered by 
manufacturers enables us to limit the current through a component to almost any desired value.

For example, if we only have a 3.5 V 300 mA lamp available 
then a variable resistor can be used as shown opposite. 

The variable resistor allows the current flowing through a 
component to be set very precisely.
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Selecting a Resistor

If you turn to the resistor section in any electronics supplies catalogue you will find a wide range of values 
and types available. After calculating the ideal value of the resistor required in a circuit you must consider 
the following points before making your selection.

(a) Preferred values

It is very unlikely that you will be able to find your ideal value within the range of values. Manufacturers only 
produce certain preferred values. You have to select the nearest value of resistor within the range.

In the E24 series, the 24 preferred values are:

10, 11, 12, 13, 15, 16, 18, 20, 22, 24, 27, 30, 33, 36, 39, 43, 47, 51, 56, 62, 68, 75, 82, 91

together with multiples of 10 of these values, up to about 10 MΩ. The increase between values in E24 is 
about 10%.

If we multiply each of the values above by 10 we get the next 24 available resistor values:

100, 110, 120, 130, 150, 160, 180, 200, 220, 240, 270, 300, 330, 360,
390, 430, 470, 510, 560, 620, 680, 750, 820, 910

Followed by: 

1 k, 1.1 k, 1.2 k …………… and so on up to 10 MΩ.

(b) Tolerance

This provides an indication of how much above, or below, the stated value the resistor might be. A 1.5 kΩ 
resistor with a tolerance of ±5% could be as low as 1425 Ω or as high as 1575 Ω, since 5% of 1500 Ω is 75 
Ω. Two types of commonly used resistor are:  

Metal film tolerance    =    ±1 %Carbon film tolerance    =    ±5 %
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(c) Power rating

You will find that the same type and value of resistor is offered at different power ratings. The resistor with a 
power rating just above your required power rating should be selected.
 
The carbon film and metal film resistors shown below have a power rating of 0.25 W which is sufficient for 
most of your practical work. 

Compare their size with the similar value resistor below which has a power rating of 50 W.
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Resistor Colour Code

The value of the resistor and its tolerance can be worked out from four colour bands on its body.

N.B. Some resistors especially metal film resistors use a five band colour code. Details can be
found in suppliers’ catalogues. Only the four band code will be tested in the examinations.

The tolerance band is a single band near one end of the resistor and is normally gold or silver. A gold 
band indicates a tolerance of ±5%, while a silver band indicates ±10%. If there is no fourth band then the 
tolerance will be ±20%. 

The value of the resistor (in ohms) can be worked out by looking at the three other coloured bands and 
using the colour code table.
 

Colour Value Colour Value

Black 0 Green 5

Brown 1 Blue 6

Red 2 Violet 7

Orange 3 Grey 8

Yellow 4 White 9

 

Band 4
(Tolerance)

Band 2
(2nd Digit)

Band 1
(1st Digit)

Band 3
(No of 0s)
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Examples:

1.

    Value  =     2      2   three 0s             ±5
     =     2      2   000 
     = 22,000 Ω
     =  22 kΩ   Tolerance = ± 5%

2.

    Value  =     4      7   five 0s             ±20
     =     4      7  00000 
     = 4700000 Ω
     =  4700 kΩ 
     = 4.7 MΩ  Tolerance = ± 20%

3.

    Value  =     1      2   no 0s         ±10
     =     1      2   
     = 12 Ω   Tolerance = ± 10%

Red Red

VioletYellow

Orange Gold

Green

Brown Red Black Silver



Chapter 3 – Resistive components in circuits

66

      GCSE Electronics – Component 1: Discovering Electronics

© WJEC 2017

4. Complete the following diagrams by showing the colour code required for the following resistors: 

 a) 75 kΩ, ±5% resistor. 
     75 kΩ = 75000 Ω = 7    5    000  ±5%

 

 

 b) 18 Ω  ±10% resistor. 
       (1    8    _     ±10%)

 c) 360 Ω ±5% resistor.
       (3     6      0       ±5%)

Violet Green Orange Gold

Silver

Silver

Black

Black

Grey

Blue

Brown

Orange
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Calculating the Value of a Current-limiting Resistor for a Lamp

Suppose we want to operate a 2.5 V, 0.25 A bulb on a 6 V supply.

For the bulb to operate at its specified brightness, it must have 2.5 V dropped across it. The difference 
between this voltage and the supply voltage can be dropped across a series resistor. The resistor value 
selected should allow 0.25 A to flow through it when there is a voltage of (6 - 2.5) V across it.
 

 Applying Ohm’s Law to the resistor: 

       so    

 

There are no 14 Ω resistors available in the E24 series. This provides us with a dilemma since we have to 
choose between a 13 Ω, or a 15 Ω resistor. Let us look at the effect of each. 

If we choose a 13 Ω resistor, this will mean that the circuit resistance will be less than we needed. A larger 
current than expected will flow and will therefore put a greater strain on the bulb, and this will reduce its 
operating life time.

If we choose a 15 Ω resistor, this will mean that the circuit resistance is slightly higher than that required, 
which will reduce the current flowing below 0.25 A. The result will be a bulb operating at slightly less than 
full brightness, but within its maximum value.

The most suitable preferred value resistor in this case would be 15 Ω.

6V
3.5V

2.5V

0.25A

R

I
VR = Ω 1  4

0.25
3.5R ==
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Exercise 3.1

1. Use the colour code to find the value of the resistors shown below.

 a)

 

 
 ........................................................................................................................................

[4]
 b)

 
 
 ........................................................................................................................................ 

[4]
 c) What is the highest value that the resistor in (b) is likely to have?

 ........................................................................................................................................

 ........................................................................................................................................

2. Complete the following diagrams by showing the colour code required for the following resistors: 

 a) 270 Ω, ±5% resistor. 

 

  

[4]
 b)  10 kΩ  ±10% resistor.

[4]

Gold

Silver

Orange

Black

Violet

Blue

Red

Green
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 c) 3.9 kΩ ±10% resistor. 

 

[4]
 d) 8.2 MΩ ±5% resistor. 

 

[4]

3. a) A resistor is marked with the following coloured bands, Red, Red, Brown, Gold. What is its  
  value and tolerance? 

  ............................................................................................................................. [4]

 b) A resistor is marked with the following coloured bands, White, Brown, Red, Silver. What is its  
  value and tolerance? 

  ............................................................................................................................. [4]

 c) A resistor is marked with the following coloured bands, Brown, Black, Orange, Gold. What is  
  its value and tolerance? 

  ............................................................................................................................. [4]

4. a) What would be the colour of the bands on a 4.7 kΩ ± 10% resistor?

  .............................................................................................................................
[4]

 b) What would be the colour of the bands on a 100 kΩ ± 5% resistor?

  .............................................................................................................................
[4]

 c) What would be the colour of the bands on a 33 kΩ ± 20% resistor?

  ............................................................................................................................
[4]

 d) What would be the colour of the bands on a 39 Ω ± 5% resistor?

  ............................................................................................................................. [4]
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5. A 3.5 V 0.03 A bulb is to be run from a 9 V power supply. A resistor must be used to limit the current  
 flowing in the circuit.

 a) Draw a diagram of the circuit required. 

[2]

 b) Calculate the exact value of the resistor required to limit the current in the circuit.

   .............................................................................................................................

   .............................................................................................................................

   .............................................................................................................................

[2]
 c) What value of resistor would you choose from the E24 series of resistors to use in your   
  circuit. Give a reason for your choice.

   .............................................................................................................................

  .............................................................................................................................

  .............................................................................................................................
[2]
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Resistors in Series

The following two circuits have been set up on a circuit simulator. 

Look at Circuit 1 and you will see that the ammeter reading is 6.00 mA. We can apply Ohm’s Law to the 
circuit to find the total resistance of the circuit.

If we add up the values of R1 and R2 from Circuit 1 we get

     R1 + R2 = 1 kΩ + 1 kΩ = 2 kΩ

which is exactly the same answer as we got using Ohm’s Law.

Look at Circuit 2 and you will see that the ammeter reading is 99.88 mA. We can apply Ohm’s Law to this 
circuit to find:  

If we add up the values of R3, R4  and R5 from Circuit 2 we get   

R3 + R4 + R5  = 47 Ω + 33 Ω + 20 Ω = 100 Ω

which is nearly but not exactly the same answer as we got using Ohm’s Law.

Circuit 1 Circuit 2

kΩ 2
m   A 6
1  2R      s  o     

I
VR ===   

100.12 Ω
m   A 99.88

1  0R ==
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The difference in this case of 0.12 Ω is due to very small rounding errors that occur when the simulator is 
displaying current flow.

So we can see that the total or effective resistance R of resistors in series is given by the general equation:

      R = R1 + R2 

 Therefore:
 
  if R1 = 10 Ω and R2 = 40 Ω, then R = 10 + 40 = 50 Ω.

  if R1 = 15 kΩ, R2 = 25 kΩ, and R3 = 75 kΩ then R = 15 k + 25 k + 75 k = 115 kΩ.

Resistors in Parallel 

  

Look at Circuit 1 and you will see that the ammeter reading is 23.99 mA. We can apply Ohm’s Law to the 
circuit to find the total resistance of the circuit. 

Look at Circuit 2 and you will see that the ammeter reading is 513.12mA. We can apply Ohm’s Law to this 
circuit to find 

There does not seem to be an obvious relationship between the effective resistances and the resistor 
values used, other than the effective resistance in each case is smaller than the individual parallel 
resistor values.

Circuit 1 Circuit 2

500.20 Ω
m   A 23.99

1  2R            s  o          
I
VR ===

Ω 19.48
m   A 513.12

1  0R ==
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It can be shown that the total or effective resistance R of resistors in parallel is given by the general 
equation:   

For only two resistors in parallel this can be simplified to 
 
For example: 

 If R1 = R2 = 1 kΩ, (as given in Circuit 1) then 

 If R1 = 33 Ω and R2 = 47 Ω (as given in Circuit 2) then 

Note:

1. You should always check your answer when using the formula to make sure that the effective   
 resistance of two resistors in parallel is smaller than the individual resistor values.

2. When two resistors of the same value are connected in parallel the effective resistance is ½   
 (one half) of their individual values.

3. If three resistors of the same value are connected in parallel then the effective resistance is ⅓ 
 (one third) of their individual values. E.g. If three 10 k resistors are connected in parallel their   
 effective resistance = 10 k/3 = 3.333 kΩ. 

4. In general if ‘n’ resistors of the same value are connected in parallel then the effective resistance  
 is ½ (one ‘n’th) of their individual values. E.g. If ‘n’ 10 k resistors are connected in parallel their   
 effective resistance = n

10k
Ω.

1 2

1 1 1 .
R R R

= +

1 2

1 2

R R
R

R R
×

=
+

1 2

1 2

R R
R

R R
1000 1000 1000000R 500                                                         Ω
1000 1000 2000

×
=

+
×

= = =
+

1 2

1 2

R R
R

R R
33 47 1551R 19.39                                            Ω
33 47 80

×
=

+
×

= = =
+
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Investigation 3.1 

1. Set up the following resistor network
 and use an ohmmeter to measure
           the total resistance. 
 
 If you are using circuit wizard you 
 will need to right click on the digital
  multimeter and choose ‘Ohm’

 Total resistance = …………………..

2.  Set up each of the following resistor networks and measure the circuit resistance  between points: 

  A and B ………….    C and D ……………
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Examples: 
 
1. Find 
 a) the combined resistance, RS, of R1 and R2,
 b) the current, I, 
 c) the voltage, V1, across R1,
 d) the voltage, V2, across R2
 
Solution:

 a) RS = 20 Ω + 30 Ω  = 50 Ω

 b) Apply  V = I × RS  gives     

 c) V1 = I × R1 
  V1 =0.2 × 20 = 4 V.

 d) V2 = I × R2     [or Apply the sum of the voltages rule 
  V2 = 0.2 × 30 = 6 V    V2 = 10 - V1 = 10 – 4 = 6 V]
  

2. Find: 
  
 a) the combined resistance, RP of R1 and R2,
 b) the total current IT, 
 c) the current, I1, through resistor R1,
 d) the current, I2, through resistor R2

 
Solution:

 a)
    
 

 b)  Apply V = IT × RP (working in mA and kΩ)
          12 = IT × 12 =

           IT  = 1  2
1  2

= 1 mA
 
 c)   Apply V = I1 × R1 
          12 = I1 × 20 =

           I1  = 2  0
1  2

= 0.6 mA

 d)  Apply the sum of the currents rule
           I2  = 1 – 0.6 = 0.4 mA

V2

I

V1

5  0I1 0 ×=

  A0.2
5  0
1  0I ==

I1
I2

IT

1 2

1 2

R RR
R R
20 30 600R 12 k                                       Ω
20 30 50

×
=

+
×

= = =
+
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3. For the network shown below, calculate:   

 a) the combined resistance Rp of R1 and R2 in parallel.
 b) the total resistance RT of the network.
 c) the total current IT
 d) V1 and V2.
 e) I1 and I2.
 f) What is the nearest preferred value to RT in the E24 series.

Solution:

 a) R = 
2
Ω 2  0 = 10 Ω (equal resistors in parallel)

 b) RT = R3 +  RP = 30 Ω + 10 Ω = 40 Ω

 c) The voltage V across the whole network is 6 V and its total resistance RT is 40 Ω therefore

 
 d)  V1 = I × R3 = 0.15 A × 30 Ω = 4.5 V

  But V = V1 + V2 therefore V2 = V – V1 = 6 – 4.5 = 1.5 V

 e) I1 = I2 = ½I (since R1 = R2) therefore I1 = ½ x 0.15 A = 0.075 A.
 
 f) The two nearest preferred values to 40 Ω are 39 Ω and 43 Ω so in this case choose 39 Ω.

IT

V1

V2

I
2I

1

  A0.15
4  0
6

R
VI

S
T ===
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Summary

1. Resistors can be connected in series and parallel combinations.

2. The effective resistance R of series resistors is given by the following formula.

3. The effective resistance Rp of two resistors in parallel is given by the formula.

21 RRR +=

21

21

RR
RRR

+
×

=
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Investigation 3.2

Set up the following circuit and measure the values of I1, I2 V1 and V2. Redraw the circuit in the space 
provided, showing clearly where the two ammeters and two voltmeters are positioned.

 

I1 = ………..   I2 = …………  V1 =… …….   V2 = ……………..

Compare your answers with worked example 3 above.
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Exercise 3.2

Answer all questions in the spaces provided. Continue on a separate piece of paper if required.

1. Draw a diagram to show how you would connect two 10 Ω resistors to give a total resistance of 
 (a) 20 Ω, (b) 5 Ω.

 a)      b)

[2]

 
2. For the circuit opposite, find: 
 

 
 

 
 a) the combined resistance, RS, of R1 and R2,

  ………………………………………………………………………..……………………
[1]

 b) the current, I,

  ………………………………………………………………………..……………………
[1]

      c) the voltage, V1, across R1, 

 ……………………………………………………………………………………………………..

 ……………………………………………………………………..………………………………  
[2]

 d) the voltage, V2, across R2. 

 ……………………………………………………………………………………………………..

 ……………………………………………………………………..………………………………  
[2]

V1

V2

I
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3. For the circuit below, find: 

  

 a) the combined resistance, R of R1 and R2, 

 ……………………………………………………………………………………………………..

 ……………………………………………………………………..………………………………  
[1]

 b) the total current IT,

 ……………………………………………………………………………………………………..

 ……………………………………………………………………..………………………………  
[1]

 c) the current, I1, through resistor R1,

 ……………………………………………………………………………………………………..

 ……………………………………………………………………..………….……………………  
[1]

 d) the current, I2, through resistor R2,

 ………………………………………………………………………………………………………

 ……………………………………………………………………..……………..…………………  
[1]
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4. For the network shown below calculate: 

 
 the total resistance between

 a) X and Y,

 ……………………………………………………………………………………………………..

 ……………………………………………………………………..………………………………  
[1]

 b) Y and Z,

 ……………………………………………………………………………………………………..

 ……………………………………………………………………..………………………………  
[1]

 c) X and Z.

 ……………………………………………………………………………………………………..

 ……………………………………………………………………..………………………………  
[1]

 d) Use the list of E24 preferred values to select a single resistor to replace the network of 4   
  resistors.

 ……………………………………………………………………………………………………..

 ……………………………………………………………………..………………………………  
[1]
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5. For the network shown below, calculate:  

 a) the combined resistance R of R1 and R2 in parallel. Give the answer to the nearest whole  
  number.
 ……………………………………………………………………………………………………..

 ……………………………………………………………………..………………………………  
 
 b) the total resistance R of the network.

 ……………………………………………………………………………………………………..

 ……………………………………………………………………..………………………………  
[1]

 c) the total current IT.

 ……………………………………………………………………………………………………..

 ……………………………………………………………………..………………………………  
[1]

 d) V1 and V2.

 ……………………………………………………………………………………………………..

 ……………………………………………………………………..………………………………  
[1]

 e) I1 and I2.

 ……………………………………………………………………………………………………..

 ……………………………………………………………………..………………………………  
[1]

 f) What is the nearest preferred value to RT in the E24 series. ………………………  
[1]

V1

V2

I
2

I
1

IT
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6. Resistors can be used to split the voltage from a battery into smaller voltages for use in other parts  
 of the circuit. This application is called a voltage divider. Draw two circuit diagrams to show how a  
 10 kΩ and 5 kΩ resistor can be used to provide output voltages of a) 4 V and b) 8 V from a 12 V  
 power supply.

  a)     b) 

[2]
7. A resistor has a current of 100 mA flowing through it when the voltage across it is 10 V. Calculate  
 the power dissipated in the resistor.

 ........................................................................................................................................

 ........................................................................................................................................
[2]

8. A 220 Ω resistor has a current of 10 mA flowing through it. Calculate the power dissipated in the   
 resistor.

 ........................................................................................................................................

 ........................................................................................................................................

 ........................................................................................................................................

 ........................................................................................................................................
[3]

9. When trying to select a resistor for a particular application, there are two important properties of the  
 resistor that need to be considered in addition to the resistor value. What are they?

  a) ...................................................................................................................

  b) ...................................................................................................................

[2]
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10. Calculate the voltage at the output terminals in each of the following circuits.

 a)       ........................................................................

   .........................................................................

   .........................................................................

   .........................................................................

[4]
 

 b)  
   .........................................................................

   .........................................................................

   .........................................................................

   .........................................................................

[4]

 

 c) 
   .........................................................................

   .........................................................................

   .........................................................................

   .........................................................................

[4]

 d) 
.   .......................................................................

   ........................................................................

   .........................................................................

   .........................................................................
 

[5]
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Potentiometers

A potentiometer consists of a circular conducting track made of 
carbon or resistance wire, over which a sliding contactor or wiper 
moves.

The potentiometer (usually abbreviated to ‘pot’)
has three terminals, labelled A, B and C in the diagram.

There is a fixed resistor between A and B

Terminal C is connected to a wiper that slides over
the resistive track when the shaft of the ‘pot’ is rotated

The following pictures show two of the different types of potentiometers available:
 

The potentiometer can be used in two different ways in a circuit: 

(a) As a variable resistor

To use a pot as a variable resistor, terminal C must be 
used together with either terminal A or terminal B.

The two diagrams show a pot used as a variable resistor. 

Terminals B and C of the pot create the variable resistor. 

As the shaft is rotated clockwise, more of the resistive track is 
included between B and C and so the resistance between B and C 
increases. 

In the first circuit the pot is used as a variable resistor to dim a 
lamp. As the resistance of the variable resistor increases the lamp 
gets dimmer.

In the second circuit the 1 kΩ resistor and pot form a voltage 
divider. As the resistance of the variable resistor increases,
the voltmeter reading increases.
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(b) As a voltage divider

In this case all three terminals are used.

The effect of the wiper sliding over the resistive track when  
the shaft is turned is to change the resistance between A  
and C and between B and C. The overall resistance,  
from A to B, is unchanged.

The full supply voltage is dropped across the resistance  
from A to B. As the resistance between B and C increases (and 
that between A and C decreases,) the voltmeter reading increases.

When the shaft is rotated the other way around, the voltmeter reading decreases.

A 10 kΩ pot with the wiper first set to its mid position (50%) and then rotated clockwise 80% of the way 
towards terminal A will give the same effect as changing resistor values in a voltage divider as shown in the 
two representations of the pot:

 wiper in mid position            wiper rotated 80% of the way towards terminal A

Connected like this, with all three terminals in use, the pot is a continuously variable voltage divider.

Presets

These are similar to potentiometers but are usually smaller and have to be adjusted using a screwdriver. 
They are designed to be inserted into a circuit then adjusted to the required value. Once accurately set they 
are usually sealed so that they do not change from this value. Two of the most common types of preset are 
shown below:  
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Light Dependent Resistors

A Light Dependent Resistor or LDR consists of a cadmium sulphide track set out on an insulator base. The 
resistance of the track depends upon the intensity of light which falls upon it. You can see the track through 
the transparent window on the top of the unit.

The symbol for an LDR is as follows: 

The LDR comes in a variety of different packages as shown below:
   

The resistance characteristic for the LDR is shown below: 
 
The light intensity is measured in a 
unit called ‘lux’. We can see from the 
characteristic curve that the resistance of 
the LDR falls as light intensity increases. 
The decrease in resistance is non-linear, 
the resistance falls rapidly at first and 
then less quickly as the intensity of light 
increases.

A common LDR is a type ORP12. 
The Data Sheet for the device quotes 
a resistance of several MΩ in total 
darkness, falling to about 1 kΩ in bright 
light.

One disadvantage of LDRs is that they 
respond rather slowly to changes in light intensity. The ORP12 takes about 120 ms to complete its change 
in resistance when light level changes from darkness to bright light. This is a long time in terms of electronic 
switching circuits! 

 Resistance (kΩ) 

 Light intensity  
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NTC Thermistors

The thermistor is a two-leaded component that changes its resistance in response to a change in 
temperature. The symbol for a thermistor is shown opposite: 

The ‘-t°’ alongside the symbol indicates that this is a negative temperature coefficient (or ntc) thermistor, 
which simply means that the resistance of the thermistor decreases as temperature increases.

[Note: A positive temperature coefficient (ptc) thermistor does exist where the resistance increases as 
temperature increases, but these will not be examined as part of this course. The symbol is the same, but 
just has a ‘+t°’ alongside it should you see this in any project books you may look at.] 

The characteristic curve for an ntc 
thermistor therefore looks like this.  
Once again we can see that the response 
is non-linear, i.e. resistance falls quicker 
at the start and then the rate of decrease 
in resistance slows down as higher 
temperatures are reached. 

Thermistors come in many different physical 
packages as shown by the diagram below: 

Irrespective of the package style the behaviour of all of 
these thermistors is the same – as temperature rises the 
resistance of the thermistor falls. 

The change in package style does however affect the 
response time of the thermistors – the ‘rod’ style therm-
istor is large and bulky and has the slowest response 
time, whilst the tiny ‘glass bead’ style has the fastest 
response. 

Temperature

Plot for a Thermistor

Resistence 
(in Ohms) 
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Depending on the application, different styles of package can be selected but it is important to remember 
that from a circuit design point of view the package is not important as long as we know the range of 
resistance the thermistor has over the temperature range that will be used.

A typical data sheet for a thermistor is shown below: 

The first two rows in this table show that at 25°C the resistance is 300Ω, and at 50°C the resistance has 
fallen to 121Ω. Different types of thermistor have different data sheets so it is important to check their data 
sheets to determine their characteristics so that a suitable circuit can be designed to use them effectively.

We will investigate more about how the LDR and thermistor are used to make sensing circuits later. For 
now it is sufficient for you to be able to recognise their symbol and describe their characteristics.
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Switches

A mechanical switch is used to physically break the electrical connection between two points in the circuit, 
and then allows us to reconnect these parts safely, without risk of electrical shock, 

Switch types

a) Press switches are used for momentary contact and are spring loaded. 
 A common example of a press switch is on a door bell or keyboard. 
 

 The press switch is available as push to make and push to break switches. 
  
 The symbols are: 

 

b) Toggle and slide switches are two-position switches and are normally used as on/off switches.
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c) Reed switches are made from two pieces of metal sealed inside a glass case. When a magnet   
 is brought close to the glass, the two contacts inside touch and complete the circuit. These switches  
 are particularly useful in burglar alarm circuits where the switch is mounted in a door frame and a  
 magnet inserted into the actual door. When the door is closed the circuit is complete, but when   
 opened and the magnet moves away the contacts open causing a break in the circuit, hence   
 triggering the alarm.  
 

d) Microswitches are very sensitive push switches which require a very low operating force over a  
 very small distance. They are ideal for sensing very small movements.   

 Microswitches usually have three terminals. To use the microswitch as a ‘push to make switch’   
 terminals COM and N/O are used. For a ‘push to break’ switch terminals COM and N/C are used.
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e) Tilt switches are formed by sealing two contacts in a metal can with a small amount of  mercury.  
 When the switch is positioned vertically with the leads facing down, the mercury  lies across the two  
 contacts, completing the circuit. If the switch is tilted horizontally then the mercury will run off the  
 contacts and break the circuit. 
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Exercise 3.3

Answer all questions in the spaces provided. Continue on a separate piece of paper if required.

1. Draw the electrical circuit symbol for a light dependent resistor and describe its operation. 

 ........................................................................................................................................

 ........................................................................................................................................

 ........................................................................................................................................

 ........................................................................................................................................
[3]

2. Draw the electrical circuit symbol for a thermistor and describe its operation.

 ........................................................................................................................................

 ........................................................................................................................................

 ........................................................................................................................................

 ........................................................................................................................................
[3]

3. Describe a situation where you might require the use of a reed switch.

 ........................................................................................................................................

 ........................................................................................................................................

 ........................................................................................................................................
[1]

4. Describe a situation where you might require the use of a tilt switch.

 ........................................................................................................................................

 ........................................................................................................................................

 ........................................................................................................................................
[1]
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5. Study the following circuit carefully:  

 a)  What is the name for this type of circuit? ………………………………………
[1]

 b) Calculate the voltage across R2.

 ……………………………………………………………………………………………………

 ……………………………………………………………………………………………………
[1]

c) Redraw the circuit in the box on the right to show how the voltage across R2 can be varied by   
 replacing R1 with another component.

[3] 

6. Complete the circuit diagram to show how a variable resistor can be used as a potentiometer to   
 provide a variable voltage of between 0 and 12 V from a 12 V car battery. 

 

[2]
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Designing Sensing Circuits

(a) Light sensing circuits

In the previous topic we looked at the characteristics of a Light Dependent Resistor (LDR) and a thermistor. 
The resistance of both of these components changes when the amount of light or temperature changes 
respectively.

This produces a very useful output when these components are connected into a voltage divider circuit.

The following circuits show what happens as the amount of light falling on an LDR increases.

  

Here we can see that as the light level increases (more lux) the voltage at the output falls. We have created 
an analogue sensor where the output voltage decreases as the light level increases. Changing the position 
of the LDR and fixed resistor will give the opposite effect as shown below.

  

Here we can see that the output voltage increases as the light level increases.

We have now created a sensor that outputs a voltage which is dependent on the amount of light falling on a 
resistor. A change in resistance has therefore been changed into a change of voltage.

Sometimes it is necessary to be able to adjust the output voltage to be a specific value at a particular 
light intensity. Whilst we could experiment with a number of fixed resistors until we obtained the value we 
wanted, it is much quicker and easier to either include a variable resistor in series with the fixed resistor, or 
to use a variable resistor on its own. The following circuits show the effect when a variable resistor is used 
with the LDR. 
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For a given light level we can set up an output voltage that can be adjusted by the setting of the 
variable resistor. You should investigate these circuits in your circuit simulator and check for yourself 
that they are fully adjustable.
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Connecting outputs to the sensing circuit

Example: 

Consider the circuit on the right which has been set up on the 
simulation program. 

The output voltage is 6 V, the current is about 74 µA,
the variable resistor is set to 40 kΩ and the resistance
of the LDR is approximately 100 kΩ.

What happens if a 6V lamp is connected across the output? 

The light bulb does not light. The voltage has dropped 
to just 22.42 mV. 

An analysis of the circuit will help to explain what has 
gone wrong.

The nominal resistance, RL, of the lamp is  
100 Ω  = 0.1 kΩ.

The combined resistance, R2, of the LDR and the lamp is

 

The output voltage VOUT can be found using the voltage divider rule: 

  
The very small value of VOUT is not sufficient to operate the lamp.

This example clearly shows that outputs cannot be connected directly to sensing circuits. This effect is 
referred to as ‘loading a voltage divider’.

L1

L1

R R
R

R R
100 0.1 10R 0.0999 k                                                   Ω
100 0.1 100.1

×
=

+
×

= = =
+

VR1

2
OUT IN

2

OUT

R
V  =  × V

R +R
0.0999 0.8991V  = × 9 =  = 0.0224  = 22.4 mV

40+0.0999 40.0999
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Loading a voltage divider circuit

Whenever a load is connected across the output of a voltage divider the output voltage will drop. This 
cannot be avoided. The amount by which the voltage drops will depend on the resistance of the load.

Rule of thumb for voltage dividers

When a load is connected across the output of a voltage divider the resistance of the load 
should be at least ten times greater than the resistance of the voltage divider.

Or put in another way:
The current drawn by the load should be at least ten times smaller than the current flowing 
through the voltage divider

We will test the rule using the simulation program.

The rule tells us if we connect a load 20 kΩ (10 × 2 kΩ) to the left-hand circuit it should only have a very 
small effect on the output voltage.

As can be seen from the right-hand circuit the output voltage has only dropped by 0.15 V or 2.5% of its 
unloaded value. This small drop is acceptable.

If you think back to our work on systems, you might realise why it is that connecting a lamp directly across 
the output of a sensing sub-system will not work. The block diagram for a system was as follows:  

 

In the circuit in the example above we only have the Input Sensor and the Output Device, there is no 
processing section which in this case would simply be a driver circuit. 

We have now built the sensor circuit (to give either a falling or rising voltage) but before it can be used in 
a circuit we need to understand how to make a driver circuit to go with it. We will cover these circuits in 
Chapter 4 – Switching Circuits.

Input 
Sensor 

Signal 
Processing 

Output 
Device 

Input 
Signal 

Output 
Action 
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(b) Temperature sensing circuits 

In a similar way, the thermistor can also be used in voltage divider circuits to provide a change in voltage 
which is dependent on the temperature of the thermistor.

The following circuits show the thermistor connected in series with a variable resistor, such that the voltage 
at the output falls when the temperature rises.

As was the case with the LDR, swapping the position of the thermistor and variable resistor will give the 
opposite effect – a rising voltage at the output as temperature rises. This is illustrated below. 

     

This circuit also requires a driver circuit before it can be used with any real effect in a circuit. However, you 
may be asked to work out the output voltage at specific conditions, where the resistance values are known. 
A couple of worked examples are shown on the following pages to show you how these are done.
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Examples:

1. A thermistor is connected in a voltage divider with a 10 kΩ fixed resistor as shown below. 

 
 

 At 30°C the thermistor has a resistance of 20 kΩ. At 100°C the resistance of the thermistor has   
 fallen to 2.5 kΩ.

 a) Determine the output voltage from the sensor at 30°C.

  Apply the voltage divider formula to the sensing circuit, with R1 = 20 kΩ. 

 b) Determine the output voltage from the sensor at 30°C.

  Apply the voltage divider formula to the sensing circuit, with R1 = 2.5 kΩ. 

 

VOUT

OUT IN

OUT

R2V V
R1 R2

10 60V 6 2 V
20 10 30

= ×
+

= × = =
+

OUT IN

OUT

R2V V
R1 R2

10 60V 6 4.8 V
2.5 10 12.5

= ×
+

= × = =
+
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2. An LDR is connected in a voltage divider with a 15 kΩ fixed resistor as shown below. 

At 300 lux the LDR has a resistance of 150 kΩ. At 1000 lux the resistance of the LDR has fallen to 5 kΩ.

Look carefully at the resistor labels. They are not conveniently the right way around to fit correctly in the 
formula, so it is often better to use the labels RT for the top resistor and RB for the bottom one.
 
a) Determine the output voltage from the sensor at 300 lux.

   Apply the voltage divider formula to the sensing circuit, with
    R2 [or RB] = 150kΩ. 

 b) Determine the output voltage from the sensor at 1000 lux.

  Apply the voltage divider formula to the sensing circuit, with 
  R2 [or RB] =5 kΩ.

VOUT

B
OUT IN

T B

OUT

R
V V

R R
150 900V 6 5.45 V

15 150 165

= ×
+

= × = =
+

B
OUT IN

T B

OUT

R
V V

R R
150 900V 6 8.57 V

5 150 105

= ×
+

= × = =
+
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Exercise 3.4

1. A thermistor is connected in a voltage divider with a 4.7 kΩ fixed resistor as shown below. 

 At 20°C the thermistor has a resistance of 18.4 kΩ. At 80°C the resistance of the thermistor has   
 fallen to 1.1 kΩ.

 a) Determine the output voltage from the sensor at 20°C.

  .............................................................................................................................

  ............................................................................................................................. 
[2]

  
 b) Determine the output voltage from the sensor at 80°C.

  .............................................................................................................................

  .............................................................................................................................
 [2]

 
2. An LDR is connected in a voltage divider with a 22 kΩ fixed resistor as shown below. 

 

VOUT

VOUT
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 At 200 lux the LDR has a resistance of 272 kΩ. At 800 lux the resistance of the LDR has fallen to  
 3.9 kΩ.

 a) Determine the output voltage from the sensor at 200 lux.

  .............................................................................................................................

  .............................................................................................................................
[2]

 b) Determine the output voltage from the sensor at 800 lux.

  .............................................................................................................................

  .............................................................................................................................
[2]

3. 
 

Draw a circle around the correct answers.

 a) What happens to the resistance of the thermistor as the temperature increases?

  stays the same   increases     decreases    
[1]

 b) What happens to value of VOUT as the temperature increases?

  stays the same   increases     decreases    
[1]

VOUT
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Summary

The two possible arrangements for an input sensor incorporated into a voltage divider circuit are
 
         Either            or  

1. For a light sensing circuit the sensor should be at the top.
2. For a darkness sensing circuit the sensor should be at the bottom.
3. For a decrease in temperature sensing circuit the sensor should be at the bottom.
4. For an increase in temperature sensing circuit the sensor should be at the top.

Note: All of the above arrangements provide VOUT which increases from low to high.

VOUT VOUT

Sensor

Sensor
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Output Circuits

We have now considered a variety of ways of using LDRs and thermistors to make sensing circuits. In this 
topic we will investigate some of the output devices that we could use in our circuits, and any necessary 
safety precautions needed to use these devices safely.

Output devices are chosen to provide a specific output signal, whether this is sound, light or movement. 
The output devices you will be asked about are as follows.

1. Buzzer/Siren 

 This simple device produces an audible tone when switched on. The buzzer comes in many   
 different shapes and sizes, from small low-power units to high-power alarm sirens. 
  

Low Power buzzers
suitable for projects

 High Power siren used for alarm
 and security applications. 

Every buzzer will specify the operating voltage and current required for the correct operation of the buzzer, 
e.g. 12 V, 100 mA. It is important that the processing sub-system matches these requirements for correct 
operation.

file://wjec3887/Educational%20Resources%20Work%20Folder/Work16-17/16-17_1-8/storyboards/Edited/javascript:nextPage()
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2. Lamps     
 

 An indicator lamp is a simple device for providing a visual indication that an output has switched on.  
 Just like buzzers there is a wide range of lamps that can be used as output indicators. Filament   
 lamps are usually used to provide lighting but can also be used as indicators.

 Below are a collection of just a few you will find in an electronics supplier’s catalogue. 

 Once again the type of lamp to use will fall to the circuit designer to choose the most appropriate  
 type for the application. As with buzzers, every lamp has a maximum voltage and current, e.g. 6 V  
 0.06 A, which must not be exceeded otherwise the lamp can be permanently damaged. 

 It is your responsibility as the designer of the circuits to ensure that these maximum values are not 
 exceeded.

 Most lamps produce light from a very hot thin wire called a filament. This method of light production  
 is not very efficient, and lamps burn out quite quickly, after about 1000 hours (~46 days) of   
 continuous use.

Filament lamp   Indicator lamp
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3. Light Emitting Diodes (LEDs)  
  

 The LED has revolutionised electronic circuits, because it is a device that produces light in a variety  
 of colours, without the heating effect of the filament lamp. It is therefore much more efficient than the  
 filament lamp and lasts much longer than it, typically about 100,000 hours (>11 years continuous  
 use).

 LEDs are available in a large variety of different package styles and colours.

 As well as being available in single devices, as shown above, groups of LEDs can now be   
 packaged together and they can be seen all around you, replacing filament lamps in a variety of   
 everyday objects.

 Traffic lights: 

Old filament style New LED style
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Warning signs for traffic flow.

The LED is different from the other components we have met so far because they must be connected 
correctly, as it only allows current to flow through it in one direction. A closer examination of the symbol will 
help you to insert the LED correctly into a circuit. The anode must be connected to the positive part of the 
circuit. Current then flows through the LED in the direction of the arrow.  

     Anode        Cathode

Light given off when conventional
current flows in this direction

LEDs can operate on a very small current, typically 10 to 20 mA, which means that they are very energy 
efficient. The only downside is that they have a relatively low voltage rating, ~2.0 V. The exact value 
depends on the colour of the LED. We always have to protect the LED in a circuit to ensure that this 
maximum voltage is not exceeded. This will be covered later in this chapter.  
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4. Motors 

 

 Motors are used where rotational movement, e.g. to open a gate or to turn the drum of a washing  
 machine, is the output required. Motors are available in many different shapes and sizes. 

 The motors used in electronic projects usually require operating currents in the range 50 to 150 mA.  
 Industrial motors can have operating currents of 20 A or more. 

 

5. Solenoids  

 The solenoid relies on the electromagnetic effect of an electric current. 
 It provides linear motion.

 A solenoid can be used to operate bolts in security doors, and for engaging  
 the starter motor of the car to the engine when the car is first started. It has  
 a pulling action when activated, and a spring mechanism, or gravity usually  
 returns the object to its original position.

 The picture opposite shows a solenoid lock with the bolt retracted on the 
 left and released on the right.

 The solenoids used in electronic projects usually require operating currents in the range 50 to 250  
 mA. Industrial motors can have operating currents of several amps.

With the exception of the LED and low power buzzers, all of the output devices considered have relatively 
large output current requirements. This means that they cannot be connected directly to the sensing 
systems we designed earlier. As we found out in our study of systems, an output driver will be required. In 
Chapter 4 we will look at a range of different driver circuits. 

We excluded the LED from this requirement, because unlike most of the other devices the LED actually 
requires just a few milliamps, and a voltage of approximately 2 V to operate properly.  

Solenoid
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Calculating the Value of a Current Limiting Resistor for a LED

In many practical circuits the power supply will usually be considerably higher than 2 V voltages and 
therefore we need to take precautions to protect the LED from damage. This is achieved by adding a series 
resistor to the LED as shown in the example below:

Example 1:  A red LED is to be used with a 9 V battery. Calculate the series resistor required to limit the  
  current to 10 mA if the forward voltage drop across the LED is 2 V.

The circuit is therefore as follows. 

The voltage across the LED must be limited to a maximum of 2 V. As this is a series circuit, the voltage 
across the resistor R and LED must equal 9 V. Therefore the voltage across the resistor R must be:

As this is a series circuit, the current flowing through the resistor R and LED must be the same. So, using 
Ohm’s Law for resistor R, we can obtain a value for resistor R as follows –

We now have a choice to make as the E24 series of resistors does not have a 700 Ω resistor. We have to 
choose between 680 Ω or 750 Ω. 

In a practical circuit, there would be little noticeable difference between either resistor but, in exam 
questions, if the current given in the question is a maximum of 10 mA then you must choose the higher 
value resistor, i.e. 750 Ω, to ensure that the current does not exceed 10 mA. If the current given in the 
question is quoted as being approximately 10 mA, then either resistor is acceptable.

R 

10 mA 

2 V 

9 V 

 V7
29VR

=
−=

Ω 700kΩ 0.7
m   A 1  0
7

I
VR R ====
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A quick look through an electronics catalogue will reveal a very large range of LED shapes, sizes and 
colours. In order to produce different colour light from an LED, the structure of the light emitting material 
inside the case of an LED is different for each colour. This also means that the forward voltage drop across 
different coloured LEDs is slightly different as shown in the following table.

Colour of LED Typical Forward Voltage VF

Infrared 1.6 V

Red 2.0 V

Orange 2.2 V

Yellow 2.5 V

Green 2.9 V

Blue 3.2 V

Ultraviolet 3.5 V
  

In questions, the forward voltage drop for LEDs will be given and will vary with the colour of the LED.

Example 2:  A blue LED is to be used with a 6 V battery. Calculate the series resistor required to limit the  
  current to approximately 15 mA if the forward voltage drop across the LED is 3.2 V.

The circuit is therefore as follows. 

The voltage across the LED must be limited to a maximum of 3.2 V. As this is a series circuit, the voltage 
across the resistor R and LED must equal 6 V. Therefore the voltage across the resistor R must be:

As this is a series circuit, the current flowing through the resistor R and LED must be the same. So, using 
Ohm’s Law for resistor R, we can obtain a value for resistor R as follows –

We now have a choice to make as the E24 series of resistors does not have a 187 Ω resistor. We have to 
choose either a 180 Ω or a 200 Ω. In this example the 15 mA is not a maximum value and therefore either 
resistor would be acceptable.

3.2 V

R 

15 mA 

3.2 V 

6 V 

 V2.8
3.26VR

=
−=

Ω 187kΩ 0.187
m   A1  5

2.8
I

VR R ====
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One thing we have to be very careful about with LEDs is that they are not very good at handling reverse 
bias. Indeed, if a reverse bias of more than 5V is applied to the LED then it will usually be damaged 
permanently. Correct identification of the anode and cathode is therefore very important when using LEDs 
in practical circuits. 

Example 3:  

A similar approach can be used if a 3.5 V, 0.2 A lamp is to be used on a 12 V supply for example. We 
have already discussed this earlier. This is to remind you that the same technique can be used for a lower 
voltage lamp being operated on a higher voltage power supply.

The circuit is therefore as follows. 
 

The voltage across the lamp must be limited to a maximum of 3.5 V. As this is a series circuit, the voltage 
across the resistor R and lamp must equal 12 V. Therefore the voltage across the resistor R must be:

The current flowing through the resistor R and lamp must be the same. So, using Ohm’s Law we can obtain 
a value for resistor R as follows –

We now have a choice to make as the E24 series of resistors does not have a 42.5 Ω resistor. We can 
choose either a 39 Ω or a 43 Ω resistor. Choosing the 39 Ω resistor will allow slightly more current than 
specified for the lamp, which will reduce its working life. If we choose the 43 Ω resistor slightly less current 
will flow and the lamp will not be quite as bright but it will last longer. 

R 

0.2 A 

3.5 V 

12 V 

 V8.5
3.51  2VR

=
−=

Ω 42.5
 A0.2

8.5
I

VR R ===
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Investigation 3.3

1 Set up the circuit on the right. If you use a    
 simulation program you will need to right click 
 on the lamp and select the correct value.

a)  Record the ammeter and voltmeter readings:

 Ammeter …………. Voltmeter………………

b) Replace the 43 Ω resistor with a 39 Ω resistor and
 record the ammeter and voltmeter readings:

 Ammeter …………. Voltmeter………………

c) Compare the results with the values obtained in example 3. 
 ........................................................................................................................................

 ........................................................................................................................................

2. Set up the following circuit. If you use a simulation program you will need to right click on each LED  
 in turn to select the correct colour as shown in the diagram. Record the voltmeter  readings.

Voltmeter reading

……………………

Voltmeter reading

……………………

Voltmeter reading

……………………

Voltmeter reading

……………………

Voltmeter reading

……………………

Voltmeter reading

……………………
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Exercise 3.5

1. a) Draw the electrical circuit symbol for a light emitting diode.

[1]

 b) Why are resistors always used in series with light emitting diodes?

 ..............................................................................................................................................

 ..............................................................................................................................................

 ..............................................................................................................................................
[2]

 c) Give two advantages of LEDs compared to filament lamps.

  i)  ......................................................................................................................

  ii)  ......................................................................................................................

[2]

2. A red LED with a forward voltage drop VF = 2 V has to be powered from a number of DC sources  
 as given in the following table. IF(max) is the maximum current which can be allowed to flow through  
 the LED without causing damage.

Vsupply IF(max)

A 6 V 10 mA
B 9 V 15 mA
C 12 V 10 mA

 
 For each case calculate:

  i) The value of series resistor required to operate the LED within its specification.
  ii) State the value of the E24 resistor most suited to be used in the circuit.
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 A. i. ...................................................................................................................

   ...................................................................................................................

   ...................................................................................................................

  ii. ...................................................................................................................
[3]

 B. i. ...................................................................................................................

   ...................................................................................................................

   ...................................................................................................................

  ii. ...................................................................................................................
[3]

 C. i. ...................................................................................................................

   ...................................................................................................................

   ...................................................................................................................

  ii. ...................................................................................................................
[3]

3. A yellow LED is to be used with a 9 V battery. Calculate the series resistor from the E24 series   
 required to limit the current to approximately 20 mA if the forward voltage drop across the LED 
 is 2.5 V.
 
 ..........................................................................................................................................
   
  ..........................................................................................................................................

  ..........................................................................................................................................

 Preferred resistor: ………………………
 [3]

4. A green LED is to be used with a 7.5 V battery. Calculate the series resistor from the E24 series   
 required to limit the current to a maximum of 12 mA if the forward voltage drop across the LED 
 is 2.9 V.
 
 ..........................................................................................................................................

  ..........................................................................................................................................

  ..........................................................................................................................................

 Preferred resistor: ………………………
 [3]
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