To measure direct current:

· connect the black lead to the ‘COM’ socket

· connect the red lead to the ‘mA’ socket

· make sure ‘d.c.’ is selected

· move the dial into the current (amps) range

· select a suitable range (always slightly higher than the expected measurement)

· connect the probes to the wire in which the current is to be measured.

To measure resistance:

connect the black lead to the ‘COM’ socket

connect the red lead to the ‘V(’ socket

make sure ‘d.c.’ is selected

move the dial into the resistance (ohms) range

select the range (always slightly higher than the expected measurement)

connect the probes to the ends of the component being measured.

Measuring d.c. voltage

[image: image1.wmf]c
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Voltage is measured across components or parts of circuits as shown in the circuit diagram below.

This can be done in actual circuits or simulated with Crocodile Clips.

‘Across’ means in ‘parallel’ as opposed to ‘series’. Parallel circuits will be dealt with later.

Practical task
[image: image10.png]600




Using circuit simulation measure the voltage across all three components in the LED circuit.

The voltage across each component is known as the voltage drop across the component. This is the amount of voltage ‘used up’ or ‘dropped’ by each. The total voltage dropped in the circuit should equal the total supply voltage as stated in Kirchoff’s second law.

Record your results.

Measuring direct current
[image: image11.wmf]6V
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Current is measured through components or parts of circuits, as shown in the circuit diagram below. Note that it is necessary to ‘break’ the circuit and connect the meter in series with the components.

Practical tasks
1. [image: image12.png]


Using circuit simulation, measure the current flowing through all three components in the LED circuit.

In a series circuit the current flowing through all components is the same. Try placing the meter at different parts of the circuit to prove this. In parallel circuits the same current does not always flow through each component ( you will find out about this later.

Record the current flowing in this circuit.

2. Using the prototype LED circuit, measure the voltages (potential difference, p.d.) across each of the components.
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Alter the position of the zero volt connection and measure the current flowing in the circuit. Set the meter to ‘mA’.

Record all results.

Measuring resistance
When measuring resistance make sure that your circuit is disconnected from the supply, otherwise this will affect the reading. Do not touch the meter probes or the components when measuring, as your own electrical resistance will then be included.
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Resistors connected in series
As resistors come in standard sizes, they are often connected in series to obtain a specific size that is otherwise unavailable.

Practical tasks
1. [image: image16.png]000
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Connect two resistors in series on a prototype circuit board and measure the overall resistance.

You should find that if Rtotal (or RT) is the total resistance measured across both resistors then the equation for adding resistances in a series circuit is

Rtotal = R1 + R2
For three resistors in series

Rtotal = R1 + R2 + R3

and so on.

2. Using two unknown resistors, measure the resistance of each and calculate Rtotal. Check your answer by measuring Rtotal as shown in the above diagram.

Ohm’s law

You have already found that applying a voltage to a circuit results in a current flowing through the circuit.
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In the simple Crocodile Clips circuit below, double the voltage and you will see that the current doubles as well. In other words if you double the voltage across a component, the current flow through that component will also double.

Thus we can say that the current is proportional to the voltage drop across a resistor. This rule is known as Ohm’s law. The rule applies to all metals, provided that their temperature does not change.
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This relationship gives rise to the Ohm’s law formula:
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which is more easily remembered as:

V = I x R
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We can use the triangle trick to help transpose this formula. Cover up the quantity that you are trying to find and the other two will be in the form that is needed.

Ohm’s law in practice
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For this exercise a simple series circuit is used.
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The task is to calculate the resistance of the lamp using Ohm’s law.

Tasks
1. Calculate the total resistance (Rtotal = R1 + R2) and the current flowing through the circuit. You can verify your answer by physical measurement or with Crocodile Clips.
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Using Crocodile Clips measure the current flowing in the LED circuit (you should have done this earlier) and calculate the resistance of the LED.
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Check your answer by physically measuring the resistance of the resistor and LED with a multimeter.

The diagram above shows how to check the resistance of a resistor. A similar technique is used to measure the resistance of the LED.

Worked example: series circuit
For the series circuit shown, calculate:

(a) the total resistance (RT)

(b) the circuit current (IC)

(c) the potential difference across both resistors (V1 and V2)


[image: image103.wmf]
[image: image27.wmf]R

 

=

 

R

 

+

 

R

=

 

6

 

+

 

18

R

 

=

 

2

4

T

1

2

T

W

[image: image28.wmf](a)





(b)

(c)

We can use Kirchoff’s second law to check the answers calculated for the potential difference across the resistors:

[image: image29.wmf][image: image30.wmf]12 volts



Exercises: resistors in series
1. For the circuit shown below calculate:

(a) the total resistance of the circuit

(b) [image: image31.wmf]COM
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the circuit current.

2. For the circuit shown below calculate:

(a) the total resistance

(b) the circuit current

(c) the voltage drop across each resistor.

(d) Use Kirchoff’s second law to verify your answers to (c).
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3. For the circuit shown below calculate:

(a) the total resistance of the circuit

(b) the circuit current.
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4. A circuit has three resistors in series. Their values are 15 R, 24 R and 60 R. Calculate the total resistance of the circuit.

5. Two resistors are connected in series. Their values are 25 R and 75 R. If the voltage drop across the 25 R resistor is 4 volts, determine the circuit current and the supply voltage.

Parallel circuits
Parallel circuits are circuits where there is more than one path for electricity to flow along or that have more than one ‘branch’. Each branch receives the supply voltage, which means that you can run a number of devices from one supply voltage. A good example of a simple parallel circuit is a set of Christmas-tree lights where all the bulbs require a 230 volt supply.

[image: image34.wmf]I

I

 

 

 

 

I

I

T

T

2

1

[image: image35.wmf]R

 

=

 

R

 

 

 

R

R

 

+

 

R

T

1

2

1

2

x


This arrangement ensures that if one or two bulbs ‘blow’ then the rest of them continue to function and, importantly, you know which are faulty. In a series circuit if one bulb blew then all the bulbs would go out and you would have to test them all to see which one was faulty.

Parallel circuits can be arranged in many ways, but are normally set out so that you can easily see the parallel ‘branches’. A simple parallel car-alarm circuit is shown below with the switches wired up in parallel.
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The two switches in parallel represent the sensor switches connected to the doors.

Resistors in parallel
As resistors come in standard sizes, they are often connected in parallel to obtain a specific size that is unavailable. This practice of combining resistors has already been seen in series circuits.

Practical tasks
1. Connect two resistors in parallel on a prototype circuit board and measure the overall resistance.
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You should find that if Rtotal (or RT) is the total resistance measured across both resistors then the equation for adding resistances in a parallel circuit is
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For three or more resistors, the equation can be extended:

2. Using two unknown resistors, measure the resistance of each and calculate Rtotal when the resistors are connected in parallel. Check your answer by measuring the total resistance as shown in the above diagram.

As stated earlier, each branch of a parallel circuit receives the supply voltage. Each branch has its own current; that is, when the current reaches a junction it splits up, with some current flowing into each branch. The total supply current is therefore the sum of the currents flowing in the branches.
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When resistors or resistive components are connected in parallel, the effect is to reduce the resistance in the circuit.

There are two important points to remember about resistors in parallel.

(a) The voltage drop across each resistor is the same.

(b) [image: image41.wmf]V
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The sum of the currents through each resistor is equal to the current flowing from the voltage source.

Special case: two resistors in parallel
There is a special rule that can be applied when adding two resistors in parallel only:
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total resistance (RT) = product/sum.

Worked examples: resistors in parallel
1. [image: image43.wmf]I
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For the circuit below, calculate the total resistance of the parallel part of the circuit and the total resistance in the circuit.

The resistance values are R1 = 270 R, R2 = 100 R and for the buzzer 240 R.
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For the circuit below, calculate the total resistance of the resistors in parallel.
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The resistance values are R1 = 220 R, R2 = 100 R and R3 = 330 R.

3. [image: image48.wmf]6V

For the parallel circuit shown calculate:

(a) the total resistance (RT)

(b) the circuit current (IC)

(c) [image: image49.wmf]6v

V

the current in each resistor (I1 and I2).
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(b)
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Exercises: resistors in parallel
1. For the circuit shown below calculate:

(a) the total resistance of the circuit

[image: image55.wmf](b) the circuit current.

2. For the circuit shown below calculate:

(a) the total resistance of the circuit

(b) the circuit current

(c) the current flowing though R1 (10 R)
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(d) the current flowing through R2 (24 R).

3. For the circuit shown below calculate:

(a) the total resistance of the circuit

(b) the circuit current

(c) the current flowing through R1 (660 R)4

(d) the current flowing through R2 (470 R).

[image: image57.wmf]c
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Use Kirchoff’s second law to verify your answers to parts (c) and (d).

4. A 6 R resistor and a 75 R resistor are connected in parallel across a voltage supply of 12 V. Calculate the circuit current.

5. A 440 R resistor is connected in parallel with a 330 R resistor. The current through the 440 R resistor is 300 mA. Find the current through the 330 R resistor.

Combined series and parallel circuits
Until now we have been looking at series or parallel circuits individually. It is possible, and quite common, to have series and parallel connections in the same circuit.

Consider the combined series and parallel circuit shown in the figure below.
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You can see that R2 and R3 are connected in parallel and that R1 is connected in series with the parallel combination.

Some points to remember when you are dealing with combined series and parallel circuits are:

· the voltage drop across R2 is the same as the voltage drop across R3
· the current through R2 added to the current through R3 is the same as the current through R1
· the voltage drop across R1 added to the voltage drop across R2 (which is the same as across R3) would equal the supply voltage Vs.

Worked example: combined series and parallel circuits
1. For the combined series and parallel circuit shown, calculate:

(a) the total circuit resistance (RT)

(b) the circuit current (IC)

(c) the voltage drop across resistor R1 (VR1)

(d) the current through resistor R2 (I2).
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(a) In the first instance you must calculate the equivalent resistance of the parallel arrangement (RP) of R2 and R3. It is possible to use the special case formula for two resistors in parallel:
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The total circuit resistance (RT) is then found by adding RP to R1:
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(b) It is now possible to calculate the circuit current:


[image: image5.wmf]A

37

.

0

I

28

.

32

12

I

R

V

I

R

I

V

C

C

T

S

C

T

C

S

=

=

=

´

=


(b) The voltage drop across R1 is found by using the resistance across and the current through R1.
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(c) The current through R2 is found by using the resistance of R2 and the voltage drop across R2. By using Kirchoff’s second law we know that the voltage drop across the parallel arrangement must be:
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By using Kirchoff’s first law we know that the circuit current IC will ‘split’ or divide between the two resistors R2 and R3. In order to find the current through R2 we use:
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We can use Kirchoff’s second law to check the


answers calculated for the current in each branch.
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