\ Measuring resistance

The symbol for resistance is R. The unit of resistance is the ohm, the symbol
for which is omega, €2, the last letter of the Greek alphabet.

One way to determine the resistance (R) of many resistors is to measure the
potential difference (voltage) across the component (V) and the current flowing
through it (I). Their resistance can then be calculated using Ohm’s law.

Ohm'’s law states that the relationship between these three quantities is

V =IR.

Georg Simon Ohm (1787-1854) was a German physicist. He worked out
this relationship by experimenting with different wires — thick and thin, long
and short — knowing that they had different resistances.

Example 1
Figure 5.23 shows the measurements on the instruments
used to determine the resistance of a particular light globe
in a circuit. Calculate the resistance of the globe.
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Figure 5.23 The circuit for measuring the resistance
of a particular light globe
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Example 2
A fixed resistor is a device that has a particular resistance.
A certain fixed resistor was placed in a circuit that
contained a power pack as the energy source. The circuit
diagram is shown in Figure 5.24.
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Figure 5.24 Measuring the resistance of a resistor

The voltage delivered by the power pack was varied and
the voltmeter and ammeter readings were recorded. The
results are shown in Table 5.1.

IELIENI The experimental data

Solution
V =1IR V=15V
I = 050A
R =7>2Q
. 1.5=05x%xR
1.5
R=05
=3.0Q

Answer: The resistance of the globe is 3.0 Q.

Note

* Notice how this setting out makes it easier to substitute
into the formula correctly.

* Any one of the three quantities in this formula can be
calculated, if the other two are known. This just requires
transposing the formula and substituting into the
formula.

Ammeter 0 028 | 0.65 | 1.3 2.0 24 29
reading (A)
Voltmeter 0 042|098 |20 |30 |36 |44

reading (V)

These results were then graphed. The graph is shown in
Figure 5.25.
Use the graph to deduce the resistance of the resistor.

Solution

As Ohm's Law is of the form y= mx, where m s the
gradient of the line, the graph of V against I is a straight
line through the origin.

e Vis equivalent to y (the variable on the vertical axis)

e [ is equivalent to x (the variable on the horizontal axis).
e So the gradient of the line must give us R.
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Figure 5.25 The graph of 1 |
voltage against current J ! 3.0
Current (A)

The value of R is constant (unchanging), since we are On the graph you can see how the gradient has been
using the same resistor all the time. determined. This is 1.5.
The straight line used is termed the line of best fit, as it

) . Answer: From the graph, the resistance is 1.5 Q.
has been drawn through as many points as possible. G

BLM 5.5 Practice using Ohm’s law
’ A
Ohm's law saves the day! W W/

The telegraph, which sent messages using Morse code via
wires from one town to another, was a major breakthrough
in communication. Before this invention, a message
needed to be delivered on foot or horse or by carrier
pigeon! However, there was one big problem. The further
a telegraph signal was sent, the weaker it became, to the
point where it could not be understood.

An Englishman, Charles Wheatstone, came across a little-
known publication by Georg Ohm, while trying to solve
this problem. Charles realised that the problem of the
weakening signal could be explained by Georg's discovery
that as the length of a wire becomes longer, its resistance
increases. From Ohm's new law, this meant that, for a given
voltage, as resistance increases the current must decrease.
The only way to keep the current, and so the signal,
constant would be to increase the voltage.

Charles concluded that booster stations needed to be
built along the telegraph line, allowing signals to travel as
far as was needed. In Australia, booster stations were built
on the Nullarbor and at Alice Springs so that messages
could be sent all around Australia.

Figure 5.26 This photograph, taken

in 1952, shows part of the Overland
Telegraph line. The pole is made of steel
so that it cannot be eaten by termites.
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Comparing resistors

Your challenge

Your challenge is to discover whether all resistors have a
constant resistance.

This might help!

Your teacher will give you some resistors, a power pack
and other equipment for you to set up your circuits. You
will need to take a variety of measurements and graph
your results for each resistor.You can use a spreadsheet
and graphing program to make this task easier.

Thmgs to think about

If a resistor obeys Ohm's law, what must the graph of
V against [ look like for that resistor? (Referring back to
the Skills box on using Ohm's law should help you with
this question.)

e Where will you need to place the ammeter and
voltmeter into the circuit?

e A power pack is classified as a transformer. This means
it transforms (changes) the voltage supplied at the
mains to the voltage you want. What safety precautions
will you need to take when using the power pack?

Do not start your experiment until you have
discussed these safety precautions with your teacher
and your teacher has checked your circuit!

e How will you record and process your results? You can
use the ‘Let’s try technology’ activity to help!
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What did you discover?

Display your tables of results and your graphs.

What do you think?

Did all the resistors obey Ohm'’s law? Discuss.

e Use your graphs to calculate the resistances of the
resistors your teacher provided you.

e |dentify two sources of uncertainty in this experiment
and outline what you did to try to minimise their
effects on the results.

e Explain why graphing V against | to determine the
resistance of a fixed resistor might give a more accurate
value of R than simply using one voltmeter reading and
the corresponding ammeter reading (as in Example | in
the Skills box on page I'17).

Extension

Given the information about graphite on page |15,

predict how the graphite content of a pencil lead will
affect its resistance. Design an investigation of a number of
different pencil leads, for example HB, 2B, 4B and 5B, to
test whether your prediction is correct. Ensure that your
testing is fairl Perform this investigation and report on your
findings. Discuss how you ensured the testing was fair and
any problems you encountered.
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\ Comparing series and parallel circuits

As you have investigated different circuits in earlier years and in this chapter,
you have found some key differences between these two kinds of circuits.
These are summarised in Table 5.2.

ICLICYW A Series circuits and parallel circuits

Series circuits

Parallel circuits

All the circuit components are in the one path.

There is more than one path from the energy source back
to the energy source.

The potential difference across the terminals of the energy
source is the sum of the potential differences across the
separate components.
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Figure 5.27

All the paths have the same potential difference across
them.
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Figure 5.28

All the components in the circuit, no matter what they are,
have the same current flowing through them. For a given
energy source, the value of the current depends on the
total resistance of all the components along the path.

For a given energy source, the amount of current flowing
in each path depends on the total resistance of the
components in that path. If separate paths have the same
resistance, they will have the same current.

If you add more and more identical globes into the same
circuit, they get dimmer and dimmer. This is because the
total resistance increases and the current drops.
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Figure 5.29

If you add identical globes along new paths, as shown in
Figure 3.30, none of the globes already present will dim.
This is because each added globe has the same potential
difference across it and the same current flowing in it as the
first globe.
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Figure 5.30

If one globe ‘blows’, all the globes and/or other components
in a series circuit will stop working, as there is now a broken
path.

If one globe ‘blows’, globes and/or other components along
all the other paths will still work, as their paths have not
been broken.

If you open the switch, everything turns off, as the circuit is
broken.

Parallel circuits need a switch along each path, if they are
to be controlled separately. If you open the switch along
one path, the other circuits are not broken and still work.
However, if all the pathways include the same switch, as in
Figure 5.10 page 108, when the switch is open all the circuits
will be broken and everything will turn off.
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Short circuits

If you create an extra path that consists of only a Placing a good conductor
good conductor, such as a wire or other piece of between X and Y createsa
metal, everything else will go off. This is because ggmgfo'gzsgéoﬁrresmnm'
you have created a short circuit. A short circuit is
one that provides the electric current a path of
much lower resistance to follow. Virtually all the
current will flow along this path, and very little will
flow in the other paths. This will cause the wire,
switch or piece of metal to get very hot. Key:

Unless the voltage is low, a short circuit can — Theshort circuit
cause sparks and fires. People can be electrocuted.

Using series and parallel circuits

Simple electrical devices such as torches only need a series circuit to work. BLM 5.6 Short circuits
But imagine what it would be like if your household wiring worked this way.

If someone turned off a switch at night, or if a globe 'blew’, every light would

go offl Moreover, when the globes were working, each one would be dim! To

avoid this, in household circuits the lights and switches for electrical appliances

are connected in parallel, not in series.

Figure 5.31 A short circuit

Questions @i

1 Copy and complete Table 5.3, below using Ohm'’s law to perform your calculations.
Round off answers to | decimal place.

Table 5.3

Potential difference (V) Current (A) Resistance ()

a 100 2.0

b 80

C

d 76

e 90

2 In the circuits shown in Figure 5.32, predict what you will observe when
a the switch is open
h the switch is closed.
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Figure 5.32




3 In the circuits in Figure 5.33, determine the values of
the missing instrument readings and resistances.

CircuitA Circuit B

Figure 5.33

4 Two resistors were placed in turn in a circuit, in which
the potential difference across the resistor and hence
the current was varied. The values of V and | were
recorded. Figure 5.34 shows the graph of V against |
drawn from the data obtained in this experiment.
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Figure 5.34

Use the graphs to determine the resistance of
each resistor.

Outline one source of uncertainty that might have
occurred in this experiment.

The only circuit components used were a power
pack, the resistor; an ammeter; a voltmeter and, of
course, wires and connectors. Does this mean that
the resistor was the only resistance encountered
by the electric current as it flowed in the circuit?
Discuss.

If the two resistors were placed next to each
other in a series circuit with 4.5V cell, calculate the
value of the current that would flow in the circuit.
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Circuit C

h Give explanations for the following:
a A series circuit is suitable for a torch but not for
household wiring.
b It is dangerous to place a metal screwdriver across
the two terminals of a 12V car battery.
¢ When you add more globes into a series circuit,
the globes already present become dimmer.

Puzzles

6 As metal wires get hotter; their resistance increases.
a Suggest a hypothesis to explain this.
b What might you expect to be true of the
conductivity of the wires if they are cooled to a
temperature close to absolute zero?

7 You are an electrician who has been asked to install
two identical lights in a client's garage. Design circuits
that will fulfil the following alternative switching
requirements and draw their circuit diagrams.

a The lights must both turn on from one switch.
b The two lights have individual switches.

Investigate

8 Find out what a semiconductor is and explain this in
your own words. What are semiconductors used for?
Give an example.

BLM 5.7 The resistance challenge
BLM 5.8 Digital watches
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