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6.2.1.1 Standard Circuit Diagram Symbols

An open switch stops current flowing
A closed switch allows current to flow
A cell is one unit of a pair of chemicals used to produce
electricity
A battery is two or more cells
A diode allows current through in one direction only
A resistor makes it more difficult for current to flow
A variable resistor allows you to change its resistance
with a dial or slider
An LED is a light-emitting diode
A lamp contains a filament wire that emits light when
heated
A fuse contains a wire that melts when the current
exceeds a certain amount
A voltmeter is used to measure voltage, in Volts (V)
An ammeter is used to measure current in Amps (A)
A thermistor becomes less resistant when its
temperature increases
An LDR becomes less resistant when light is shone on
it.

Some circuit basics:
What really happens in a circuit:
Batteries and power supplies provide a potential difference between one side of a
circuit and the other. This is an electric field and charges in the electric field
experience a force. Although it is really electrons that move in a circuit, conventional
current deals with positive charges. Positive charges experience a force towards the
negative terminal. When a circuit is connected, all positive charges in the circuit
move simultaneously, in the direction “away from positive, towards negative”.
Conventional current therefore flows from the positive terminal round to the negative
terminal.
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Path of least resistance:
Current always follows the path of least resistance: e.g. if it can move away from
positive, towards negative by going through a wire (~0 resistance) instead of a
component, it will go through the wire.
A heuristic model of current:
It is often useful to trace the path of current as if it was coming from the positive
terminal, through the circuit and then to the negative terminal. This is not what really
happens as current flows simultaneously through all points in the circuit. However it
can be useful as a way of approaching problems.
Activities:
1. Copy out the table. Most of the symbols have their design related to the
function of the component. See if you can work out the logic of each design.
2. Cover the symbols and try to draw them from memory.
3. Look at the symbols and fill in any missing symbols and correct any mistakes
4. For any “hard” symbols, look, cover, say, draw x 5.
5. Repeat steps 2- 4 until you have mastered all the symbols!

Questions:
1. Draw this circuit out using the correct
symbols:

2. Draw this circuit out with the correct
symbols:

3. Describe the direction of current
through this circuit a) when the switch
is open and b) when the switch is
closed:
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Extension
What is the minimum number of leads that could be used to make this circuit?:

Answers:
1.

2.

3.a) When the switch is open, current flows from the battery,
through the ammeter, through resistor R, through the 60Ω
resistor, through the 45Ω resistor, and back to the battery.
b) When the switch is closed, current flows from the battery,
through the ammeter, through resistor R, through the switch, through the 45Ω
resistor, and back to the battery.
Extension:
8.
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Intervention Questions:
1. Draw this circuit out using the
correct symbols:

2. Draw this circuit out using the correct symbols:

3. Describe the direction of current through
this circuit when the switch is closed:

Intervention Answers:
1.
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2.

3. Current flows from the cell through the
variable resistor, then simultaneously
through the LED and the LDR, then
through the switch and back to the cell.
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6212 Electrical Charge and Current

What happens in a circuit?

Circuits work by moving charge around. Charge is a property of matter. It can be
positive, negative, or neutral. Electrons have negative charge. In circuits, charges
are pushed around by the potential difference.

In a circuit, a power supply like a battery provides a voltage. Voltage is also known
as potential difference. It is a force which pushes on charges.
When a potential difference is applied to a circuit, there is a difference in electrical
potential between one side and another. This means that positive charges in the
circuit are repelled from the positive side and attracted to the negative side. The
charges move or “flow” and we call the “rate of flow of charge” the current.
When the charges flow through a component, they do work on it. This causes energy
to be transferred by the component, for example a bulb emits light.
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The unit of charge is the Coulomb (C). The more coulombs of charge flow past a
point in 1 second, the higher the current.
Because current was discovered before it was known that the charge on the electron
is negative, circuits are described using conventional current. Conventional current is
positive and flows from positive to negative: the opposite of electron flow.
Quantity
Charge

Symbol
Q

Unit
Coulombs
(C)

Meaning
The amount of charge

Current
Time

I
T

Amps (A)
Seconds (s)

Potential
difference

V

Volts (V)

The rate of flow of charge
Time for charge to pass a
point
The force pushing charge
around the circuit.

There
are
about
6.25 x
1018
electrons
in 1
Coulomb

Charge, current and time are linked by the equation:
Q=It
Charge = current x time
In a circuit, components can be in series or parallel with each other. If two
components, X and Y, are in series with each other, then current must pass through
X before passing through Y and only Y. If X and Y
are in parallel, then current passes through X at
the same time as passing through Y.
We can describe components in series as being in
a “single closed loop”.
At any point in a single closed loop, current is the
same.
In the circuit shown, A2 and A3 will be the same as
they are at two points in series with each other. In
other words they are both in the same “closed loop”. But A1 will not be the same as
them as it is in a parallel part of the circuit.

Questions
1. Define “potential difference” and give its unit and symbol
2. Define “charge” and give its unit and symbol
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3. Define “current” and give its unit and symbol
4. What equation relates current and charge?
5. If charges move more quickly, what happens to the amount of current?
6. The total amount of charge in a circuit remains
constant. Explain why.
7. In the circuit shown, A5 = 2A. One other ammeter in
the circuit will show the same reading. Which one?
Why?
8. A2 = 1.5A. Which other ammeters will show the same
reading? Why?
9. A circuit has a current of 0.2A. Find the charge
transferred if the circuit is switched on for 45s.
10. A circuit has a current of 3.1A. Calculate the charge
transferred if the circuit is switched on for 104s.
11. A circuit has a current of 400A. Find the charge transferred if the circuit is
switched on for 0.3s.
12. A circuit is switched on for 180s. If the current is 5A, find the charge that flows
through the circuit.
13. A circuit is switched on for 78s. If the current is 8.9A, calculate the charge
transferred.
14. A circuit transfers 45C of charge in 38 seconds. Calculate the current in the
circuit.
15. When a circuit is switched on for 1010 seconds, 5690C of charge flows. Find
the current in the circuit.
16. A teacher switches on a circuit for 18 seconds and transfers 46C of charge.
Find the current in the circuit.
17. Calculate the current in a circuit that delivers 490C of charge in two minutes.
18. Find the current of a circuit that takes 52 seconds to deliver 520C of charge.
19. How long must a circuit of 4A be left on to transfer a charge of 12C?
20. Find the time taken for 800C of charge to flow in a circuit of current 2.5A.
21. When a circuit is switched on, its current is 0.4A. Find the time taken for 48C
of charge to flow.
22. The current through a bulb is 1.7A. How long does the bulb need to be
switched on for 85C of charge to flow through it?
23. A circuit of current 12.5A is switched on to charge a mobile phone. If the
phone needs 150C of charge, how long does it need to be plugged in?

Answers:
1. A force which pushes charges round a circuit. Unit = V, symbol = V
2. A property of matter which can be positive or negative. Unit = C, symbol = Q
3. The rate of flow of charge. Unit = A, Symbol = I.
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4. What equation relates current and charge? Q = It
5.
6.
7.
8.

Increase
The total amount of charges stays the same as they are in the wires
A1 because they are both in the same closed loop/ in series with each other
A3 and A4 because they are all in the same closed loop/ in series with each
other

9. 9C
10. 322.4C
11. 120C
12. 900C
13. 694.2C
14. 1.18A
15. 5.63A
16. 2.56A
17. 4.08A
18. 10A
19. 3s
20. 320s
21. 120s
22. 50s
23. 12s

Intervention Questions

1.
2.
3.
4.

Scientists sometimes use the analogy of central heating to help understand
electrical circuits. A central heating system has: rate of flow of water, volume
of water, and water pressure from the pump.
Which of the three aspects of the central heating system repesents voltage?
Which of the three aspects of the central heating system repesents charge?
Which of the three aspects of the central heating system repesents current?
What equation relates time and charge?
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5. If charges move more slowly, what happens to
the amount of current?
6. If you use a thicker wire you can get a bigger
current. Explain why.
7. In the circuit shown, A6 = 3A. Two other
ammeters in the circuit will show the same
reading. Which ones? Why?
8. A1 = 2.5A. Which other ammeter/s will show the
same reading? Why?
9. A circuit has a current of 0.4A. Find the charge
transferred if the circuit is switched on for 65s.
10. A circuit has a current of 8.1A. Calculate the charge transferred if the circuit is
switched on for 256s.
11. A circuit has a current of 640A. Find the charge transferred if the circuit is
switched on for 0.8s.
12. A circuit is switched on for 280s. If the current is 6A, find the charge that flows
through the circuit.
13. A circuit is switched on for 108s. If the current is 129A, calculate the charge
transferred.
14. A circuit transfers 450C of charge in 28 seconds. Calculate the current in the
circuit.
15. When a circuit is switched on for 2010 seconds, 9690C of charge flows. Find
the current in the circuit.
16. A teacher switches on a circuit for 38 seconds and transfers 96C of charge.
Find the current in the circuit.
17. Calculate the current in a circuit that delivers 690C of charge in three minutes.
18. Find the current of a circuit that takes 32 seconds to deliver 640C of charge.
19. How long must a circuit of 6A be left on to transfer a charge of 24C?
20. Find the time taken for 900C of charge to flow in a circuit of current 3.6A.
21. When a circuit is switched on, its current is 0.5A. Find the time taken for 48C
of charge to flow.
22. The current through a bulb is 1.8A. How long does the bulb need to be
switched on for 96C of charge to flow through it?
23. A circuit of current 12.5A is switched on to charge a mobile phone. If the
phone needs 300C of charge, how long does it need to be plugged in?

Intervention Answers
1.
2.
3.
4.

Water pressure from the pump
Volume of water
Rate of flow of water
Q = It
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5.
6.
7.
8.

Decreases
More charges are flowing past a point in 1 second
A7 and A8 because they are all in the same closed loop/ all in series
A5 because they are both in the same closed loop/both in series

9. 26C
10. 2073.6C
11. 512C
12. 1680C
13. 13932C
14. 16.07A
15. 4.82A
16. 2.53A
17. 3.83A
18. 20A
19. 4s
20. 250s
21. 96s
22. 53.33s
23. 24s
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6213 Current, Resistance and Potential Difference
Let’s return to our central heating analogy to model circuits:

Central heating system
What happens
Key term
The heater gives the
water thermal energy
The pump pushes the
Pressure
water around
difference
The water flows through Current
the pipes
It is more difficult for the Resistance
water to travel through
the narrow radiator
pipes
The water transfers its
thermal energy at the
radiator

Circuit
What happens
The battery gives the
charges electrical energy
The battery pushes the
charges round
The charges flow through
the wires
It is more difficult for the
charges to travel through
the resistor
The charges transfer
energy to the resistor,
causing it to heat up

Key term
Potential
difference
Current
Resistance

-

“Potential difference” is another term for “voltage”. Scientists prefer “potential
difference” as one side of the battery is different (+) to the other side (-) and it is this
difference that causes the push on the electrons. All questions will use the term
“potential difference”. You may use either term in your answers.
Potential difference, current and voltage are linked by the formula:

13
© R Ashbee 2017

Quantity
Potential
difference
Current

Symbol
V

Unit
V

I

Amperes (A)

Resistance

R

Ohms (Ω)

Definition
The push on
electrons
The rate of flow of
charge
The opposition to
flow of current

Questions:
Define “potential difference” and give the symbol and unit
Define “current” and give the symbol and unit
Define “resistance” and give the symbol and unit
What formula links potential difference, current and resistance?
Why is a resistor in an electrical circuit like a narrow pipe in a central heating
system?
6. Why is a battery in an electrical circuit like a pump in a central heating
system?
7. Why is the electrical current in a circuit like the water current in a central
heating system?
1.
2.
3.
4.
5.

8. Find the potential difference that will push 2.4A of current through a 90Ω
resistor.
9. What is the potential difference needed to create 14A of current through a
12Ω resistor?
10. The bulb in this circuit has a resistance of 25Ω. If the reading on
the ammeter is 0.9, what will the reading on the voltmeter be?
11. Find the potential difference across the resistor:

12. Find the potential difference across the resistor:

13. A battery gives a potential difference of 12V. Find the current through a
resistor of 30Ω connected directly to the battery.
14. Calculate the current flowing when a 45Ω resistor has 20V of potential
difference across it.
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15. Find the current through the resistor:

16. What will the reading on the ammeter be?

17. A student connects a variable resistor to a power supply of 120V potential
difference. She adjusts the variable
resistor until its resistance is 6Ω. What
current will flow through the ammeter?

18. Find the resistance of a component which allows 25A of current to flow when
100V of potential difference is put across it.
19. What is the resistance of a resistor with 680V of potential difference across it
if 46A of current are flowing?
20. A student connects a variable resistor to a
battery as shown. What resistance should
she turn it to if she wants to draw 13A of
current?

21. What is the value of this resistor?
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22. Calculate resistance R:

Answers:
1.
2.
3.
4.
5.

The push on charges. Symbol = V, unit = V
The rate of flow of charge, symbol = I, unit = A
The opposition to the flow of current. Symbol = R, unit = Ω
V = IR
The resistor makes it more difficult for current to flow through it. The narrow
pipes make it more difficult for water to flow through them.
6. The battery pushes on the electrons and the pump pushes on the water.
7. The electrical current is the rate of flow of electrons and the water current is
the rate of flow of water.
8. 216V
9. 168V
10. 22.5V
11. 10V
12. 14,300V
13. 0.4A
14. 0.44A
15. 0.75A
16. 0.22A
17. 20A
18. 4Ω
19. 14.78Ω
20. 2.85Ω
21. 40Ω
22. 5Ω
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Intervention Questions:
Look at this cartoon:
1. Which character shows potential difference
and why? Give symbol and unit.
2. Which character shows current and why?
Give symbol and unit.
3. Which character shows resistance and why?
Give symbol and unit.
4. Give the formula that relates potential
difference, current and resistance.
5. Which part of a central heating system is like a resistor? Why?
6. Which part of a central heating system is like a battery? Why?
7. Which part of a central heating system is like electrical current? Why?
8. Find the potential difference that will push 21.4A of current through a 9Ω
resistor.
9. What is the potential difference needed to create 1.5A of current through a
13Ω resistor?
10. The bulb in this circuit has a resistance of 35Ω. If the reading on
the ammeter is 0.8, what will the reading on the voltmeter be?
11. Find the potential difference across
the resistor:

12. Find the potential difference across the resistor::

13. A battery gives a potential difference of 32V. Find the current through a
resistor of 20Ω connected directly to the battery.
14. Calculate the current flowing when a 64Ω resistor has 200V of potential
difference across it.
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15. Find the current through the resistor:

16. What will the reading on the ammeter be?

17. A student connects a variable resistor to a power supply of 350V potential
difference. She adjusts the variable
resistor until its resistance is 25Ω. What
current will flow through the ammeter?

18. Find the resistance of a component which allows 75A of current to flow when
400V of potential difference is put across it.
19. What is the resistance of a resistor with 880V of potential difference across it
if 31A of current are flowing?
20. A student connects a variable resistor to a
battery as shown. What resistance should
she turn it to if she wants to draw 5A of
current?

21. What is the value of this resistor?
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22. Calculate resistance R:

Intervention Answers:
Comprehension:
Look at this cartoon:
1. Y because it is pushing the current. Symbol is V and unit is V.
2. Z because it is trying to get through the pipe. Symbol is I and unit is A.
3. X because it is trying to stop the current. Symbol is R and unit is Ω.
4. V = IR
5. The radiator because it is more difficult for the water to flow through it
6. The pump because it pushes the water round
7. The water current because it is flowing through the pipes
Calculations:
Standard:
8. 192.6V
9. 19.5V
10. 28V
11. 46.4V
12. 288V
Change of subject:
13. 1.6A
14. 3.125A
15. 10.68A
16. 9.53A
17. 14A
18. 5.33Ω
19. 28.39Ω
20. 7.4Ω
21. 53.2Ω
22. 3.24Ω

19
© R Ashbee 2017

6214a: Showing electrical quantities on a graph
In circuit A below, conventional current is flowing anti- clockwise as it goes from the
positive terminal of the battery to the negative terminal. So the bulb experiences
conventional current flowing from its left side to its right side.

But in circuit B, we have flipped the battery round. Now conventional current is
flowing clockwise, and the bulb experiences current flowing from its right side to its
left side.

We can show these different directions using
the different quadrants on a graph. We use
the convention that “positive” means “forward”
and “negative” means “backward”.
So for the component shown in the graph,
when you put a positive potential difference
across the component, conventional current
flows forwards. If you swap the leads round at
the battery terminals you would reverse the
direction of the potential difference. The graph
shows us that for this component, a negative
potential difference would create a negative
conventional current: i.e. conventional current would flow backwards.
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Questions:
1. Look at this circuit. In what direction is
conventional current flowing? (Clockwise or
anticlockwise)

2. How could you reverse the potential difference
of the circuit?
3. Draw a 4-quadrant set of axes and plot the
following points:

Potential Difference (V)
-15
-10
-5
0
+5
+10
+15

Current (A)
-6
-4
-2
0
+2
+4
+6

4. Describe the relationship between potential difference and current for the
component shown in this graph

Answers:
1. Anticlockwise
2. Swap the leads round on the battery

3.
4. The higher the p.d., the higher the current. Negative p.d. gives a negative
current. Current is directly proportional to p.d.
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Intervention Questions:
1. Look at this circuit. In what direction
is conventional current flowing?
2. How could you make the current flow
in the opposite direction?
3. Draw a 4-quadrant set of axes and
plot the following points:

Potential Difference (V)
-4
-3
-2
-1
0
+1
+2
+3
+4

Current (A)
0.0
0.0
0.0
0.0
0.0
0.5
4.0
7.0
12.0

4. Describe the relationship between potential difference and current for the
component shown in this graph
Intervention Answers
1. Clockwise
2. Swap the leads over at the battery terminals, or turn the battery round
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3.
4. A negative p.d. gives 0 current. For a positive p.d., the higher the p.d the
higher the current.
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6214b Resistance of Components
Standard resistors maintain a constant resistance, regardless of the potential
difference across them. Other components change their resistance depending on the
size and/or direction of the potential difference. These changes are caused by
particle interactions inside the component. If the resistance goes up then the current
will go down. If the resistance goes down then the current will go up:

Component

Effect of
potential
difference on
resistance:

Why?

Resistor
(ohmic
conductor at
constant
temperature)

Constant
resistance for all
potential
differences

Resistors are
engineered so
their particles
give a
constant
obstruction to
current.

Filament lamp

Resistance
increases when
you increase
potential
difference

Diode

Diodes are
sensitive to the
direction of the
potential
difference.
Resistance to
negative p.d. is
very high so
current cannot
flow. Resistance
above 0.7V is
constant and
current can flow.

Wire heats up
so particles
move faster,
getting in the
way of moving
charges more
often.
The particles
inside the
diode act like
valves in a
vein or a 1way fire
escape. They
only allow
charges to
travel in one
direction.

Effect on
current of
increasing
potential
difference:
The higher
the potential
difference,
the higher
the current.
Direct
proportion.

Graph:

Current
increases
less for
higher
potential
differences
Current is 0
until p.d. =
0.7V, then
current is
directly
proportional
to p.d.

24
© R Ashbee 2017

Thermistors and LDRs vary their resistance based on the amount of heat or light
they receive respectively:
Component

Thermistor

LDR (light
dependent
resistor)

Effect of
input on
resistance
The higher
the
temperature,
the lower the
resistance

The higher
the light, the
lower the
resistance

Why?

Thermal
energy
helps the
particles to
line up and
allow
charges
through
more easily
Light
energy
helps the
particles to
line up and
allow
charges
through
more easily

Effect of
Graph:
input on
current
The higher
the
temperature,
the higher
the current

The higher
the light the
higher the
current

Thermistors can be used in switching circuits, for example in thermostats to switch
on a heater when it gets cold.
LDRs can be used in switching circuits, for example to switch on street lamps when it
gets dark.

Questions

1. What component does this graph show?
Copy the graph into
your book.
2. Describe the effect of higher p.d. on current for this component.
3. Draw the symbol for this component.
4. Explain the effect of higher p.d. on current for this component.

5. What component does this graph show?
Copy the graph into your
book.
6. Describe the effect of higher p.d. on current for this component.
7. Draw the symbol for this component.
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8. Explain the effect of higher p.d. on current for this component.

9. What component does this graph show?
Copy the graph into your
book.
10. Describe the effect of higher p.d. on current for this component.
11. Draw the symbol for this component.
12. Explain the effect of higher p.d. on current for this component.
13. How does temperature affect resistance of a thermistor?
14. Give a use for thermistors
15. How does light affect resistance of an LDR?
16. Give a use for an LDR.

Answers
1. Filament lamp
2. The higher the pd increase, the lower the current increase
3.
4. At higher p.d., resistance increases, so current decreases
5. Ohmic conductor at constant temperature (resistor)
6. Current is directly proportional to pd
7.
.
8. When you double the pd, you double the push on the charges, so you get
double the flow of charge.
9. Diode
10. For negative pd current does not flow. When pd rises above 0.7V current is
proportional to pd

11.
12. Diodes only allow charges to travel in one direction
13. The higher the temperature the lower the resistance
14. A switching circuit e.g. in a thermostat to switch a heater on when it gets cold
15. The higher the light the lower the resistance
16. A switching circuit e.g. to switch streetlamps on when it gets dark.
Intervention Questions
1. Sketch and label the I-V graph for a filament lamp
2. What happens to current through a filament lamp when you increase the p.d
.across it?
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3. Draw and label the symbol for a filament lamp
4. Descibe the effect of higher pd on resistance for a filament lamp. How does
this affect the current?
5. Sketch and label the I-V graph for an ohmic conductor (resistor)
6. What happens to current through an ohmic conductor when you increase the
voltage?
7. Draw the symbol for an ohmic conductor (resistor)
8. How does higher p.d. affect resistance of an ohmic conductor (resistor)
9. Sketch and label the I-V graph for a diode.
10. Describe the effect of p.d. on current for a diode.
11. Draw the symbol for a diode.
12. What happens to the resistance of a diode as you change the p.d. across it?
13. Sketch the graph of resistance against temperature for a thermistor
14. Give a use for thermistors
15. Sketch the graph of resistance against light level for an LDR
16. Give a use for an LDR.
Intervention Answers

1.
2. As pd increases, the increase in current gets smaller
3.
4. Higher pd increases resistance so current is smaller

5.
6. As you increase pd, current also increases (direct proportion)
7.
8. No effect – resistance remains constant

9.
.
10. Negative p.d. gives 0 current. P.d above 0.7V gives current = directly
proportional to pd
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11.
12. When pd is negative, resistance is very high. When pd is higher than 0.7V,
resistance remains constant

13.
14. A switching circuit e.g. in a thermostat to switch a heater on when it gets cold

15.
16. A switching circuit e.g. to switch streetlamps on when it gets dark.
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6214c Measuring Resistance of a Component

To find the resistance of a component, we need to measure the current through the
component when it has a certain pd across it. Then we can use V = IR to find R.
We set up the following circuit:

This circuit allows us to find the current through the component because it has an
ammeter in series with the component. It allows us to find the pd across the
component because it has a voltmeter in parallel with the component.

Questions
1.
2.
3.
4.

Draw a circuit you would use to find the resistance of a component.
Describe how you would use the circuit to find resistance.
Why is it important for the ammeter to be in series with the component?
Why is it important for the voltmeter to be in parallel with the component?

Answers
1.
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2. Find the pd and the current, then do R = V ÷ I.
3. Current is flow of charge through the component
4. PD is difference in potential between two points

Intervention Questions
1.
2.
3.
4.

Draw a circuit you would use to find the resistance of a component.
Describe how you would use the circuit to find resistance.
Why is it wrong to connect the ammeter in parallel with the component?
Why is it wrong to connect the voltmeter in series with the component?

Intervention Answers
1.

2. Find the pd and the current, then do R = V ÷ I.
3. Current is flow of charge through the component
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4. PD is difference in potential between two points
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Current in Series
When we connect components in series, it means that a unit of charge has to flow
first through one and then through the other.

Current is the same in all positions in series:

Questions:
1. Explain what it means for components to be “in series”.
2. Copy the circuit diagram and state the rule for current in series.

3. Find A2 and A3:

4. If A2 = 0.6A, what is A1?
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5. What is A3 in this circuit?

6. What is A2 in this circuit?

Answers:
1. Charge has to flow through one component before it can flow through the
other one.
2. Current is the same in all places for components in series

3.
4.
5.
6.

A2 = 4A and A3 = 4A
0.6A
5A
12A

Intervention Questions:
1. Define “in series”
2. A student writes the following rule for components in series: A1 = A2 = A3…
Explain what he means and illustrate with a circuit diagram.
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Current in series
3. Find A2 and A3:

4. If A2 = 12.4A, what is A1?

5. What is A3 in this circuit?
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6. What is A2 in this circuit?

Intervention Answers
1. When a unit of charge has to flow through first one component and then
the next
2. Current is the same in all places where components are in series
3.
4.
5.
6.

4.5A
12.4A
14A
0.6A

Potential Difference in Series
1. Total potential difference is shared across the components:
The total potential difference from the cell this circuit is 12V. This is split up
across the components. 4V + 8V = 12V. The potential difference is split across
the components
because each
component is has a
resistance through
which the charge
needs to be pushed.
The higher the
resistance, the higher
the push needed, so
the higher th p.d.
There is no potential
difference across a
wire as it has
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(virtually) 0 resistance.

2. The total resistance is the sum of the resistance of all the components.

The resistance adds up in series
because the current has to overcome
more obstacles.
The more resistors there are in series,
the lower the current will go.
In this circuit, the current can be
calculated:
V= IR
12 = I x 60
12 ÷ 60 = 0.2A.

If we add another resistor in series, the total resistance in the circuit goes up:

And we can calculate current again:
V=IR
12 = I x 90
12 ÷ 90 = 0.13A

The current has decreased.
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Potential Difference in Series
7. Find V2:

8. What will the reading on V1 be?

9. Find Vin:
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10. What is the voltage of the cell?

11. What is V2?

12. Find V3.
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13. Find V2.

14. Find V2:

15. Find V1:
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Resistance in Series:
16. Find RTotal:

17. Find RTotal:

7. 6V
8. 7.5V
9. 17V
10. 8V
11. 0V
12. 4V
13. 10V
14. 3V
15. 1.2V
16. 95Ω
17. 166Ω

Intervention Questions:
7. Define “in series”
8. A student writes the following rule for components in series: A1 = A2 = A3…
Explain what he means and illustrate with a circuit diagram.
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9. A student writes the following rule for components in series: VTotal = V1 +
V2 + V3… Explain what he means and illustrate with a circuit diagram.
10. A student writes the following rule for components in series: R Total = R1 +
R2 + R3… Explain what she means and illustrate with a circuit diagram.

Current in series
11. Find A2 and A3:

12. If A2 = 12.4A, what is A1?

13. What is A3 in this circuit?
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14. What is A2 in this circuit?

Potential Difference in
Series
15. Find V2:

16. What will the reading on V1 be?
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17. Find Vin:

18. What is the voltage of the cell?
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19. What is V2?

20. Find V3.
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21. Find V2.

22. Find V2:
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23. Find V1:

Resistance in Series:
24. Find RTotal:

25. Find RTotal:

7. 7V
8. 3.5V
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9. 23V
10. 1.5V
11. 0V
12. 8.9V
13. 23V
14. 6.4V
15. 12.9V
16. 26.4Ω
17. 69Ω
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622b Using Series Circuits for Testing Components

We can use series circuits to measure and test components:
In this circuit the input voltage from the cell is fixed. However we can slide the
variable resistor to adjust the way the input voltage is split across the two
components in series.
V across
variable
resistor
(V)
11
9
7
5
3
1

V across
component
(V)

I through
circuit (A)

1
3
5
7
9
11

2
7
11
14
16
17

This allows us to get a range of readings for V and I for the mystery component
(shaded), so we can plot an I-V graph to identify the component. We can use V = IR
to determine the resistance of the component for any one set of readings.

We can see from the shape of our graph that
the component is a filament lamp.
At any point on the graph, V = IR.
Example: What is the component’s resistance
when the potential difference = 2V?
Reading from the graph, at 2V the current = 5A
V= IR
2=5xR
2 ÷ 5 = 0.4
R = 0.4Ω
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Questions:
1. Copy the circuit diagram above and write a method explaining how to use it to
identify a mystery component.
2. Plot an I-V graph for this mystery
V across
I through
component. Identify the component and
component
component
(V)
draw the symbol. Calculate its resistance
(A)
at 8V.
1
2
3
6
5
9.8
7
13.6
9
17.2
3. Plot an I-V graph for this mystery
component. Identify the component and
draw the symbol. Describe how its
resistance changes and give examples
from the graph.

4. Plot an I-V graph for this mystery
component. Identify the component and
draw the symbol. Describe how its current
changes and give examples from the
graph.

V across
component
(V)
1
3
5
7
9
11

I through
component
(A)
1
6
10
13
15
16

V across
component
(V)
-2
-1
0
+1
+2
+3

I through
component
(A)
0
0
0
1
3
5

Answers:
1. Set up the circuit with the variable resistor, mystery component and ammeter
all in series. Connect the voltmeter across the mystery component. Slide the
variable resistor until the V across the mystery component is 1V. Record the
potential difference and current. Adjust the variable resistor to increase V, and
record I and V. Repeat until you have at least 5 sets of V and I readings for
the component.
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2. Ohmic conductor (resistor)

resistance at 8V = 0.5Ω

3. A filament lamp

As the potential difference increases,
the resistance increases. For example,
at p.d. = 1V, R = 1÷1 = 1Ω.

V across
component
(V)
1
3
5
7
9
11

I through
component
(A)
1
6
10
13
15
16

When we increase p.d. to 11V, R =
11÷16 = 0.69Ω.
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4. Diode

When the p.d. is negative, no current flows, for
example when V = -2V, I = 0A.

V across
component
(V)
-2
-1
0
+1
+2
+3

I through
component
(A)
0
0
0
1
3
6

As pd increases above 0.7V, the current
increases, for example when V= +2V I = 3A.

Intervention Questions:
1. A box labelled X contains a mystery component. Draw a circuit diagram and a
blank results table and explain how you would go about identifying the
mystery component.
2. Plot an I-V graph for this mystery
component. Identify the component and
draw the symbol. Calculate its resistance
at 12V.

V across
component
(V)
2
6
10
14
18

I through
component
(A)
4
12
20
28
36

V across
component
(V)
0.1
0.3
0.5
0.7
0.9

I through
component
(A)
0.5
3
5
6.5
7.5
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1.1
8
3. Plot an I-V graph for this mystery
component. Identify the component and draw the symbol. Describe how its
resistance changes and give examples from the graph.

4. Plot an I-V graph for this mystery
component. Identify the component and
draw the symbol. Describe how its current
changes and give examples from the
graph.

V across
component
(V)
-4
-2
0
+2
+4
+6

I through
component
(A)
0
0
0
1
3
5

V across
component
(V)

I through
component
(A)

Intervention Answers
1.

Adjust the pd across the mystery component
using the variable resistor. Record the V and I values. Obtain 5 or more sets of V
and I values. Plot an I-V graph and examine the shape to identify the component.
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2. Ohmic conductor (resistor)

Resistance = 0.5Ω

3. A filament lamp

As the potential difference increases, the
resistance increases. For example, at p.d.
= 0.4, R = 0.4÷4 = 0.1Ω.

V across
component
(V)
0.1
0.3
0.5
0.7
0.9
1.1

I through
component
(A)
0.5
3
5
6.5
7.5
8

When we increase p.d. to 1V, R = 1÷8=
0.125Ω.

4. Diode

When the p.d. is negative, no current flows, for example when V = -2V, I = 0A.

As pd increases above 0.7V, the current increases, for example when V= +2V I =
1A.
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623 Domestic Uses and Safety

AC and DC
There are two types of electrical current:
DC stands for direct current. In DC the charge
always flows in one direction. The potential
difference remains in a constant direction i.e.
the positive side and negative side do not
change. We get DC from batteries, solar cells
and “rectified circuits”, for example in phone
chargers
AC stands for alternating current. In AC the charge flows backwards and forwards,
constantly changing direction. The potential difference alternates, i.e. the positive
and negative side are constantly swapping. The number of times the p.d. swaps per
second is called the frequency.
Mains elecricity is alternating current because most of it is generated as AC and AC
is easier to transport through the National Grid. Mains electricity has a voltage of
~230V and a frequency of 50Hz.

Connecting Appliances Safely
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Most electrical appliances are connected to mains electricity
by a three-core cable. The alternating current is carried to the
appliance by the live wire (brown, 230V). Used current is
carried back out of the appliance by the neutral wire (blue,
0V), completing the circuit. The earth wire (yellow and green,
0V) is a safety wire and doesn’t usually carry current. If a fault
develops in the appliance, the earth wire will carry current to
earth so the appliance doesn’t become “live” and electrocute
the user.
“Live” in electricity means “conducting current”.
The Earth (i.e. the ground) is a safe place to conduct current to as the Earth is so big
the current just dissipates and becomes safe.
The live wire may be dangerous even if a switch in the mains is open. If a person
touches the live wire they could complete the circuit and the current would flow
through them, electrocuting them!
The earth wire is attached to the casing of the appliance, so that if the casing
becomes live, the earth wire can conduct the current away safely. For this reason it
is very important that the live wire never touches the earth wire – or the casing could
become live!

Questions:
1. Copy and complete the table:
Type of
What
current
happens to
charge

What
happens
to
potential
difference

Diagram

Made by

Direct current

Alternating
current

2. Describe 3 aspects of mains electricity.
3. Copy and complete the table:
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Name of wire

Colour

What it does

Potential
difference

Live
Neutral
Earth

4. Explain how the Earth wire works to keep us safe.
5. Explain two safety precautions we must take with the live wire.

Answers
1. Copy and complete the table:
Type of
What happens to
current
charge

Direct
current

Charge flows in one
direction only

Alternating Charge constantly
current
changes direction,
flowing backwards then
forwards again and
again

What
happens
to
potential
difference
Stays
constant

Constantly
swaps
direction

Diagram

Made by

Batteries and
solar cells

Generators

2. Alternating Current / Alternating potential difference. ~230V. Frequency =
50Hz
3. Copy and complete the table:
Name of wire
Colour
What it does
Potential
difference
Live
Brown
Carries alternating 240V
current to the
appliance
Neutral
Blue
Carries used
0V
current away from
the appliance,
completing the
circuit
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Earth

Yellow and Green

A safety wire that
carries current to
Earth if the
appliance
develops a fault

0V

4. Earth wire is attached to the casing of the appliance so that if a fault develops
e.g. the live wire touches the casing and the casing becomes live, current will
flow through the Earth wire to Earth instead of through the user.
5. Make sure it doesn’t touch the Earth wire, make sure not to touch it even if
switches are open.

Intervention Questions:
1. Copy and complete the table:
Type of
What
current
happens to
potential
difference

What
happens
to charge

Diagram

Swaps sides
constantly
Batteries and
solar cells

2. Describe mains electricity: Whether it is DC or AC, what its potential
difference is, what it frequncy is
3. Copy and complete the table:
Name of wire
Colour
What it does
Potential
difference
Blue
Green and yellow
Brown

4. Explain the risk of not having an earth wire.
5. Explain a) why we should never touch the live wire even if the switch is off
and b) why the live wire should never touch the earth wire.

57
© R Ashbee 2017

Intervention Answers
1.
Type of
current

Alternating

Direct

What
happens to
potential
difference
Swaps sides
constantly

Always in the
same
direction –
positive and
negative
sides stay
constant

What
happens
to charge

Made in

Flows
backwards
and
forwards,
constantly
changing
direction
Flows in
the same
direction

Generators

Batteries and
solar cells

2. Mains is AC, pd = ~230V, f = 50Hz
3.
Name of wire
Colour
What it does
Neutral
Blue

Earth
Green and yellow

Live

Brown

Diagram

Carries used
current away from
the appliance,
completing the
circuit
Carries current
away from the
appliance to Earth
in the case of a
fault
Carries current to
the appliance

Potential
difference
0V

0V

~230V

4. If a fault develops and the casing of the appliance becomes live, if there is no
earth wire the user could be electrocuted as current flows through them to
Earth.
5. A) current from the live wire could flow through you to Earth, electrocuting
you. B) If the live wire touches the earth wire then the appliance casing could
become live, posing a risk to the user.
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6241 Electrical Power
We have already seen that “Power” is “rate of energy transfer” and that it can be
calculated using the formula
E=Pt

Energy = power x time

In an electrical circuit, the component or appliance transfers electrical energy into
another form. The rate at which this energy is transferred is the electrical power of
the component/appliance.

We can calculate electrical power using the formula
P = VI

power = voltage x current

What this means is that the rate of energy transfer depends on the strength of the
push on the charge (voltage/potential difference) and the rate at which the charges
are moving (current).
There is another version of this formula:
P = I2R

power = current x current x resistance

This is derived from the fact that V=IR.
You need to remember these three formulae.
Using P = I2R is a bit different, so here are some worked examples:
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1. A resistor of resistance 40Ω has a current of 0.6A. Find the power.
P=I2R
P = 0.62 x 40
P = 14.4W
2. A bulb of power 55W has a current of 0.2A. Find the resistance.
P=I2R
55 = 0.22 x R
55 = 0.04 x R
55 ÷ 0.04 = R
R = 1375Ω
3. An electric motor operates with power 390W. Its resistance is 45Ω. Find the
current through the motor.
P=I2R
390 = I2 x 45
390 ÷ 45 = I2
8.67 = I2
√8.67 = I = 2.94A

Questions:
1. Write the three formulae for power.
2. An electric heater has a power rating of 2000W. Calculate the energy
transferred in 30 seconds.
3. Find the energy transferred by a 15W lamp if it is switched on for 40 seconds
4. A hairdryer of power 150W is switched on and transfers 680J of energy. How
long is it switched on for?
5. A torch battery transfers 189J of energy over 14 seconds. What is its power
rating?
6. A microwave oven has a potential difference of 230V and a current of 14A.
Calculate its power rating.
7. An LED torch draws a current of 0.2A from a 15V battery. Find its power
8. Calculate the power of a radio that carries a current of 3.2A from a supply of
14V.
9. An electrical heater for a fish tank has a power of 150W and a potential
difference of 6V. Calculate the current.
10. Find the current in a resistor whose power is 26W and p.d. is 12V.
11. A filament lamp has a resistance of 160Ω. Find the power when it carries a
current of 1.2A.
12. A diode has a resistance of 456Ω. If it draws a current of 2.8A, what is its
power?
13. An LDR has resistance of 230Ω and power of 960W. Find the current flowing.
14. A thermistor has a resistance at 22ᵒ of 430Ω. If the power is 310W, find the
current carried.
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15. Calculate the current in a 60W bulb if the resistance is 470Ω.
16. What is the resistance of a 45W lamp if the current is 36A?
17. What value is a resistor if it draws 0.3A of current at a power of 46W?
18. An LDR has a power of 1110W and a current of 4.6A. Find the resistance.
19. How much energy is transferred by the filament lamp in (11) if it is switched on
for 35 seconds?
20. The LED torch in (7) transfers 105J of energy. How long was it switched on
for?
Answers
1. E = Pt; P = VI; P = I2R
2. 60,000J
3. 600J
4. 4.53 seconds
5. 13.5W
6. 3,220W
7. 3W
8. 44.8W
9. 25A
10. 2.17A
11. 230.4W
12. 3,575.04W
13. 2.04A
14. 0.85A
15. 0.36A
16. 0.03Ω
17. 511.11Ω
18. 52.46Ω
19. 8,064J
20. 35 seconds

Intervention Questions:
1. Give the three formulae for power.
2. An electric heater has a power rating of 300W. Calculate the energy
transferred in 40 seconds.
3. Find the energy transferred by a 25W lamp if it is switched on for 48 seconds
4. A hairdryer of power 270W is switched on and transfers 4300J of energy. How
long is it switched on for?
5. A torch battery transfers 255J of energy over 16 seconds. What is its power
rating?
6. A microwave oven has a potential difference of 230V and a current of 1.3A.
Calculate its power rating.
7. An LED torch draws a current of 0.6A from a 25V battery. Find its power.
8. Calculate the power of a radio that carries a current of 6.2A from a supply of
28V.
9. An electrical heater for a fish tank has a power of 350W and a potential
difference of 12V. Calculate the current.
10. Find the current in a resistor whose power is 36W and p.d. is 12V.
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11. A filament lamp has a resistance of 380Ω. Find the power when it carries a
current of 2.2A.
12. A diode has a resistance of 98Ω. If it draws a current of 2.1A, what is its
power?
13. An LDR has resistance of 330Ω and power of 7650W. Find the current
flowing.
14. A thermistor has a resistance at 22ᵒ of 23Ω. If the power is 610W, find the
current carried.
15. Calculate the current in a 90W bulb if the resistance is 370Ω.
16. What is the resistance of a 250W lamp if the current is 16A?
17. What value is a resistor if it draws 0.4A of current at a power of 360W?
18. An LDR has a power of 310W and a current of 1.6A. Find the resistance.
19. How much energy is transferred by the filament lamp in (11) if it is switched
on for 49 seconds?
20. The LED torch in (7) transfers 305J of energy. How long was it switched on
for?

Intervention Answers
1. E = Pt; P = VI; P = I2R
2. 12,000J
3. 1,200J
4. 15.93 s
5. 15.94W
6. 299W
7. 15W
8. 173.6W
9. 29.17A
10. 3A
11. 1839.2W
12. 432.18W
13. 4.81A
14. 5.15A
15. 0.49A
16. 0.98Ω
17. 2250Ω
18. 121.09Ω
19. 90120.8J
20. 20.33s
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6242 Energy Transfers in Appliances
Appliances like kettles, hairdryers and
heaters transfer energy. The amount of
energy transferred depends on the power of
the appliance and the time it is switched on
for, because E = Pt.
When charge flows in a circuit, work is done
(energy is transferred). We can calculate it
using the formula
E = QV Energy = charge x potential
difference
So the energy transferred depends on the amount of charge transferred (Q) and the
force used to push it round the circuit (V).

Questions
1. Write the formula that relates energy, charge and potential difference
2. What will happen to the energy used by a heater if you leave it switched on for
longer? Use a formula to explain why.
3. What will happen to the energy used by a torch if you use a bulb that needs a
bigger potential difference, provided the same amount of charge is moved?
Use a formula to explain why.
4. What will happen to the amount of energy used by a lamp switched on for 2
minutes if you use a higher power bulb? Use a formula to explain why.
5. Complete: A food mixer transfers electrical energy to ______________
6. Complete: The current in an electric kettle transfers energy to water as
______________
7. An electric heater transfers 1400C of charge when using a 25V supply.
Calculate the energy transferred.
8. Find the energy transferred by a bulb if 355C of charge are transferred when
connected to a potential difference of 12V.
9. An electric motor is connected to a 120V supply and 456C of charge pass
through it. What is the energy transferred?
10. A hairdryer transfers 325J of energy when connected to a 9V supply. Find the
charge that has flowed through it.
11. An electic heater is plugged into mains at 230V and uses 1450J of electricity.
How much charge flows?
12. Find the potential difference if a laptop uses 60J of energy in moving 14C of
charge.
13. A sewing machine uses 235J of energy moving 25C of charge through its
circuit. What potential difference is it using?
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14. A battery does 66J of work moving 18C of charge around. What is the
potential difference of the battery?
Extension:
1. A microwave oven used in a café has a power of 1.0kW. It takes 6 minutes to
cook a jacket potato when connected to the 230V mains electricity supply.
a) Calculate the energy transferred by the microwave oven when it cooks the
potato.
b) Calculate the total charge that flows from the mains supply to the
microwave oven while it is cooking the potato.
c) Not all of the electrical energy is transferred to the potato. Explain why.
2. An LED torch operates at a power of 5.0W when connected to a 1.5V battery.
a) Calculate the energy transferred by the torch in 10 minutes of use.
b) Calculate the total charge that flows through the torch in 10 minutes of
use.

Questions
1.
2.
3.
4.
5.

E = QV
More energy will be used as E = Pt
More energy will be used as E = QV
More energy will be used as E = Pt
A food mixer transfers electrical energy to kinetic energy (and heat and
sound)
6. The current in an electric current transfers energy to water as thermal energy
7. 35,000J
8. 4,260J
9. 54,720J
10. 36.11C
11. 6.30C
12. 4.29V
13. 9.4V
14. 3.67V
Extension:
a) 360,000J
b) 1565.22C
c) Some energy is wasted as sound/ some used to heat interior of microwave
oven.
1. An LED torch operates at a power of 5.0W when connected to a 1.5V battery.
a) 3,000J
b) 2,000C
Intervention Questions
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1. Give the formula that relates energy, charge and potential difference.
2. What will happen to the energy used by an electric motor if you leave it
switched on for a shorter time? Use a formula to explain why.
3. What will happen to the energy used by an iron if you use it in a country
where the mains potential difference is lower than in the UK, provided the
same amount of charge is moved? Use a formula to explain why.
4. What will happen to the amount of energy used by a heater switched on for 3
minutes if you use a lower power setting? Use a formula to explain why.
5. Complete: An electric motor in a vacuum cleaner transfers electrical energy to
______________
6. Complete: The current in an electric shower transfers energy to water as
______________
7. An electric light transfers 1500C of charge when using a 25V supply.
Calculate the energy transferred.
8. Find the energy transferred by an electric hairdryer if 460C of charge are
transferred when connected to a potential difference of 12V.
9. An electric cooker is connected to a 230V supply and 7860C of charge pass
through it. What is the energy transferred?
10. An electric radio transfers 425J of energy when connected to a 6V supply.
Find the charge that has flowed through it.
11. A television is plugged into mains at 230V and uses 250J of electricity. How
much charge flows?
12. Find the potential difference if a computer uses 70J of energy in moving 14C
of charge.
13. A microwave oven uses 235J of energy moving 45C of charge through its
circuit. What potential difference is it using?
14. A battery does 96J of work moving 18C of charge around. What is the
potential difference of the battery?
Extension:
1. An electric oven used in a café has a power of 2.0kW. It takes 30 minutes to
cook a jacket potato when connected to the 230V mains electricity supply.
a) Calculate the energy transferred by the oven when it cooks the potato.
b) Calculate the total charge that flows from the mains supply to the oven
while it is cooking the potato.
c) Not all of the electrical energy is transferred to the potato. Explain why.
2. An LED torch operates at a power of 6.0W when connected to a 2.5V battery.
a) Calculate the energy transferred by the torch in 9 minutes of use.
b) Calculate the total charge that flows through the torch in 9 minutes of use.

Intervention Answers
1. E = QV
2. Less energy will be used as E = Pt.
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3. Less energy will be used as E = QV.
4. Less energy will be used as E = Pt
5. An electric motor in a vacuum cleaner transfers electrical energy to kinetic
energy
6. The current in an electric shower transfers energy to water as thermal energy
7. 37,500J
8. 5,520J
9. 1,807,800J
10. 70.83C
11. 0.93C
12. 5V
13. 5.22V
14. 5.33V

Extension:
1.
a) 3,600,000J
b) 15652.17C
c) Some is used to heat up the oven and dissipated to surroundings
2.
a) 3240J
b) 1296C
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6243 The National Grid

The National Grid is the system of cables and transformers that transports electrical
power from power stations to consumers all over the UK.

Step-up transformers are found next to power stations. They increase the potential
difference before the power is transported through the cables. This makes the
National Grid more efficient (see below).
Step-down transformers are found next to consumers. They are used to decrease
the potential difference to 230V for safe use in homes and industry.

Why step-up?
When we deal with small circuits we can treat the resistance of the wires as
negligible. However, on the scale of the National Grid, the resistance of the cables is
significant. The cables act like a component in the circuit, transferring energy away
as heat. This energy transfer is not desired, however, so it is a waste. We can
minimise this waste using the equations P = I2R and V =IR.
Consider a cable of resistance 50Ω transporting current of 200A. The energy wasted
per second through heating the cable is the same as the power of the cable as if it
was a component: P = I2R. (P = VI also works here, but needs one more quantity.)
Power lost through heating = I2R = (200 x 200) x 50 = 2,000,000W.
Now let’s consider what happens if we use half the current:
Power lost through heating = I2R = (100 x 100) x 50 = 500,000W.
By halving the current we have quartered the power loss. This is because of the
square function in the equation P = I2R.
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So we want the lowest current possible for transport. For this we use the equation V
= IR: with the resistance of the wires constant, a higher voltage gives us a lower
current. So we use a step-up transformer to give us a high voltage and a low current.

Questions
1. Define the National Grid
2. Copy the diagram of the National Grid and describe the journey of electrical
power from power station to consumer.
3. What is the role of the step-up transformer? Why is it important?
4. What is the role of the step-down transformer? Why is it important?
5. A cable has resistance 250Ω and carries a current of 40A. What power is lost
through the cable?
6. What form does the power loss take?
7. What will the power loss be if the current is halved?
8. How would you achieve a lower current?
9. If the power in the cables between the two transformers is 14MW, what is the
current?
10. Why is being linked to all the UK’s power station an advantage for
consumers?

Answers
1. The system of cables and transformers that links
power stations and consumers all over the UK
2. Electrical power comes out of the power station and
through a step-up transformer, where it has its
potential difference increased. Then it travels across
the country in overhead power cables. When it
reaches a town or city it passes through a step-down transformer which
decreases its potential difference to 230V. Then it goes into the home or
business where it is used by the consumer.
3. Increases the potential difference so the power can be transported efficiently
4. Decreases the potential difference so the power can be used safely
5. 400,000W
6. Heating the cable
7. 100,000W
8. Use a step-up transformer to get a higher voltage.
9. 20A
10. If one power station stops working the consumer is still connected to a power
supply.
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Intervention Questions
1. Explain what the National Grid is
2. Copy the diagram of the National Grid and describe the journey of electrical
power from the power station to the consumer.
3. What does the step-up transformer do? What would happen if we didn’t have
them?
4. What is the role of the step-down transformer? What would happen if we
didn’t have them?
5. A cable has resistance 350Ω and carries a current of 50A. What power is lost
through the cable?
6. What form does the power loss take?
7. What will the power loss be if the current is halved?
8. How would you achieve a lower current?
9. If the power in the cables between the two transformers is 28MW, what is the
current?
10. How are consumers protected against power cuts?

Intervention Answers
1. The system of cables and transformers that links
power stations and consumers all over the UK
2. Electrical power comes out of the power station and
through a step-up transformer, where it has its
potential difference increased. Then it travels across
the country in overhead power cables. When it
reaches a town or city it passes through a step-down transformer which
decreases its potential difference to 230V. Then it goes into the home or
business where it is used by the consumer.
3. Increases the potential difference. If we didn’t have them, electricity
transportation would be very inefficient as overhead cables would lose a lot of
energy due to heat. Price of electricity would be higher.
4. Reduces voltage to 230V for use in homes. If we didn’t have them, voltage in
homes would be dangerously high.
5. 875,000W
6. Heating the cable
7. 218,750W
8. Use a step-up transformer to increase the voltage

9. 40A
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10. Through the National Grid, consumers are connected to many power stations,
so if one stops working they can be supplied from elsewhere.
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