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 Current and voltage in electric circuits
The purpose of most electric circuits is to take electrical energy from a 
component that is an energy source – usually a battery or the mains supply 
– and take the energy to a component that will change the electrical energy 
into useful energy (such as heat, light, sound or movement). Components 
that change electrical energy into useful energy can be called converters. In 
most circuits the converter will be either a resistor (a converter that changes 
electrical energy to heat) or a lamp.

Electrical energy is carried from the source to the converters by the current. The current travels along conducting 
wires from the energy source to the converter and then back through different conducting wires to the source. 
The circuit must form a closed loop so that the current can repeatedly travel around the circuit, collecting and 
delivering energy each time.

Current
An electric current is a movement of charged particles. In electrical circuits, the charged particles are usually 
electrons and they fl ow along conducting wires.

The size of a current (symbol ) going through a component is a measure of the rate (number per second) at 
which the electrons are fl owing. Because even a very small current involves billions and billions of fl owing 
electrons, the electrons in a current are considered to be gathered together in ‘bundles’ called coulombs; current 
is the rate at which coulombs fl ow in a circuit. The unit of measurement for current is the amp (symbol A). One 
amp is one coulomb per second. Current sizes are often very small, and so it is sometimes more convenient to 
measure them in milliamps (symbol mA). 1 amp = 1 000 milliamps, or 1 A = 1 000 mA

The direction of a current is opposite to the direction of fl ow of the electrons. This is because current is defi ned as 
‘a fl ow of positive charge’, but, in an electric circuit, it is negative charge (electrons) that is fl owing. A coulomb 
should be thought of as a bundle of positive charge.

It is important to recognise that current is simply a means of transporting energy – its size cannot be changed 
simply by going through a component. Whatever-sized current goes into a component, the same-sized current 
will come out.

Voltage
The current in a circuit is the energy transporter. When current goes through an energy source (such as a battery), 
the coulombs pick up energy. The voltage (symbol ) of an energy source is the amount of energy (symbol ) 
supplied to each coulomb fl owing through it. When current goes through a converter, energy is taken from the 
coulombs. The amount of energy a converter takes from each coulomb of the current that is fl owing through it is 
called the voltage of the converter.

When current fl ows around a closed loop, each coulomb shares all the energy it took from the energy source 
amongst the converters in the loop.

The unit of measurement for voltage is the volt (symbol V) and the unit of measurement for energy is the joule 

(symbol J).
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 Current and voltage in electric circuits
1. In an electric circuit, 3 coulombs are fl owing through the conducting wires per second. What is the size of the 

current in the circuit?

2. A battery has a voltage of 1.5 V. Explain what this means in terms of current and energy.

3. The voltage across a lamp is 3 V. Explain what this means in terms of current and energy.

4. In the circuit shown, the voltage of the battery is 1.5 V. The voltage 
of lamp A is 1 V. The current fl ows from the battery, through lamp A, 
through lamp B and back to the battery.
a. Explain why the conducting wires have to form a closed loop.

b. How much energy is each coulomb of the current carrying when it leaves the battery?

c. How much energy is each coulomb of the current carrying when it leaves lamp A? Explain your answer.

d. How much energy is each coulomb of the current carrying when it leaves lamp B? Explain your answer.

5. A loop circuit has a resistor, a lamp, and a battery, connected together. The voltage of the battery is 9 V, and 
the voltage of the resistor is 5 V. What is the voltage of the lamp? Explain your answer.

6. Explain how the energy that is stored in a battery can be used to light a torch bulb.

Answers
p.  77

current

lamp A lamp B
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 Power and energy in electric circuits
The brightness of a lamp, the loudness of a radio, the heat produced by the element on a stove, all depend on 
the rate at which energy is delivered to the converter. The greater the amount of energy that is delivered per 
second, the brighter the lamp, the louder the sound from a speaker, the hotter the element. The rate (amount per 
second) at which energy is delivered, or used, is called power (symbol ).

Power can be calculated from the equation: 

power = 
energy

time
  or  P = 

E
t

The triangle for the equation P = 
E
t  gives the other forms of the equation;

E

P t

• to calculate the energy, use E = Pt

• to calculate the time, use t = E
P

The unit of measurement for power is the watt (symbol W). For very large amounts of power, it is common 
to use the kilowatt (kW) or even the megawatt (MW). A kilowatt is one thousand watts, 1 kW = 1 000 W; a 
megawatt is a million watts, 1 MW = 1 000 000 W

It is not unusual for large amounts of energy to be used, so the units kilojoules (kJ) and megajoules (MJ) are 
commonly used. 1 kJ = 1 000 J; 1 MJ = 1 000 000 J

When power and energy values are substituted into equations, they must be the value in joules or watts.

The rate at which energy is delivered to (the power of) a converter depends on the number of coulombs passing 
through the converter per second (the current) and the amount of energy delivered by each coulomb (the voltage). 
This means power can also be calculated from the equation:

power = current × voltage or P = I  V

The triangle for the equation P = I  V gives the other forms of the equation:

P

V

• to calculate the current, use I = 
P
V

• to calculate the voltage, use V = 
P
I
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 Power and energy in electric circuits
1. An electric hair dryer has a power rating of 2 kW. A girl takes 8 minutes to dry her hair.

a. i. What is the power of the hair dryer, in watts?

 ii. What is the time it takes, in seconds, to dry the girl’s hair?

b. Calculate the total amount of energy used in the time it takes for the girl to dry her hair.

2. An electric heater has three power settings – high, medium and low. High is 2.5 kW, and low is 1 kW.
a. Calculate the energy used by the heater if it is used for half an hour on high.

b. Calculate the power of the medium setting if the heater uses 1.4 MJ of energy in 15 minutes.

c. Calculate the time it takes for the heater to use 11 MJ of energy when operating on low power.

3. A light bulb is rated 100 W. When it is plugged into a light socket, the voltage across the light bulb is 240 V.
a. Calculate the current fl owing through the light bulb.

b.  The light bulb is changed for one with a different power rating. If the current through the new light bulb 
is 630 mA, calculate the power rating of this light bulb.

4. a.  An incandescent light bulb operates by heating up a fi lament to such a high temperature 
that it glows. Only 2% of the power used by the light bulb is changed into light.

 The current through an incandescent light bulb when it is operating from the mains supply 
(240 V) is 830 mA.

 i. Calculate the power used by the lamp.

 ii. Calculate the light energy the light bulb produces if it is switched on for 20 minutes.

Answers
p.  78
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 iii. Describe what happens to the energy that is not changed to light.

b. A compact fl uorescent lamp (CFL) is more energy effi cient than an incandescent light bulb. 
When plugged into the same light socket as described for the incandescent light bulb in a., 
a CFL that is rated 20 W glows with the same brightness as the incandescent light bulb.

 i. How much energy per second is changed to light energy by the CFL? Explain your answer.

 ii. Calculate the percentage of the power used by the CFL that is changed into light energy.

5. An electric heater has three power settings – high, medium and low. It operates from the 240 V mains 
supply.
a.  The heater is switched on and left on low for 15 minutes. During this time, 1.4 MJ of energy are used. 

Calculate the current drawn from the mains supply.

b.  The heater is then switched to medium. Calculate the time it takes for 8 MJ of energy to be used if the 
current drawn from the mains supply is 9 A.

c.  The heater is then switched to high for 5 minutes. Calculate how much energy is used during this time if 
the current drawn from the mains supply is 11 A.

 Circuit diagrams
The way an electric circuit is connected can be shown by a circuit diagram. Each component in the circuit is 
shown on the diagram as a symbol and the connecting wires are shown as straight lines that are either horizontal 
or vertical. When drawing a circuit diagram a ruler must be used and it is usual to draw the diagram in a 
rectangular shape. If a circuit diagram shows the direction of the current, it will be the direction of the fl ow of 
positive charge that is marked, not the direction of fl ow of electrons.
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These are some common circuit symbols that are used in circuit diagrams:

single-cell 
battery

multiple-cell 
battery

lamp resistor variable 
resistor

switch

In the battery symbol, the longer line in the symbol is the positive terminal of the battery.

A variable resistor is called a rheostat.

The symbol for a multiple cell battery can be used for a power pack.

Meters in circuits
Circuits often include meter(s) to measure the size of current(s) and/or voltage(s). The meter that measures current 
is called an ammeter, circuit symbol . An ammeter measures the current through itself; so, for an ammeter 
to measure the current through a component, it must be connected so that the current that fl ows through the 
ammeter is exactly the same as the current that goes through the component.

A

Ammeter measures 
current through itself

All the current coming out of the ammeter 
goes through the lamp, so the ammeter is 
also showing the current through the lamp

I

The meter that measures voltage is called a voltmeter, circuit symbol V  
Voltage is energy per coulomb. If each terminal of a voltmeter is connected to a different point in a circuit, the 
reading on the voltmeter is the difference in the energy carried by each coulomb of the current at the two points. 
The voltage of a component is the difference between the energy carried by each coulomb of the current entering 
the component and the energy carried by each coulomb leaving the component. This means that if the voltmeter 
terminals are connected either side of a component, the voltage reading will be the voltage of the component.

Voltmeter measures 
the energy per coulomb 
here and again here

The reading on the voltmeter is the
difference between the two measurements,
so is the voltage of the lamp.

V

I

Both types of meter have a positive (red) terminal and a negative (black) terminal. When connected into a circuit, 
the positive terminal of the meter must be connected to the positive terminal of the power supply.

+ –

voltmeterammeter

+ 

+ 
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 Circuit diagrams
1. a. Draw a circuit diagram for each of the following circuits in the space alongside.

i.
+ 

ii.

+ –
Rheostat

iii.

Resistor

+

+

b. i.  Redraw circuit i. to include a voltmeter that 
measures the voltage of the battery. Mark the 
positive terminal of the voltmeter.

 ii.  Redraw circuit ii. to include an ammeter that 
measures the current through the rheostat. 
Mark the positive terminal of the ammeter.

 iii.  Redraw circuit iii. to include an ammeter that 
measures the current through one of the lamps. 
Mark the positive terminal of the ammeter.

2. For each of the following circuit diagrams, state through which component(s) the ammeter is measuring the 
current, and/or across which component(s) the voltmeter is measuring the voltage.
a.  

A

 

 

 

b. 
A

 

 

 

c.  

A

V
 

 

 

Answers
p.  78
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d. 

V

 

 

 

3. For each of the circuits shown:
• draw a circuit diagram
•  state through which component(s) the ammeter  is measuring the current and/or across which 

 component(s) the voltmeter  is measuring the voltage.
a.  

 

 

b.  

 

 

 

c.   

 

 

 

d. 
 

 

 

 

4. For each of the following circuits, explain what is wrong, if anything, with the way the meter(s) 

 (ammeter , voltmeter ) have been connected.

a. 
+

+
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b. 
+

+

 

 

 

c.  

+
+

+
 

 

 

 Series and parallel connections
In a series circuit, all the components are connected in a single loop so that whatever current goes through the 
energy source, the same current must go through all the energy converters.

In a parallel circuit, after the current has gone through the energy source, it has a choice of two or more 
pathways (usually called branches) it can go through before going back to the source for more energy. After the 
current has split to go through the branches, it comes together again to go through the source. This means that 
the sum of the currents in the branches will be the current through the source.

A lamp and a resistor
connected in series

A lamp and a resistor
connected in parallel

= +
1

2

1
1

2

2

I I

I

I I

I

I
I

I
I I I

II

The diagram following shows how, in a parallel circuit, each branch is connected independently to the power 
supply.

is the same as

In the preceding diagram, each coulomb leaving the battery goes through either the middle branch or the bottom 
branch; it will never go through both branches. Each coulomb will give all its energy to the converter that is in 
the branch it goes through. This means the voltage of the battery is the same as the voltage of the resistor and 
the same as the voltage of the lamp.

An important advantage of having converters connected in parallel is that if one ‘fails’ and breaks the circuit 
branch, the other will keep operating as if nothing had happened. If two converters are connected in a series 
circuit, if one ‘fails’ the circuit loop will be broken and so the current will stop fl owing – which means the other 
converter also stops operating.
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Series and parallel batteries
It is not unusual for more than one battery to be needed by an electrical device (e.g. radio, torch, phone, etc.). 
When more than one battery has to be used, the batteries will be connected either in series or in parallel.

The diagram shows two batteries connected in series. The positive terminal 
of one is connected to the negative terminal of the other – which means 
the current has to go through both of them. This means that each coulomb 
goes through each battery and picks up energy from each battery. The voltage of the source is the sum of the 
individual battery voltages.

The advantage of having several batteries in series is that the source has a greater voltage than any of the 
individual batteries could give.

The diagram shows two batteries connected in parallel. The positive terminal 
of one is connected to the positive terminal of the other – which means the circuit 
current divides and so each coulomb goes through one battery only and so picks 
up energy from one battery only. The voltage of the source is therefore the same 
as the voltage of each battery. The advantage of having several batteries in 
parallel is that each battery is drained of its energy store a lot more slowly than if there had been only one 
battery supplying the energy, so the batteries do not have to be changed as often.

 Series and parallel connections
1. Draw a circuit diagram for a circuit that has two single-cell batteries, a resistor, a lamp and a switch for the 

following.
a. All components are connected in series.

b. The batteries and switch, connected in series with each 
other, are then connected in parallel with the lamp and with 
the resistor.

2. Consider the following two circuit diagrams:

A B

 

I I

I I

Answers
p.  78
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 Electric charge (page 2)
1. Electrons – have a negative charge; protons – have a positive charge.

2. The number of electrons in an atom is the same as the number of 
protons, and the size of the charge on an electron is the same as the 
size of the charge on a proton. This means there is exactly the same 
amount of positive charge in an atom as there is negative charge. This 
means the atom is neutral overall.

3. If an electron is removed there will be fewer electrons than protons in 
the atom so less negative charge than positive charge. This means the 
atom, overall, has a positive charge.

4. Iron and aluminium are metals; a metal is a good conductor, which 
means charge can fl ow freely through iron and aluminium. Rubber, 
wood, glass and paper are good insulators; charge cannot fl ow freely 
through these substances.

5. B: A and B have opposite charge, and opposite charges attract each 
other. A cannot move, so B will move towards A.

 C: A and C have the same charge, and like charges repel each other. A 
cannot move, so C will move away from A.

6. The rods will move away from each other. When the rod is broken in 
half, both halves will have the same type of charge. Like charges repel 
each other. When the rods are suspended they are free to move, so the 
push away that they both experience will make them both move away 
from each other.

 Charging (page 4)
1. a.  Friction between the jersey and the pen rubs electrons off the 

jumper on to the pen. Because the pen now has more electrons 
than protons, it is negatively charged.

b. Electrons have been removed from the bit of sleeve that did the 
rubbing, so that bit of sleeve has fewer electrons than protons, 
so has a positive charge.

2. a.  Friction between the trousers and the surface of the slide rubs 
electrons off the trousers on to the slide. Because the trousers 
now have fewer electrons than protons, the trousers have a 
positive charge.

b. The electrons that have been rubbed off the child’s trousers are 
deposited on to the surface of the slide. This means the slide has 
more electrons than protons, so has a negative charge.

3. a.  The rubbing between the cloth and the rods causes electrons to 
be transferred from the cloth to the rods. Because the rods now 
have more electrons than protons, they have a negative charge.

b. Both rods have the same charge, and, as like charges repel, they 
will each experience a push apart. The rod which is being held is 
not free to respond to this push; but, the balanced rod is free to 
move, so it rotates away from the other rod.

4. a.  The positively charged rod attracts the electrons in the ball. The 
electrons in the metallic coating are free to move, so they fl ow 
across into the rod. This means some of the positive charge in the 
rod is neutralised so the rod is less positive than before. Because the 
ball has fewer electrons than protons, it is now positively charged.

 ANSWERS

b. i.  The positive charge on A attracts electrons in B and some 
will fl ow across, making A less positively charged than 
before. B now has fewer electrons than protons, so it also 
has a positive charge.

ii. Both balls have the same charge, so they will repel each 
other. As both balls are free to move, they will move away 
from each other.

5. a.  The positively charged dome on the Van de Graaff will pull 
electrons out of the hairs, leaving each hair with fewer electrons 
than protons and so with a positive charge.

b. Because each hair has the same charge, each hair will repel all 
other hairs. This means they will move as far apart from each 
other as possible. However, the positively charged dome will also 
be repelling the hairs, so, instead of spreading right out, they will 
stick up as well.

 Movement of charge (page 7)
1. a.  The positive charge on the Van de Graaff dome attracts electrons 

in the ball. Because the ball is made of conducting material, the 
electrons are able to move towards the positive dome – which 
makes the side of the ball near to the dome negatively charged. 
Because electrons have moved away from the far side of the ball, 
the far side is left with a positive charge.

b. When the ball touches the dome, electrons fl ow across from the 
ball into the dome.

c. i.  When the ball is no longer touching the dome, the 
electrons that have left the ball cannot fl ow back, so the 
ball is left with fewer electrons than protons and so will be 
positively charged.

ii. The positive charge will spread out evenly over the surface 
of the ball.

d. i. + +
++

+++++++

+
+

+

ii. In the pointed part of the shape, the electrons in the metal 
will have more positive charge pulling them towards the 
rounded end than towards the pointed end. This means 
that most electrons will move away from the pointed end, 
leaving it with a stronger positive charge than there is in 
the rounded end of the shape.

2. a.  If electrons are rubbed off the rod it will have fewer electrons 
than protons, so will have an overall positive charge. If electrons 
are transferred to the cloth, the cloth will have more electrons 
than protons and so will have an overall negative charge.

b. When electrons are removed from the rod, leaving the surface 
with a positive charge, the positive charge on the rubbed surface 
will attract electrons from inside the rod. In the plastic part of the 
rod, the electrons cannot move, so the positive charge will stay 
on just the rubbed part of the surface. In the metal part of the 
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rod, electrons will move and the positive charge will spread out 
over the whole surface of the rod.

c. A person’s body is a relatively good conductor, and also contains 
hugely more electrons than are missing from the rod. Electrons 
will fl ow from the person into the metal end of the rod, reducing 
its positive charge to just about neutral. The electrons in the 
plastic end still can’t move, so electrons cannot fl ow from the 
person’s hand into the plastic end, so the positive charge stays 
where it was originally put.

d. i.  The positive charge on the rod attracts electrons in the 
aluminium foil. Because aluminium is a conductor, the 
electrons move towards the positive charge, making the 
edge of the aluminium foil that is near to the rod negatively 
charged and leaving the far edge with a positive charge.

ii. The negatively charged edge of the foil is attracted towards 
the positively charged rod. Because the foil is very light, the 
strength of the pull is enough to make the foil move across.

e. The positively charged surface of the rod attracts electrons that 
are in the air. Provided the air is moist, these electrons can fl ow 
from the air onto the rod and neutralise the positive charge. The 
drier the air, the longer this process takes, but a period of a few 
hours is usually long enough.

3. a.  The positive charge on the dome attracts electrons in the nail. 
Because the nail is a conductor, the electrons move towards the 
positive charge – making the point of the nail negatively charged 
and leaving the other end with a positive charge. The negatively 
charged point of the nail is attracted towards the positively 
charged dome. Because the nail is free to swing, the pull is 
enough to make it swing across.

b. The positively charged dome attracts electrons across from the 
nail into the dome.

c. Because electrons have been pulled out of the nail, it is left with 
a positive charge – it now has the same charge as the dome. 
Because like charges repel, the nail and the dome push each 
other apart. The dome is fi xed, but, as the nail is free to move, it 
swings away from the dome.

4. a.  The surface of the plane rubs against the air as the plane travels 
through the air. This rubbing transfers electrons between the 
air and the plane. The surface of the plane is left with either a 
surplus or a defi cit of electrons – which means it will have either 
a negative or a positive charge.

b. The pointed parts of the plane will have a greater charge than 
the rounded parts of the plane.

c. Electrons will be transferred between the air and the surface of 
the plane and neutralise the charge. The process is quickest in 
moist air; but, even in dry air, overnight will be long enough for 
this to happen.

5. As the girl slides down, the rubbing that occurs causes electrons to 
be transferred between her clothes and the surface of the slide. This 
means the girl’s clothing becomes charged. Because of the moisture in 
her body this charge spreads throughout her whole body, including her 
hair. Because each hair has the same charge, each hair will be repelled 
by all the other hairs; as hairs are very light and easy to move, the push 
that they all experience makes them move as far apart from each other 
as possible. This means they stick out from her head.

6. a. 

+
b. Because the negatively charged surface of the uncharged ball 

is closest to the positively charged ball, the two balls will pull 
towards each other and so they will swing together and touch. 
As soon as they make contact, because they can both conduct, 

electrons will fl ow from the uncharged ball into the charged ball. 
This means the uncharged ball will become positively charged, 
because it now has fewer electrons than protons. As both balls 
now have the same charge they will repel each other and swing 
away from each other.

c. Because the balls would not conduct, the electrons would not 
have moved across towards the positively charged ball. This 
means there would not have been a region of negative charge 
on the uncharged ball to attract the charged ball, so neither ball 
would have moved.

 Electrical discharge through air (page 12)
1. a. i. A spark is a fl ow of electrons through air.

ii. As the two oppositely charged surfaces got closer and 
closer together, the pull of the positive charge on the 
electrons in the negatively charged object got greater and 
greater. Eventually, the pull was so strong that electrons 
were pulled through the air to reach the positive charge.

b. Because charge is always strongest on the pointed part of an 
object, the two objects would not have to get as close to each 
other before the pull on the electrons would be great enough to 
make them fl ow through the air. So, the spark would occur when 
the objects were further apart than before.

2. a.  The positive charge on the dome pulled electrons in the ball and 
there was a movement of electrons towards the edge of the ball 
that was nearest to the dome. As the ball got closer, the pull 
on the electrons got stronger until eventually the pull was large 
enough for the electrons to be pulled through the air towards the 
dome.

b. When the positive charge in the dome pulled electrons over to 
the near side of the ball, the far side was left with a positive 
charge. Because the ball was connected to the Earth, electrons 
from the Earth fl owed into the ball to neutralise this positive 
charge. The positive dome now pulled these extra electrons over, 
so a much greater negative charge built up on the near side of 
the ball. This meant that the pull on the electrons was great 
enough to make them fl ow through the air when the ball was 
much further away than before.

3. a.  Each of the buildings will become positively charged, because 
the electrons in the cloud will push electrons in the buildings 
down into the ground. The positively charged buildings will 
now pull the electrons in the cloud. Lightning will strike when 
the pull on the electrons is strong enough to make them fl ow 
through the air. The strength of the pull depends on the strength 
of the positive charge at the top of the building and the distance 
between the cloud and the top of the building. Buildings D and 
F are the tallest, so are closest to the cloud. The top of building 
D is pointed, so the strength of the charge at the top of D will be 
greater than the strength of the charge at the top of F. So, D is 
most likely to be struck.

b. i.  The energy will be changed to heat inside the building. 
Because there is so much energy the heat is very great and 
could cause a fi re.

ii. The electrons fl owing down from the cloud will fl ow 
through the conductor, not the building. This means far 
less heat will be produced and it will be only the conductor 
that gets hot.

4. a.  Electrons from the seat are rubbed off the surface of the seat 
onto the boy’s trousers. Because his trousers now have more 
electrons than protons, they will have an overall positive charge.

b. The boy’s body is a relatively good conductor, and so the push 
that each added electron feels from all the other added electrons 
causes them to spread out over his whole body, including his 
fi nger.

L1 Electricity & Magnetism.indd   76L1 Electricity & Magnetism.indd   76 2/17/16   7:55 AM2/17/16   7:55 AM


	L1 Elec & Mag sample.pdf
	ans.pdf

