
Heat
Heat energy and temperature
The particles of a substance are moving. If the substance is a gas or a liquid, the particles are free to move 
in any direction. In a solid, the particles vibrate about a fixed position. The temperature of a substance is 
the average kinetic energy of its particles. Because temperature is a measure of average energy, the quantity 
of the substance does not affect its temperature.

Temperature is measured in degrees Celsius, °C. Ice melts at 0 °C and water boils at 100 °C.

The heat in a substance is the total energy of all the particles of the substance. Because heat is a measure 
of total energy, a greater quantity of the substance will have more heat than a lesser quantity at the same 
temperature.

Heat is measured in joules, J.

Specific heat capacity
To raise the temperature of a substance, heat energy must be given to its particles. The specific heat 
capacity, c, of a substance is the amount of heat energy that must be given to one kilogram of the 
substance to raise its temperature of by one degree Celsius.

Specific heat capacity is measured in joules per kilogram per degree Celsius (J kg–1 °C–1).

The increase or decrease in the temperature of a substance is linked to the amount of heat gained or lost by 
the substance by the equation:

Q = mc∆T
where:

• Q is the amount of heat energy absorbed or given out by the substance (J)

• m is the mass of the substance that is being heated or cooled (kg)

• ∆T is the change in temperature (°C).

The power of a heating device or extractor is the rate at which energy is gained or lost while the 
temperature changes.

Power, P, can be calculated using the equation:

P = 
E
t

where:

• E is the energy gained or lost 

• t is the time taken.

Power is measured in watts, W. Another common unit is the kilowatt (kW).

1 kW = 1 000 W.
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Heat transfer
Heat energy is transferred from one place to another by conduction, convection and radiation.

When heat energy is transferred by conduction, the more vigorous vibration of the particles of the hot 
region of a substance causes adjacent particles to vibrate faster, thus spreading the heat energy throughout 
the substance.

hot cold
conduction

Heat energy is absorbed by particles, 
causing them to vibrate more, collide 
with neighbouring particles and 
transfer heat through the solid.

Conduction is the only way heat is transferred through a solid. Metals are good conductors of heat. Liquids, 
gases and non-metal solids are poor conductors of heat. A substance that is a poor conductor of heat is 
called an insulator. Air is a particularly poor conductor of heat, so materials that are designed to provide 
good insulation often contain a high proportion of trapped air.

If the faster moving (higher temperature) particles of a substance physically move from one place to 
another within the substance, the heat is transferred by convection.

The flow of different temperature particles through a liquid or gas is called a convection current.

Liquids and gases transfer heat by convection. Convection currents occur because, if a region of a gas or a 
liquid is heated, it expands, becomes less dense, and hence moves upwards through the denser regions of 
the substance. The hotter substance that has risen is replaced by the colder substance, creating a circular 
movement of the substance – the convection current.

Radiation occurs when heat is transferred by infrared radiation. Infrared radiation is a type of 
electromagnetic radiation and can thus travel through a vacuum.

Radiant heat energy is produced by hot objects. The nature of the surface of the hot object affects the 
amount of radiant heat energy produced. Black, matt surfaces are the best radiators; shiny, white surfaces 
are the worst radiators.

When radiant heat energy falls on a substance, the heat energy can be absorbed by the surface particles, 
causing the temperature of the surface of the substance to rise. The radiant heat energy can also be 
reflected. When this happens, heat energy is not transferred to the substance.

Black, matt surfaces are the best absorbers, and so the worst reflectors, of radiant heat. Shiny, white 
surfaces are the best reflectors, and so the worst absorbers, of radiant heat.
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incoming radiation
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Dull, dark-coloured
surfaces absorb a
large amount of

radiation and reflect
very little.

Shiny, light-coloured
surfaces reflect a
large amount of

radiation and absorb
very little.
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The surface heats up rapidly. The surface warms only slightly.
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States of matter
There are three state of matter – solid, liquid and gas. When a substance changes from one state to 
another, it is undergoing a phase change.

During a phase change, heat energy is either absorbed or released but the temperature of the substance 
does not change. Latent heat, L, is the amount of heat energy absorbed or released when one kilogram of a 
substance changes its state (or phase) while the temperature remains constant. The amount of heat energy, 
Q, needed to change the state of a mass, m, of a substance can be found from the equation:

Q = mL

The variation of the temperature of a substance that is being heated or cooled can be shown on a heating 
or cooling curve.
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gas 
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boiling point 

Cooling curve

Thermal spring: liquid H2O → gaseous H2O

You may use the following data for any of the questions that follow: 

 Specific heat capacity of water  = 4 200 J kg–1 K–1

 Latent heat of fusion of ice  = 3.3 × 105 J kg–1

 Latent heat of vaporisation of water = 2.3 × 106 J kg–1
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Questions: Heat

Question One: Heating water
When camping in cold places where water is frozen, 
a camp stove can be used to melt ice to get liquid 
water for drinking and cooking.

Over time the temperature of the water being heated 
in the camp stove changes, as shown on the graph 
below.

Temperature
(°C)

Time (not to scale)

X

A

B

C

D

E

Y

a. State the values of the temperature of water at the points X and Y on the temperature axis, as shown 
on the graph above.

 X:    Y:  

b. Referring to section B and section C of the graph above, complete the table below by stating: 

 i. the name of the process occurring during each section, and 

 ii. the phase/s of water present during each section.

i. Process ii. Phase/s of water present

Section B

Section C

 Year 2018  
Ans. p. 124
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c. During section D, the temperature is not increasing, even though the camp stove is still adding heat. 

 Explain what the addition of heat does during section D, and why the addition of heat does not 
increase the temperature during this time.

d. The camp stove is used to heat 0.35 kg of ice. The camp stove provides heat at a constant rate of 
930 W. 

 The time axis on the graph is not drawn to scale. Section B takes 120 s. Section D does not take the 
same amount of time as section B. 

 Explain whether section D will take more time or less time than section B. 

 As part of your answer you should: 

 • calculate the amount of energy transferred during section D 

 • calculate the time taken for section D 

 • use physical principles to explain why section B and section D take different amounts of time. 
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Question Two: Staying warm
When living or working in a very cold environment such 
as Antarctica, it is important to wear clothing suited to 
the environment to stay warm.

One of the best ways to stay warm in a very cold 
environment is to ‘dress like an onion’ with many layers.

a. State one property of a material that would help keep a person warm in a very cold environment.

b. Explain why a person cools down and why several thin layers of clothing are more effective at keeping a 
person warm than one thick layer.

c. An unexpected problem that can occur in a very cold environment is wearing too many layers. This 
can cause the person to sweat, which can make the person colder. To help prevent this problem, the 
layers next to the skin are made of materials that draw moisture away from the skin. This is known as 
‘wicking’. 

 Using the concept of latent heat, explain why having water next to the skin would make the person feel 
colder.

 Year 2018  
Ans. p. 124
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d. Modern boots for very cold environments are designed to help keep the feet warm. They have very 
thick rubber soles, and have several layers made of different materials.

Cold outside air

Polyester and wool blend layer
Thin aluminium membrane

Thick rubber sole

Warm interior

Ice

 Explain how each of the labelled layers will help keep the feet warm. 

 Your answer should refer to the relevant features of each layer and the heat-transfer methods involved.

 i. Thick rubber sole:

 ii. Thin aluminium membrane:

 iii. Polyester and wool blend layer:
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Question Three: Rodriguez well
A Rodriguez well is used to produce large amounts of liquid water at camps in places such as Greenland 
and Antarctica where all the available water is frozen into thick ice sheets. Steam is produced by a steam 
generator, and is pumped below the surface to melt ice. The liquid water produced is then pumped back to 
the surface.

Narrow opening

Steam

Water

Water       level

260 000 kg water
Temperature = 5.6 °C

Steam
generator

Water 
storage 

tank

Ice

Ice

a. The water in the well is warmer than the ice surrounding it. 

 Describe how the transfer of heat between the water and ice changes the temperature of the ice and 
the temperature of the water.

b. Calculate the amount of energy required to raise the temperature of 260 000 kg of liquid water from 
0 °C to 5.6 °C. 

 Year 2018  
Ans. p. 125
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c. Explain why a Rodriguez well is made with a narrow opening at the top. 

 Your answer should refer to a relevant heat-transfer method.

d. i.  The steam generator uses 220 000 W of power to turn liquid water into steam. After being heated 
to 100 °C, the water is then converted to steam, also at a temperature of 100 °C. 

   Calculate the maximum mass of water, initially at 100 °C, that can be converted to steam, also at 
100 °C, in one minute by the steam generator. 

 ii.  Explain why the actual mass of steam produced by the steam generator in one minute would be 
less than the amount you calculated in d.  i.
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Question Four: Ice storage
By 400 bc, Persian engineers had mastered the technique of storing ice in the middle of summer in the 
desert. Blocks of ice were stored in a yakhchal, or ice pit. A picture is shown below, along with a cross-
sectional, schematic drawing showing where the ice was stored.

       

Schematic drawing of a yakhchal

thick walls

shade wall
vent

ice pit

The structure comprises a large mud brick dome rising 20 m high, with an opening at the top, and below 
lies a large underground space. The yakhchal were so effective that the ice often lasted the entire summer.

a. Name the three different heat-transfer methods.

b. To help keep the ice cool, it was kept in a pit in the ground. Explain why keeping the ice in a pit, rather 
than on flat ground, helped to keep it cool.

c. The walls of the yakhchal were up to 2 m thick.

 i. Explain how the thickness of the walls helped to keep the building cool.

 Year 2017  
Ans. p. 125
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Note : The Achieved (A), Merit (M) and Excellence (E) ratings 
given with answers supplied are based on professional 
judgements made by the author.

Achievement Standard 90937  
(Physics 1.3): Demonstrate understanding 
of aspects of electricity and magnetism

1.3 Static electricity

Question One: Van de Graaff generator
a. 

Non-round metal 
object

+
+

+
+

+ +
+

++
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+

+
+

+
+ + +

+

(A)

b.  Movement of electrons is a flow of electricity. Copper is a 
metal and so the electrons of the copper atoms are relatively 
loosely bound to the nucleus and so can move. Glass is a 
non-metal so the electrons in its atoms are too tightly bound 
to the nucleus for them to be able to move. (M)

c. i. P = E
t  = 

0.001
1.0 × 105

 = 1.0 × 108 W

  P = IV ⇒	I = P
V

 = 1.0 × 108

2.0 × 106  = 50 A (E)

 ii.  As 50 A is much greater than 100 mA, it is not safe for 
the current to hit a spectator. (M)

d.  The positive charge on the globe pulls electrons out of the 
conductive balls and out of the bottom plate, making them 
both positively charged. Like charges repel, and as the balls 
are free to move, they will be repelled by the bottom plate 
up to the top plate. When the charged balls hit the top plate, 
electrons are conducted into the balls and their positive 
charge is neutralised. The balls will then fall back down to the 
bottom plate where the whole process starts again. (E)

Question Two: Spray painting
a.  Metal is a conductor, so electrons can move freely through 

the metal. (A)

p. 4

p. 6

b. i. 

The arrows show that there is a repulsive force 
between the two droplets.  (A)

 ii.  During the time that the droplets are travelling from the 
spray gun to the metal surface, they are experiencing 
repulsive forces from the other droplets around them. 
The droplets in the centre of the stream are repelled 
equally in all directions so do not deviate. The droplets 
further towards the edge of the spray have more droplets 
repelling them ‘out from the middle’ than repelling them 
‘in to the middle’, so tend to move outwards. By the time 
the droplets reach the metal surface they have spread out 
enough to cover a wider area. (M)

c.  The metal surface is connected to the positive terminal of the 
power supply so will become positively charged. The distance 
from the spray gun to the metal sheet must be large enough 
for the droplets, even though there will be an attractive force 
pulling them towards the front surface, to be sufficiently 
spread out that some of them miss the edges of the metal 
sheet and get attracted by the back of the sheet. (M)

d. P = E
t  = 3.8

2.0
 = 1.9 W

 P = IV ⇒ I = P
V

 = 1.9
20 000

 = 9.5 × 10−5 A

  9.5 × 10−5 A is less than 1.0 × 10−4 A – so the spray gun is 
operating within safe limits. (E)

Question Three:  Static electricity with the 
Fun-Fly-Stick

a.  A conductor is a material in which the electrons are free to 
move. The electrons in an insulator are tightly bound to the 
nuclei so cannot move easily. (A)

b. Positive charge on the control tube attracts the negative 
electrons in the cupcake pans and because aluminium is a 
conductor, the electrons move out of the pans and into the 
control tube. This leaves all the pans with a positive charge. 
Because like charges repel and because the cupcake pans 
are free to move, they move upwards away from the control 
tube. (M)

c. i.

Plate 1 Plate 2 Plate 1 Plate 2 Plate 1 Plate 2

Position One: 
Moving towards Plate 2

Position Two: 
Touching Plate 2

Position Three: 
Touching Plate 1 (E)

p. 8
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 ii.  When the metal bead touches Plate 2, electrons are 
conducted out of the metal bead into the plate, leaving 
the metal bead with a positive charge. The positively 
charged metal bead is repelled by the positively charged 
plate and so swings across towards Plate 1. When it 
touches Plate 1, electrons from Earth are conducted up 
through the student’s finger into the metal bead until it 
becomes neutral. Gravity causes the neutral metal bead 
to swing back across towards Plate 2 again, and the 
process is repeated. (E)

d. P = 
E
t

 = 
0.002

1.5 × 10–5

 = 7.5 × 10–3 W = 
1 000

7.5 × 10–3

 = 7.5 mW (M)

Question Four: Grooming the dog
a.  The rubbing action of brushing causes electrons to be 

transferred between the brush and the dog’s hair. This makes 
the hair charged and as each strand of hair has the same 
charge and as like charges repel, each strand moves as far 
apart from adjacent strands as possible, so the strands stick 
out. This will happen only if the air is dry so that the excess 
charge is not immediately lost to the water vapour in the 
air. (E)

b.  Because electrons (which are negative) have been transferred 
between the brush and the hair, either the brush is left with 
a positive charge while the hair has a negative charge, or 
vice versa (i.e. the hair is left with a positive charge while the 
brush has a negative charge). As opposite charges attract, 
when the brush gets close to the dog’s hair, the brush pulls 
the hair towards it. (M)

c.  Zoe’s hand is neutral, but since anybody’s hand will have 
moisture on it, the moisture on Zoe’s hand makes her hand 
slightly conducting. The repulsive force between the excess 
charges on the dog’s hair causes a transfer of charge from 
hair to hand, which is conducted away by Zoe’s hand. The 
hairs will lose their charge and so will no longer stand up. (E)

d. i. 

+ + + ++ +

 (A)

 ii.  Because the lightning conductor is earthed and because 
it is pointed at the top end, there will be a strong positive 
charge at the tip of the lightning conductor – i.e. at the 
top of the lighthouse. Therefore, the charge distribution 
between lighthouse and cloud will consist of a positive 
charge close to the cloud and a negative charge at the top 
of the lighthouse. (M)

 iii.   The negative charge on the cloud pushes electrons in 
the lightning conductor and in the lighthouse down into 
the earth, leaving both the conductor and the lighthouse 
with a positive charge. This positive charge is greatest at 
the top of the conductor because charges accumulate on 
pointed objects. There is now an attractive force between 
the electrons in the cloud and the positively charged tip 
of the lightning conductor and the positively charged 
lighthouse. Because the tip of the conductor has a 
greater positive charge than the lighthouse and because 
the tip of the conductor is closer to the cloud than the 
top of the lighthouse, the force on the electrons in the 
cloud is much greater from the lightning conductor than 
from the lighthouse; so, if the insulation of the air breaks 
down and electrons start to flow, they will go to the 

p. 10

lightning conductor, not to the lighthouse. The lightning 
conductor is made from a conducting metal such as 
copper so any discharge from the cloud is conducted 
down into the earth without too much heat being 
produced. (E)

1.3 Electric circuits

Question One: Power strip
a.  It must be connected in parallel so that each outlet operates 

independently of the others. This means each outlet provides 
a voltage of 240 V and, if any of the outlets did not have 
anything plugged into it, the other outlets would still 
work. (A)

b.
Each light draws current from the power source 
independently from the others.

 For any one light: P = IV ⇒ I = P
V

 = 60
240  = 0.25 A (A)

c.  The voltages across all branches in a parallel circuit are the 
same, so the voltage across lamp C is still 240 V.

  P = IV; so, if P is lower, I must also be lower.  
V = IR; so, if I is lower, the resistance R must be greater. (M)

d. Itotal = 0.20 A ⇒ I1 lamp = 0.20
4  = 0.050 A

 P = E
t  ⇒ E = Pt; t = 2 hours = 2 × 60 × 60 s = 7 200 s

 P = IV = 0.050 × 240 = 12 W

 E (used by one 12 W lamp) = 12 × 7 200 = 86 400 = 86 000 J

 E (used by one 60 W lamp)  = 60 × 7 200 = 432 000 

     = 5 × 86 400

  Therefore, the 60 W lamp uses 5 times the energy used by 
the 12 W lamp. (E)

Question Two: Thermostat
a. 12.0 V

Thermistor

V

180 Ω 

 (A)

b. i. V = IR ⇒	R = V
I
 = 12.0

0.014
 = 857.14 = 860 W	 (A)

 ii. Rtotal = Rthermistor + Rresistor ⇒	Rthermistor = 860 – 180 = 680	W		(A)

c.  If the temperature decreases, the resistance of the thermistor 
increases, and so the total resistance of the circuit increases. 
As V = IR, if R increases with V constant, then I must decrease.		
(M)

d. P = IV, V = IR ⇒	P = I2R

  The resistance of the resistor stays constant at 180 W – so, 
if the current decreases, the power expended must also 
decrease. (E)

Question Three: Circuits with a children’s toy
a. i. Parallel. (A)

 ii.  If one bulb blows the other two will continue to glow 
and will have the same brightness as before. (A)

b. i.  In a parallel circuit, each of the parallel branches has the 
same voltage. As the voltage of the top branch is 4.0 V, 
the voltage of the other branches, and therefore across 
bulb B, is also 4.0 V.

 Or:

p. 16

p. 17

p. 18
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