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Science 1.1 AS 90940 Externally assessed 
4 credits

Demonstrate understanding of 
aspects of mechanics

Motion

Speed
Speed describes how fast something is moving. When an object, such as a car or a ball, moves, we describe 
its motion by using information about how far it goes – distance – and how long it takes to get there – time. 
For example, if a car travels along a road at a constant speed of 5 metres per second (m s–1), it means the car is 
travelling 5 metres in every second.

Average speed
Brent told Kate he cycled from Auckland to Hamilton with an average speed of 15 km per hour, but he travelled 
much faster than that on the downhill parts and much slower than that on the uphill parts.

Average speed, v, for all or part of a journey is calculated by dividing the distance travelled by the time taken 
to travel that distance.

average speed = distance travelled
time taken

v = 
∆d
∆t

Where:
• d is distance in m
• t is time in s

Units
• Other units for distance are the kilometre, km, and centimetre, cm.
• Other units for time are the minute, min, and hour, h.

The unit for speed depends on the measurements used for distance and time.

2 metres in 1 second 
2 metres per second 

2 m s–1

Distance units Time units Speed units

metres, m seconds, s metres per sec, m s–1

kilometres, km hours, h kilometres per hour, km h–1

The symbol Δ means ‘change in’, so 
Δd means ‘change in distance’ and Δt 
means ‘change in time’.

1 km = 1 000 m and 100 cm = 1 m
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Example: Calculating speed

A cyclist travels down a very steep hill for 117 m in 9 s. Calculate the average speed of the cyclist.

Δd = 117 m Δt = 9 s v = ?

v = Δd
Δt   

 = 1179  

 = 13 m s–1

Instantaneous speed
Instantaneous speed is the speed at any given moment – if you want to know how fast a car is going at any 
moment, you look at its speedometer.

When instantaneous speed does not change, speed is described as constant, uniform or steady, and is the 
same as the average speed.

Calculating speed

When calculating speed in m s–1, you must change any distances (e.g. kilometres, millimetres) to metres and 
any times (e.g. hours, minutes) to seconds.

1. Jack wants to know how fast he can swim. What two measurements must Jack make to calculate his average 
swimming speed?

  and 

2. Change: a. 25 km to metres 

  b. 38 cm to metres 

  c. 250 min to hours and minutes 

  d. 0.75 h to minutes 

  e. 54 km h−1 to metres per second 

3. a. Draw the symbol that means ‘change in’.  

b. In the box, write the formula for calculating  
speed when time taken and distance are known.

4. A dog runs 100 m in 25 s. Calculate the dog’s 
average speed.

 

5. A skateboarder skates 45 m in 9 s. Calculate her 
average speed.

 

Answers
p.  225
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6. It takes 12 s for Jan to sprint 100 m. Calculate 
Jan’s average speed.

 

7. A dolphin swims 720 m in 1 minute. Calculate the 
dolphin’s average speed in metres per second.

 

8. Charlotte jogs around the 400 m athletic track 
at a constant speed. Her run takes 2 minutes. 
Calculate Charlotte’s average speed in metres per 
second.

9. Dave is a world-class swimmer. Swimming 
steadily, Dave can swim 1 kilometre in 10 minutes. 
Calculate Dave’s constant speed in metres per 
second.

10. a.  A car travels 227.5 kilometres in 3.5 hours. 
Calculate the average speed of the car in 
kilometres per hour.

 

b. Read the instantaneous speed of the car in 
kilometres per hour (kph) 
from its speedometer.

istock ID 6818089
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Finding time and distance from speed 
Sometimes you know the speed but want to calculate time taken or 
distance travelled. You can use the same equation to find any of the 
three variables – speed, distance or time. Put the equation into a 
triangle divided into three parts.

Then cover the variable you want to calculate with your finger and read  
the resulting equation from the triangle, as in the following diagrams. 

Δd
v

Δt = Δd = v × Δt

Δd

v Δt

Δd

v

Speed Time Distance

Δt

Δd

v Δt

Δd
Δt

v =

× × ×

Examples: Calculating time and distance from speed

Time

Calculate the time George rides a wave if he is surfing with an average speed of 3 m s–1 and he 
travels a distance of 36 m.

Δd = 36 m  v = 3 s  Δt = ?

Δt = Δd
v

 = 36
3

 = 12 s
Δd
v

Δt = Δd = v × Δt

Δd

v Δt

Δd

v

Speed Time Distance

Δt

Δd

v Δt

Δd
Δt

v =

× × ×

Distance

Still surfing with an average speed of 3 m s–1, George catches another wave 
and travels for 15 seconds. How far does George travel on this wave?

  v = 3 m s–1  Δt = 15 s  Δd = ?

  Δd = v × Δt

 = 3 × 15

 = 45 m
Δd
v

Δt = Δd = v × Δt

Δd

v Δt

Δd

v

Speed Time Distance

Δt

Δd

v Δt

Δd
Δt

v =

× × ×

Δd

v Δt×

∆d
∆tv = 
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Science 1.5 AS 90944 Externally assessed 
4 credits

Demonstrate understanding of  
aspects of acids and bases

AtoMS

Structure of atoms
Scientists have discovered 118 different substances that are made of one type of atom only – such substances (e.g. 
hydrogen, oxygen, carbon, gold) are called elements. An atom is the smallest part of an element that can take 
part in a chemical reaction. Atoms are so small that it would take 4 billion sodium atoms to cover this full stop.

Atoms are made of subatomic particles, the 
most important being protons, neutrons and 
electrons.

Protons, neutrons and electrons are shown in the following diagram.

Complete atom
Electrons are in orbit (‘circle’) the nucleus

Nucleus – centre of the atom

Neutrons are large and heavy

Protons are 
large and heavy

Electrons are so tiny they are considered 
to effectively contribute no mass

Other subatomic particles (e.g. quarks) have been identified in the 
high-energy collisions that take place in in particle accelerators.

Aerial view of a US particle accelerator
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Within the nucleus:
• protons each carry a positive charge
• neutrons are neutral (no charge).

Outside the nucleus and in orbit around it:
• electrons each carry a negative charge.

In any atom of any element, the number of (positive) protons is the same as the number of (negative) electrons, 
therefore atoms have no electrical charge. The number of neutrons varies.

Protons and neutrons contribute virtually all the mass of an atom, are close together, and form the dense nucleus. 
The mass of an atom is calculated by adding together the number of protons and the number of neutrons.

Example: Lithium atom

A lithium atom, symbol Li, is composed of 3 protons, 3 electrons and 4 neutrons.

represents electron

represents proton

represents neutron

The diagram is not to scale.

Atomic number
An element is identified by its atomic number, which is the number of protons in one atom of the element.

atomic number = number of protons

Examples: Hydrogen, carbon and silver

An atom of the element hydrogen, atomic number 1, has one proton.

An atom of carbon, atomic number 6, has 6 protons.

An atom of silver, atomic number 47, has 47 protons.

Because an atom has equal numbers of protons and electrons, its atomic number also indicates how many 
electrons are in the atom.

Examples: Nitrogen, neon and gold

Nitrogen, atomic number 7, has 7 protons and 7 electrons.

Neon, atomic number 10, has 10 protons and 10 electrons.

Gold, atomic number 79, has 79 protons and 79 electrons.
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In the version of the periodic table provided for the AS 90944 examination, the symbol and atomic number for 
each element are shown as follows:

Ca
20

Atomic 
number is 20

Symbol for 
this element 

(calcium)

Mass number
The atomic number says nothing about the number of neutrons in an atom. However, the mass number of an 
atom tells you its number of protons plus its number of neutrons.

mass number = number of protons + number of neutrons

In many versions of the periodic table, both the atomic number and the mass number for each element are shown:

Ca
20

40

Atomic 
number is 20

Symbol for 
calcium

Mass number 
is 40

By subtracting the atomic number from the mass number you can find the number of neutrons.

Example: Finding the number of neutrons in an atom of boron

A boron atom has an atomic number of 5 and a mass number of 11. How many neutrons 
are in one atom of boron?

mass number = number of protons + number of neutrons = 11
atomic number = number of protons = 5
mass number – atomic number = 11 – 5 = 6

Answer: One atom of boron has 6 neutrons
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Structure of atoms
1. a.  Name the two types of subatomic particle that form the nucleus of an atom.

    

b. Name the subatomic particles that move in the space around the nucleus. 

c. Which of the three main subatomic particles is the smallest? 
2. Describe the charge carried by each of the following. If there is no charge, write ‘0’.

a.  proton 

b. neutron 

c. electron 

d. atom 
3. Complete the following sentences using words from the word list.
 atom carbon elements mass neutrons reaction

 Substances made of one type of atom only are called a. . An example of an 

element is b. , chemical symbol C. An c.  is the 

smallest part of an element that can take part in a chemical d. . 

The e.  of an atom comes from the protons and f.  

contained in its dense nucleus.
4. Write one or two words for each of the following definitions.

Definition Word(s)

a. The mass of an atom is greatest here

b. Positively charged subatomic particle

c. Number of protons plus number of neutrons

d. Effectively contribute no mass to an atom

e. Made of one type of atom only

5. Write a sentence explaining what the following diagram (of a small part of the version of the periodic table 
that is given in the AS 90944 examination) tells us about a particular atom. Include the words protons, 
electrons, atom and nitrogen in your answer.

 

N
7

6. a.  Explain the difference between the atomic number of an element and the mass number of the same 
element.

Answers
p.  233

L1 Sci Externals LWB.indb   80 25/01/16   1:47 pm



© ESA Publications (NZ) Ltd  –  ISBN 978-0-908315-83-3 –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

Science 1.9 AS 90948 Externally assessed 
4 credits

Demonstrate understanding of biological  
ideas relating to genetic variation

VAriAtion

Variation
There are millions of different plants and animals in  
the world. All living things, including humans, are 
highly organised in their structure and life processes; 
all life forms on Earth are related. Complex life forms 
have evolved, over many millions of years, from 
simpler life forms. Evolution involves changes in a 
species over a very long time as a result of genetic 
variation.

Variation describes the differences between 
individuals – their diversity. Those individuals 
with structures, life processes and behaviours 
best suited to their environment usually survive 
long enough to reproduce – and can pass on the 
genetic information that gives rise to their ‘useful’ 
characteristics.

Species
A species is a group of individuals that can breed together to produce fertile offspring.

Example: Two different species

The common blackbird (Turdus merula) and the song thrush (Turdus philomelos) belong to different 
species (the species ‘merula’ and ‘philomelos’). They live slightly different lifestyles, have different 
adaptations and do not interbreed.

Blackbird and thrush – different species

Complex life form – 
human Homo sapiens

Simple life form – 
sponge, Porifera
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Two types of variation between living things are:
• variation between species
• variation between members of the same species.

Variation between members of the same species can lead to evolutionary change when there is a change in an 
environmental factor that affects the members of that species. This is because it is only members of the same 
species that can breed with each other and pass on their genetic material to the next generation.

Variation within species
Types of variation
A population is a group of organisms of one species, living in a particular area – e.g. all brown kiwi living in 
the Ruahine Ranges. For almost any characteristic, there are differences between the individuals in a population. 
Many characteristics can be affected by the environment – e.g. a calf from a large bull and a large cow will 
not itself be large if it is starved while growing. Variation can be continuous variation or discontinuous 
variation.

Continuous variation
Characteristics showing continuous variation usually have a broad range, with many intermediate values 
between the extremes. When a large number of individuals is sampled, most of the values are close to the mean, 
and extreme values are rare.

Example: Continuous variation

Measurements of the beak length of female kiwi 
from a North Island population found the mean 
length of the beak was 127 mm with a range of 
109 mm to 145 mm.

average beaks

long beaksshort beaks

Number of 
female kiwi

Female kiwi beak lengths

Beak length (mm)
145127109

Continuously variable characteristics are usually the result of a combination of many genetic factors and 
environmental influences.
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Mechanics: AS 90940 (Science 1.1)
Calculating speed (page 2)
1. Distance swum and time taken.

2. a. 25 × 1 000 = 25 000 m

b. 38
100

 = 0.38 m

c. 250 = (4 × 60) + 10; 4 × 60 minutes = 4 h, plus minutes; 
answer is 4 h and 10 minutes

You could have worked this out as  

250
60  = 4.16̇ = 4 h + (0.16̇ × 60) minutes = 4 h and 10 minutes

d. 0.75 × 60 = 45 min

e. 54 km h−1 = 54 × 1 000 metres per hour = 54 000
60  metres

 per minute = 54 000
60 × 60  = 15 m s−1

3. a. Δ

b. v = 
∆d
∆t

4. v = 
∆d
∆t  = 

100
25  = 4 m s–1

5. v = 
∆d
∆t  = 

45
9  = 5 m s–1

6. v = 
∆d
∆t  = 

100
12  = 8.3 m s–1

7. v = 
∆d
∆t  = 

720
60  = 12 m s–1

8. v = 
∆d
∆t  = 

400
120  = 3.3 m s–1

9. v = 
∆d
∆t  = 

1 000
600 = 1.7 m s–1

10. a. v = 
∆d
∆t  = 

227.5
3.5  = 65 km h–1

b. 44 kph (approx.)

Calculating time and distance from speed (page 5)

1. a. Δt = 
∆d
v

b. Δt = 
∆d
v  = 

175
50  = 3.5 h

2. Δt = 
∆d
v  = 4 500

3
 = 1 500 seconds = 25 min

3. a. v = 
∆d
∆t  = 20

40
= 0.5 m s–1

 b. Δt = ∆d
v  = 1 000

0.5
 = 2 000 seconds = 33 min

4. Δt = 
∆d
v  = 

270
5  = 54 seconds

5. Δt = 
∆d
v  = 

200
1.7 = 117.65 s = 1 m 58 s

6. Δd = vΔt

AnSwerS

7. Δd = vΔt = 12 × (60 × 2) = 12 × 120 = 1 440 m

8. Δd = v × Δt = 30 × 50 = 1 500 m (or 1.5 km)

9. Δd = vΔt =  2 × 1 000
60 × 60

 × 10 = 5.5 m

10. a. 15 min = 
15
60  = 0.25 h; 45 min = 

45
60  = 0.75 h

b. i. v = ∆d
∆t

 = 
0.6
0.25 = 2.4 km h–1

 ii. v =  ∆d
∆t

 = 
20

0.75 = 26.7 km h–1

 iii. v = ∆d
∆t  = 

20.6
1  = 20.6 km h–1

Distance-time graphs (page 9)
1. a. i. slow steady speed

 ii. stationary

 iii. fast steady speed

b. i. 5 m

 ii. v = 
∆d
∆t  = 

10
2  = 5 m s–1

 iii. v = 
∆d
∆t  = 

6
3  = 2 m s –1

c. i. 3 s (0 to 3) + 1 s (9 to 10) = 4 s

 ii. 9 – 3 = 6 s

2. 

t

d

t

d

t

d

t

d

t

d

t

d

a.

d.

b.

e.

c.

f.

3. a. v = slope = 
∆d
∆t  = 

10
2  = 5 m s –1

b. stopped / stationary

c. v = slope = 
∆d
∆t  = 20 –10

1
 = 10

1
 = 10 m s–1
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acceleration 7, 13–16, 18–19, 28, 
30

acid 117, 132
acid rain 134
acid-base indicator 127
adaptation 161
adaptive feature 159, 161
adenine 181
air pressure 43
air resistance (drag) 38
allele 185
area 42–43
artificial selection 160
asexual reproduction 174
atom 77
atomic number 78
average acceleration 13
average speed 1

balanced (chemical) equation 104
balanced forces 26
base 118
base-pairing rule 182
bases (DNA) 181
behaviours 153
bud 175
bulb 175

carbon dioxide gas 132
carbonate 132
catalyst 110
characteristic(s) 165, 185
chemical potential energy 46
chemical properties 86
chemical reaction 103
chloride 122
chromosome 165
clone 174

collide 108
collision theory 108
competition 209
compound 90
concentrated (acids and bases) 119
concentration 110
constant speed 2
continuous variation 154
corrosive 117
cross 194
cross over 169
cytoplasm 165
cytosine 181

deceleration (negative 
acceleration) 7, 13

deoxyribonucleic acid 181
dilute (solution) 119
discontinuous variation 154, 155
distance 1, 4, 7, 19–20, 55–56
distance-time graph 7–8
DNA 181
dominant 186
drag (air resistance) 38
driving force 26

elastic potential energy 46
electrical energy 46
electron 77, 78, 83
electron arrangement/

configuration 83
electrostatic attraction 95
element 77, 78
embryo 169
energy 46, 61
energy conservation 52
energy level 83
environment 159

environmental factor 209
equation (chemical) 103, 121
equation (word) 121
evolution 153

fertilisation 170
force 26, 28, 30, 55–56
friction 26, 36

gamete 169
gene 165, 185
genetic code 181
genetic variation 153
genotype 186
genotype ratio 194
gradient (slope) 7
gravitational potential energy 46–

48, 55
gravity 33–34
group (in periodic table) 86
guanine 181

height 47–48
heterozygous 186
homologous pair 165
homozygous 186
hydrogen carbonate 132

indicator 127
individual 153
inheritable 209
insoluble 119
instantaneous speed 2
ion 90
ionic bond 95
ionic compound 90, 95, 96

joule (J) 46, 55

kinetic energy 51–52
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