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NCEA Level 1 Science material covered in this chapter helps to meet the requirements 
for Achievement Standard 90940 (Science 1.1) ‘Demonstrate understanding of aspects of 
mechanics’, through examining the following.
• Distance and speed and distance-time graphs.
• Acceleration and speed-time graphs

Distance and time
Motion is the way something is moving. The motion of an object such as a car or tennis 
ball is described in terms of its speed and acceleration. The speed of an object depends 
on the distance it travels and the time it takes to travel this distance.

Time (symbol t) is measured in seconds (symbol s); e.g. a time of 14 seconds is written:
 t = 14 s

Other units for time are the minute, min, and hour, h.
 1 min = 60 s and 1 h = 60 × 60 = 3 600 s

Distance, d, is measured in metres, m; e.g. a distance of 28.5 metres is written:
 d = 28.5 m

Other units for distance are kilometre, km, and centimetre, cm.
 1 km = 1 000 m and 100 cm = 1 m

Motion
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Speed
Average speed is a measure of distance travelled each hour, 
minute or second. The average speed, v, for a journey is 
calculated from the total distance travelled divided by the 
total time taken to travel that distance. Average speed can be 
calculated for a complete journey or for parts of a journey.

average speed = distance travelled
time taken or v = d

t

Instantaneous speed is the actual speed at any moment. The speedometer (or ‘speedo’) in 

speedo and read from it the instantaneous speed. The instantaneous speed will usually 
change considerably during a car’s journey.

If the instantaneous speed does not change, then the speed is described as being 
constant, uniform or steady. If the speed is constant, the average speed is the same as the 
constant speed.

The units for speed match the units for the distance travelled and for the time taken.

Distance unit Time unit Speed unit

centimetre, cm second, s centimetre per second, cm s–1

metre, m second, s metre per second, m s–1

kilometre, km hour, h kilometre per hour, km h–1

 means change in.

d means d change in distance, 
which is another way of saying 
‘distance travelled’.

t meanst change in time, 
which is another way of saying 
‘time taken’.
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5.  When an aeroplane takes off, it is lifted off the 
ground by air pressure. The wings have been 
shaped so that when air is moving past each 
wing the air pressure above the wing is less than 
the air pressure below the wing. The difference 
in the pressures above and below the wings 
depends on the speed
of the aeroplane is able to change the position 

pilot is able to adjust the difference between the 
pressure above the wings and the pressure below 
the wings. A fully-laden jumbo jet has a weight 
of 3 500 000 N. The total wing area is 530 m2.

 a.  When a fully-laden jumbo jet is standing still before take-off, the air pressure 
around it is 101 kN m 2.

  i.  Calculate the force of the air pushing up on the bottom surface of the wings 
of the jumbo jet.

  ii.  The force calculated in i. shows that the upwards force of the air on the 
wings is much greater than the downward gravity force on the jumbo jet. 
Because the upwards force is greater than the downwards force it might be 
expected that the jumbo jet, even though it is standing still, will accelerate 
up into the air. 

   Explain why the jumbo jet does not accelerate up into the air.
 b.  As the jumbo jet travels down the runway, its speed gets faster and faster. Explain 

how this affects the size and direction of the net force of the air on the wings.
 c.  The diagrams below show the jumbo jet, viewed from the rear, as it travels 

down the runway, takes off and reaches cruising altitude. On each diagram, the 
downwards pull of gravity, Fg , has been shown.

   Explain how the size and direction of the net force of the air on the wings 
compares with the size of the gravity force at each of the positions shown.

  
iii. At cruising 
 altitude 

ii. Just after 
 take-off

i. Part way down 
 the runway

Fg Fg Fg
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Activity 3C: Kinetic energy Ans. p. 292

1. At an athletics meeting, 
the winner of the men’s 
100 m sprint crossed the 
line running at a speed 
of 10 m s . If the mass 
of the winner was 80 kg, 
calculate his kinetic 
energy when he crossed 
the line.

2. Tom and his Mum are running side by side in the park. Tom’s mass is 30 kg and his 
speed is 5 km h .

 a. Calculate Tom’s kinetic energy.
 b. Tom’s Mum has twice Tom’s mass. What is her kinetic energy?

3.  Two cars, a red car and a black car, have the same mass. The red car is travelling at 
100 km h–1.

 a. –1. How much greater is the kinetic 
energy of the red car than that of the black one? Explain your answer.

 b.  The black car slows down to 25 km h–1. Now how much greater is the kinetic 
energy of the red car than that of the black car? Explain your answer.

4. a.  Calculate the mass of a ball that has 20 J of kinetic energy and is travelling at a 
speed of 20 m s .

 b. Calculate the speed of the same ball if it has 25 J of kinetic energy.

5. When brakes are used to stop a car, what type(s) of energy is the car’s kinetic energy 
changed to?

6. A Year 11 science class carried out an experiment to measure the braking distance 
of a bicycle at different speeds on a dry concrete driveway.

Brakes applied Bicycle stopsConstant speed

30 m Braking distance30 m

  The cyclist was timed over a 30 m distance while riding at a steady speed. The 
brakes were then applied, and the braking distance measured.

The table shows the 
braking distance and 
speed for four trials.

Speed (m s–1) Braking distance (m) 
5 2.5

10 10
12 14.4
15 22.5
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The pH scale
Some acids are stronger than others. Strong acids produce the highest concentrations of 
hydrogen ions, H+. Similar amounts of weak acids produce lower concentrations of H+ 
ions in a solution.

Similarly, strong bases produce high concentrations of hydroxide ions, OH–, while similar 
amounts of weak bases produce lower concentrations of OH– in solution.

The pH scale

Neutral

Acidic solutions Basic solutions

More acidic More basic

1 2 3 4 5 6 7 8 9 10 11 12 13 14

At all pH values there are both hydrogen ions, H+, and also hydroxide ions, OH–, present 
– it is the relative concentrations of each ion that determines the pH for a solution.
• 

a very high concentration of hydrogen ions (H+) relative to a very low concentration 
of hydroxide ions (OH–). For weak acids (pH range 3–6), there is still a higher relative 
concentration of H+ ions than OH–, but the H+ ion concentration is lower than that of 
strong acids.

• Neutral solutions have a pH value of 7 due to the concentrations of both H+ ions and 
OH– ions being equal.

• Basic solutions have pH values of greater than 7. For strong bases (pH range 13–14), 
there is a very high concentration of OH– ions relative to a very low concentration of 
H+

OH– ions than H+ ions, but the OH– ion concentration is lower than that of strong bases.

The pH scale also allows different solutions to be compared.

Solution C Solution DSolution A Solution B

pH 8 pH 12pH 3 pH 6

Both solutions are acidic, but solution 
A is more acidic than solution B, 

because it has the lower pH.

Both solutions are basic, but solution 
D is more basic than solution C, 

because it has the higher pH.

C
hapter 7
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  The student decided that samples H, J and K were acids, while G and I were bases.
 a.  Is red litmus paper a good choice of indicator for this experiment? Explain your 

answer.
 b. Discuss whether the conclusions reached are valid.
 c. Explain how this experiment could be improved.

4. Explain how you could test to see if beetroot juice has acid-base indicator 
properties.

5. A marine biology student was investigating the stings of some sea creatures. The 
information following was found on a sea life website.

Sea urchin

The sting of sea urchin is found to turn universal indicator blue.

6. Vinegar turns universal indicator yellow, but hydrochloric acid turns it red. Explain 
what this means in terms of acidity and hydrogen ion concentration.

7. Tom tested three different clear, colourless solutions found in the laboratory with 

 • Solution 1 turned the indicator green

 • Solution 3 turned the indicator yellow.
 a. Determine the pH for each solution.
 b.  Determine the type of solution that Solution 1 and Solution 3 are, and relate this 

to the ions present in the two solutions.
 c.  Tom’s teacher told him that even though Solution 1 is neutral it was still not safe 

to drink. Explain why this could be so.
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The ‘rungs’ of the ladder are made of molecules called (nitrogen) bases. The bases join 
(bond) to the sugar molecules (not to the phosphate). Bases are very important, because 
their order forms the genetic code. There are four different bases in DNA. Each base is 

• A = adenine
• G = guanine
• T = thymine
• C = cytosine

A T G C

Bases come together in pairs (the members of each pair have a complementary shape) to 
form the rungs of the DNA ladder.

• A always pairs with T (A – T)  • C always pairs with G (C – G)

This is the base pairing rule.

phosphate group

sugar group

bases

A T
C G

C G

T A

T A
T A

G C
A T

C G
T A

A T
T A

A T
G C

A T

sugar phosphate
backbone

A T

C G

C G

T A

A T

Detail of the top section of the first five base 
pairs of the molecule with the helix ‘untwisted’ 
– resembles a ladder (the sides of the ‘ladder’ 
are alternating sugar and phosphate groups, the 
‘rungs’ of the ladder are the base pairs held 
together by bonds)

Part of a DNA molecule 
showing the double helix 
held in shape by the pairs 
of bases

The DNA in a human cell is made up of about 3 billion base pairs. Our largest chromosome 
is chromosome number 1 (see karyotypes, page 161) – the DNA in chromosome 1 is 
approximately 220 million base pairs long. The full sequence of DNA in all the 
chromosomes in a cell (or organism) is called the genome.
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a.  Variation in phenotype can assist survival. Explain how variation in phenotype may 
assist the Tasmanian devil to survive in the wild and therefore avoid the species 
completely dying out (becoming extinct). In your answer you should:

 • explain how difference in phenotype can aid survival of individuals
 •  explain why the less

and bite) may have a survival advantage for the species.
b. Explain how the survival of certain individuals in the wild within the Tasmanian devil 

population can change the ratio of aggressive to less aggressive types of Tasmanian 
devil within the species over time and relate this to the species avoiding extinction.

Mutations and variation
A mutation is a sudden chance change in a gene resulting in a change in the base 
sequence of the DNA.

Mutations therefore create new 
alleles. These new alleles are the 
source of genetic variation. If a 
new allele results in a successful 
variation (an adaptive feature), 
then the individuals with the 
new allele will survive and 
breed – resulting in the adaptive 
feature spreading throughout the 
population.

The original or ‘wild’ colour for budgies is green. The many colour variations seen 
in budgies today are the result of mutations in the gene for colour – there are now 

many different alleles for colour.

Mutations can occur during the formation of body (somatic) cells or during the formation 
of the gametes.

Mutations in genes occur randomly during DNA 
replication, and involve:
• the addition of a base(s) into the sequence of 

the DNA
• the deletion of existing base(s) from the 

sequence of the DNA
• the substitution of one base for another in the 

sequence of the DNA.
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Bacteria

Structure
Bacteria are very small, one-celled organisms, typically between 1 and 20 μm, and have 
one of four common shapes.

Bacilli
Bacilli (singular, bacillus) 
are rod-shaped, e.g. 
Salmonella typhimurium 
(the cause of typhoid).

Salmonella typhimurium

Cocci
Cocci (singular, coccus) 
are spherical, and may 
form:
• clusters – e.g. 

Staphylococcus 
(causes boils and 
pimples); or

• chains – e.g. 
Streptococcus 
(causes sore 
throats).

Staphylococcus

Streptococcus

Vibrios
Vibrios form bent rods, 
e.g. Vibrio cholerae 
(causes cholera).

Vibrio cholerae

Spirilla
Spirilla (singular, 
spirillum) are 
spiral-shaped, e.g. 
Treponema pallidum 
(causes syphilis).

Treponema pallidum

Those that do are said to be Gram positive, while those that do not are Gram negative.
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2. Broad bean plants are legumes. They have small swellings called nodules on 
their roots. Rhizobium bacteria live in the cells of the nodules. The plant provides 
protection and a supply of carbohydrates such as glucose for the bacteria, while the 
bacteria provide the plant with nitrogen.  

 a.  Explain the relationship between the broad bean plants and the Rhizobium bacteria.
 b. Explain why:
  i. the bacteria need carbohydrates such as glucose
  ii. the broad bean plant needs nitrogen.

 3. a.
 b.

4. The drawing shows a bacterial cell with the main structures indicated. For each of 
the structures labelled (a–h), give its name and function.

h g f e d

a

b

c

5.
your answer).

6. a.
 b.
 c.

7. a.
 b.
 c.
 d.

8. Lactobacillus

nutrient agar

metal loop

C
hapter 14
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5. Rice is an important commercial crop that grows well in tropical areas of the world 
where there is a high rainfall, such as India, China, Indonesia and Vietnam. Neck 
blast
crop. The fungus produces brown spots on the leaves that cause parts of the leaves 
to die. This reduces the amount of photosynthesis that the plant can carry out, and 
as a result, abnormal rice grains are produced, which cannot be eaten. The life cycle 
of the fungus is shown in the following diagram.

a.  Airborne spores 
land on rice leaves.

b.  The spores 
germinate and 
the fungus 
penetrates the 
leaf surface or 
enters the leaf 
through the 
stomata.

c.  The fungus grows; 
leaf spots appear 
after 4–5 days.

e.  Spores are released by 
dew or rain and are 
carried in the air 
to other plants.

d.  The fungus 
produces 
more spores.

and air temperature is between 25 °C and 28 °C.
 a. Explain why these conditions are best for spore release.
 b. Explain the type of relationship the fungus has with the rice plant.
 c. Explain:
  i. how the fungus obtains nutrients for growth (diagram c.)
  ii. the appearance of the fungus in diagram d.

 d. Management practices to control the fungus include the following.

harvested.
  •  Avoiding the use of nitrogen-based fertilisers that cause rapid lush leaf 

growth during warm, humid conditions.
  • Continuous removal of weeds.
  • Using seeds free of fungal spores.
  four management practices might help control 
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Activity 1A: Distance, time and speed (page 6)
1.  a. 8 000 m  b. 0.9 m  c. 3 h d. 1 800 s

2. a. v = d
t
 = 2 200

4
 = 550 m s–1  b. d = vt = 10  45 = 450 m

 c. t = d
v

 = 350
70

 = 5 h    d. d = vt = 1 800  1
2
  0.05 = 45 m

3. a. time = 0.25 h, v = 2.4 km h
 b.  distance travelled = 600 m (0.6 km) + 20 km = 20.6 km
  time taken = 60 minutes = 1 h
  v = 20.6 km h

4. a. 0.26 km, 0.5 km, 0.12 km b. 880 m, 0.88 km
 c. i. 5.2 km h   ii. 3.04 km h  iii. 54 s
  iv.  Jim travels the same distance as Jenny but he does it in less time so his speed 

must be greater.

5. a. i. 76 km h
  ii.  The information given simply states the total distance travelled and the time 

taken. This gives no information about what the speed is at any particular time.
 b. i. A bit less than 3 hours (2.9 h).

  ii. 1
2
 + 21

2
) = 3 hours, v = 73 km h

 c. 200 km
 d. i. distance travelled = 380 + 220 + 200 = 800 km, v = 67 km h
  ii.  They had two periods when they were not travelling, when time was carrying on 

but no distance was travelled. Thus the average speed over the whole journey 
is less than the speeds they were averaging in each section of the journey.

Activity 1B: Distance-time graphs (page 9)
1. a. i. C – the slope is greatest.  ii. A – the slope is least. 

  iii. B – the slope is zero.
 b. No. None of the graph lines are curved.

2. a. v = d
t
 = 20 – 10

4 – 2
 = 5 m s–1    b. 2.5 km h–1    c. 4 cm s–1

ANSWERS 
AND EXPLANATIONS
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Activity 10E: Genetic variation (page 176)
1. a.  Meiosis produces variation as it is chance how the homologous chromosomes line up 

then separate. This produces different combinations of chromosomes (and the alleles 
they carry) in the gametes formed. On fertilisation, offspring have a combination of 
chromosomes, and alleles, that is different from those of their parents and one another.

 b.  Fertilisation is a chance event as to which sperm (with its unique combination 
of chromosomes and alleles) fertilises the ovum (with its unique combination of 
chromosomes and alleles). An offspring has a combination of chromosomes and 
alleles from two different parents. This combination will not be the same as those 
of other children from these parents. Therefore, the children are different from one 
another and from their parents.

2. Your discussion needs to combine the information given in the answers to 1., then 
go on to say that no two humans are identical as there are almost unlimited ways the 
23 pairs of chromosomes can line up and combine in forming gametes. This variation 
in combinations of chromosomes/alleles is increased when the gametes from different 
parents fuse in fertilisation. The mathematical probability of two humans having the 
same combination of alleles is, therefore, very, very, very small.

 Identical twins have the same combination of chromosomes and alleles as they 
develop from the same zygote (after fertilisation of the ovum by the sperm).

3. a. 23 – each gamete has only half the normal chromosome number
 b.  46 – a zygote has half the chromosomes from the father (23) plus half from the 

mother (23); 23 + 23 = 46
 c.  46 – other than gametes, all human body cells have the normal chromosome 

number of 46

Activity 10F: Sex determination (page 178)
1. The two sex chromosomes determine sex. If X and X are present, you are female. 

If X and Y are present, you are male.

2. a.

  

Male fly Female fly

gamete formation gamete formation

eggssperm

gamete 1 gamete 2 gamete 3 gamete 4

b. i. 50%
 ii. 50%
c.  For the diagram in a.:  

Gamete 2 with either 
gamete 3 or gamete 4.

3. a. X    b. X or Y

4. The female gametes, the ova, can only have an X chromosome. Male gametes, the 
sperm, can have either an X or a Y chromosome. It is therefore the male gamete that 
determines the sex of the child – when an X sperm does the fertilising the child is 
female (XX), and when the Y sperm does the fertilising the child is male (XY).
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2. a. Type of exercise 
carried out 
by Katrina

Average

Initial heart rate 
at rest (bpm)

Heart rate after 3 minutes 
of exercise (bpm)

Skipping 68 130.7

Step-ups 68 129.3

Star jumps 68 145.3

Walking 68 85.0

b. 
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