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MatheMatics and statistics 2.12 Externally assessed 
4 credits

Apply probability methods in solving problems

Basic probability
An event is an outcome or set of outcomes in a 
probability experiment.

The probability of an event is a measure of the 
likelihood of that event occurring. Probabilities lie 
between 0 and 1.
• An impossible event has probability zero.
• The more unlikely an event is, the closer its 

probability is to 0.
• A certain event has probability 1.
• The more likely an event is, the closer its 

probability is to 1.

For equally likely outcomes, the probability of an 
event is equal to the number of outcomes in the event 
divided by the total number of outcomes.

Examples
When a fair die is rolled, the sample space has 
six equally likely outcomes {1, 2, 3, 4, 5, 6}.

1. Each of the six numbers has a probability of 
 1

6
 of occurring.

2. There are two numbers which are greater 
than 4 (i.e. 5 and 6) so the probability of a 

 number greater than 4 is 2
6

 or 1
3

.

Relative frequency
If a selection is made ‘at random’ from a group, then 
each member of the group is equally likely to be 
chosen.

The probability of a particular event, A, is written 
P(A). This probably is worked out using relative 
frequency (the number of occurrences of the event is 
divided by the total number of possible occurrences). 
A relative frequency is also called a proportion.

Two-way tables
A two-way table has rows which represent one 
category variable (such as male/female), and 
columns which represent another category variable 
(such as sports choices).

Example

On an activities day, 670 students signed up for 
one of three summer sports.

The 2-way (contingency) table shows their 
choices.

Tennis Swimming Cricket Totals

Boys 120 90 140 350

Girls 150 80 90 320

Totals 270 170 230 670

A student is chosen at random. Find the 
probability that the student:

1. is a boy who plays tennis
2. chose tennis or cricket
3. is a girl
4. is not a cricketer.
Solution
1. P(student is a boy who plays tennis) = 120

670
 120 boys play tennis

2. P(student chose tennis or cricket) = 500
670

 270 + 230 = 500 chose tennis or cricket

3. P(student is a girl) = 320
670

 320 students are girls

4. P(student is not a cricketer) = 440
670

 670 – 230 = 440 did not choose cricket
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Conditional probability problems involve a restriction 
on the group from which selections are being made, 
so that the number of possible outcomes is reduced.

Example

Customers in a shop buy items for themselves 
or as a gift. A record is kept for a week.

Self Gift Total
Male 23 72 95
Female 78 143 221
Total 101 215 316

1. A male customer is chosen at random:

 P(male buys gift) = 72
95

2. A gift-buying customer is chosen:  
P(gift-buyer is female) = 143

215

A two-way table may be drawn up with probabilities, 
rather than frequencies, given in each category. Take 
care with these probabilities as they are effectively 
conditional probabilities.

In order to work out an overall probability, when 
a selection is made from the entire group, you will 
need to work out the actual numbers (rather than 
proportions) in each category.

Example
Q. There are 200 females and 100 males 

working in a factory. The body mass index 
(BMI) was worked out for each person in 
the factory. Each person was then classified 
as underweight (BMI below 19), normal 
weight (BMI 19–25) or overweight (BMI 
over 25).

 The table shows the proportions of people 
in each category by gender.

Underweight
Normal 
weight Overweight

Male 0.04 0.35 0.61

Female 0.06 0.41 0.53

 Find:
1.  the percentage of male workers who 

are overweight
2.  the percentage of female workers in a 

normal weight range
3.  P(a worker is underweight if worker is 

female)
4. P(a worker is underweight)
5.  the percentage of workers in the 

factory who are overweight.

A. Reading directly from the table gives the 
following.
1.  61% (0.61) of male workers are 

overweight.
2.  41% (0.41) of female workers are in a 

normal weight range.
3.  P(worker is underweight if worker is 

female) = 0.06.
4.  There are 100 male workers, so there 

are 0.04 × 100 = 4 underweight 
males, and there are 200 female 
workers so there are 0.06 × 200 = 12 
underweight females, making a total of 
16 underweight workers in the factory.

  There are 100 + 200 = 300 workers in 
the factory, so if a worker is selected at 
random, P(worker is underweight)

 = 16
300

 = 4
75

 or 0.0533

5.  The percentage of workers in the 
factory who are overweight is 

 P(worker is overweight)

 = 0.61 × 100 + 0.53 × 200
300

 = 167
300

 × 100%

 = 55.7% (1 d.p.)
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Exercise A: Basic probability

1. Two fair dice are rolled 
together and the 
numbers added.

a.  Complete the table showing the 
set of all 36 possible outcomes.

1 2 3 4 5 6

1 2 3 4 5 6 7

2 3 4 5

3 4

4 5

5 6

6

b.  When two dice are rolled and the numbers 
added, use the table to work out the 
probability that the sum is:

 i. equal to 6

 ii. equal to 13

 iii. an odd number

 iv. less than 5

 v. more than 7

 vi. less than 13

 vii. a multiple of 3.

c.  Ben said that getting a sum of 4 has the same 
chance as getting the sum of another number.

 What is this other number?

Answers
p.  328

2. Amy carried out a week-long survey of customers 
who bought items in her shop. She had a total of 304 
customers during the week, of which 115 were male.
a. What proportion of customers were male?

b.  Estimate the probability that the next 
customer in her shop is female.

c.  Why is your answer to part b. only an 
estimate? Discuss how confident you are that 
this is a good estimate of the actual likelihood 
that the next customer is female.

3. A shop takes orders for dining tables, which come 
in three sizes and two colours.

Small Medium Large Total

Black 28 45 37 110

Brown 36 51 48 135

Total 64 96 85 245

 An order is selected at random. Find the 
probability it is for:

 a. a small black table

 b. a medium table

 c. a brown table.

4. A business has a staff of 360. Each employee 
works in the factory or the office. Of the 240 
factory workers, 60% are male. 75% of the office 
workers are female.
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a. Put this information in a table.

Factory Office

Male

Female

b. An employee is selected at random. What is 
the probability it is:

  i. a male office worker?

  ii. a female factory worker?

  iii. a male?

  iv. an office worker?

5. At a tennis tournament juniors, intermediates and 
seniors play morning or afternoon games.

Morning Afternoon Total

Junior 30 50 80

Intermediate 40 64 104

Senior 36 60 96

Total 106 174 280

a.  A junior player is selected. Find the probability 
they played a morning game.

b.  A morning player is selected. Find the 
probability the player is not an intermediate.

c.  A non-senior player is selected. Find the 
probability the player is not an intermediate.

d.  Find the probability that if an afternoon player 
is selected, it is a junior.

 

6. Ferntree Highschool has 500 girls and 400 boys 
who walk to school. The proportions of students 
who walk certain distances to school are shown in 
the table by gender.

Less than 
1 km 1–2 km

More than 
2 km

Girls 0.62 0.34 0.04

Boys 0.55 0.42 0.03

 Find the following probabilities for this group of 
students who walk to school:
a.  P(distance walked to school is less than 1 km 

given that the student is a girl)

b.  P(distance walked to school is 2 km or less 
given that the student is a boy)

c. P(student walks more than 2 km to school)

d.  P(student is a girl, given that the student 
walks 1–2 km to school).

7. In a school of 1 680 students, the ratio of juniors to 

 seniors is 3:2. 4
9

 of the junior students are female, 

 and 55% of the school is male. A student is 
chosen at random. What is the probability the 
student is a senior female?
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Expected numbers
An expected number is the number in a group 
which would be expected to have a particular feature 
or characteristic.

Suppose a sample of size n is taken from a population 
in which the probability of having a certain 
characteristic is p. Then the expected number in the 
sample with this characteristic is

expected number = np

For example, a darts player 
hits the bulls-eye on 5% of his 
throws. 

If he throws 60 times, he would 
expect 5% of 60 = 3 bulls-eyes.

Example
In a certain population, the probability of a 
person working in a manufacturing job is 0.23. 
How many people in a random sample of 270 
people from this population would be expected 
to work in manufacturing?

Solution
Expected number = 270 × 0.23
  multiplying number in sample by the probability 
 = 62.1

Therefore about 62 or 63 people in such 
a sample would be expected to work in 
manufacturing.

Note: The ‘exact’ answer of 62.1 results 
from long-run averaging, and is interpreted 
practically by rounding to the adjacent whole 
number(s).

Exercise B: Expected numbers

1. In a city, 25.6% of the citizens are of Asian origin. 
A random sample of 2 500 citizens is sampled 
from the city. What is the expected number of 
Asians in the sample?

2. The ratio of boys to girls in a school is 5:4. 
Students with names beginning with the letters 
A–G are selected from the roll. If there are 735 
students in this group, how many of them would 
be expected to be girls?

3. 5
8

 of Dan’s serves in tennis go in. One day Dan

 played ten games in which he served a total of 47 
times. How many serves would Dan expect to go 
in?

Answers
p.  328

4. 78% of customers at a supermarket spend more 
than $20 per visit. In one morning, 236 customers 
shopped at the supermarket. How many of these 
customers would be expected to spend less than 
$20?

5. In the USA, 3.8% of vehicles have vanity plates 
(personal number plates). In Canada, 2.9% of 
vehicles have vanity plates.  How many more 
vanity plates per thousand cars would be expected 
in the USA than in Canada?
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6. The expected number of tertiary-educated parents 
in a group of 94 parents in a school is 45. What 
percentage of parents in the school is tertiary 
educated?

7. 15% of passengers on an airline travel for 
business reasons. A randomly selected group of 
passengers is surveyed and it is found that 9 of 
them are business travellers. What would you 
expect to be the size of the survey group?

8. In a group of 1 275 people, it is expected that 
1 084 will have a blood type that is rh-positive. 
What is the probability a person has a blood type 
that is not rh-positive?

9. Amy claims that 2 out of every 3 of her shots 
at goal are successful. In one practice session, 
Amy was successful in 51 out of her 80 attempts. 
Discuss whether or not you agree with Amy’s 
claim about her success rate. Give reasons.

10. 30% of customers buy a newspaper at Beachlands 
shop. One day the shop sells 48 newspapers. How 
many customers would you expect to have visited 
the shop that day?

Risk and relative risk
When an event is viewed in a negative way, then its 
probability of occurring may be referred to as risk.

Example
At the end of an assessment, students were 
asked to tick a box indicating whether the time 
they had spent preparing for the assessment 
was less than 3 hours or at least 3 hours. The 
table shows examination results in these two 
categories.

Result
< 3 

hours
≥ 3 

hours Total

Achieved 89 145 234

Not achieved 28 32 60

Total 117 177 294

Based on this sample:

1. the overall risk (probability) of not achieving 
is 60

294
 or 0.204

2. the overall risk per 100 students of not 
achieving is 0.204 × 100 = 20.4

3. for students with less than 3 hours 
preparation, the risk of not achieving is 28

117  
or 0.239

4. for students with at least 3 hours 
preparation, the risk of not achieving is 32

117  
or 0.181.

As can be seen, reduced preparation increases 
the risk of non-achievement.

Relative risk is calculated to compare the risk of an 
event for one group with the risk of that event for a 
second group. Relative risk can be written in ratio, 
fraction or decimal form.
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Relative risk is not a probability, it is the comparison 
(by division) of two probabilities and so can take on 
any positive value (including values greater than 1).

Note: The risk for the second group may be referred 
to as the base-line risk (the risk for this group forms 
the denominator of the relative risk fraction).

Example

In the preceding example, comparing the risk of 
non-achievement for the ‘< 3 hours’ group with 
the risk of non-achievement for the ‘≥ 3 hours’ 
group (the base line group) gives

relative risk = 0.239
0.181

 
risk for < 3 hours
risk for ≥ 3 hours

 = 1.32 (2 d.p.)

The risk of failing for the ‘< 3 hours’ group is  
1.32 times the risk of failing for the ‘≥ 3 hours’ 
group.  
In other words, the group of students with 
fewer than 3 hours preparation had a 32% 
higher chance of non-achievement than the 
group of students who studied for 3 hours or 
more.

Note: In reverse, the relative risk for the ‘≥ 3 
hours’ group compared with the ‘< 3 hours’ 

group is 0.181
0.239

 or 0.76 (2 dp), so the risk of non-

achievement for the ‘≥ 3 hours’ group is 76% of 
the risk of non-achievement for the ‘< 3 hours’ 
group.

Exercise C: Risk and relative 
risk
1. A pilot study investigated if people showed some 

symptoms of a disease.

No symptoms Symptoms Total

Male 251 44 295

Female 138 51 189

Total 389 95 484

a.  What proportion of people in the study 
showedno symptoms?

b.  What proportion of people in the study who 
showed symptoms were female?

c.  What is the risk of showing symptoms for 
males in this study?

d. What is the risk of showing symptoms for 
females in this study?

Answers
p.  328

e.  Show that the risk of showing symptoms for 
people in this study is approximately one out 
of five.

f.  Using the results from the pilot study, how many 
people would you expect to show symptoms 
of the disease if a survey was carried out on 
a similar group of 3 000 people?

g.  Find the relative risk of showing symptoms for 
males compared to females.

h.  Find the relative risk of showing symptoms for 
females compared to males.
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2. A college offers a course which can be studied at 
the college, by attending lectures, or remotely, 
using technology. The table shows the pass rate 
for students using these options.

Lectures Remote Total

Pass 177 94 271

Fail 70 44 114

Total 247 138 385

a. What is the overall risk of failing the course?

b. What is the risk of failing for students who 
attend lectures at the college?

c. What is the risk of failing for students who 
study remotely?

d. What is the relative risk of failing the course 
for students who study remotely compared 
to risk of failing the course for students who 
attend lectures at the college?

e. A student wants to know if a pass is more 
likely for students who attend lectures. What 
would you tell this student?

3. A travel insurer investigated a random sample of 
935 travellers to Europe or Asia in the previous 
year, to see if they had made a claim on their 
insurance policy after their trip.

Europe Asia Total

Claim 15 38 53

No claim 373 509 882

Total 388 547 935

a. What is the overall risk of an insurance claim?

b. What is the risk of an insurance claim for a 
traveller to Europe?

c. What is the risk of an insurance claim for a 
traveller to Asia?

d. The claim is made that, for this company, a 
traveller to Asia is twice as likely to make an 
insurance claim as a traveller to Europe is to 
make a claim. State with justification whether 
you agree with this claim.

e. In 2016 there were 13 604 travellers to Asia 
who insured with this company. How many 
travellers insured with this company would be 
expected to have gone to Europe and made a 
claim in 2016?

4. People who suffered from insomnia (inability to 
sleep) at least three times per month took part 
in a trial in which two types of natural therapy 
were tested, to see if they brought about an 
improvement in this condition. Each person was 
treated using either Therapy A or Therapy B. The 
numbers taking part are shown in the following 
table.
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Number of people taking part in the 
insomnia therapies trial

Male Female Total 
Therapy A 24 31 55
Therapy B 19 27 46

Total 43 58 101

 The number of people who still have the condition 
(i.e. still suffer from insomnia at least three times 
per month) after the treatment is shown in the 
table below.

Number of people still suffering from the 
condition after the trial

Male Female Total 
Therapy A 12 14 26
Therapy B 10 17 27

Total 22 31 53

a. What is the overall risk of a person still 
suffering from the condition after taking part 
in the trial?

b. What is the risk of a person who had  
Therapy A still suffering from the condition 
after taking part in the trial?

c. What is the risk of a woman still suffering 
from the condition after taking part in the 
trial?

d. What is the relative risk of a man still suffering 
from the condition after taking part in the 
trial compared with the risk of a woman still 
suffering from the condition after taking part in 
the trial?

e. What is the relative risk of a person still 
suffering from the condition after Therapy A 
compared with the risk of the person suffering 
from the condition after Therapy B?

f. A female is given the choice of being treated 
using Therapy A or Therapy B. What would 
you advise? Support your answer with 
probability calculations.

5. In a European study it was found that the risk of 
developing lung cancer was as shown in the table 
below.

Non-
smoker

Smoker 
(at least 5 per day)

Male 0.2% 24.4%

Female 0.4% 18.5%

 Calculate the relative risk of:
a. a female non-smoker developing lung cancer 

compared with the risk of a male non-smoker 
developing lung cancer

b. a male smoker developing lung cancer 
compared with the risk of a male non-smoker 
developing lung cancer.
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Probability trees
Tree diagrams are useful for displaying sequences of 
events and their associated probabilities.
• Each individual set of branches in a tree diagram 

has a total probability of 1.
• Multiply along the branches to get the probability 

of intersections of events (one event AND 
another).

• Add between branches to get the probability of 
unions of events (one event OR another).

Example
In an amusement park, 70% of the customers 
are children. 60% of adults and 80% of children 
coming to the park buy a drink. (Assume that no 
visitor buys more than one drink.)
1. Find the probability that a randomly 

selected visitor to the park is a child who 
buys a drink.

2. Find the probability that a 
randomly selected visitor to 
the park does not buy a drink.

3. Find the probability that a 
randomly selected visitor is not 
an adult who buys a drink.

4. Find the expected number of the next 
500 visitors to the park who buy a drink.

Solution
The tree for this situation is drawn below.

0.7

0.3
A

C

0.8

0.2 D’

D

0.6

0.4 D’

D

CD

CD’

AD

AD’

Outcome

Key: C (child), A (adult), D (buys at least one 
drink), D’ (does not buy a drink)

1. The probability a randomly selected visitor 
is a child and buys a drink is

 P(C and D) = 0.7 × 0.8
 AND so multiply along branches
  = 0.56

2. The probability a randomly selected visitor 
does not buy a drink is

 P(not buying a drink)  = P(CD’ or AD’)
 = P(CD’) + P(AD’)

 OR so add between branches 
 = 0.7 × 0.2 + 0.3 × 0.4
 = 0.14 + 0.12
 = 0.26
3. P(not adult who buys drink) 

= P(CD or CD’ or AD’)
 = 0.7 × 0.8 + 0.7 × 0.2 + 0.3 × 0.4
 = 0.56 + 0.14 + 0.12
 = 0.82
 Note: It would be simpler to use the 

complementary event:
 P(adult who buys a drink) = 0.3 × 0.6
   = 0.18
 So,
 P(not adult who buys drink) = 1 – 0.18
   = 0.82
 as before.
4. The expected number of children in a group 

of 500 is 0.7 × 500 = 350, so the expected 
number of adults is 150.

 Expected number of drinks for 350 children 
is 350 × 0.8 = 280.

 Expected number of drinks for 150 adults is 
150 × 0.6 = 90.

 In total, the expected number of drinks is 370.
 Alternatively, in order to find the expected 

value, multiply the total number of visitors 
by the probability that a visitor has a drink.

 P(visitor buys a drink)
 = 0.7 × 0.8 + 0.3 × 0.6

 adding between branches 
 = 0.74
 Hence the expected number of visitors in a 

group of 500 who would buy a drink is 
500 × 0.74 = 370.
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answers

Achievement Standard 91256
Exercise A: Midpoint of a line segment (page 2)
1. a. (8,7)    b. (–4,–1)   c. (3,–0.5)  

 d. (0,4)    e. (4,2)   f. (0.5,–6.5)

2. a. (0,–7)    b. (3,3.5)   c. (0,0)  d. (–2,–3)

3. (1,0)

4. a. (10.4,17)   b. (13.3,18.6)

5. Midpoint AC is (1
2

, –1
2

); midpoint BD is also (1
2

, –1
2

) so diagonals bisect 
each other.

6. (5 1
4

,33
4

)

7. (7,–4)    8. (2,–7)

Exercise B: Distance between points (page 5)
1. a. 4.2     b. 5.1    c. 4.5

2. a. 10     b. 13.6   c. 19.1    d. 4.4

3. 149

4. Centre (–5,0) radius 9

5. B by 0.25

6. 41.23 m (2 d.p.)

7. a. and c. are both isosceles.

8. Right-angled since sides obey Pythagoras (10 + 40 = 50).

9. 7.28 (2 d.p.)

10. a = 0.9

Exercise C: Gradient of a straight line (page 8)

1. a. 4
5

    b. – 1
6

     c. – 3
4

    d. 0

 e. Undefined

 f. Gradient AD = 5
3

, gradient BG = 2; so BG is steeper.

2. a. 1
3

    b. –1     c. 2   d. 1

3. a. 5
6

    b. 12
5

 or 2 2
5

   c. 1   d. 0

 e. – 3
5

    f. 1     g. – 1
3

4. CD and EF     5. –2    6. – 1
3

7. a. Collinear    b. Not collinear  c. Collinear

Exercise D:  Gradient-intercept form of equation of a 
straight line (page 11)

1. a. 3       b. –2

c. 1
2

       d. – 4
5

e. 2       f. –1

g. 0       h. 1

2. a. y = –2x + 4    b. y = 3x + 1

 c. y = x – 2     d. y = 1
2

x

 e. y = –2x + 4    f. y = –x – 2

 g. y = –1
2

x + 3

3. a. y = –2x + 1    b. y = x + 2

 c. y = – 1
2

x     d. y = – 4
3

x + 4

 e. y = 3
2

x – 3     f. y = 1

4. a. Line passing through (0,1) and (1,3)

 b. Line passing through (0,–2) and (1,–4)

 c. Line passing through (0,3) and (2,4)

 d. Line passing through (0,0) and (4,–3)

5. a. i. y = –x + 4  ii. y = 2x + 3

  iii. y = 1
4

x + 2 iv. y = –2x – 4

 b. i. Line passing through (0,4) and (1,3)

  ii. Line passing through (0,3) and (1,5)

  iii. Line passing through (0,2) and (4,3)

  iv. Line passing through (0,–4) and (–1,–2)

6. a. y = –2x + 4,  gradient = –2

 b. y = 5
2 x – 4,  gradient = 5

2

 c. y = 4x – 2,  gradient = 4

 d. y = – 2
3

x – 2,  gradient = – 2
3

7. 8
21

 square units

Exercise E: Parallel and perpendicular lines (page 14)
1. a. 2    b. –3    c. –1

 d. 0    e. – 1
4

    f. 2
3

2. a. – 1
5

    b. 1
2

    c. – 2
3

 d. 4    e. – 3
2

3. A, B and D are parallel and C is perpendicular to them.

4. a. y = –2x + 3  b. y = – 4
3

x – 2

5. 2
5

 or 0.4

6. Gradient PQ = –2, gradient QR = 1
2

 so product = –1 and PQ⊥QR. 

 Also, length PQ = length QR = 20

Exercise F: Equations of straight lines (page 16)
1. a. y = 2x – 1 or 2x – y – 1 = 0

b. y = –x – 1 or x + y + 1 = 0

c. y = 1
2

x or x – 2y = 0

d. y = 2
3

x + 1 or 2x – 3y + 3 = 0

2. a. y = x + 3 or x – y + 3 = 0

b. y = –2x + 4 or 2x + y – 4 = 0

c. y = 5
3

 x + 23 1
3

 or 5x – 3y + 70 = 0

d. y = –x – 8 or x + y + 8 = 0
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3. a. y = 5x + 4 or 5x – y + 4 = 0

b. y = –3x + 25 or 3x + y – 25 = 0

c. y = –x + 3 or x + y – 3 = 0

d. y = –2x or 2x + y = 0

4. a. y = –x + 6 or x + y – 6 = 0

b. y = 3x or 3x – y = 0

c. y = x – 5 or x – y – 5 = 0

d. y = –1
2

x + 5 or x + 2y – 10 = 0

5. y = – 3
2

x + 7

6. y = 1
2

x – 3

7. a. k = 3.4     b. x = 1

c. No, since AB = 3, BC = 3.842, AD = 5.099; so adjacent sides are 
not equal in length.

8. 4x + 3y + 9 = 0

9. 26x + 28y – 463 = 0 or y = – 13
14

x + 1615
28

Exercise G:  Point of intersection of two straight 
lines (page 19)

1. a. (3,4)   b. (2
5

, 2
5

)  c. ( 4
5

,3)  d. (1,–2)

2. (1,1)

3. (1.5,1.5) 

4. (3,17)

5. Lines meet at (4,1) as required.

6. a. Concurrent (3,2)

b. Not concurrent

c. Concurrent (4,–4)

7. (6,11)

8. 180 or 13.42 (2 d.p.)

Exercise H: Medians, perpendicular bisectors and 
altitudes (page 23)
1. a. y = –x – 1 or x + y + 1 = 0

b. y = 0.5x – 2.5 or x – 2y – 5 = 0

c. x = 1 or x – 1 = 0

d. (1,–2)

2. a. y = 4
3

x – 4 1
3

 or 4x – 3y – 13 = 0

b. y = 1
4

x – 1
2

 or x – 4y – 2 = 0

c. y = –3x + 11 or 3x + y – 11 = 0

d. (46
13

, 5
13

)

3. a. y = 2x + 5 or 2x – y + 5 =0

b. y = –3x + 15 or 3x + y – 15 = 0

c. y = –1
2

 x + 10 or x + 2y – 20 = 0

4. y = – 3
2

x + 123 or 3x + 2y – 246 = 0

5. y = 3.5x – 34 or 7x – 2y – 68 = 0

6. a. 13x + y = 113

b. x – 3y = 11

c. (8.75,–0.75)

Exercise I:  Problem solving with coordinate geometry  
(page 26)

1. a. (–2.5,0)    b. 35.7 m (1 d.p.)   c. – 11
15

 d. y = –6x – 15  e. y = –3x + 60

 f.  Gradient AB = 1
5
, gradient PQ = –6; product of gradients is not 

  –1 so lines are not perpendicular.

 g. y = – 5
4

x – 17  h. QP is shorter.

2. a. d = (–4 – –10)2 + (–6 – 4)2

   = 36 + 100

   = 136

   = 11.7 m (1 d.p.)

b. gradient = 6 – 4
9 – –10

   = 2
19

c. Midpoint = –10 + –4  –6 + 4
       2             2

,

     = (–7,–1)

d. Equating rules gives:

 2x – 2 = –1
2

x + 3

 2.5x = 5  rearranging and simplifying

 x = 2

 y = 2 × 2 – 2 substituting x = 2 in y = 2x – 2

  = 2

 BB has coordinates (2,2)

e. y = –1
2

x + 3 has gradient –1
2

 comparing with y = mx + c

 So, gradient of perpendicular is 2 product of gradients is –1

 Footpath has gradient 2 and passes through (6,–4) so equation is:

  y – –4 = 2(x – 6) 

  y + 4 = 2x – 12 expanding

  y = 2x – 16 rearranging

3. (6,12) 

4. 24.5 or 4.95 (2 d.p.)

5. a. 7  b. 18

6. 5  or 2.236 (3 d.p.)

Achievement Standard 91257
Exercise A: Functions and their graphs (page 30)
1. a, c are functions.

2. a.

x –3 –2 –1.5 –1 –0.5 0 1

y 6 3 2.25 2 2.25 3 6

 b. y

x

1
2

3

4

5
6

–1–2–3 1 2

c. Yes (vertical line test).

substituting in y – y1 = m(x – x1)
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