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AS 91033

 MATHEMATICS AND STATISTICS 1.8 Internally assessed
3 credits

 Apply knowledge of geometric representations in solving problems

Nets of solids
A net is a 2-dimensional shape which can be folded 
up to make a 3-dimensional object.

Example 
1.  The net below folds up along the dotted lines to 

make a rectangular prism (a cuboid). 

cuboidnet

2.  The net below folds up along the dotted lines to 
make a square-based pyramid.

net square-based pyramid

In order to design packaging for products such as 
soap or chocolates, a net for the design will need to 
be drawn.

A grid of squares or isometric paper can be used in 
the drawing of a net.

Example 
A cake manufacturer produces circular cheesecakes 
with a diameter of 24 cm and a height of 5 cm. He 
has a special box designed for the cheesecakes – the 
net is as shown.

cake

The hexagon has a side length of 14 cm and the 
height of the box is 6 cm, to allow the cake to fi t in 
easily (with some clearance).

Note: Tabs for joining edges would be needed in 
practical use.

Polyhedra
 Polyhedra are solids with fl at faces, e.g. a cuboid. 
There are fi ve  regular polyhedra (all faces 
congruent):

•  Tetrahedron   (4 equilateral triangle faces)

•  Hexahedron   (cube)

•  Octahedron   (8 equilateral triangle faces)

•  Dodecahedron (12 regular pentagon faces)

•  Icosahedron   (20 equilateral triangle faces).

A net of a dodecahedron is shown below.

dodecahedron net 
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 Exercise A: Nets of solids
1. Name the solids whose nets are drawn below.

a. 

  

b. 

  

c. 

 

d. 

 

e. 

 

f. 

 

Ans. p. 41

g. 

  

h. 

  

i. 

  

2. Draw a net for each of the solids shown (not 
drawn to scale). Each square of the grid 
represents 1 cm.

a. 

3 cm

2 cm

1 cm 4 cm

1.5 cm
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Direction and location
One method commonly used 
to describe direction uses 
 compass points. The four 
main directions are north 
(N), south (S), east (E) and 
west (W). Directions between 
these main points are named 
as shown alongside. S

SE

NE

ESE

ENE

EW

N

NW
NNW NNE

WNW

WSW

SW
SSW SSE

Bearings
Another way of describing directions uses bearings. 
These are angles measured clockwise from north, 
expressed using three digits.

Example 
1.  The bearing of G from F is 050°, using three 

figures.

50°

G

F

N

2.  The bearing of B from A is 125° [N line drawn at A]

125°
A

B

N

3.  

140°
C

D

N

220°
C

D

N

  The bearing of D from C is 360° – 140° = 220°

4.

74°

C
D

N

286°

CD

N

 The bearing of D from C is 360° – 74° = 286°

 Exercise C: Direction and location

1. Give the bearing of the point X from A in each 
diagram.

a. A

S

45°

X

 b.     

A

N

X

45°

 

 

2. Use a protractor to fi nd the bearing of X from A.

a. 

A

X

N   b.       

A

XN

 

 
3. In each diagram a point, A, is shown. Locate 

the position of B if it is 

a. 2 cm from A on a 
bearing of 205°.

b. 2 cm from A on a 
bearing of 040°.

A

N

A

N

c. 2 cm from A in 
the direction 
NNW.

d. 2 cm from A on a 
bearing of 160°.

A

N

A

N

Ans. p. 45
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4. In each diagram, the bearing of B from A is 

given. Find the size of the angle x.

 Note that the drawings are not accurate so do 
not take measurements off them.

a. 120° A

Bx

N

b. 060° A
B

x

N

c. 250° 
A

B x

N

d. 290° 
A

B
x

N

5. The fi gure ABCD is a square with CB due 
North.

D C

A B

a. What is the bearing of C from A?

b. What is the bearing of A from C?

c. What is the bearing of A from D?

d. Using appropriate letters, what direction 
has the bearing

 i. 270°?

 ii. 235°?

 iii. 045°?

6. a.  If the bearing of P from Q is 300°, what is 
the bearing of Q from P?

b. If the bearing of P from Q is θ° where θ is 
an acute angle, what is the bearing of Q 
from P?

c. If the bearing of P from Q is θ° where θ 
is a refl ex angle, what is the bearing of Q 
from P?

7. The fi gure below is a regular hexagon with one 
side extended to show the direction of north.

B

A

North

C

a. What is the three-fi gure bearing of B from 
A?

b. What is the three-fi gure bearing of C from 
B?
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1.  Mansion House has a grid reference of 736284 

 •  736 is six tenths of a grid width (i.e. 12 mm) 
right of the grid line 73.

 •  284 is four tenths of a grid width (i.e. 8 mm) 
above the grid line 28

2.  Boyd’s Hill is 

 •  10 mm (i.e. 5 tenths) right of the 74 grid line 
so has horizontal grid reference 745 

 •   10 mm (i.e. 5 tenths) above the 28 grid line 
so has vertical grid reference 285

  So the grid reference for Boyd’s Hill is 745285.

The scale on the map above is 1:50 000, so 1 cm 
represents 50 000 cm which is 500 m or 0.5 km. 

Grid squares on the map have side length 2 cm, so 
each grid square represents a square of land of side 
length 1 km.

If the grid references of two points on the map are 
known, then the distance and bearing between the 
points can be worked out.

Example 
Q.  Find the distance and bearing of Boyd’s Hill, grid 

reference 745285 from Mansion House, grid 
reference 736284.

A.  The difference between the horizontal grid 

references is 745 – 736 = 9. This means 9
10

 of a 

grid width, an actual distance of

9
10

 of 1 km = 0.9 km. 

  The difference between the vertical grid 

references is 285 – 284 = 1. This means 1
10

 of a 

grid width, an actual distance of

1
10

 of 1 km = 0.1 km.

  By Pythagoras and trigonometry on the triangle 
shown:

0.1

0.9

d
bearing

N

M

B

 d2 = 0.92 + 0.12 

 d2 = 0.82

   d = 0.9055… [taking square root]

 tan θ = 0.1
0.9

 

 θ = tan–1 0.1
0.9

 θ = 6° (1 sig fi g)

 So angle of bearing is 90 – 6 = 84°

  The distance of Boyd’s Hill from Mansion House is 
910 m (2 s.f.) on a bearing of 084°.

 Exercise E: Grid references
1. Using the topographical map of Kawau Island:

a. Identify the features located by the 
following grid references:

i. 761306 

ii. 736298 

iii. 789265

iv. 787288

b. Give the grid references of the following 
features:

i. Stony Hill 

ii. Passage Reef 

iii. Pembles Island (Tangaroa)

 

iv. Fairchild Reef 

 

Ans. p. 46
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2. Use grid references from the topographical 

map of Kawau Island to fi nd the distance 
between:

a. Mt Taylor and Accord Point.

 

 

 

 

 

b. Mansion House and Kawau Point.

 

 

 

 

 

3 a.  Find the bearing of a direct line from 
Accord Point to Mt Taylor. 

 

 

 

 

b. A bird fl ies in a straight line from Kawau 
Point to Mansion House. What is its 
bearing?

 

 

 

 

4. A running course is in the shape of a right-
angled triangle. Grid references relative to 
a school are used to describe points on the 
course.

600 m

Tree (324798) Rock

Start (324548)

N

 The start point has grid reference 324548. This 
means that the start is 324 m east and 548 m 
north of the school.

 The tree at the fi rst turn is due north of the 
start point and has grid reference 324798.

 The large rock at the second turn is 600 m east 
of the tree at the fi rst turn.

a.  Give the grid reference for the rock at the 
second turn.

 

b.  Find the length of the course. 

 

 

 

 

 

5. a.  Draw a diagram for this situation in the 
space below.

   Kate uses a map of New Zealand whose 
scale is 1:12 000 000. She measures that 
Christchurch is 6 cm south and 1.7 cm 
west of Auckland. 
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7. An altitude of a triangle is a line from a vertex 
which is perpendicular to the opposite side. 
The orthocentre of a triangle is the point 
where the three altitudes of the triangle meet. 
Construct the orthocentre of the triangle 
drawn here. (It may help to extend the sides of 
the triangle when doing the construction with 
your compasses.)

Constructing angles and 
parallel lines

Constructing angles
An  angle bisector is a line which divides an angle 
into two equal parts.

Angle bisector
A

B

X

Y C

W

Angle ABC is to be bisected. 

From B construct arcs of equal radius cutting AB 
at X and BC at Y. 

From X and Y draw arcs of equal radius 
intersecting at W. Join WB.

WB is the angle bisector of angle ABC.

Constructing a 60° angle
An angle of 60° can be constructed accurately using 
a compass.

Constructing a 60° angle

A P B

60°

Q

A line segment AB is drawn.

From A draw a long arc cutting AB at P. 

From P draw an arc of equal radius cutting the 
fi rst arc at Q.

Angle QAP is 60° since triangle QAP is equilateral.

Other angles which can be easily constructed are: 
• 90° (construct a perpendicular)

• 30° (bisect a 60° angle)

• 45° (bisect a 90° angle)

Constructing parallel lines 
 Parallel lines have the same direction. The following 
two parallel line constructions need to be known: 

A line through a point parallel to a given line

A

B

P

R

Q

Arcs of radius equal to AP are drawn from A 
(cutting AB at Q) and from Q and P (intersecting 
at R). 

Since APRQ is a rhombus, it follows PR and AB 
are parallel.

A line parallel to a given line and at a given 
distance from it

A B

P Q

Construct perpendicular lines at A and B. Open 
compass to given distance. From A mark P on the 
perpendicular (so that AP is the given distance). 
Repeat at B, so BQ is given distance. Join PQ (the 
required line).
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 Exercise G:  Constructing angles and 

parallel lines
1. a.  Construct a 60° angle at B. Label the 

angle PBA.

A B

b. Bisect angle PBA to create a 30° angle 
QBA at B.

2. a.  The line AB is drawn below. Construct a 
triangle ABC which is isosceles and 
right-angled at A. 

A

B

b. Give instructions so that someone could 
follow your method and create the 
triangle you constructed in a.

 

 

 

 

 

 

 

 

 

 

Ans. p. 47

3. A parallelogram ABCD is to be constructed 
using the AB line and the point C shown 
below.

A

C

B

a. Construct a line parallel to AB and passing 
through C.

b. Open the compasses to a radius of length 
AB and use this to mark the point D, left 
of C on the parallel line constructed, so 
DC = AB.

c. Join ABCD to construct the parallelogram.

4. a.  Construct a 45° angle at P and a 45° angle 
at Q. (Hint: Construct a perpendicular at P 
(and Q) then bisect the 90° angle.)

P Q

b. Mark the point R where the ray from 
P meets the ray from Q. What type of 
triangle is PQR?

 

5. The line segment AB is 3 cm long.

a. Construct the rectangle ABCD which 
is 2 cm by 3 cm by constructing 
perpendiculars at A and at B and marking 
a 2 cm length on each.

A

B
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10. A wire AB of length 8 metres is set up on a 
lawn so that it is staked at each end. The wire 
passes through a ring that is fastened to one 
end of a dog’s chain so that the dog is free to 
roam in the garden so long as it is connected 
to the wire by its chain of 2 metres.

 Carefully construct the region over which the 
dog can move. Choose a suitable scale for your 
construction given that AB is 8 metres long.

A B

11. APB is an arc of a circle.

A

B

P

a. Construct the perpendicular bisector of AP.

b. Construct the perpendicular bisector of PB.

c. Use your constructions to locate the 
centre of the circle, O.

d. Construct all the points that are 0.5 cm 
from the arc AB.

12. A line segment AB is shown. Draw the locus 
of points that are at least 1 cm from AB and at 
most 2 cm from the point O.

A

O

B

13. The diagram is a scale drawing of a rectangular 
paddock of length 80 metres and width 
60 metres. Scale: 1cm = 10 m.

 

H
edge

 Along the longer side of the paddock there is a 
privet hedge, and there is an apple tree at the 
mid-point of a shorter side, as shown by the 
dot in the circle on the top edge of the fi gure.

 A goat is tethered to a stake somewhere in the 
paddock or the edge of the paddock, with a 
chain 50 metres long.

 Use ruler and compasses to construct a point 
where the stake could be put in order to give 
the goat the greatest area of the paddock 
to graze but not eat the hedge and only just 
reach the tree.
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Conics and loci
The three curves parabola, ellipse, and hyperbola 
are known as conics. These curves can be drawn 
using loci. You will need a square grid and 
compasses.

Example
Q.  There is a straight beach and a diving platform 

(D) situated 600 metres from the beach. Draw 
the locus of points of a swimmer who is the 
same distance from the beach as she is from 
the diving platform. The swimmer doesn’t 
swim beyond the diving platform (i.e. stays at 
most 600 m from beach) Lines on the grid are 
100 metres apart.

Beach

D

A.  One obvious point is the point halfway between 
D and the beach (300 m from the beach and 
300 m from D). Using arcs of circles to measure 
the distances from D, eight more points are 
marked on the fi gure. These points are 350 m, 
400 m, 500 m and 600 m from the beach and 
the diving platform.

  For example, draw an arc of radius 400 m from 
centre D, and mark the two points where it 
meets the horizontal line 400 m from the beach 
(see fi gure).

  The nine points are joined with a smooth curve. 
This curve is a parabola.

Beach

D

 Exercise J: Conics and loci
For the following questions use the beach and the 
diving platform used in the scale drawing in the 
previous example. The diving platform is further 
from the beach because the tide has come in!

1. Draw the locus of points showing the position 
of the swimmer so that she is twice as far from 
the diving platform as she is from the beach. 
This curve is a hyperbola.

Beach

D

2. Draw the locus of points showing the position 
of the swimmer so that she is twice as far from 
the beach as she is from the diving platform. 
This curve is part of an ellipse.

Beach

D

Cartesian coordinates
This is a system which uses an ordered pair of 
numbers (x,y) to describe the position of a point 
in a plane, according to its distances from two 
perpendicular number lines, called axes.

• x gives the position of the point relative to the 
horizontal axis (the x-axis)

• y gives the position of the point relative to the 
vertical axis (the y-axis)

The point is said to have coordinates (x,y). The 
point where the two axes meet is called the origin, 
and its coordinates are (0,0).

Ans. p. 53
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 ANSWERS

 Exercise A: Nets of solids (page 2)

1. a. cube b. octagon-based pyramid

 c.  tetrahedron (equilateral triangle-based 
pyramid – all faces congruent)

 d. right-angled triangle-based prism

 e. cylinder

 f. isosceles trapezium-based prism. 

g. pentagon-based pyramid.

h. cone.

i. square-based pyramid.

2. a.

 b.

 c.

 d.

 e.
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