
MEASURING SPACE: ACCURACY AND 2D GEOMETRY

Chapter review
1 (Group) work) Make a list of 10 human 

activities that are impossible to perform 
without measuring. Share the list with 
your peers. Discuss in your small group 
why measurement matters and how 
measuring and measurements are used in 
these activities.

2 Find the value of the following algebraic 
expressions when a - 1.25 and b = 3.365. 
Give your answers correct to 3 sf.
a 2a + 2b 
k y/a + b

ab

c \la2 +b2 - 2ab

3 Researchers at Ghent University in 
Belgium have etched a tiny world map (on 
a scale of 1 to one trillion) onto an optical 
silicon chip. They reduced the Earth's 
40000 km circumference at the equator 
down to 40 micrometres, or about half the 
width of a human hair, to fit it on the chip, 
a Using scientific notation, write down

the length of the Earth's circumference 
as represented on the chip, 

b Find how many times bigger the
Earth's circumference is compared to its 
length on the chip.

4 In 2008, the European Union set a carbon 
emissions target of 130 grams of CO, per 
km for passenger cars. Assuming all cars 
met this regulation, calculate the upper 
and lower bounds of the amount of CO, 
in grams that would have been released
if people used cars to travel a distance 
equivalent to the total circumference of 
the Earth, 40 000 km.

5 We used the relationship between the 
squares built on the sides of a right-angled 
triangle to discover the Pythagorean 
theorem. Does the same relationship apply 
if we draw semicircles on the sides of the 
right-angled triangle? Find the area of 
each semicircle shown in the following 
diagram and draw a conclusion.

Click here for a mixed
review exercise

v_______ _______

6 A rectangular pool measures 7.5 m by 15 m. 
a Find the length of the diagonal, correct

to the nearest cm.
Vasil measures the diagonal to be 16 m. 
b Find the percentage error in his

measurement. Give your answer to 3 sf.

7 Raja is laying tiles on a path that forms 
the diagonal of a square garden. If Raja is 
told that the length of the diagonal path is 
100^2 ft, determine the perimeter of the 
garden, in feet.

8 The roof of a house seen from the front is 
an isosceles triangle AABC with base 14.5 m 
and sides of length 8.5 m. Find how high 
above line [BC] the vertex A is.

A

9 A ramp is placed from a ditch to a main 
road, which is 0.60 m above the ditch. If the 
length of the ramp is 3.65 m, determine the 
distance between the bottom of the ramp 
and the road.

10 A satellite is orbiting the Earth at a height 
of 800 km. Assume the radius of the Earth 
to be 6370 km.
a Draw a diagram representing the 

situation.
b Find the distance from the satellite to 

the Earth's horizon, giving your answer 
to the nearest km.
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11 When fire occurs in high-rise buildings, 
the fire-fighters cannot use the regular 
stairs or lifts. They can reach higher 
floors using ladders. If the angle of a 
ladder to the ground can be at most 50°, 
determine:
a the length of the ladder that can be 

extended from the ground and reach 
a height of 20 m

b the height that a 15 m ladder can
reach if extended from a fire truck. The 
height of the fire truck is 4.15 m.

Calculate your answers to the nearest cm.

12 From the top of a 150 m high-rise building, 
two cars on the same road below the 
building are seen at an angle of depression 
of 45° and 60° on each side of the tower. 
Find the distance between the two cars, 
correct to the nearest metre.

13 A surveyor wanted to measure the height 
of a mountain peak. She took a straight 
road leading to the mountain and 
measured the angle of elevation from point 
A on the ground to the top of the mountain 
D as 33°. She drove 0.5 km further towards 
the mountain and measured the angle of 
elevation again as 40°.
a Make a labelled diagram that 

represents the situation.
b Find the height of the mountain to the 

nearest metre.

14 A customer brings a special window 
frame, shown in the following diagram, to 
a glass shop. The wood frame has inside 
dimensions FG = 80 cm and PIF = 136 cm. 
Calculate the length of the arc HI, if the 
centre of the circle of the arc is the midpoint 
of FG.

Exam-style questions
15 PI: The diagram below shows a cuboid of 

dimensions 5 cm, 6 cm and 12 cm.
X is the midpoint of side HG, and Y is 
the midpoint of side DC.

x

a Find the length AY. (2 marks)
b Find the size of angle XAY. (2 marks)

16 PI: A cylinder has radius 1.8 cm and 
height 14.5 cm.
a Calculate the volume of the cylinder, 

giving your answer to 3 sf.
(2 marks)

b Calculate the total surface area of 
the cylinder, giving your answer to 
3 sf. (2 marks)

IP PI: A pendant is made in the shape of a 
h circular sector OAB, with angle 

AOB = 40° and radius 7 cm.
0

Find the perimeter of the pendant.
(4 marks)
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The distance from the Earth to 
Proxima Centauri, the nearest star, is 
4.014x 1013 km.
a Find the time it takes (in minutes) 

for light from the Sun to reach the 
Earth. (3 marks)

b Find the time (in years) it takes for 
light from Proxima Centauri to reach 
the Earth. Assume that one year is
equivalent to 365 days. (3 marks)

c Given that light from the Andromeda 
galaxy takes approximately 2.5 
million years to reach us, find how 
far (in km) Andromeda is from the 
Earth. (3 marks)

PI: Einstein's equation relating mass and 
energy is given by the formula E = me2, 
where m is the mass of an object and 
c = 3x 10s ms-1, the speed of light, 
a Find how much energy is present in 

a 1 kg mass. (1 kg ms-1 = 1 joule)
(2 marks)

b Given that a standard light bulb uses 
60 joules of energy every second, 
calculate how long (in years) such 
a light bulb could be powered by 
a 1 kg mass, if all the mass was 
converted to energy. (3 marks)

PI: In an electric circuit, the resistance 
(R ohms) of a component may be

Vcalculated using the formula R = —,

where V is the potential difference 
across the component and I is the 
current through the component.
The potential difference is measured as 
6 V to the nearest volt, and the current 
is measured as 0.2 A to the nearest 
tenth of an ampere, 
a Calculate lower and upper bounds 

for the resistance. (3 marks)
b The actual value of the resistor is 30 Q. 

Calculate the maximum possible 
percentage error that could be 
obtained. (2 marks)

PI: From the top of a cliff 120 m high,
Josie sees two small boats in the 
distance.

P2: Simplify the following algebraic
expressions.

10x3 x 3x4
3 2X-6 (3 marks)

x2 x 4x’~3
b (3 marks)

c V3x3 x 12x° x 4x5 (3 marks)

d (̂*r (3 marks)

PI: Elea is 1.6 m tall. She stands on the 
same horizontal level as the base of a 
tree. The height of the tree is 23.5 m, 
and it is 100m away from Elea.
Find the angle of elevation of Elea's 
line of sight to the top of the tree.

(4 marks)

PI: A mathematics student decides to use
, 355an approximation to /rot----.

113
Calculate his percentage error in using 
this value, giving your answer in 
standard form. (3 marks)

PI: Sharon stands on the top of a cliff 90 in 
high.
The angle of elevation from Sharon to 
a flying kittiwake is 15°.
The angle of depression from Sharon 
to a yacht on the sea is 19°.
Given that the kittiwake is flying 
directly above the yacht, find the 
distance between the yacht and the 
kittiwake. (6 marks)

PI: A straight ladder of length 7.1 m rests 
against a vertical wall.
A person climbing the ladder should be 
"safe" as long as the foot of the ladder 
makes an angle of between 70° and 
80° with the horizontal ground. 
Determine the minimum and 
maximum heights that the ladder can 
safely lie against the wall. (4 marks)

PI: The speed of light is approximately 
3x10* ms-1.
The distance from the Earth to the Sun 
is 1.496 x10s km.

MEASURING SPACE: ACCURACY AND 2D GEOMETRY

PO

in OJ
C

D

44



1

One boat lies at an angle of depression 
of 39° and the other at an angle of 
depression of 31°. Given that Josie 
and both ships lie in the same vertical 
plane, how far apart are the ships?

(6 marks)

2? P2: The formula for the volume of a sphere
■■ . . 4k  r3is given as V = ——, where r is the

radius of the sphere, 
a If the radius of a particular sphere 

is 3.5 cm, measured to the nearest 
tenth of a centimetre, find lower 
and upper bounds for its volume.

(4 marks)
b Another sphere is designed to have 

a volume of 500 cm3, to the nearest 
10 cm3.
Find the boundaries between which 
its radius must lie. (6 marks)

28 PI: The shape of an E. coli bacterium may
h be approximated by a cylinder of

diameter 1.3 x 10-6 m and length 
4.5 x 10-6 m.
a Find the volume of the bacterium.

(2 marks)
b For practical purposes, the volume 

is assumed to be 2 x 10-17 m.
Find the percentage error when 
assuming this value. (2 marks)

29 PI:
■

a Find the average (mean) mass of all 
three particles, giving your answer 
in standard form to 3 sf. (2 marks) 

b A helium atom consists of two 
protons, two neutrons, and two 
electrons.

The following table gives the masses 
(in kg) of the various particles which 
make up an atom.
Particle Mass (kg)
Neutron 1.675 x 10~27

Proton 1.673 x lO'27

Electron 9.109 x 10 ^

Find the mass of a helium atom, 
giving your answer in standard form 
to 3 sf. (2 marks)

c Determine the ratio of electron 
mass to neutron mass, giving your 
answer in the form 1 where x is 
accurate to 3 sf. (2 marks)

d Calculate the percentage error in 
taking the mass of an electron to be 
1 x 1 Q-*> kg. (2 marks)

30 PI: In the diagram shown above, ABCD is 
h a plane figure, where both BC and AD 

are arc lengths of a circle centred at 0. 
Length OA = 5 cm and AB = 8 cm.

Find the perimeter of the figure ABCD.
(6 marks)

31 PI: For parallel resistors in an electrical 
h circuit, the total resistance RJOJ is given

by the formula —— = — + —.
/?t o t  R2

R{ = 7.2 O, measured to the nearest tenth 
of an ohm, and R2 = 3.60, also measured 
to the nearest tenth of an ohm.
a Find the lower and upper bounds 

for the total resistance. (6 marks) 
b If the actual total resistance is 2.400, 

find the range of percentage errors 
that could be obtained for RJOJ.

(4 marks)
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