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    Year 11: Calculus 

C1.2 Exponential growth and decay 

   

 

Syllabus: updated November 2019. Latest version @ 
https://educationstandards.nsw.edu.au/wps/portal/nesa/11-12/stage-6-learning-areas/stage-6-mathematics/mathematics-extension-1-2017 
 

 

 
 

 
 

21 
MX 

1 

12

b 

A bottle of water, with temperature 5°C, is placed on a table in a room. The 

temperature of the room remains constant at 25°C. After t minutes, the temperature 

of the water, in degrees Celsius, is T.  

The temperature of the water can be modelled using the differential equation  

dt

dT
 = k(T − 25) (Do NOT prove this.) 

where k is the growth constant. 

(i)  After 8 minutes, the temperature of the water is 10°C.  

 By solving the differential equation, find the value of t when the temperature of 

 the water reaches 20°C. Give your answer to the nearest minute.  

(ii)  Sketch the graph of T as a function of t. 

 

 

 

 

 

 

 

 

3 

 

 
1  

Solution 
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TG 

 

1 The growth rate of a population of bacteria is 10% of the population.  

At t = 0, the population is 1.0 × 106. 

Sketch the graph of population against time and determine the population after 3.5 

hours, correct to four significant figures. 

  Solution 

 

 

  NESA Mathematics Extension 1 Year 11 Topic Guide: Calculus     

TG 

 

2 On an island, the population in 1960 was 1732, and in 1970 it was 1260.  

Find the annual growth rate to the nearest percent, assuming it is proportional to 

the population.  

In how many years will the population be half of what it was in 1960? 

  Solution  

 

 

  NESA Mathematics Extension 1 Year 11 Topic Guide: Calculus     

TG 
 

12 

M 

3 
 

14

c 

Professor Smith has a colony of bacteria. Initially, there are 1000 bacteria. The 
number of bacteria, N(t), after t minutes is given by N(t) = 1000ekt. 

(i) After 20 minutes there are 2000 bacteria.  

 Show that k = 0.0347 correct to four decimal places. 

(ii) How many bacteria are there when t = 120? 

(iii) What is the rate of change of the number of bacteria per minute, when  
 t = 120? 

(iv) How long does it take for the number of bacteria to increase from 1000 to  

 100 000? 

 
 

1 

 

1 

1 
 

2 

Solution 
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07 

M 

4 

 

8a 

One model for the number of mobile phones in use worldwide is the exponential 

growth model, N = Ae
kt

, where N is the estimate for the number of mobile phones 

in use (in millions), and t is the time in years after 1 January 2008. 

(i)  It is estimated that at the start of 2009, when t = 1, there will be 1600 
 million mobile phones in use, while at the start of 2010, when t = 2, there 

 will be 2600 million. Find A and k.  

(ii)  According to the model, during which month and year will the number of 

 mobile phones in use first exceed 4000 million? 

 

 

 
3 

 
 

2 

Solution 
 
 

 
 

 
 

 
 

 
 

  NESA Mathematics Extension 1 Year 11 Topic Guide: Calculus  

NESA 2007 Mathematics HSC Examination   
 

TG 

 

05 
MX 

1 

5 

 

2d 

A salad, which is initially at a temperature of 25°C, is placed in a refrigerator that 

has a constant temperature of 3°C. The cooling rate of the salad is proportional to 

the difference between the temperature of the refrigerator and the temperature, 

T, of the salad. That is, T satisfies the equation 
dt

dT
= –k(T – 3), where t is the 

number of minutes after the salad is placed in the refrigerator. 
 

(i)  Show that T = 3 + Ae–kt satisfies this equation. 
 

(ii)  The temperature of the salad is 11°C after 10 minutes.  

 Find the temperature of the salad after 15 minutes. 

 

 

 

 
 

1 
 

3 

Solution 
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19 
MX 

1 

12

d 

A refrigerator has a constant temperature of 3oC. A can of drink with temperature 

30oC is placed in the refrigerator.  

After being in the refrigerator for 15 minutes, the temperature of the can of drink  

is 28oC.  

The change in the temperature of the can of drink can be modelled by  

dT

dt
 = k(T – 3), where T is the temperature of the can of drink, t is the time in 

minutes after the can is placed in the refrigerator and k is a constant. 

(i) Show that T = 3 + Aekt, where A is a constant, satisfies 
dT

dt
 = k(T – 3). 

(ii) After 60 minutes, at what rate is the temperature of the can of drink changing? 
 

 

 

 

 

 

 

 

 
 

1 
 

3 

Solution 
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18 
MX 

1 

5 The diagram shows the number of 

penguins, P(t), on an island at time t. 

Which equation best represents this graph? 

A. P(t) = 1500 + 1500e–kt 

B. P(t) = 3000 – 1500e–kt 

C. P(t) = 3000 + 1500e–kt 

D. P(t) = 4500 – 1500e–kt 

 

 

1 

 

Solution 
 

 

  NESA 2018 Mathematics Extension 1 HSC Examination    

17 

M 

14

c 

Carbon-14 is a radioactive substance that decays over time. The amount of  

carbon-14 present in a kangaroo bone is given by C(t) = Aekt, where A and k are 

constants, and t is the number of years since the kangaroo died. 

(i)  Show that C(t) satisfies 
dt

dC
 = kC. 

(ii)  After 5730 years, half of the original amount of carbon-14 is present.  

 Show that the value of k, correct to 2 significant figures, is –0.00012. 

(iii) The amount of carbon-14 now present in a kangaroo bone is 90% of the original 

 amount. Find the number of years since the kangaroo died.  

 Give your answer correct to 2 significant figures.  

 

 

 
 

1 
 

2 

 

2 

 

 

Solution 
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    Year 12: Vectors 

V1.3 Projectile motion 

   

 

Syllabus: updated November 2019. Latest version @ 
https://educationstandards.nsw.edu.au/wps/portal/nesa/11-12/stage-6-learning-areas/stage-6-mathematics/mathematics-extension-1-2017 
 

 
 
 

21 

MX 

1 

13

b 

When an object is projected from a point h metres above the origin with initial speed 
V m/s at an angle of  ° to the horizontal, its displacement vector, t seconds after 

projection, is  

                   
~
( )r t  = Vt  cos 

~
i  + (–5t2 + V t sin  + h)

~

j . (Do NOT prove this.) 

A person, standing in an empty room which is 3 m high, throws a ball at the far wall 

of the room. The ball leaves their hand 1 m above the floor and 10 m from the far 

wall. The initial velocity of the ball is 12 m/s at an angle of 30° to the horizontal.  
 

Show that the ball will NOT hit the ceiling of the room but that it will hit the far wall 
without hitting the floor.  

4 Solution 
 

 

 

  NESA 2021 Mathematics Extension 1 HSC Examination     

SP

MX

1 

 

11 

a 
 

 

A particle is fired from the origin O with initial velocity 18 ms–1 at an angle 60o 

to the horizontal. 

The equations of motion are
2

2

d x

dt
 = 0 and 

2

2

d y

dt
 = –10 

(i)  Show that x = 9t. 

(ii)  Show that y = 9 3 t – 5t2.  

(ii)  Hence find the Cartesian equation for the trajectory of the particle. 

 

 

 

 

 

 
 

1 
 

2 
 

1 

Solution 
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1 A ball is thrown in the air with speed 12 ms–1 at an angle of 70o to the horizontal.  

The position vector is given as 
~
( )r t  = Vt  cos 

~
i  + (V t sin  – 

1

2
gt2)

~

j .** 

Using g = 9.8 ms–2, find 

(a) its position vector* after 1.5 seconds 

(b) its velocity vector* after 1.5 seconds. 

* projectmaths included the word ‘vector’. 

** This vector information was provided by projectmaths. 

Solution 
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TG 

 

2 A golf ball is driven with a speed of 45 ms–1 at 37o to the horizontal across a horizontal 

fairway. The position vector is given as 
~
( )r t  = Vt  cos 

~
i  + (V t sin  – 

1

2
gt2)

~

j .** 

Use g = 9.8 ms–2. 

(a) How high above the ground does the ball rise? 

(b) How far away from the tee does it first land? 

** This vector information was provided by projectmaths. 

Solution 
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TG 

 

3 A famine relief aircraft, flying over horizontal ground at a height of 160 metres, drops a 

sack of food. The position vector is given as 
~
( )r t  = Vt  cos 

~
i  + (V t sin  – 

1

2
gt2)

~

j .** 

Use g = 10 ms–2. 

(a)  Calculate the time that the sack takes to fall. 

(b)  Calculate the vertical component of the velocity with which the sack hits the ground. 

(c)  If the speed of the aircraft is 70 ms–1, at what distance before the target zone 

 should the sack be released? 

** This vector information was provided by projectmaths. 

Solution 
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TG 

 

4 A projectile reaches its greatest height after two seconds, when it is 35 metres from its 

point of projection.  

The position vector is given as 
~
( )r t  = Vt  cos 

~
i  + (V t sin  – 

1

2
gt2)

~

j .** 

Using g = 9.8 ms–2, determine the initial velocity. 

** This vector information was provided by projectmaths. 

Solution 

 

 

  NESA Mathematics Extension 1 Year 12 Topic Guide: Vectors  

TG 

 

5 A particle is projected upwards at velocity u and an angle of  to the horizontal from a 

point A. Find an expression for the horizontal distance away from point A at which the 

particle reaches its greatest height, in terms of u and . 

The position vector is given as 
~
( )r t  = ut  cos 

~
i  + (u t sin  – 

1

2
gt2)

~

j .** 

** This vector information was provided by projectmaths. 

Solution 
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6 In a cricket match a batsman hits the ball for six, and it is measured by the cameras 

after two seconds as moving at a horizontal velocity of 30 ms–1 and a vertical velocity of 

10 ms–1 upwards. Calculate the initial velocity and angle of projection at which the ball 
was hit by the batter. Use g = 9.8 ms–2. 

The position vector is given as 
~
( )r t  = Vt  cos 

~
i  + (V t sin  – 

1

2
gt2)

~

j .** 

** This vector information was provided by projectmaths. 

Solution 
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05 
MX 

1 

7 
 

6b 

An experimental rocket is at a height 
of 5000 m, ascending with a velocity 

of 200 2 m s–1 at an angle of 45° to 

the horizontal, when its engine stops. 

After this time, the equations of 

motion of the rocket are: 

 x = 200t 

 y = –4.9t2 + 200t + 5000, 

where t is measured in seconds after  

 

 

 
 

 

Solution 

 

  the engine stops. (Do NOT show this.)  

(i)  What is the maximum height the rocket will reach, and when will it reach 

 this height? 

(ii)  The pilot can only operate the ejection seat when the rocket is descending 

 at an angle between 45° and 60° to the horizontal. What are the earliest 

 and latest times that the pilot can operate the ejection seat? 

(iii)  For the parachute to open safely, the pilot must eject when the speed of 

 the rocket is no more than 350 m s-1. What is the latest time at which the 

 pilot can eject safely? 

  

2 

 

3 

 

2 
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TG 

 

8 (a)  Prove that the range on a horizontal plane of a particle projected upwards at an 

 angle  to the plane with velocity V metres per second is 
2 sin2V

g
 metres, where 

 g metres per second per second is the acceleration due to gravity. 

(b)  A garden sprinkler sprays water symmetrically about its vertical axis at a 

 constant speed of V metres per second. The initial direction of the spray varies 

 continuously between angles of 15o and 60o to the horizontal. 
(i)  Prove that, from a fixed position O on level ground, the sprinkler will wet the 

 surface of an annular region with centre O and with internal and external radii  

 
2

2

V

g  
metres and 

2V

g
 metres respectively. 

 (ii) Deduce that, by locating the sprinkler appropriately relative to a rectangular  

 garden bed of size 6 metres by 3 metres, the entire bed may be watered 

 provided that 
2

2

V

g
   1 + 7 . 

The position vector is given as 
~
( )r t  = Vt  cos 

~
i  + (V t sin  – 

1

2
gt2)

~

j .** 

** This vector information was provided by projectmaths. 

Solution 
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9 A skier accelerates down a slope and then skis 
up a short ski jump (see diagram below). The 

skier leaves the jump at a speed of 12m/s and 

at an angle of 60o to the horizontal. The skier 

performs various gymnastic twists and lands on 
a straight line section of the 45o down-slope T 

seconds after leaving the jump. 

Let the origin O of a Cartesian coordinate 

system be at the point where the skier leaves 

the jump, with 
~
i  a unit vector in the positive x 

direction, and 
~

j  a unit vector in the positive y 

direction. Displacements are measured in 

metres, and time in seconds. 

 

Solution 

 

  (a) Show that the initial velocity of the skier when leaving the jump is 6
~
i + 6 3

~

j . 

(b) The acceleration of the skier, t seconds after leaving the ski jump, is given by 

..

~
r (t) = –0.1t

~
i  – (g – 0.1t)

~

j , 0   t  T.  

 Show that the position vector of the skier, t seconds after leaving the jump, is given 

 by r(t) = (6t – 
1

60
t3)

~
i  +(6t 3  – 

1

2
 gt2 + 

1

60
t3)

~

j , 0   t  T.  

(c) Show that T = 
12

g
( 3  + 1). 

(d) At what speed, in metres per second, does the skier land on the down-slope?  

 Give your answer correct to one decimal place. 

(Source: Question 4, VCE Specialist Mathematics 2, 2005 © VCAA, reproduced by 

permission.) 
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13

d 

The point O is on a sloping plane that forms an 

angle of 45o to the horizontal. A particle is 

projected from the point O. The particle hits a 

point A on the sloping plane as shown in the 

diagram.  

The equation of the line OA is y = –x.  

The equations of motion of the particle are  

x = 18t and y = 18 3 t – 5t2, where t is the 

time in seconds after projection.  

Do NOT prove these equations. 

(i)  Find the distance OA between the point of 

 projection and the point where the particle 

 hits the sloping plane. 

 

 

 

 

 

 

 

 
 

 

2 

Solution 
 

 
 

 

 

 
 

 

 

 
 

 

 
 

  (ii)  What is the size of the acute angle that the path of the particle makes with the 

 sloping plane as the particle hits the point A? 

3 
 

  NESA 2019 Mathematics Extension 1 HSC Examination    
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13
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An object is projected from the origin with an initial velocity of V at an angle  to 

the horizontal. The equations of motion of the object are 

x(t) = Vt cos   and y(t) = Vt sin   – 
2

2

gt
. (Do NOT prove these.)  

 (i)  Show that when the object is projected at an angle , the horizontal range 

 is 
2V

g
sin 2. 

(ii)  Show that when the object is projected at an angle 
2


 – , the horizontal 

 range is also 
2V

g
sin 2. 

(iii)  The object is projected with initial velocity V to reach a horizontal distance d, 
 which is less than the maximum possible horizontal range. There are two 

 angles at which the object can be projected in order to travel that 

 horizontal distance before landing.  

 Let these angles be  and  where  = 
2


 – .  

 

 
 

 

 
 

2 

 

 

 
1 

 

 

 
3 

 

Solution 
 
 

 
 

 

 

 
 
 

 
 
 

 
 
 

 

 

 

 

    Let h be the maximum height 

 reached by the object when projected 

 at an angle  to the horizontal.  

 Let h be the maximum height reached 

 by the object when projected at an 

 angle  to the horizontal. 

  Show that the average of the two  

  heights, 
2

h h +
, depends only on  

  V and g.  
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13
c 

A golfer hits a golf ball with initial speed V ms–1 at an angle  

to the horizontal. The golf ball is hit from one side of a lake 

and must have a horizontal range of 100 m or more to avoid 
landing in the lake. Neglecting the effects of air resistance, 

the equations describing the motion of the ball are  

x = Vt cos  and y = Vt sin  – 
2

1
gt2,  

 
 

Solution 
 

    
where t is the time in seconds after the ball is hit and g is the acceleration due to 

gravity in ms–2. Do NOT prove these equations. 

(i) Show that the horizontal range of the golf ball is 
g

V 2sin2

 metres. 

(ii) Show that if V 
2 < 100g then the horizontal range of the ball is less than 100 m. 

 

It is now given that V 
2 = 200g and that the horizontal range of the ball is 100 m 

or more.  

(iii) Show that 
12


      

12

5
. 

(iv) Find the greatest height the ball can achieve. 

 

 
 

 
2 
 
 

1 

 
 

 

 
2 

 
2 

  
 
 

 
 

 
 
 

 
 

 
 

 
 
 

 
 

 

 
 

  NESA 2017 Mathematics Extension 1 HSC Examination    

http://www.projectmaths.com.au/assets/HSC-Maths-Ext-1/MX-2018-13c.pdf
http://www.projectmaths.com.au/assets/HSC-Maths-Ext-1/MX-2018-13c.pdf
http://www.projectmaths.com.au/assets/HSC-Maths-Ext-1/MX-2018-13c.pdf
http://www.projectmaths.com.au/assets/HSC-Maths-Ext-1/MX-2017-13c.pdf
http://www.projectmaths.com.au/assets/HSC-Maths-Ext-1/MX-2017-13c.pdf
http://www.projectmaths.com.au/assets/HSC-Maths-Ext-1/MX-2017-13c.pdf
http://www.projectmaths.com.au/assets/HSC-Maths-Ext-1/MX-2017-12b.pdf
http://www.projectmaths.com.au/assets/HSC-Maths-Ext-1/MX-2017-12b.pdf
http://www.projectmaths.com.au/assets/HSC-Maths-Ext-1/MX-2017-12b.pdf


Mathematics Ext 1 Higher School Certificate Examinations by Topics compiled by projectmaths.com.au   page 10 

HSC Mathematics Extension 1 © NSW Education Standards Authority for and on behalf of the Crown in right of State of NSW 

 

 

 

    Year 12: Calculus 

C3.1 Further area and volume of solids 
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13

a 

A 2-metre-high sculpture is to be made out of 

concrete.  

The sculpture is formed by rotating the region 

between y = x2, y = x2 + 1 and y = 2 around 

the y-axis.  

Find the volume of concrete needed to make 

the sculpture. 

 

3 

 

Solution 
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c 

The region enclosed by  

y = 2 – |x| and y = 1 – 
2

8

4 x+
 is 

shaded in the diagram.  

Find the exact value of the area of 

the shaded region. 

 

3 

 

Solution 
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b 

The region R is bounded by the y-axis, the 
graph of y = cos (2x) and the graph of        

y = sin x, as shown in the diagram. 

 

Find the volume of the solid of revolution 

formed when the region R is rotated about 

the x-axis. 

 

 

4 Solution 
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14

a 

(i)  Sketch the graph of y = x cos x for –   x     and hence explain why 

 
2

2

cosx x




−

 dx = 0. 

3  Solution 

 

 

  (ii)  Consider the volume of the solid of revolution 

 produced by rotating about the x-axis the 

 shaded region between the graph of  

 y = x – cos x, the x-axis and the lines  

 x = 
2


−  and x = 

2


− .  

 Using the results of part (a), or otherwise, 

 find the volume of the solid. 
 

3  

    NESA Mathematics Extension 1 Sample Examination Paper (2020)      

TG 

 

1 Sketch the region bounded by the curve y = x2 and the lines y = 4 and y = 9. 

Evaluate the area of this region. 

  Solution 
 

 

  NESA Mathematics Extension 1 Year 12 Topic Guide: Calculus  

TG 

 

2 The graphs of the curves y = x2 and  

y = 12 – 2x2 are shown in the diagram. 

(a)  Find the points of intersection of 

 the two curves. 

(b)  The shaded region between the 

 curves and the y-axis is rotated 
 about the y-axis. By splitting the 

 shaded region into two parts, or 

 otherwise, find the volume of the 

 solid formed. 

 

 Solution 
 

 
 

 
 
 

 

 
 

  NESA Mathematics Extension 1 Year 12 Topic Guide: Calculus  

TG 

 

3 The region bounded by the curve y = (x – 1)(3 – x) and the x-axis is rotated about 

the line x = 3 to form a solid.  

When the region is rotated, the horizontal line segment at height y sweeps out an 

annulus.  

(a) Find the area of the annulus as a function of y. 

(b) Find the volume of the solid. 

  Solution 

 

 

 

 

 

 
 

 

  NESA Mathematics Extension 1 Year 12 Topic Guide: Calculus  

TG 

 

4 The region enclosed by the curve y = 4 x  and the x-axis between x = 0 and x = 4 

is rotated about the x-axis.  

Find the volume of the solid of revolution. 
 

  Solution 

 

 

  NESA Mathematics Extension 1 Year 12 Topic Guide: Calculus  

TG 

 

5 A curved funnel has a shape formed by rotating part of the parabola y = 2 x  about 

the y-axis, where x and y are given in cm.  

The funnel is 4 cm deep.  
Find the volume of liquid which the funnel will hold if it is sealed at the bottom. 

  Solution 

 

 

  NESA Mathematics Extension 1 Year 12 Topic Guide: Calculus  
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6 (a)  Sketch the region bounded by the curve y = sin x + cos x and the coordinate 

 axes in the first quadrant, taking the upper limit of x as 
3

4


. Show the intercepts 

 on the axes, and calculate the area of the region.  

(b)  Find the volume of the solid formed if the region is rotated about the x-axis to 

 form a solid of revolution. 

  Solution 
 

 
 

 

 

 

 

  NESA Mathematics Extension 1 Year 12 Topic Guide: Calculus  

19 

M 

13

d 

The diagram shows the region bounded by the 

curve y = x − x3, and the x-axis between x = 0 

and x = 1.  
The region is rotated about the x-axis to form a 

solid. 

Find the exact value of the volume of the solid 

formed.  

3 Solution 
 

 

  NESA 2019 Mathematics HSC Examination    

18 

M 

14

b 

The shaded region shown in the diagram is 

bounded by the curve y = x4 + 1, then y-axis 

and the line y = 10.  

Find the volume of the solid of revolution 

formed when the shaded region is rotated 

about the y-axis.  

. 

 

 

3 

 

Solution 
 

 

  NESA 2018 Mathematics HSC Examination    

17 

M 

12

b 
The diagram shows the region bounded by  

y = 2416 x−  and the x-axis.  

The region is rotated about the x-axis to form a 

solid.  

Find the exact volume of the solid formed. 

 

 

3 

 

Solution 
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2021 HSC Paper twentyoneext1 
 

21 

MX 

1 

1 
Given OP  = 

3

1

− 
 
 

 and OQ  = 
2

5

 
 
 

, what is PQ ? 

A. 
1

6−

 
 
 

   B. 
1

6

− 
 
 

   C. 
5

4

 
 
 

   D. 
5

4

−

−

 
 
 

 

1 Solution 
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2 
Which of the following integrals is equivalent to 2sin 3x dx ? 

A. 
1 cos6

2

x
dx

+
  B. 

1 cos6

2

x
dx

−
  C. 

1 sin6

2

x
dx

+
  D. 

1 sin6

2

x
dx

−
  

 

1 

Solution 
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3 What is the remainder when P(x) = –x3 – 2x2 – 3x + 8 is divided by x + 2? 

A. –14   B. –2   C. 2   D. 14 

1 Solution 
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4 
Consider the differential equation 

dy

dx
 = 

x

y
. 

Which of the following equations best represents this relationship between x and y ? 

A. y2 = x2 + c     B. y2 = 
2

2

x
 + c    

C. y = x ln |y| + c    D. y = 
2

2

x
ln |y| + c 

1 Solution 
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5 
For the two vectors OA

→

 and OB
→

 it is known that OA
→

OB
→

 < 0. 

Which of the following statements MUST be true? 

A. Either, OA
→

 is negative and OB
→

 is positive, or, OA
→

 is positive and OB
→

is negative. 

B. The angle between OA
→

 and OB
→

 is obtuse. 

C. The product |OA
→

||OB
→

| is negative.  

D. The points O, A and B are collinear. 

1 Solution 
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6 The random variable X represents the number of successes in 10 independent 

Bernoulli trials. The probability of success is p = 0.9 in each trial. 

Let r = P(X ≥ 1) . 

Which of the following describes the value of r? 

A. r > 0.9  B. r = 0.9  C. 0.1 < r < 0.9  D. r   0.1 

1 Solution 
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21 
MX 

1 

7 Which curve best represents the graph of the function f(x) = −a sin x + b cos x given 

that the constants a and b are both positive?  

 

1

  

Solution 
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8 The diagram shows a semicircle. 
Which pair of parametric equations 

represents the semicircle shown? 

A. 
3 sin

for
2 22 cos{

x t
t

y t

= +
−  

= +

 
 

B. 
3 cos

for
2 22 sin{

x t
t

y t

= +
−  

= +

 
 

C. 
3 sin

for
2 22 cos{

x t
t

y t

= −
−  

= −

 
 

D. 
3 cos

for
2 22 sin{

x t
t

y t

= −
−  

= −

 
 

 
 

 

1 Solution 
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9 Which graph represents the function y = sin–1
 (sin x)? 

 

1  Solution 
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10 The members of a club voted for a new president. There were 15 candidates for the 
position of president and 3543 members voted. Each member voted for one 

candidate only.  

One candidate received more votes than anyone else and so became the new 

president. 

What is the smallest number of votes the new president could have received? 

A 236   B 237   C 238   D 239 

1

  

Solution 
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a 

Find (
~
i  + 6

~

j ) + (2
~
i  – 7

~

j ). 1 Solution 
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b 

 

Expand and simplify (2a – b)4. 
2 Solution 
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11

c Use the substitution u = x + 1 to find 1x x dx+ . 

 

3 

Solution 
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d 

A committee containing 5 men and 3 women is to be formed from a group of 10 

men and 8 women.  In how many different ways can the committee be formed? 

1

  

Solution 
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e 

A spherical bubble is moving up through a liquid.  

As it rises, the bubble gets bigger and its radius increases at the rate of 0.2 mm/s.  

At what rate is the volume of the bubble increasing when its radius reaches 0.6 

mm?  

Express your answer in mm3/s rounded to one decimal place. 

2  Solution 
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11f 
Evaluate 

3

2
0

1

4
dx

x−
 . 

 

2 

Solution 
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g 
By factorizing, or otherwise, solve 2 sin3

 x + 2 sin2
 x – sin x – 1 = 0 for 0   x   2.   3  Solution 
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h 

The roots of x4 – 3x + 6 = 0 are  ,  ,   and  . 

What is the value of 
1 1 1 1

+ + +
   

? 

2  Solution 
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a 

The direction field for a differential 

equation is given on page 1 of the 

Question 12 Writing Booklet.  

The graph of a particular solution to the 

differential equation passes through the 

point P.  

  

Sketch the graph of the particular 

solution that passes through the point P. 

 

1 

 

Solution 
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b 

A bottle of water, with temperature 5°C, is placed on a table in a room. The 

temperature of the room remains constant at 25°C. After t minutes, the temperature 

of the water, in degrees Celsius, is T.  

The temperature of the water can be modelled using the differential equation  

dt

dT
 = k(T − 25) (Do NOT prove this.) 

where k is the growth constant. 

(i)  After 8 minutes, the temperature of the water is 10°C.  

 By solving the differential equation, find the value of t when the temperature of 

 the water reaches 20°C. Give your answer to the nearest minute.  

(ii)  Sketch the graph of T as a function of t. 

 

 

 

 

 

 

 

 

3 

 

 
1  

Solution 
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c 

Use the principle of mathematical induction to prove  

1

1 2 3 
 + 

1

2 3 4 
 + … + 

1

( 1)( 2)n n n+ +
 = 

1

4
 – 

1

2( 1)( 2)n n+ +
 

that for all integers n   1.  

3  Solution 
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d 
A function is defined by f(x) = 4 − 

2

1
2

x 
− 

 
 for x in the domain (− , 2].  

(i)  Sketch the graph of y = f(x) showing the x- and y-intercepts.  

(ii)  Find the equation of the inverse function, f–1(x), and state its domain.  

(iii)  Sketch the graph of y = f–1(x). 
 

 

 
 

2 
 

3 
 

1  

Solution 
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a 

A 2-metre-high sculpture is to be made out of 

concrete.  

The sculpture is formed by rotating the region 

between y = x2, y = x2 + 1 and y = 2 around 

the y-axis.  

Find the volume of concrete needed to make 

the sculpture. 

 

3 
 

Solution 
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b 

When an object is projected from a point h metres above the origin with initial speed 
V m/s at an angle of  ° to the horizontal, its displacement vector, t seconds after 

projection, is  

                   
~
( )r t  = Vt  cos 

~
i  + (–5t2 + V t sin  + h)

~

j . (Do NOT prove this.) 

A person, standing in an empty room which is 3 m high, throws a ball at the far wall 

of the room. The ball leaves their hand 1 m above the floor and 10 m from the far 

wall. The initial velocity of the ball is 12 m/s at an angle of 30° to the horizontal.  
 

Show that the ball will NOT hit the ceiling of the room but that it will hit the far wall 

without hitting the floor.  

4 Solution 
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c 

The region enclosed by  

y = 2 – |x| and y = 1 – 
2

8

4 x+
 is 

shaded in the diagram.  

Find the exact value of the area of 

the shaded region. 

 

3 
 

Solution 
 

 

  NESA 2021 Mathematics Extension 1 HSC Examination     

21 
MX 

1 

13

d 

(i)  The numbers A, B and C are related by the equations A = B – d and C = B + d, 

 where d is a constant. 

 Show that 
sin sin

cos cos

A C

A C

+

+
 = tan B. 

(ii)  Hence, or otherwise, solve 

5 6
sin sin

7 7
5 6

cos cos
7 7

 

 

+

+

 = 3 , for 0 ≤  ≤ 2. 

2 

 

 

 

 
 

2  

Solution 
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a 

A plane needs to travel to a destination that is on a bearing of 063°. The engine is 

set to fly at a constant 175 km/h. However, there is a wind from the south with a 

constant speed of 42 km/h.  

On what constant bearing, to the nearest degree, should the direction of the plane 

be set in order to reach the destination? 

3 Solution 
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b 

In a certain country, the population of deer was estimated in 1980 to be 150 000. 

The population growth is given by the logistic equation 
dP

dt
 = 0.1P

C P

C

− 
 
 

 where t is 

the number of years after 1980 and C is the carrying capacity.  

In the year 2000, the population of deer was estimated to be 600 000. 

Use the fact that 
( )

C

P C P−
 = 

1

P
 + 

1

C P−
 to show that the carrying capacity is 

approximately 1 130 000. 

4 Solution 
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c 

 

(i)  For vector 
~
v , show that 

~ ~
v v  = 

2

~
v . 

 

(ii)  In the trapezium ABCD, BC is parallel to 

 AD and | AC
→

| = |BD
→

|. 

 
NOT TO SCALE 

 
 

1 

 
3 

 

Solution 
 

 
 

 

 
 

  
 Let 

~
a  = AB

→

, 
~
b  = BC

→

 and AD
→

 = kBC
→

, where k > 0. 

 Using part (i) or otherwise, show that 
~ ~

2a b  + (1 – k)
2

~
b = 0. 
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d 

At a certain factory, the proportion of faulty items produced by a machine is  

p = 
3

500
, which is considered to be acceptable.  

To confirm that the machine is working to this standard, a sample of size n is taken 

and the sample proportion 
^

p  is calculated.  

It is assumed that 
^

p  is approximately normally distributed with   = p and 

2 (1 )p p

n


−
= . 

Production by this machine will be shut down if 
^

p  ≥ 
4

500
.  

The sample size is to be chosen so that the chance of shutting down the machine 

unnecessarily is less than 2.5%.  

Find the approximate sample size required, giving your answer to the nearest 

thousand. 

3 Solution 
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e 

The polynomial g(x) = x3 + 4x – 2 passes through the point (1, 3).  

Find the gradient of the tangent to f (x) = x g–1(x) at the point where x = 3. 

2 

 

Solution 
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