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SECTION A — Multiple-choice questions

2

Instructions for Section A

Choose the response that is correct for the question.
A correct answer scores 1; an incorrect answer scores 0.

Marks will not be deducted for incorrect answers.

Answer all questions in pencil on the answer sheet provided for multiple-choice questions.

No marks will be given if more than one answer is completed for any question.

Unless otherwise indicated, the diagrams in this book are not drawn to scale.

Question 1

Let f:R—>R, f(x)=3—25in(4?ﬁxj.

The period and range of f are respectively

A. 2 and [1, 5]
5
5

B. = and[-1,3
5 -1, 3]

C. 2 and [-5, 5]
5

D Bl and [1, 5]

C 3 ,

5

E. = and[-1,5
2 [-1, 5]

Question 2

The simultaneous linear equations 2x+ky =5 and kx+8y =—-10 have no solution when

A.

= & aF

k=-4
k=4
ke{-4,4)
ke R\_{4}
ke R\ {~4}
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Question 3

If x — a is a factor of x° —2x* —(3a+1)x+a, where a € R\ {0}, then the value of @ is

A. 0
B. 4
C. -5
D. 5
E. 10
Question 4

The average value of 1+2x” for the interval [1, b], where b >1, is 15.

The value of b is

A. 3
B. 4
C. 5
D. 6
E. 7
Question 5

The function f:D — R, f(x)=2x"—x"—20x+5 will have an inverse function for

A. D=R
B. D:(—oo, 2]

C. D= —é,oo)

SECTION A — continued
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Question 6

Let £:R— R, f(x)=ax’(3-x), a € R. The y-intercept of the tangent to fat x = 3 is 9.

The value of a is

A. 3
B. 9
c. L
27
p. L
9
E.
3
Question 7

A darts player with a 20% chance of hitting the bullseye attempts to hit a bullseye 50 times.
Each attempt is independent of the previous attempts.

The probability that » or more attempts are successful is less than 30%.

The smallest value of n, where # is an integer, is

A, 11
B 12
C. 13
D. 14
E 15

Copyright © Insight Publications 2020 SECTION A — continued



Question 8

The transformation 7' : R*> — R*, which maps the graph of y =

1
y =—=, has the rule
Jx
R I T I
x

A, T = 0 1
LV I 7 |V
— .~ 3 01 -

B. 7|7 ||= 1

0 ——

1) |0 5|
- 30
X X
LY ) y
(_ _ _l 0 | |

D T =l 3 +
DV o 2P
(_ _ l () _ |

E T =3 +
o 2P

Question 9

2020 MATHMETH EXAM 2

V3x-—1

+1 onto the graph of

The graph of f(x)=x" —6x” +b has exactly three x-intercepts for

A. b>0

B. b<32

C. beR\JO0,32]
D. b€(0,32)

E. bel0,32]
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Question 10

The time taken to drive from Brunswick to Brighton in peak hour traffic is normally
distributed with a mean of 48 minutes and a standard deviation of 14 minutes.

The proportion of trips from Brunswick to Brighton in peak hour that take less than

1 hour, given that they take more than 45 minutes, is closest to
A.

Question 11

B
C
D.
E

0.389
0.804
0.665
0.335
0.517

The time John takes to walk to school in the morning is normally distributed, with a mean of

u minutes and a standard deviation of 3 minutes.

John is able to walk to school within 10 minutes 90% of the time.

The value of 4 correct to one decimal place is

A.

Copyright © Insight Publications 2020

B
C
D.
E

6.1
6.2
6.5
13.8
13.9

SECTION A — continued
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Question 12

If the graph of g(x) = f(2x)+3 passes through the point (2,—4) then the graph of f must
pass through the point

A, (1,-7)
B. (1,-1)
c. 2,-7)
D. (4,-1)
E. (4,-7)

Question 13

6 3 )
If L f(x)dx =35, then '[] (f(2x)+x)dx is equal to

A9
B 2
>
c. B
2
p. 1
>
g2
>

SECTION A — continued
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Question 14
The graph of y = f'(x) is shown below.

Y

The corresponding part of the graph of y = f(x) is best represented by

y y y

N}
|

o

)

D. AV

Question 15
A function f'satisfies the relation ( f (x))2 - f(3x)f(—x)=0.

A possible rule for f'is
A f@=—m

B. f(x)=+x+l

C. f(x)=log,(x+1)
D. f(x)=2""

E. f(x)=x-1

Copyright © Insight Publications 2020 SECTION A — continued
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Question 16

If 2k 1
ko J2x+1

dx=2 and k > —%, then & equals

A, 24343
B. 12

Cc. 10

D. 8

E.

\/§+2

Question 17
A bag contains 20 marbles, of which # are blue. The remainder of the marbles are red.

One marble is drawn from the bag, its colour is noted and then it is returned to the bag. Five
marbles are inspected in this way.

The probability that three or more of the marbles inspected were blue, given that more than
one of the marbles inspected was blue, is approximately 0.48.

The number of blue marbles in the bag is equal to

A. 5
B 8
C. 10
D. 12
E 15

Question 18
Let f/ be a one-to-one differentiable function such that f(5)=3 and f'(5)=-2.

The function g is differentiable and g(x)= f'(x) for all x.

The tangent to the graph of the function g at the point where x = 3 is

A, y=2x-1

B. y=%x+%
C y=lx+%
D y=—%x+%
E y=—%x+%

SECTION A — continued
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Question 19

Consider the rectangle shaded in the diagram below.
Yy

—2 —u u 2
The value of u for which the area is maximised and the maximum area, respectively, are
equal to
A. 2 and 16
Vg 3
B. 2 and 32
3 3
1 11
C. —and —
NERNC]
1 22
D. — and —
5B
E. 3 and6

Copyright © Insight Publications 2020 SECTION A — continued



Question 20

11
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The area between the x-axis and the graph of y = 27" over the interval [0, 2] is approximated

using four bars as shown below.

The error in this approximation is closest to

A.

Copyright © Insight Publications 2020

B
C
D.
E

0.15
0.16
0.17
0.18
0.19

Y

END OF SECTION A
TURN OVER
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SECTION B

Instructions for Section B
Answer all questions in the spaces provided. Write using blue or black pen.

In all questions where a numerical answer is required, an exact value must be given unless
otherwise specified.

In questions where more than one mark is available, appropriate working must be shown.

Unless otherwise indicated, the diagrams in this book are not drawn to scale.

Question 1 (10 marks)
Let £:[0, 2] —> R, f(x)=x(2-x)e™".

The diagram below shows the graph of f'and its tangent at x = 1. The tangent intersects the
graph of f'at P and the horizontal axis at Q.

)

0 0N 5 !

(ax2 +bx+ c)e‘z‘”

2Jx

a. Find f'(x) in the form

1 mark

b. i Find the value of x at which the maximum value of the function f occurs.
1 mark

Copyright © Insight Publications 2020 SECTION B — Question 1 — continued
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ii.  Find the maximum value of the function f correct to four decimal places.

1 mark
. . . . mx—+n
c. i Find the equation of the tangent to the graph of fat x=1 in the form y = o
e
1 mark
ii.  Find the x-coordinate of P correct to four decimal places.
1 mark
iii. Consider the shaded region in the diagram below.
Y
P
(1.e?)
0 QN 2
Find the area of the shaded region correct to four decimal places.
2 marks

SECTION B - Question 1 — continued
Copyright © Insight Publications 2020 TURN OVER
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d. Let R(r,s) be the point on the tangent to fat x =1 that is closest to the origin O.

i. Find the coordinates of R.
2 marks

ii.  Find the distance from R to the origin.
1 mark

Copyright © Insight Publications 2020 SECTION B - continued
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Question 2 (15 marks)

One side of the vertical stabiliser of a vintage aircraft needs to be painted. The vertical

2
e 150 - . . . .
stabiliser is modelled by y = % , x €[0, 150], where x is the horizontal distance in
centimetres and y is the vertical distance in centimetres, as shown in the diagram below.
Y
) X
0 150
a. Find a’_y
dx
1 mark
b.  State the set of values for which y is strictly decreasing.
1 mark
c.  Find the area of the vertical stabiliser.
1 mark

SECTION B - Question 2 — continued
Copyright © Insight Publications 2020 TURN OVER
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The rudder is part of the vertical stabiliser. It enables the pilot to move the aircraft from side
to side. The bottom-left corner of the rudder is at A(110, 20) and extends vertically and
horizontally as shown in the shaded region in the diagram below.

Y
B(110,b)

(e, 20)
+ + €T
o 110 150
d i State the value of ¢ correct to three decimal places.
1 mark
ii.  State the value of .
1 mark
e.  Find the area of the rudder correct to three decimal places.
2 marks

Copyright © Insight Publications 2020 SECTION B — Question 2 — continued
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A trapezium OPQR is used to give an approximation of the area of the vertical stabiliser. The
tangent to y which passes through the origin O(0, 0) is used for the segment OP, and the

tangent to y which passes through R(150, 0) is used for the segment OR. The horizontal
tangent to y is used for the line segment PQ, as shown in the diagram below.

y

P Q
> x
0 R

f. i. Find the equation of the line segment OP.
1 mark

ii.  Find the equation of the line segment OR.
1 mark

iii.  Show that the x-coordinates of P and Q are % and % respectively.

2 marks

SECTION B - Question 2 — continued
Copyright © Insight Publications 2020 TURN OVER
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iv.  Find the area of the trapezium OPQR.
2 marks

v.  Find the error in the approximation obtained in part f.iv. as a percentage of the
actual area correct to two decimal places.
2 marks

Copyright © Insight Publications 2020 SECTION B - continued
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Question 3 (11 marks)

The horizontal distance between the centre of a bike pedal and a reflector on the back wheel
of the bike is to be investigated.

Rear wheel

Sprocket wheel

Reflector

30 cy

Pedal

u(t)

50cm

v(t)

The pedals are attached to a sprocket wheel (wheel A) and the distance between the centre of
the sprocket wheel and the centre of the back wheel (wheel B) is 50 centimetres. The
horizontal distance at any time # > 0 between the centre of wheel A and the centre of the
pedal is u(¢) where ¢ is the time in seconds.

When ¢ = 0 the pedal is directed straight down. Wheel A makes a complete revolution once
every second.

a.  u(f) is modelled by the formula u(¢) = asin(nt).

Justify that a = 15 and n=27.

SECTION B - Question 3 — continued
Copyright © Insight Publications 2020 TURN OVER

1 mark
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Wheel B makes three complete revolutions every two seconds. When ¢ = 0 the reflector is at
its lowest point. The horizontal distance between the centre of wheel A and the centre of the
reflector is v(¢) centimetres, where ¢ > 0 and measured in seconds.

b.  w(?) is modelled by v(r) =b+csin(mt).

Justify that b =50, c =30 and m =3r.
1 mark

Copyright © Insight Publications 2020 SECTION B — Question 3 — continued
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The horizontal distance between the centre of the pedal and the centre of the reflector is
x(t) =50+30sin (37¢)—15sin(271)

Part of the graph of x(¢) is shown below.

T
100 +
80
60 |,
40 |
20 |
1 t
1 2 3 4 )
c¢.  State the period of x(7).
1 mark
d. Find the maximum value of x(¢) in centimetres and the value of ¢ at which it first occurs
correct to two decimal places.
2 marks
e.  Find the area between the graph of x(#), the horizontal axis and the lines where ¢ = 0 and
t=1.
2 marks

SECTION B - Question 3 — continued
Copyright © Insight Publications 2020 TURN OVER
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f. The integral J-lz( p-x()+ q)dt, where p and ¢ are integers, has the same value as the

area found in part e.

Find the value of p and g.
2 marks
dx
A A Find —.
8 dr
1 mark
ii.  Find the least value of ¢, where ¢ > 0, such that? =0 correct to two decimal
t
places.
1 mark

Copyright © Insight Publications 2020 SECTION B - continued
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Question 4 (12 marks)

A certain temperate rainforest contains two species of trees, which scientists have denoted
type A and type B.

Type A trees tend not to grow close to one another. The distance between a randomly selected
type A tree and its nearest type A neighbour is normally distributed with a mean of 3.8 m and
a standard deviation of 0.9 m.

a.  Find the probability that a distance between a randomly selected type A tree and its
nearest type A neighbour is greater than 3 m, correct to three decimal places.

1 mark
The diameter (at its widest) of mature type A trees is normally distributed with a mean of
55 cm and a standard deviation of 7 cm.
b.  Find the probability that a randomly selected mature type A tree has a diameter that is
between 51 cm and 56 cm, correct to three decimal places.
2 marks
c¢.  Twenty type A trees are selected at random.
Determine the probability that more than five trees have a diameter that is between
51 cm and 56 cm, correct to three decimal places.
2 marks

SECTION B - Question 4 — continued
Copyright © Insight Publications 2020 TURN OVER
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d. Itis known that 15% of type B trees have a diameter that is less than 59 cm and 20% of
type B trees have a diameter that is greater than 68 cm. Assume that the diameter of
type B trees are normally distributed.

Determine the mean and standard deviation of the diameter of type B trees, correct to
three decimal places.

4 marks
In the temperate rainforest 90% of the trees are type A trees and 10% are type B trees.
e.  Show that the probability that a randomly selected tree has a diameter that is greater
than 55 cm is 0.547, correct to three decimal places.
1 mark
f. A single tree was examined and found to have a diameter that is greater than 55 cm.
Determine the probability that the tree was a type A tree, correct to three decimal
places.
2 marks

Copyright © Insight Publications 2020 SECTION B - continued
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Question 5 (12 marks)
Let £:[0.00) — R, f(x)=(ax-)(x=1)* +1 wherea >%.

The shaded region in the diagram below shows the area bounded by the graph of f'and the
tangent to the graph of /' which passes through the origin.

The point P is the local maximum of f'and the point Q is the point of intersection of the graph
of fand the tangent to the graph of fthat passes through the origin.

y
y=f(x)
Q
X
0
a. Find the coordinates of P, in terms of a.
1 mark
b.  Find the x-coordinate of Q, in terms of a.
1 mark

SECTION B - Question 5 — continued
Copyright © Insight Publications 2020 TURN OVER
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¢.  Find the area of the shaded region, in terms of a.
3 marks

d. Find the value of a, where a > %, for which the area of the shaded region is the

minimum.
2 marks

Copyright © Insight Publications 2020 SECTION B — Question 5 — continued
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Letg:[0, b] > R, g(x)=(ax—1)(x—1)> +1 where a >% and b be the x-coordinate of P,

where P is the local maximum of f.

The diagram below shows the graphs of g, g! and y = x. The region denoted by 4 is bounded
by the graph of g, the line y = x and x = b. The region denoted by B is bounded by g, the x-
axis and x = ¢ where c is the maximum value in the domain of g\.

Y
Yy =X

y =glx) ¢

y=g 'x)

0 b c

e. Find the area of B.

f. Find the value of a such that the areas of 4 and B are equal.

END OF QUESTION AND ANSWER BOOK
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