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MATHMATICAL METHODS

Written examination: SAC

Reading time: 15 minutes
Writing time: 1 hour

QUESTION AND ANSWER BOOK
Structure of book

Number of questions | Number of questions to be answered | Number of marks
5 5 28

 Students are to write in blue or black pen.

* Students are permitted to bring into the examination room: pens, pencils, highlighters,
erasers, sharpeners and rulers.

* Students are NOT permitted to bring into the examination room: any technology (calculators
or software), notes of any kind, blank sheets of paper and/or correction fluid/tape.

Materials supplied
¢ Question and answer book
* Formula sheet
» Working space is provided throughout the book
Instructions
* Write your student number in the space provided above on this page
* Unless otherwise indicated, the diagrams in this book are not drawn to scale
¢ All written responses must be in English
At the end of the examination

* You may keep the formula sheet

Students are NOT permitted to bring mobile phones and/or any other unauthorised electronic
devices into the examination room.
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Question 1

(4 marks)
a If f(x) is defined as

g(x) is defined as

and /(x) is defined as
h(x)=5x—4
use the chain rule to find g (f(h(x))).
A 1
4x® —3x—1—
T TS
B
15(45x—29)
(15x—7)°
C
B 360 . 135
3375x3 —4725x2 +2205x — 343 225x2 —210x+49
D 120 45
4x% —3x—1—
XTI 33750 47052 1 2005x 343 22527 2105+ 49
(1 mark)
b Differentiate the following expression with respect to w
12¢7 27" sin® (457)
A 2
2452625 W sin? (4s2)
13
B 2
—3125%¢ > " sin® (4s2)
C 2
—245%¢” >V sin” (4s%)
D 2.2
10e* ™ sin (3s%w?)
(1 mark)

c Differentiate the following expression with respect to ¢

4ccos’ (4cn2) +5cos (2c2n2)

A
—768cn” sin (4cn*) cos® (4en*) —320cn” sin (2¢*n*) + 64 cos (4cn?)
B
Ssin (2n2)
C

17 17 17

48¢n?sin (4cn2) cos? (4cn2) 20cn? sin (202n2) n 4cos? (4cn2)
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D
—48cn?sin (4cn2) cos? (4cn2) —20cn®sin (2c2n2) +4cos’ (4cn2)
(1 mark)
d What is the sign of the tanget at point -4 in the following graph? (1 mark)
>
15+
10
5 -
T T T
-5 -4 5
X
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Question 2

A stone is projected from a cliff and its height above the ground (in metres) is given by:

h(t) = —t* +6t — 8.

a Find the derivative /' (¢) to represent the velocity of the stone. (1 mark)
b At what time does the stone reach its maximum height? (1 mark)
¢ What is the maximum height attained? (1 mark)
d Estimate when the stone hits the ground. (1 mark)

Question 3

A spring-mounted platform moves horizontally from its equilibrium position according to
2
s(r) = 3 sin(3t),

where s(¢) is the displacement in metres and 7 is the time in seconds.

a Differentiate s() to find the velocity function v(z). (1 mark)
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T
b Find the velocity of the platform at r = ) seconds. (2 marks)

¢ Determine the first positive time the platform passes through its equilibrium position. (2 marks)

d Find the maximum speed of the platform and the maximum magnitude of its acceleration.(2 marks)

Question 4

An observation wheel measures a passenger’s height above the ground in metres by the function

h(r) :22+14sin<%>,

where ¢ is the time in minutes after the ride starts.

dh
a Differentiate A(t) to find the passenger’s vertical velocity function e (1 mark)

b Calculate the passenger’s vertical velocity after 4 minutes and interpret the sign of your an-
swer. (2 marks)

¢ Determine the first time the passenger reaches the highest point of the ride. (2 marks)
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d During the first revolution, when is the passenger descending most rapidly, and what is the corre-
sponding vertical velocity? (2 marks)

Question 5

Suppose
fl(x) =3 —11x—10
a Solve f'(x) = 0 to find the possible x-coordinates of stationary points. (1 mark)
b Differentiate f’(x) to find f”(x). (1 mark)

¢ State the intervals on which f is increasing and the intervals on which f is decreasing. (2 marks)

d If (10,2551) is a stationary point, find the expression of f(x). (2 marks)
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Solutions

I. (B
(b) C
() D

(d) negative

(a) Differentiate the given function to obtain 6 - 2 t.

(b) Find the turning time by setting the derivative equal to 0, then substitute back into the original
function. This gives 3.

(c) Find the turning time by setting the derivative equal to 0, then substitute back into the original
function. This gives 1.

(d) Set the model equal to the required value and solve for the variable. This gives 4.

(a) Differentiate the given function to obtain v(¢) = 600;(3t) .

(b) Differentiate first to get the relevant rate function, then substitute the required value if needed.
This gives v (5) = % ~0.6 ms L

(c) Using the required working, the answerist = § ~ 1.047 s.

(d) Using the required working, the answer is vipax = 1.2 ms~!, maximum acceleration
magnitude = 3.6 ms 2.
. . . . . Trcos (%
(a) Differentiate the given function to obtain % = m%“)

(b) Differentiate first to get the relevant rate function, then substitute the required value if needed.

This gives % \ = 71—72‘ ~1.83 mmin~', so the passenger is moving upward..
1=

(c) Find the turning time by setting the derivative equal to 0, then substitute back into the original
function. This gives t = 6 minutes.

(d) The passenger descends most rapidly at # = 12 minutes, with % = —%” ~ —3.67 mmin '

(a) Set the first derivative equal to O to find the stationary point, then classify it using the second
derivative or sign changes. This gives [—2, —%]

(b) Differentiate the given function to obtain - 6 x - 11.
(c) Using the required working, the answer is Increasing on (72, f%) decreasing on
5
(=0, =2)U(=3,%0).
(d) Integrate the given derivative to obtain f(x), then use the stationary point to determine the
constant of integration. This gives

11x?
Fx) = - — Tx+410x+1
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