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TRINITY COLLEGE

YEAR 12 Test 1, 2023
MATHEMATICS Calculator Allowed
METHODS Derivatives and Applications of Differentiation
STUDENT’S NAME.:
DATE: Wednesday 8" March TIME: 50 minutes MARKS: 46

WEIGHT: 10
INSTRUCTIONS:
Standard Items: Pens, pencils, drawing templates, eraser

Special Items: Scientific Calculator ONLY

Questions or parts of questions worth more than 2 marks require working to be shown to receive full marks.

Question 1 (3 marks)
The population, P, of tigers on an island t years after counting began is shown on the sketch below.

P

\

@ Is Z—‘; always positive or always negative after t = 0? (1 mark)
2
(b) Is ZTI: always positive or always negative after t = 0? (1 mark)

(c) Is the rate of change of the population increasing or decreasing? (1 mark)
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Question 2 (6 marks)

Calculate the derivative of the following functions writing all final solutions with positive indices.
Do not simplify your answer.

(a) f(x) = x% (3 marks)
(b) = W (3 marks)
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Question 3 (7 marks)

Let A, B, C, D, E, F and G be points on the graph of a continuous function f(x).
The table below shows the information about the sign of f(x), f'(x) and f "(x) at these points.

Point A B C D E F G

X -4 -3 -1 0 1 2 4

f (X) + 0 0 + + +

CE . + 0 R

ECHEE + . 0 0 R
There are no other points at which f(x), f'(x) or f "(x)are equal to zero.
@ Which point is a local minimum? (1 mark)
(b) Describe the nature of the graph at point F. (2 marks)
(© Sketch the function on the axes below. (4 marks)

Jx)
I I { % I } I = x
4 -3 -2 -1 1 2 3 4
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CALCULATOR ALLOWED 2023 12 METHODS TEST 1
Question 4 (7 marks)
Determine the co-ordinates of all stationary points, y-intercept and points of inflection of

f(x) = x3 + 3x% — 24x + 2 and use these to sketch its graph on the next page, labelling all these
important features and their co-ordinates.

Page 4 of 11



CALCULATOR ALLOWED 2023 12 METHODS TEST 1

Jt)

.

o0
o

@)}
o

A
o)

(8]
<>

Page 5 of 11



CALCULATOR ALLOWED 2023 12 METHODS TEST 1

Question 5 (7 marks)

Consider the function h(x) = X x =1. A sketch of part of the graph of h is given below.

2

(x-1)
Point P is a point of inflection. y
P
o — —
v
@) Find h'(x) writing your answer in the form (a _1);n where a and n are constants. (4 marks)
X_
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(b) Given that h"(x) = ZX—_184 calculate the coordinates of P. (3 marks)
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Question 6 (3 marks)

1
Given that y = x3, use x=1000 and the increments formula 6y = %x ox to determine an appropriate
X

value for /1006 .
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Question 7 (7 marks)

The annual rainfall in a region of Brazil was 43 cm in 2020. Since then, the annual rainfall R has

dR

decreased over time t such that Fr —0.021R cmlyear.

(@)

(b)

(©)

(d)

Express R as a function of time t years since 2020. (1 mark)

State the annual percentage decrease in annual rainfall for this region of Brazil since 2020.
(1 mark)

Use your model to predict;

Q) the annual rainfall for this region in 2023. (1 mark)

(i) the rate at which the annual rainfall is expected to decrease for this region 20 years after
2020. (2 marks)

A weather expert suggested that eventually rainfall in the region will become zero. Is the
weather expert correct? Justify your answer. (2 marks)
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Question 8 (6 marks)

A window in the shape of a rectangle surmounted by a semicircle is being designed to let in the
maximum amount of light, whilst still being decorative.

The glass to be used for the semicircular part is stained glass which lets in one unit of light per square
metre; the rectangular part uses clear glass which lets in two units of light per square metre.

h
v
—>
2x
The rectangle measures 2x metres by h metres.
@ If the perimeter of the whole window is 10 metres, express h in terms of x. (1 mark)
(b) Hence show that the amount of light, L, let in by the window is given by: (2 marks)

3
L =20x — 4x? —Enxz

Page 10 of 11



CALCULATOR ALLOWED 2023 12 METHODS TEST 1

(c) Determine the maximum amount of light the window will let in and the value of x that must be
used to allow this design to let in the maximum amount of light. (3 marks)

END OF QUESTIONS
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