TRINITY COLLEGE

YEAR 12 Test 1, 2023

MATHEMATICS Calculator Allowed

METHODS Derivatives and Applications of Differentiation
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STUDENT’S NAME: MALICIN & KKEY [z yi]

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 ¢ years after counting began is shown on the sketch below.

P

\

a s 2 always positive or always negative after t = 07 1 mark
¥
dt
Negative /
2
(b) Wil always positive or always negative after t = 0? (1 mark
dt?

Positive /
(c) Is the rate of change of the population increasing or decreasing? (1 mark)

Decreasmg o
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Question 2

12 METHODS TEST 1

(6 marks)

Calculate the derivative of the following functions writing all final solutions with positive indices.

Do not simplify your answer.
@ f)=xe"

U= 2 vV = ¢
Ml: SXL \/l

u'v vy

Fh)

!

L 17 3
= e’ 4 ke

_ cos’*(x-3)
b y= —

Y= —BLZ'T‘ (0S (7@-%)2

M- L s () [sin (03]

At ot

(3 marks)

 produc vale
l/ correck 1/\'/ \/‘

/o corcect denva five

(3 marks)

/. Chain rule

// Correct denivative
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CALCULATOR ALLOWED 2023 12 METHODS TEST 1
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 + + +
f'(x) . . 0 + + 0 +
EOEE ; " 5 j - "
There are no other points at which f(x), f'(x) or f"(x)are equal to zero.
(a) Which point is a local minimum? (1 mark)
(b) Describe the nature of the graph at point F. ~ (2 marks)
Hor 200 Fal  Point o ,[ Infle cHon
V4 v
(c) Sketch the function on the axes below. (4 marks)
&)
7N
7
[
|
// | | ']W«’ evrar
| p '/, | | |
T 4 T T T X
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Question 4

12 METHODS TEST 1

(7 marks)

Determine the co-ordinates of all stationary points, y-intercept and points of inflection of
f(x) = x4+ 3x% — 24x + 2 and use these to sketch its graph on the next page, labelling all these

important features and their co-ordinates.
5«{/\3( (0}?,) /
fO) = s+ bt -1y
) = 2" +bi-24

0 = Oer)(x2)
I8

l

|
-~
‘\‘x

N

Fila) - brrd

Flu) = 82
Gqﬂﬂ) B Sjra%onarj pt.

fla) =-26

(Z;%) K SJM}LI'O;AMj ?{:

L

one marll

all  coordina bes .

f(-1) = 28
QI,L@ 15 an i»«][[{cjﬁm Ft'
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Question 5 (7 marks)
Consider the function A(x)= ﬁ,x #1. A sketch of part of the graph of / is given below.
x—1
Point P is a point of inflection. ¥
P
/M %

v
(a) Find #'(x) writing your answer in the form (a —1);” where a and n are constants. (4 marks)

x —

h'(x) = w'v-y'u w=x-1

(1) = 2(ot+1) ()-2) V= (k-1)*
"

(x-1)4
(1) [01) = (2204) ]

(-1)"

V4 Use s quﬁwn¥
(7(-|>(3~7L) fuie

(-1

(

J ok w oy

- _(%3—)_?— A/ coﬂ{cﬂj g,‘mph{ws
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CALCULATOR ALLOWED 2023 12 METHODS TEST 1

(b)  Given that 4"(x) = % , calculate the coordinates of P. (3 marks)
—

P s « Po}/w o} i/\“JZ.CHO,/\ Ao h'(x) =0

o _ Z?L*g _
—W S equakes h'(x) =0
\/ CO(("ec{/ \/C\(u(& O1L e
= Ji-
0 g / coordi nates 01[ Y.
X = U
h(u) = =2
(4-1)°
s
9
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Question 6 (3 marks)

1

Given that y=x3, use x = 1000 and the increments formula 5y = ?x ox to determine an appropriate
x

value for m
dy oLy
dr 3
) |
'g)LZ/g /. (alalates éj_
A
Alj = ‘iﬂ x AL
e
= | x b /" carrect smvall
3(1000)% chase

J/ Approx Value of

A'ﬁ = 0.02 3W
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CALCULATOR ALLOWED 2023 12 METHODS TEST 1
Question 7 (7 marks)

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

decreased over time ¢ such that 62—15 =-0.021R cm/year.

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

K(L’) _ L{SQ*O-OU{T

/S
(b) State the annual percentage decrease in annual rainfall for this region of Brazil since 2020.
| ' R o (1 mark)
Anaual cainkal( s 0’\6((6(1?‘.“3 by 2.7 pa
() Use your model to predict;
(1) the annual rainfall for this region in 2023. (1 mark)

(3) 43 ¢ ~0i021{%) Allss FT

L{O,Z?mm /

\

1\

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

AL - —0.5933
lt | t=10 0.3 “

Aﬂmml ramﬁa\l (S Aecrfagiaﬁ mL a (Gt 0\£
059 n[year

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

No /

The '"U\M%H vachm AL €/<})O-’L€/14W! {m(b‘m
Wit asymplke oa the 7-0xis Fhay  will /\C)dfa;gom
realln zev J
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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
e
2x
The rectangle measures 2x metres by h metres.
a the perimeter of the whole window is 10 metres, express h in terms of x. mar
(a) Ifth i f the whole window is 10 hi f (1 k)
et hvrh £+ =10
2kl 47 = 10
L = 10-Zx-TUL
h = S-1-ux /
ence show that the amount of light, L, let in by the window is given by: marks
(b) H how that th f'light, L, let in by the window is given b (2 marks)

L =20x — 4x? —Enxz

Light = LTt + [2ah ]2

%me” s lf)é( 5—1-—.%7?)

_ LTIt 209 - byt -2t
= LTt + 200 -4

i

L
10k =4t =3 o
Z

/ light tquation
/ wredly simplfies.
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(©) 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.
Leave your answers in exact form. (3 marks)

L=-3ax" - 4«02
Zz

LX) = -3 3% +20 / correlh devivitive
n = -3TL-8X rz0 /smﬁfm L'(x) = 0
20 = L (-5-3) / Max light
L = __ L0 (‘*'H’M
3T +8

Moy light = V1478 units of light

END OF QUESTIONS
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