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Outcomes to be assessed:
Mathematics
Preliminary:

A student
MA11-1 uses algebraic and graphical techniques to solve, and where appropriate, compare alternative
solutions to problems

MA11-2 uses the concepts of functions and relations to model, analyse and solve practical problems

MAT11-3 uses the concepts and techniques of trigonometry in the solution of equations and problems
involving geometric shapes

MAT11-4 uses the concepts and techniques of periodic functions in the solutions of trigonometric equations
or proof of trigonometric identities

MA11-5 interprets the meaning of the derivative, determines the derivative of functions and applies these to
solve simple practical problems

MA11-6 manipulates, solves expressions using the logarithmic & index laws, uses logarithms, exponential
functions to solve practical problems

MA11-7 uses concepts and techniques from probability to present and interpret data and solve problems in a
variety of contexts, including the use of probability distributions

MA11-8 uses appropriate technology to investigate, organise, model and interpret information in a range of
contexts

MA11-9 provides reasoning to support conclusions which are appropriate to the context

HSC:

A student
MA12-1 uses detailed algebraic and graphical techniques to critically construct, model and evaluate
arguments in a range of familiar and unfamiliar contexts

MA12-2 models and solves problems and makes informed decisions using mathematical reasoning and
techniques

MA12-3 applies calculus techniques to model and solve problems

MA12-4 applies the concepts and techniques of arithmetic and geometric sequences and series in the
solution of problems

MA12-5 applies the concepts and techniques of periodic functions in the solution of problems involving
trigonometric graphs

MA12-6 applies appropriate differentiation methods to solve problems
MA12-7 applies the concepts and techniques of indefinite and definite integrals in the solution of problems
MA12-8 solves problems using appropriate statistical processes

MA12-9 chooses and uses appropriate technology effectively in a range of contexts, models and applies
critical thinking to recognise appropriate times for such use

MA12-10 constructs arguments to prove and justify results and provides reasoning to support conclusions
which are appropriate to the context
SECTION I



10 marks

Attempt Questions 1 — 10

Use the multiple-choice answer sheet

Select the alternative A, B, C or D that best answers the question. Fill in the response oval completely.

Sample 2+4= (A) 2 (B) 6 (C) 8 (D) 9

AHAaO 6@ ©O D0 O

If you think you have made a mistake, put a cross through the incorrect answer and fill in the new
answer.
WG B 0O 0O

If you change your mind and have crossed out what you consider to be the correct answer, then
indicate this by writing the word correct and drawing an arrow as follows.

A/ correct

MW oW 0O 0O

1. What are the solutions to the equation sinng,for 0<x<277?
A EOZ
6 6
B, X 2%
3 3
¢ m
4 4
b, T 3
22



A scatterplot relates the quantities x and y. y

A

1 ]
How could you describe the correlation o
between those quantities?

[ ]

A. A moderate negative correlation e
B. A moderate positive correlation
C. A weak positive correlation.
D. A strong negative correlation 0

For what values of x is the curve f(x) = 2x’ +x° concave down?

A xX<——
B x>6

C x<—6
D xX>——

A. 3
B. 1L
C 2n
D. -3

\ 4



Which one of the following is the set of all solutions to 2x* —5x+2>0?

A 1,2}
|2
B (52]
2
1
C —oo,—] U (2,0)
2
1
D —00,5} U [2,0)

What is the value of f'(x) if f(x) = 3x*(4—x)’?

A, 3X(4-x)(Tx-16)

B. 3x°(4-x)’(16-17x)

C.  3xX’(4-x)(16-Tx)

D. 3x’(4-x)(7x-16)

The graph of y = f(x) has a stationary point at (2,-3).

Consequently, which of the following is a stationary point of y=—f (gj -5?
A. (4, 2)

B. (4.-2)

C. (1, 2)

D. (1,-2)



) T
For the series 2=, m, E, .......... , calculate the exact value of the sum of the first 6 terms.

631
16

971m
256

63m
64

Consider the region bounded by the x-axis, the y-axis, the line with equation y = 3 and the

curve with equation y = In (x — 1). The exact value of the area of this region is:

A. e’ -1
B e +2
C 3¢’

D. 3 —e’+ 2



10. A lie detector was used to indicate the guilt or innocence of 200 suspects.

Accurate Not accurate Total
True statements 95 10 105
False statements 70 25 95
Total 165 35 200

What is the probability a person selected at random, with an accurate test, made a true statement?

A3
105
p
200
c
165
b 68
200
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Section 11 Student Number:
90 marks

Allow about 2 hours and 45 minutes for this section

Answer each question in the spaces provided.

Your responses should include relevant mathematical reasoning and/or calculations.

Extra writing space is provided at the end of each question. If you use this space, clearly indicate which
question you are answering.

Question 11 (15 marks) Marks

(a) Find a primitive of .
Sx+1

(b)  The boxplot shows the heights of students in Year 11 and Year 12 at a school.

Heights of Y11 and Y12 Students

|:| Year 11
D Year 12

|
I
145 150 155 160 165 170 175 180 185 190 195 200 205

o— : : | : : : : : : 1
Height (cm)
(1) What percentage of students in Year 11 have a height below 160 cm? 1
(i1) The number of students taller than 175 cm is coincidentally the same for
both Year 11 and Year 12. If Year 11 has a total of 140 students, how
many students are in Year 12? 1

Question 11 continues on page 10
-9.



Question 11 (continued)

(©) Find the common ratio of a geometric series with a first term of J2 anda

limiting sum of ¥

3 —
(d)  Find JS" 3 dx

Question 11 continues on page 11

-10 -



Question 11 (continued)

(e) A curve with the equation y = f(x), has z—y =X +2x-7.
X

2
(i)  Show that jzy >?2 for all values of x.

7 =
X

(ii1))  The point P(2, 4) lies on the curve. Find y in terms of x.

Question 11(e) continues on page 12
-11 -



Question 11(e) (continued)

(iv)  Find an equation for the normal to the curve at P, in the form

ax + by + ¢ =0, where a, b and c are integers.

End of Question 11

-12 -



Section II Extra writing space

If you use this space, clearly indicate which question you are answering.

-13 -




BLANK PAGE

-14 -



Question 12 (15 marks) Student Number:

()  Let h(x)=(x-2)(x*+1).

(1) Find where the graph of y = i(x)cuts the x-axis and y-axis.

(1))  Find the coordinates of the stationary points on the curve with the equation

vy = h(x) and determine their nature.

Question 12 continues on page 16
-15 -



Question 12 (continued)

(111) Sketch the graph of y = i(x) showing stationary points and axes intercepts.
Y
N
< > X
v

4 . .
(b) Iftanf= 3 and 6 is acute, find the exact value of siné.

Question 12 continues on page 17

-16 -



Question 12 (continued)
(©) Terry is starting a small business making face masks.

Technology was used to draw straight-line graphs to represent the cost C,
of Terry making face masks and the revenue, R from him selling them.
The x-axis displays the number of face masks and the y-axis displays the

cost/revenue in dollars.

Ya
400
300
100
100 200 | %

(i)  How many face masks must Terry sell to break even?

Question 12(c) continues on page 18

-17 -



Question 12(c) (continued)

(i1) By first forming equations for cost C, and revenue R, determine how many

face masks need to be sold to earn Terry a profit of $1500.

End of Question 12

-18 -



Section II Extra writing space

If you use this space, clearly indicate which question you are answering.

-19 -
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Question 13 (15 marks) Student Number:

s

(a)  Find the exact value of Jé sec’ 2x dx

0

(b) Differentiate with respect to x.

i) y=In(3x"+1)

Question 13 continues on page 22

-21 -



Question 13 (continued)
(©) Tess is creating a logo from the region intersecting the curves:
2
p(x)=(5-x)5+x) and q(x) = E(S -x)(5+x).

h

%

p(x)

g(x)

\4

(1) Show that the area A4, of the shaded region is given by the expression

A=§J 25— x* dx.

Question 13(c) continues on page 23

-22 -



Question 13(c) (continued)

(i1)) Hence, or otherwise, find the area of the shaded region.

1
(d) For events 4 and B from a sample space, P(A|B) =% and P(B)= r

Calculate P(AN B).

Question 13 continues on page 24

-23 -



Question 13 (continued)

(e)  Charlotte is an agricultural scientist studying the growth of a particular tree over
several years. The data she recorded is shown in the table and graph below.

Years since planting, ¢ 1 2 3 4 6 7 8 9
Height of tree, H metres | 0.7 | 1.4 |24 |35 6.6 |79 |87 |95

4

10

Height (m)
(9]

Years

(1)  What is the correlation coefficient for this data (correct to 4 decimal places)?

(i1) Find the equation of the least-squares line of best fit in terms of years (7)
and height (H). Answer using values 4 and B correct to 2 decimal places,
where H = A+ Bt .

(iii)  Use the equation to approximately determine how many years it will take for
the tree to reach a height of 20 metres. Answer correct to 1 decimal place.

(iv)  What is the limitation of this model?

End of Question 13
-04 -



Section II Extra writing space

If you use this space, clearly indicate which question you are answering.
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Question 14 (15 marks) Student Number:

(a) The probability that Chloe gets a concert booking with her band on any given
weekend is 65%. What is the probability that she gets at least one booking over

two consecutive weekends?

(b) A circle is given by the equation x* +y* —4x+6y=12.

Find the centre and radius of this circle.

Question 14 continues on page 28

-27 -



Question 14 (continued)

(©)

The score, X, for a biased spinner is given by the probability distribution:

x 2 4 6
1 2
P(X=x — =
( ) 12 3 p

Question 14 continues on page 29

-28 -



Question 14 (continued)

(d) The displacement of a particle is given by x =1 —4log, (t—1)+5,

where x is in metres, ¢ is in seconds and 7 >1.

(1) Find the exact displacement of the particle when ¢ =4.

(11) Find an expression for the particle’s velocity and hence find when the
particle comes to rest.

(111) Show that the acceleration remains positive for ¢ >1.

Question 14(d) continues on page 30

-29 -



Question 14(d) (continued)

(iv)  Find the exact distance travelled by the particle between the times the particle
comes to rest and ¢ =4.

End of Question 14

-30 -



Section II Extra writing space

If you use this space, clearly indicate which question you are answering.
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Question 15 (15 marks) Student Number:

(a) Isabelle is exploring the curve of the even function shown below, y = e

She knows there is a single stationary point shown at (0, 1) and two points of inflection
are shown with x-values of B and C.

> =

2
(i)  Show that 4y 4o (xz —lj

Question 15(a) continues on page 34
-33-



Question 15(a) (continued)

(i1) Hence find the coordinates of the two points of inflection.

Isabelle wants to find the area of the region under the curve y = ¢~ bounded by the x-axis
C

and the two inflection points, that is, J e d.
B

(ii1))  Explain how using a formula given on the Reference Sheet is unable to help

provide an answer.

Question 15(a) continues on page 35

-34 -



Question 15(a) (continued)

(iv)  Isabelle decides to approximate the area using the Trapezoidal Rule.
C

Show how she determined J e dx ~

1 1 ) )
—+——using three function values. 3
B \/5 v 2e

Question 15 continues on page 36

-35-



Question 15 (continued)

(b) Annie was preparing to determine how many solutions there are to the equation:

2
3sinx:x——3.
5

She plotted multiples of gon the x-axis of the number plane below, shown by the

crosses, to help. Draw graphs on this number plane to solve Annie’s problem.

VA
4

w

The number of solutions:

Question 15 continues on page 37

-36 -



Question 15 (continued)

secO—1

(©) Show that = cosecO —cotH

secO+1

End of Question 15

-37 -



Section II Extra writing space

If you use this space, clearly indicate which question you are answering.
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Question 16 (15 marks) Student Number:

(a) In some rural areas hot water tanks are installed in the roofs of houses. The diagram
below shows a cross-section of a cylindrical tank in a roof. The cylindrical tank
snugly fits exactly into the roof with diameter 27 metres and height 2 metres.

The cross-section of the roof is an isosceles triangle with dimensions show.

NOT TO
SCALE

10 m 2 10 m

A
v

16 m

(1) Show that the height of the roof is 6 metres.

(1)) Hence show that 4 = %(8 —-r).

Question 16(a) continues on page 40
-39



Question 16(a) (continued)

(111) Show that the volume of the cylindrical tank can be expressed by
V= 3—ﬂ-(Sr2 —r3).
(iv) Find the value of » which gives the tank its greatest volume and calculate that

volume, correct to the nearest litre.

Question 16 continues on page 41
- 40 -



Question 16 (continued)

(b)
Da
D=5
4.73
D=1
t#

Sophie has developed an equation, drawn above, for the depth D, of a river near her home.

The depth is modelled by the function:

D=asin(m‘+%j+c

where D is measured in metres and ¢ 1s the time in hours. The time between successive

peaks in Sophie’s model is exactly 12 hours.

(1)  What is the value of the amplitude, a?

(i1) Find the value of c.

Question 16(b) continues on page 42

-41 -



Question 16(b) (continued)

(ii1))  Find the value of n.

Sophie started recording the river depth when it was 4.73 metres and waited to cross it safely.

(iv) How long did she have to wait until it had a depth of 1 metre?

. Question 16(b) continues on page 43

-42 -



Question 16(b) (continued)

(v) From her record, when was the greatest rate of drop in depth and what was

that rate at this time? Answer correct to 2 decimal places

END OF PAPER

-43 -
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If you use this space, clearly indicate which question you are answering.
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10 marks
Attempt Questions 1 — 10
Use the multiple-choice answer sheet

Select the alternative A, B, C or D that best answers the question. Fill in the response oval completely.

Sample 2+4= (A 2 (B) 6 (C) 8 (D) 9

MWO B@® OO 0O

I[f you think you have made a mistake, put a cross through the incorrect answer and fill in the new
answer.

e B OO 0O

If you change your mind and have crossed out what you consider to be the correct answer, then
indicate this by writing the word correct and drawing an arrow as follows.

correct

‘/
MW B 0O mO

. : : : 3 .
1. What are the solutions to the equation sinx = > for 0<x<27?

V| v

A & Z
6 ©
3 3
e
4 4
D, &, B
2 £



3.

4.

A scatterplot relates the quantities x and y.

How could you describe the correlation

between those quantities?

A moderate negative correlation
A moderate positive correlation
A weak positive correlation.

A strong negative correlation

0

For what values of x is the curve f(x) = 2x' +x*> concave down?

What is the period for the curve y =-3 cos(2

A.

(3

G.

6
x>6 ‘{\"(@; x4 2 <0

x__

zj?

4

o2 =

x £ L
b

3 =2 e (2 )

b

2n

penvclv‘ 2AC =9
3



Which one of the following is the set of all solutions to 2x* —=5x +2>07?

: £/

X

C. (—oo,l U (2,)

® (=4t

What is the value of f'(x) if f(x) = 3x'(4—x)'? ,
f YX)"’ 3‘)("#3[4'%)1 ¥ (Ar -)‘)}K .
A 342 (Tx-16) :..%4(4, W )2_)8[4'03
® s - 30y H43)
= 3x3(4—)<))’['3x Hlb— 40
AT 3 (0164

3

C. 3x(4-x) (16— Tx)

D. 3 (4-x) (7x-16)

The graph of y = f(x) has a stationary point at (2,-3).

Consequently, which of the following is a stationary pointof y =—f (gj -5?

A (4,2 (w? )+3>
2

D.  (1.-2)



) s "
8. For the series 27, m, S , calculate the exact value of the sum of the first 6 terms.

o
16

L

sl LS W o gk
2 4+ g /b

B. 77“ ’,;3._‘”:
[b
. 977 or a = 27 r ;Z_ = b
256
Qé = ZH”(%_e =D _ e
b om —— T T A
T 64 (.J . /) |
2
O Consider the region bounded by the  x-axis, the y-axis, the line with equation y =3 and the
curve with equation y = In (x — 1). The exact value of the area of this region is:
graf Yauc Y TH 00 TR TGt
J =lo 3 3 ( X ’>
A. g™ =] Y
e’ 1=y
oM acjf 3 (3 g
— e’ +2 )4/ - 6 j+ ’ U(ﬂ
C 3¢’

\
3¢ —e+ 2

o)
-[¢+3]]

Q0
=e’+3 - (eoﬂa
3@3L3 ~ |

A e 2

=6


hampers
Pencil

hampers
Pencil

hampers
Pencil


10. A lie detector was used to indicate the guilt or innocence of 200 suspects.

|

v
Accurate Not accurate Total
~
True statements @ 10 105
False statements 70 25 95
—
Total @ 35 200

What is the probability a person selected at random, with an accurate test, made a true statement?

>
105

95
200

95
165

165
200

——ee



Section 11 Student Number: l”g
90 marks -
Allow about 2 hours and 45 minutes for this section
Answer each question in the spaces provided.

Your responses should include relevant mathematical reasoning and/or calculations.

Extra writing space is provided at the end of each question. If you use this space, clearly indicate which

question you are answering.

Question 11 (15 marks) Marks

(a) Find a primitive of .
Sx+1

(b)  The boxplot shows the heights of students in Year 11 and Year 12 at a school.

Heights of Y11 and Y 12 Students

i DYear 11
I ai__‘__._‘l- - . H ' h & vear 12
| '_,‘..',.;i A o b Ll . i \é»-(‘

| ' |y

G GOSN PSP O P PR I Ay e £ 2 g e = ) (e i SN ST S S S LIRS

145 150 155 160 165 170 1¢5 180 185 190 195 200 205

Hei%ht (cm)
(
(1) What percentage of students in Year 11 have a height below 160 cm? 1
................................. L A e
(i1) The number of students taller than 175 cm is coincidentally the same for
both Year 11 and Year 12. If Year 11 has a total of 140 students, how
many students are in Year 12? 1

............................ 35¥R=710  afdendn.

Question 11 continues on page 10
9.



Question 11 (continued)

(c) Find the common ratio of a geometric series with a first term of J2 and a

32 =

limiting sum of —.

.................................................................................................

........... € =3 A
R

......... e —
~ 4+ 3+ C
.......................... B S

Question 11 continues on page 11

- 10 -



Question 11 (continued)

) . dy
(e) A curve with the equation y = f(x), has d) =x" +2x-7.
X

.........................................................................

(i1)  Show that d’y > 2 for all values of x.

2

ax”

(ii1)  The point P(2, 4) lies on the curve. Find y in terms of x.

Question 11(e) continues on page 12
-11 -



Question 11(e) (continued)

(iv)  Find an equation for the normal to the curve at P, in the form

ax + by + ¢ =0, where a, b and ¢ are integers.

.................................................................................................

.................................................................................................
.................................................................................................

End of Question 11

-12-



Question 12 (15 marks) Student Number: i

(a)  Let h(x)=(x-2)(x"+1).

(1) Find where the graph of y = A(x)cuts the x-axis anfi y-axis. 2
0= O EED) h(o)= (D).
=2 et S

(i)  Find the coordinates of the stationary points on the curve with the equation
———————————

¥ = h(x) and determine their nature. 5

I =S (SO
3/ 7
e = ~ ="3§0 »-—89)
....... whin... ooy Y DD D 6
/|

L\" A\ = C_;)(_L’ 4—;'L<O - MM ‘4‘/ G7+
ot

......................................................................................

<?' &

Question 12 continues on page 16
=935 =



Question 12 (continued)

(ii1) Sketch the graph of y = 4(x) showing stationary points and axes intercepts.
)}
A
< ¢ 4 2> X

(b) If tan@ :§, and 0 is acute, find the exact value of siné.

Question 12 continues on page 17

-16 -



Question 12 (continued)
(c) Terry is starting a small business making face masks.

Technology was used to draw straight-line graphs to represent the cost C,
of Terry making face masks and the revenue, R from him selling them.
The x-axis displays the number of face masks and the y-axis displays the

cost/revenue in dollars.

—
L]
()

(1) How many face masks must Terry sell to break even?

Question 12(c) continues on page 18

L.



Question 12(c) (continued)

(i) By first forming equations for cost C, and revenue R, determine how many

face masks need to be sold to earn Terry a profit of $1500.

.............................................................................................

.............................................................................................
.............................................................................................

..............................................................................................

End of Question 12

=R



Question 13 (15 marks) Student Number: E

(a) Find the exact value ofj6 sec’ 2x dx 2
0
| " -
e [ikwlk ............ = Ak =L deno
(@)
................................................ = WA A S
4
............................................... s -
.
(b) Difterentiate with respect to x.
(1) y:ln(3x2+1) 1

.................................................................................................

.......................................................................

Question 13 continues on page 22

=% =



Question 13 (continued)

(c) Tess is creating a logo from the region intersecting the curves:

p(x)=G-x)5+x) and Q(X):é(S—X)(5+x).

/I N

(1) Show that the area A4, of the shaded region is given by the expression 3
—— 5
A :EJ 25-x* dx.
5
0

.................................................................................................

crseseeT Al s s s v e oo D R I

.................................................................................................

Wﬁafﬂw%%dwk‘a’"?/ =) |

) g )
. Cud 7‘74(/ j’l‘ Cf&e&ion ﬁﬁﬁont@m}%@g‘/{ O—b@/&u‘/‘ 'ﬂul_,
' ' <59 -

XS s, | 5 o @A
J ¢ A= 2,x,53: f 2s —u du “"?éf 25=x dy. ’“‘?J'm/
. ' fo) (0]


hampers
Sticky Note
It is worth noting the following:
(25 - x2) - 2/5 (25 - x2) = (1 - 2/5) (25 - x2)
                                     = 3/5 (25 - x2)


Question 13(c) (continued)

(ii) Hence, or otherwise, find the area of the shaded region.

5
= b [Ix3-ns ]

: S o

P T I I I I T T T T T T T T

3 1
(d) For events 4 and B from a sample space, P(A|B)= Z and P(B)= 7

Calculate P(AB).

Question 13 continues on page 24

-23 .-



Question 13 (continued)

(e)  Charlotte is an agricultural scientist studying the growth of a particular tree over
several years. The data she recorded is shown in the table and graph below.

(U]
=
(o)
~

Years since planting, ¢ 1 2 8 9
Height of tree, H metres | 0.7 | 1.4 |24 [ 35|66 |79 | 8.7 |9.5

I |

10 |— w //a o

= & |
g o
:_%J S5 b— =
=)
= P
0 —-)/ >
| 1 2 3 4 5 6 7 8 9 10
Years

(i)  What is the correlation coefficient for this data (correct to 4 decimal places)?

(i1) Find the equation of the least-squares line of best fit in terms of years (¢)

and height (/). Answer using values 4 and B correctto2-;deLimilElaces2 -
where H = A+ Bt .

(i11)  Use the equation to approximately determine how many years it will take for
the tree to reach a height of 20 metres. Answer correct to 1 decimal place.

N B.t=S Whin H=20 20=[-19C—0-C ...
H':]Of—“i_){(ZO]

£ = 2005 =552
114

(iv)  What is the limitation of this model?

As t increases its growth may not continue in a linear fashion.

End of Question 13
-2



Question 14 (15 marks) Student Number: E

(a) The probability that Chloe gets a concert booking with her band on any given 4
weekend is 65%. What is the probability that she gets at least one booking over

two consecutive weekends?

.................................................................................................

.................................................................................................

(b) A circle is given by the equation x* + 1 —4x+6y=12.

Find the centre and radius of this circle. 3

.................................................................................................

.................................................................................................

Question 14 continues on page 28
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Question 14 (continued)

(c) The score, .Y, for a biased spinner is given by the probability distribution:
X 2 - 6
1 2
R(A=x — —
( ) T 3 p

(X

i | Qar ,\>
By finding the value of p , calculate the eige_ggg_e(ﬁ_l_u_e_ and the var}gnce of X.

= £ =20
................... /LE

............................ AL
9
........................... = 19v-1(tg

.................................................................................................
................................................................................................

Question 14 continues on page 29
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Question 14 (continued)

(d) The displacement of a particle is given by x=1> —4log,(r—1)+5,

where x is in metres, 7 is in seconds and 7 > 1.

(1) Find the exact displacement of the particle when ¢ = 4. 1

4= .= 4’— 4‘%@.(‘&’)..’.‘..? ..................

............... proees i

(i1) Find an expression for the particle's velocity and hence find when the 2
particle comes to rest.

B R I I I I I i S e SO I I I I I I I I IR I I I I I SIS AR

f'/ / s = ﬂ?S‘fCOl\A

............................................................... R S ERRERRS

«26"2 2—4=0O
2 (=t -2H=0

(111) Show that the acceleration remains positive for ¢ > 1. 2

fort/




Question 14(d) (continued)

(iv)  Find the exact distance travelled by the particle between the times the particle 2

comes to rest and 7 = 4.

.............................................................................................
...............................................................................................

.................................................................................................

.................................................................................................

.................................................................................................
.................................................................................................
.................................................................................................

.................................................................................................

.................................................................................................

End of Question 14
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Question 15 (15 marks) Student Number:

(a) [sabelle is exploring the curve of the even function shown below, y = Al

She knows there is a single stationary point shown at (0, 1) and two points of inflection
are shown with x-values of B and (..

g

=

2
(i)  Show that «q—f» =4 (xz —lj
dx® 2

.................................................................................................

Question 15(a) continues on page 34
™
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Question 15(a) (continued)

(i1) Hence find the coordinates of the two points of inflection. 2

[sabelle wants to find the area of the region under the curve y=¢ * bounded by the x-axis
-

and the two inflection points, that is, J e dx.
B

(iii)  Explain how using a formula given on the Reference Sheet is unable to help

provide an answer. 1

Question 15(a) continues on page 35

_34 -



Question 15(a) (continued)

(iv)  Isabelle decides to approximate the area using the Trapezoidal Rule.
-
1

. 2 1
Show how she determined e dx x—— t—
= J V2 2e

B

using three function values. 3

b2 b8y r oy 165)

................................................... TR T

BN o S R S SO N SO S
n
= = = ") [ +
T Ee NN Y- Bitwr - t Lx| T
G/‘ 23 ?e,]

.................................................................................................

-
2 1 1

(v) Explain why Isabelle correctl knowsj e dx >——=+-—. 1

d L V2 \2e

B

___A ‘Hu_/ \\voéygzﬁa e b;ﬁ,\/

........................................................................................
‘

Question 15 continues on page 36
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Question 15 (continued)

(b) Annie was preparing to determine how many solutions there are to the equation:

5

~

) x
3sinx =—-—3.
5

She plotted multiples of %on the x-axis of the number plane below, shown by the
crosses, to help. Draw graphs on this number plane to solve Annie’s problem.

VA

4

A s

P
"

4

>
“%

P

o
RN

-b -—

DK

()]

ﬁ\

14

\
-
=

The number of solutions: 4—

Question 15 continues on page 37
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Question 15 (continued)

(c) Shoxvthat,’sece__l = cosecO—cotb
sec+1

(secb1

End of Question 15
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Student Number:

Question 16 (15 marks)

(a) In some rural areas hot water tanks are installed in the roofs of houses. The diagram
below shows a cross-section of a cylindrical tank in a roof. The cylindrical tank
snugly fits exactly into the roof with diameter 27 metres and height # metres.

The cross-section of the roof is an isosceles triangle with dimensions show.

(
( NOT TO
B ( % SCALE
YW /
10 m I ?1l,= C

L&
'\
B
~— —
<

gm 16 m

(1) Show that the height of the roof is 6 metres.

Question 16(a) continues on page 40
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Question 16(a) (continued)

(111) Show that the volume of the cylindrical tank can be expressed by 1

V :-341( r —r3).

.................................................................................................

.............................................................................................

(iv) Find the value of » which gives the tank its greatest volume and calculate that

—_—

volume, correct to the nearest litre. 4
——-'.'-._. —_——r— -

-------------------------------------------------------------------------------------------------

................. FV}ODS%PF(/FS’Q

when r=le ] V fﬁﬁ“(é’v A 93 ...........

=2 4 3 3
= j]__ > 512 = S/2I
"k ...... o i ks T
............................................................... &9:/7? RLUSH=
X /eoO

| - 40 - =199 L
[ =1kl or )7%. 72kl




Question 16 (continued)

(b)
Da

P9C0OSOSIORPOITSTOOORS

4731

A4

Sophie has developed an equation, drawn above, for the depth D, of a river near her home.

The depth is modelled by the function:

D:czsin[nr+§)+c

where D is measured in metres and ¢ is the time in hours. The time between successive

peaks in Sophie’s model is exactly 12 hours.

(i)  What is the value of the amplitude, a?

(i1) Find the value of c.

Question 16(b) continues on page 42
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Question 16(b) (continued)

(ii1)  Find the value of n.

.................................................................................................

Sophie started recording the river depth when it was 4.73 metres and waited to cross it safely.

(iv) How long did she have to wait until it had a depth of 1 metre?

................................................................................................

................................................................................................
.................................................................................................
.................................................................................................

. Question 16(b) continues on page 43
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Question 16(b) (continued)

(v) From her record, when was the greatest rate ot drop in depth and what was

that rate at this time? Answer cQrrect to 2 decimal places,

.................................................................................................

.................................

=t . "f%k“;( ...... K2 COS(JEX‘H%E .................

.................................................................................................

............................

.................................................................................................

.................................................................................................
.................................................................................................

END OF PAPER
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