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Section I

10 marks
Attempt Questions 1-10
Allow about 15 minutes for this section

Use the multiple-choice answer sheet for Questions 1-10.

1 Consider the following relationship between x and y:

Yy

x
Which of the following best describes this relationship?
A. one-to-one B. many-to-one
C. one-to-many D. many-to-many

2 The terms
log, x,log, 2,10g,(5 — x)

form an arithmetic sequence. Which of the following is a possible value of x?

A 2 B. 3 C. 4 D. 5

5
3 What is the value off |[x — 2| dx?
1

A 2 B. 3 C. 4 D. 5
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The range of a function f (x) which has domain all real x is [—2, ).
What is the range of the function g(x) = 3f(—2x) — 4?

A.  (—o0,4] B. [-10,) C. [-2,) D. (—oo,6]

Let C and D be two events with P(C) = 0.2, P(D) = 0.5, and P(C|D) = 0.3. What is the value
of P(D|C)?

A. 0.75 B. 0.6 C. 05 D. 0.3

The hair colour and eye colour of a class of 30 students were recorded. Students were grouped
by the categories brown eyes and black hair. This is shown in the table below.

Brown Eyes | Not Brown Eyes
Black Hair 12 2
Not Black Hair 10 6

A person from the class is chosen at random. Given that the person chosen has black hair, what
is the probability that DO NOT have brown eyes?

A ! B !
C 4 -6
C ! D !
-7 "~ 15
Which of the following is an odd function?
1 1
A - sin(—) B. x*+x%+1
X X
C. x°+x3+xl D. - !
. x>+ x°+xlnx 2 T
X
If f'(x) = o and f(2) = f'(2), the value of f(0) is:
A. 2In2+1 B. 4ln2-1 C. 1-2In2 D. 1—4In2
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10

1
The graph of y = x3 is dilated horizontally by a factor of n and dilated vertically by a factor
of ktoy = 1000x3.

Which of the following are possible values of h and k?

A. h=5k=8 B. h=8k=5
C. h=5k=50 D. h=50,k=5

Youssef sketches the following curve and three vertical lines, where 1 < a < k < .

Y, NOT TO SCALE

It is known that the shaded areas A; and A, are equal. Which of the following must be true?

a+pf
A k=14 B. k(k—2)=aB+a+p
C. k=1+Jla=DE-D D. k=a;'8

—4 -
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Section I1

90 marks
Attempt Questions 11-31
Allow about 2 hours 45 minutes for this section

Answer each question in the appropriate writing booklet. Extra writing booklets are available.

For questions in Section II, your responses should include relevant mathematical reasoning
and/or calculations.

Question 11 (2 marks)

Evaluatefx x2 + 4dx.

Question 12 (3 marks)

I
Iff(x)= , find the equation of the tangent at x = >

e¥sinx

© NSW Mathematics (nswmaths.com), 2025.
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Question 13 (2 marks)

Differentiate y = 1 axtl
ifferentiatey =In{ —— ).

Question 14 (3 marks)

2x+1
Sketch the graph of y = o showing all important features.

—6—
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Question 15 (6 marks)
Let f(x) = e?* — 4e*,
(a) Find the x—intercepts of y = f(x).

(b) Find all the turning points of f (x), and determine their nature.

You may use the fact that f'(x) = 2e?* — 4e* and " (x) = 4e?* — 4e* without proof.

(¢) Sketch y = f(x), showing all important features.

-7 -
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Question 16 (3 marks)

Let _lnx
ety = ot

dy
Find —.
(a) Find I

-8
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Question 17 (4 marks)

S€ECX — COS X

Let f(x) =
et f(x) secx +1
SecX — COS X
(a) Show that ————— =1 —cosx.
secx +1

(b) Hence, graphy = f(x) for 0 < x < 2m.

-9
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Question 18 (5 marks)

Bob has won a small lottery and has been given two withdrawal options.

Option 1: Receive a lump sum of $1 000 000.

Option 2: Receive a lump sum of $500 000, and then receive annual payments of
$60 000 at the end of the year (including the first year) for ten years.

Bob will immediately deposit any payments into a bank account that earns 1.2% interest com-

pounded monthly.
(a) What is the value of Bob’s earnings after ten years under Option 1? 1
(b) What is the difference in the future earnings after ten years using Option 1 or Option 2? 3

—10—
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(c) What is the present value of Option 2?

Question 19 (4 marks)

NSW Mathematics is reviewing the punctuality of their students. On any given day, there is a
60% chance that the weather condition is ‘good’. If the weather is ‘good’ then the probability
that any given student arrives on time is 90%. If the weather is not ‘good’ then this probability
drops to 60%.

Let G and A denote the events where the weather is ‘good’ and a given student arrives on time
respectively.

(a) Draw a tree diagram to represent this situation.

—11 =
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(b) Show that the probability that a given student arrives on time is 0.78. 2

(¢) Given that a randomly chosen student arrived on time, determine the probability that the 1
weather was good.
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Question 20 (3 marks)

Let f(x) = asinx + b cos x, where a and b are constants. If f (%) = 3and f’ (%) =1, solve 3
the equation f(x) = 0, for 0 < x < 2m, correct to two significant figures.

Question 21 (3 marks)

The function f(x) = e*” is continuous on the interval [—1,1]. Use the trapezoidal rule with 3

1
four subintervals to estimate the value of f e*’ dx.
-1

— 13—
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Question 22 (4 marks)

oneeightseven records the number of hours spent training per week and the resting heart rate (in

beats per minute) of six participants.

Training Hours (T)

2

3

4

6

7

10

Resting Heart Rate (H)

85

82

80

76

74

70

(a) Find the equation of the least-squares regression line, rounding coefficients to the nearest
integer, and use the equation to estimate the resting heart rate of someone who trains for 5

hours a week.

(b) oneeightseven trains for 25 hours a week to prepare for a marathon. Explain why the
regression equation from part (a) may not be appropriate for estimating oneeightseven’s

resting heart rate.

© NSW Mathematics (nswmaths.com), 2025.
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Question 23 (5 marks)
Consider the two curves y = Inx + 8xandy = Inx + x? + 7.

(a) Find the x value(s) at which the two curves intersect.

— 15—
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Question 24 (5 marks)

A discrete random variable X has the following probability distribution table

X 0| 12| 3 |4
PX=x)|a|2a|b|0.2

where a, b and c are constants.
It is known that E'(X) = 2.

(a) By finding expressions for b and c in terms of a, show that 0.05 < a < 0.18.
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Question 25 (7 marks)

Abdullah wishes to purchase an item which she can resell for one dollar. Benjamin is selling this
item and believes that the item is worth X dollars where X is a random variable with probability
density

a+p(2x—-1) :0<x<1

: otherwise

f) =

where a and 8 are constants.

(a) Show that ¢ = 1 and find the possible values of f for which f(x) is a valid probability
density function.

(b) Abdullah places a bid b for the item and will gain the item only if her bid is above
Benjamin’s valuation of the item. Otherwise she will /ose her bid.

Show that her expected profit, E, is given by
E=F(Mb)->b
where F(x) is the cumulative density function (cdf) of X.

—17 -
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(c) Suppose f > 0. Explain why Abdullah should either bid b = 0 or b = 1. 2

(d) Suppose f < 0. Find the value of b that maximises Abdullah’s expected profit and find 2
the expected profit in terms of 3.

You do NOT need to show that this is a maximum.

— 18—
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Question 26 (4 marks)

Show that

2
2+ 22+ 222+ 2222+ -+ 2222..2 = a(lO"+1 —9n — 10).

n2’s
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Question 27 (4 marks)

Let k be a real number. For what values of k does the equation kx? + 3(k —2)x = 9k — 9 have 4
two real roots for x?

—-20-—
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Question 28 (4 marks)

The graphs of y = f(x) and y = g(x) are given below.

Vi
N
Zk,,
2 1
2 4 X
1 .
— ifx<0
y = f(x) y=9(x)=4% 1
x+— ifx>0

Find the domain and range of f ( g (x)).
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Question 29 (5 marks)

Consider a random variable X that is normally distributed with mean 15 and standard deviation
o. It is known that P(X < 10) = aand P(X > 25) = b.

(a) Find P(20 < X < 25) in terms of a and b. 2

(b) Consider a random variable Y that is normally distributed with mean 25 and standard 3
deviation 30. Find two pairs (m,n) suchthat P(m <Y <n)=1-—a —b.

_20_
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Question 30 (5 marks)

In the figure below, the graphs of C; : x2 + y? = 4 with centre O; and C, : (x —2)2 +y2 =9
with centre O, are shown without the coordinate axes. Their intersections are labelled A and B.

(a) Find the value of cos 240, 0,.

Question 30 continues on page 24
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Question 30 (continued)

(b) Hence, or otherwise, find the shaded area shown below.

_24 —
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Question 31 (9 marks)

In the year 2050, NSWMaths manufactures and sells Ruiace sip stickers. Suppose

7q3 — 1000g% + 126000
1 1 1 + 84
100000

C(q) =

is the cost in millions of dollars to produce and sell g million units (you may assume this is
the only cost). It is also known that the price each sticker can be sold for can be modelled by
D(q) = b — aq, where a and b are positive constants. Define P(q) to be the profit in millions
of dollars associated with selling g million stickers.

(a) From historical data, when 200 million units were produced, each unit sold for $1.50, and
when 50 million units were produced and sold, a profit of $44.25 million was made.

(i) Explain why b = 1.5 + 200a.

Question 31 continues on page 26
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(ii1) Hence, show that

25 763 — 100092 + 126000
P(Q)=Q<——i>—< 1 a q+84>.

100000

Question 31 continues on page 27
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Question 31 (continued)
(b) Find the maximum profit the company can make, to the nearest million.

You must justify why your answer is a maximum.

End of paper
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I want to learn more and more to see as beautiful what is necessary in things;
then I shall be one of those who make things beautiful.

— Friedrich Nietzsche, Die frohliche Wissenschaft.

EXAMINERS
one eight seven Q2, 5,20, 21,22,29
MokSifu Q1,6,7,9,11, 13, 14,
17, 18, 24, 28, 30
Hugh Entwistle Q18, 19, 24, 25
MagiicMushroom Everything else.
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Measurement Financial Mathematics
Length A=P(1+r)
[ = i X 27r
360
Sequences and series
Area
_A=J1xﬂﬂ T =a+(n-1)d
360
h
Aza(a+b) Sn=%[2a+(n—l)d]=%(a+l)

Surface area T =ar"!
A = 27r* + 27rh ( ) ( )
a(l-r") alr"-1
A = 4nr? S = = r#l
" . I-r r—1 g
Volume
1 s=—2_|r|<1
V=—Ah r
3
V= i7[;’3
3
Functions Logarithmic and Exponential Functions
[12
‘= —-b b —4ac log,a* = x = 8"
2a
log,x
For ax’ + bx*>+ cx +d = 0: log,x= log,a
a+ﬁ+y:—§
at = exlna

c
aﬁ+ay+ﬁy:E
and aﬂy=—%

Relations
(x—h)2+(y—k)2=r2




Trigonometric Functions

SinA:%, COSA :a—dj’ tanA:ﬂ
hyp hyp adj
1
A=—absinC o
2 2 45
a b c
= = 45°
sinA sinB sinC L
¢ =a*+b*-2abcosC
2 2 2
a+b°—c
cosC= ————— o
ab 30
2
[=r0
A= %ﬂe 60° ]

Trigonometric identities

SecA = , cosA#0

COS

cosecA = ,1 ,sinA#0

sinA

COSA
COotA =
sinA

2

,sinA#0

cos?x + sinx = 1

Compound angles
sin(A + B) = sinAcos B + cos Asin B
cos(A + B) = cosAcos B — sinAsin B

tan(A + B) = tanA +tanB
l1—tanAtan B
If z‘=tané then sinA = 2
2 1412
2
COSA = —!
1412
tanA = 2
1-¢2

cosAcosB = %[COS(A — B) +cos(A + B)]
sinAsinB = %[COS(A — B) —cos(A + B)]
sinAcosB = %[sin(A + B) + sin(A - B)]
cosAsinB = %[sin(A + B) —sin(4 — B)]
sin®nx = %(1 — cos 2nx)

cos’nx = 5(1 + cos 2nx)

Statistical Analysis

An outlier is a score

o less than O, — 1.5 X IQR
or

more than O, + 1.5 X IQR

Normal distribution

3 02 -1 0 1 2
e approximately 68% of scores have
z-scores between -1 and 1
e approximately 95% of scores have
z-scores between -2 and 2
e approximately 99.7% of scores have
z-scores between -3 and 3

E(X)=pu

Var(X) = E[(X - u)’] = E(X?) - u?
Probability

P(4 2 B) = P(A) P(B)
P(AUB)=P(A)+ P(B) - P(ANB)
P(A|B):M P(B)#0

P(B)

Continuous random variables

P(X<r) :J’ J(x)dx

b

Pla<X < b):J F(x)dx

a

Binomial distribution
P(x=r)="C,p'(1-
X ~ Bin(n, p)
= P(X=x)

p)n—r

E(X)=np
Var(X) = np(1-p)



Differential Calculus Integral Calculus
Function Derivative 1 |
[ et Lswree
_ n Q _ ,(x)[f(x)]n—l n+l1
y=7) dx n/ where n # -1
dy dv du r
y=uv P S(x)sin f(x)dx = —cos f(x)+c
y = g(u) where u= f(x) Z—y:?x% o
roan A F'(x)cos £(x)dx = sin f(x)+c¢
du_ dv “
_u dy _ vdx dx -
Y= dx )2 F/(x)sec? £(x)dx = tan £(x) + ¢
: dy _ .,
y=sin /() Lo fcos )|
f’(x)ef(x)dx =Wy
y = cos £(x) L sin f(2)
o r
dy j;(((;))dlen\f(x)Hc
y =tan f(x) E=f’(X)Seczf(X) v
( ) i a’ ™)
y:ef(x) Z_i: ff(x)ef(x) d ya (x)af( )dx = na +c
_ dy _ f'(x) ,
y=Inf(x) el W)
J \/az —[f(x)]2
y= a/ Z_y — (lna)f'(x)af(x)
x ’
J—2 f[ (x) ]2 dx = %tan_1@+c
_ dy __S(x) a”+|f(x)
y=log,/(x) dx  (Ina) f(x)
dv du
b= sin! /() Z_y:Lx) Juadx—uv—‘[vadx
*-[F@F
b
y=cos™! £(x) Z—y - S > J S(x)dx
TNI=[A)] ‘
b—a
: |l )
y=tan™! £(x) 2L
X 1+[f(x)] where a =x,and b =x,




Combinatorics

np — n!
" o(n-1)
n n!

Vectors
[u| =] xi+yj| = 22+

u-y =[ul[y|cosd = x5, +3,,

where u = x,i+y,j

and vy =x,i+y,J]

r=a+i

1S

Complex Numbers

z=a+ib=r(cosf+isinh)
= re'?
[r(cos@ + isin 0)]” = r"(cosn@ + isinné)

— rneme

Mechanics

d’ dv dv d (1 2)
—2 = =sy—=—| =V
dt= dt dx dx\2
x=acos(nt+a)+c
x=asin(nt + a) + ¢

X=- 2(x—c)
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Section I

10 marks
Attempt Questions 1-10
Allow about 15 minutes for this section

Use the multiple-choice answer sheet for Questions 1-10.

1 Consider the following relationship between x and y:

ylk

i &Ae_mu»-(lvﬂ

xm-&am\axw&h@a

— - -

Which of the following best describes this relationship?

A. one-to-one B. many-to-one

C. one-to-many D. many-to-many

2 The terms -e@&,,‘)' - ZQ& 1% = \ﬂﬁ/é“c;"q - /003» 2

log, x,log, 2,10g,(5 — x)

form an arithmetic sequence. Which of the following is a possible value of x?

A 2 B. 3 @ D. 5

,:?.7 i—- = ..’2-—— :7 ‘—'1,2-\—6‘797_ b =2 (;L@(m-\) =D
2 S =R

5
3 What is the value ofJ [x — 2| dx?
1

A 2 B. 3 C. 4 5

.l —\’33*>=$
21&(1&\ + 3

R © NSWMaZ;ématics (nswmaths.com), 2025.
This material may be used faBnon-commercial, educational purposes only.



http://nswmaths.com

g:
</
1)

Al talle —%
Fir,0) —= Eé,gss — Ep,db>

4 The range of a function f(x) which has domain all real x is [—2, o).

What is the range of the function g(x) = 3f(—2x) — 4?
—2u oneleveE.
A (—,4] [—10, ) C. [-2,00) D. (—,6]

5 Let C and D be two events with P(C) = 0.2, P(D) = 0.5, and P(C|D) = 0.3. What is the value
of P(D|C)?

0.75 B. 0.6 C. 05 D. 03
ol PlLa®) WU KDY . 03r0s
T R ~ Pcc O 22—
6 The hair colour and eye colour of a class of 30 students were recorded. Students were grouped

by the categories brown eyes and black hair. This is shown in the table below.

Brown Eyes | Not Brown Eyes
Black Hair 12 2 — 14 el
Not Black Hair 10 6

A person from the class is chosen at random. Given that the person chosen has black hair, what
is the probability that DO NOT have brown eyes?

B
A L 1 <«
4 6
1 D 1
7 © 15
7 Which of the following is an odd function?
1. /1
A. ;sm(;)@ub\, B. x*+x?+1Ewmr~

« x5+x3:% %_29&1 “’L"\;’“i%i?

8 Iff'(x) = 2 +xx2 and f(2) = f'(2), the value of f(0) is:

4=
A 2In2+1 B. 4ln2-1 @1—21n2 D. 1-4In2

2 ﬁ(\,’) el = |=20. (D
Zj Y d =2 26> = 20 () )V — 2R

Leo) = 20 % A —22R
Z‘QWC‘\'*“T‘) +c - = 1+207

B .
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v T 2wt Ain nmesns ‘6: L(bn\bs

1
9 The graph of y = x3 is dilated horizontally by a factor of 7 and dilated vertically by a factor
of ktoy = 1000x3.

Which of the following are possible values of h and k?

(G on=s5k=5 S x&=\e®® 5 ,_g; 5

C. h=5k=50 D. h=50,k=5

10  Youssef sketches the following curve and three vertical lines, where 1 < a@ < k < f5.

y NOT TO SCALE

It is known that the shaded areas A; and A, are equal. Which of the following must be true?

a+p
2

©<=1+J(a—1)(ﬁ—1) D. k:a;ﬁ T

BALT.

A k=1+ B. kk—2)=aBf+a+f
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Section I1

90 marks
Attempt Questions 11-31
Allow about 2 hours 45 minutes for this section

Answer each question in the appropriate writing booklet. Extra writing booklets are available.

For questions in Section II, your responses should include relevant mathematical reasoning
and/or calculations.

Question 11 (2 marks)

Evaluate f xvVx2 +4dx. 3
A

2 v L R (<)
2 & (7D de = 5 T oveiensSUNI
=

s
2

5
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Question 13 (2 marks)

. . 2x+1
Differentiate y = ln( )

x2+1)

_— ———— e
S Zw.-\-r\ ............. t.’-‘—‘ ..................................
..................... WA 2',‘_(2,.‘_4..')
............. _?'[w\,)wa"‘_").

Question 14 (3 marks)

2x+1

Sketch the graph of y = , showing all important features.

2"" & 5:2«—,__—}
s .' -——"—
‘G~M 6-—

3-
A~ ok ¢ Zar\zoO =2 ¥ =2 W”‘B’#&
Nk ot a-lme = = '

[
(
\
|

\

| N § :
”z:y g

\

!

(

)
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Question 15 (6 marks)
Let f(x) = e?* — 4¢e*,
(a) Find the x—intercepts of y = f(x).

(b) Find all the turning points of f(x), and determine their nature.
You may use the fact that f'(x) = 2e2* — 4e* and f"(x) = 4e?* — 4e* without proof.

_e“(",‘ 2) = 48*‘“' A q' ’_1 p ................................

e - = B 7O &) ianune

(¢) Sketch y = f(x), showing all important features.

Mdb oy WI=o=, kw)% —FC&‘-—QE — 0.

p- gk A= e’~4e”=-3 |
.1»?:. Lo
|
- |
- — -
—7—
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Question 16 (3 marks)

Let _lnx
ety = e

dy

(a) Finda. N _;; ._Ckﬁ)(‘)

—_8 =
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Question 17 (4 marks)

SE€CX — COS X

Let f(x) =

secx +1

(a) Show thatw =1 —cosx. 2
secx +1
_ letw — U N
L S o o Tam e
................... -‘-bt%
........... :W“'k'.
........... -C(—W’\LW)
.......................... |M
............ =. |"'~D-D’IL‘='2'HS'
2

(b) Hence, graphy = f(x) for 0 < x < 2m.

A= - oo Mlb el Hew HFO.

Sloti. to dSexz=-\ P smx=- Vs ez T
T v

N ' uwl/% PN=O0 =2 %=
Plre, wur “”’L"g”‘“ﬁ
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Question 18 (5 marks)

Bob has won a small lottery and has been given two withdrawal options.

Option 1: Receive a lump sum of $1 000 000.

Option 2: Receive a lump sum of $500 000, and then receive annual payments of
$60 000 at the end of the year (including the first year) for ten years.

LM

Bob will immediately deposit any payments into a bank account that earns 1.2% interest com-
pounded monthly.

[ — OO0\

(a) What is the value of Bob’s earnings after ten years under Option 1?

L
*w\L
|oeocoe (\.cat ©

............................... L TIPS

A o T.500° (00D + powon (Fost 4k koot 4 | )
................................... Gty ol € 2 \EBU rithe cﬂvu'a andl
........ =.Soa=o (e )" + 6aceos [ 4 oo P 1

........ = a3t bles.
Gotan 2 bl & $6993¢.A0  Awre .
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. : ()
(c) What is the present value of Option 21 ot

P\‘Am:Aw A(‘°°")

Question 19 (4 marks)

NSW Mathematics is reviewing the punctuality of their students. On any given day, there is a
60% chance that the weather condition is ‘good’. If the weather is ‘good’ then the probability
that any given student arrives on time is 90%. If the weather is not ‘good’ then this probability
drops to 60%.

Let G and A denote the events where the weather is ‘good’ and a given student arrives on time
respectively.

(a) Draw a tree diagram to represent this situation.

7 o —K

O-b A-

S

~11 =
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(b) Show that the probability that a given student arrives on time is 0.78.

(¢) Given that a randomly chosen student arrived on time, determine the probability that the
weather was good.

—12 -
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Question 20 (3 marks)

Let f(x) = asinx + bcos x, where a and b are constants. If f (%) = 3 and f' (%) =1, solve
the equation f(x) = 0, for 0 < x < 2m, correct to two significant figures.
—— ——

On o
........ ltﬁ"’;

(D=0 .2 . 292 =26 =P b=Jy2_

...,@(.‘q,).'.:—.Q.‘-.. RSz v adrena=

.......................... 2o S
—lﬂ/h«. :—A_z'— N
-y _ -t
Question 21 (3 marks) r 211'——\1-—» 29 Zor - Yo~ P
% 2.F 5. %

The function f(x) = e*” is continuous on the interval [—1,1]. Use the trapezoidal rule with

1
four subintervals to estimate the value of f e** dx.
-1

~13 =
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Question 22 (4 marks)

oneeightseven records the number of hours spent training per week and the resting heart rate (in

beats per minute) of six participants.

Training Hours (T) 213 /4)6|7]10
Resting Heart Rate (H) | 85|82 |80 |76 |74 |70

(a) Find the equation of the least-squares regression line, rounding coefficients to the nearest
integer, and use the equation to estimate the resting heart rate of someone who trains for 5

hours a week. {L.F,_, .56 \SVF 0L

(b) oneeightseven trains for 25 hours a week to prepare for a marathon. Explain why the
regression equation from part (a) may not be appropriate for estimating oneeightseven’s

resting heart rate.

—14 -
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Question 23 (5 marks)
Consider the two curves y = Inx + 8xand y = Inx + x? + 7.

(a) Find the x value(s) at which the two curves intersect.

(b) Hence, find the area bound between the two curves.

U o TR ol

f::::‘f::...‘:‘f{f%f?ﬂ[&:fffff::ffff::ff
...... f—'(l%b""—“—g}—-%}"ﬁ‘bs-?’)'
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Question 24 (5 marks)

A discrete random variable X has the following probability distribution table

X 0| 12| 3 |4
PX=x)|a|2a|b |02

where a, b and c¢ are constants.
It is known that E (X) = 2.

(a) By finding expressions for b and c in terms of a, show that 0.05 < a < 0.18. 3

(b) Hence deduce the maximum possible value for the variance of X.
=
—_ L%
etz By =(o™
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Question 25 (7 marks)

Abdullah wishes to purchase an item which she can resell for one dollar. Benjamin is selling this
item and believes that the item is worth X dollars where X is a random variable with probability
density

a+p(2x—-1) :0<x<1

fx) = ,
: otherwise

where a and (8 are constants.

(a) Show that @ = 1 and find the possible values of § for which f(x) is a valid probability 2

=2 @y -\
(b) Abdullah places aa)?b?or th ?em and w111 gam the item only if her bid is above 1

Benjamin’s Valuatlon of the item. Otherw1se she will lose her bid.
a.l( L&

— g0t dtO=\7Z M é"‘b““‘d s
= -‘ﬁjss‘laﬂw&oa'

Show that her expected profit, E, is given by
E=F(M)—-b

where F(x) is the cumulative density function (cdf) of X.

—-17 -
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(c) Suppose f > 0. Explain why Abdullah should either bid b = 0 or b = 1. 2

M...a.:é...lo.::.c‘.?..,-...‘?.‘—.f.,..%..b.#o..e.r..(,..%«..;aéo.s
Henne Ao lol. el 6L oo sr D=| LB

?N.:b/ pfit € =o.
(d) Suppose f < 0. Find the value of b that maximises Abdullah’s expected profit and find 2

the expected profit in terms of .

You do NOT need to show that this is a maximum.

— 18 —
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Question 26 (4 marks)

Show that

2
2+ 22+ 222+ 2222 + -+ 2222 ...2 = a(lO’”1 —9n — 10).

n2’s

—-19 —
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Question 27 (4 marks)

Let k be a real number. For what values of k does the equatio@ 3(k—2)x = 9k —9 have 4
two real roots for x? snA P—S

Qrl o =2 AZ0O. .
......... D= f$£b—?,)34—L -+ ) ...

............... ?...?t_’— R6L.+36 4+ 6t — ke oo
......................... g.b?—.._.gg,_; Y i

‘/‘L?/MM ...........................................

................. ﬁLSU—XU—‘(—)D
DW “d‘—o ................................

...........(fx).”f ....... <ecs>c.ce):.—....~.—..lé...4.9 ....................
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Question 28 (4 marks)

The graphs of y = f(x) and y = g(x) are given below.

y=fx)

Find the domain and range of f (g (x)).

- Jf.»g....27.5.&&&...2&36,...M...z.g.atw).ﬁﬂf .....

........ ?—70?--&(%(‘\—3 &\

"i£ ..... 1.&.747—.’. '—7—-4;0‘)('\—340 .......

~21 =
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Question 29 (5 marks)

Consider a random variable X that is normally distributed with mean 15 and standard deviation
o. It is known that P(X < 10) = a and P(X > 25) = b.

(a) Find P(20 < X < 25) in terms of a and b. 2

(b) Consider a random variable Y that is normally distributed with mean 25 and standard 3

deviation 30. Find two pairs (m,n) suchthat P(m <Y <n)=1-—a —b.

Doyne.. TCIOCRC2S)D) = PORe22DD = PLXCYS)..

—-22
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Question 30 (5 marks)

In the figure below, the graphs of C; : x? + y? = 4 withcentre O; and C, : (x —2)?2+y2 =9
with centre O, are shown without the coordinate axes. Their intersections are labelled A and B.

(a) Find the value of cos 2A0;0,.

Oo 2.Ca@-¥&-c

Question 30 continues on page 24

_23 _
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Question 30 (continued)

(b) Hence, or otherwise, find the shaded area shown below. 4

—24 —
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Question 31 (9 marks)

In the year 2050, NSWMaths manufactures and sell§ Ruiace sip stickers. Suppose

7¢3 — 10002 + 126000
¢@) = 100000 + 84

is the cost in millions of dollars to produce and sell g million units (you may assume this is
the only cost). It is also known that the price each sticker can be sold for can be modelled by
D(q) = b — aq, where a and b are positive constants. Define P(q) to be the profit in millions
of dollars associated with selling g million stickers.

(a) From historical data, when 200 million units were produced, each unit sold for $1.50, and
when 50 million units were produced and sold, a profit of $44.25 million was made.

(i) Explain why b = 1.5 + 200a.

Question 31 continues on page 26

_25
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(ii1)) Hence, show that

o — (254 7q3 — 1000¢% + 126000q
@ =aq 100000

+84>.

Question 31 continues on page 27

—26 —
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Question 31 (continued)

(b) Find the maximum profit the company can make, to the nearest million.

You must justify why your answer is a maximum.

AN o2 ot

.............. \028‘\-l5€’>~v9«- Al e

End of paper
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I want to learn more and more to see as beautiful what is necessary in things,
then I shall be one of those who make things beautiful.

— Friedrich Nietzsche, Die frohliche Wissenschaft.

EXAMINERS
one eight seven Q2, 5, 20,21,22,29
MokSifu Q1,6,7,9,11, 13, 14,
17, 18, 24, 28, 30
Hugh Entwistle Q18, 19, 24, 25
MagiicMushroom Everything else.
_28_
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Measurement Financial Mathematics
Length A=P(1+r)
[ = i X 27r
360
Sequences and series
Area
A= xw? T,=a+(n-1)d
360
A:ﬁ(a+b) Sn:%[2a+(n—1)d]:%(a+l)

Surface area

T =ar
A =27r* + 27rh
al(l-r") alr*-1
A = 47r? S = ( )= ( ),r;tl
" 1-r r—1

Volume

1 s=—2|r|<1
V =—Ah -

3
V= i71'1*3

3
Functions Logarithmic and Exponential Functions

B —bi\/b2—4ac

X =

I
log,a*=x=qa"%"

2a
log, x
For ax® +bx> +cx +d = 0: log,x = log,a
b
ar 'B = a X xlna
a =e

C
aﬁ+ay+[)’y=g

and affy = —%

Relations

(r=n)+ (k)=

r2




Trigonometric Functions
opp

EL anA = °PP

SinA = ——, Cco0sA = -
hyp hyp adj
1
A =—absinC o
2 \/E 45
a b c
= = 45° ]
sinA sinB sinC
¢ =a*+ b*-2abcosC
2 2 2
a+b-—c
cosC=— o
2ab 30
2
[=r0
A= %ﬂe [60°

Trigonometric identities

secA = , cosA#0

CcosA

COSsecA = , sinA #0

sinA

COSA
COtA =

Sin

, sSinA#0

2

cosZx + sin®x = 1

Compound angles
sin(A + B) = sinAcos B + cos Asin B

cos(A + B) = cosAcos B — sinAsin B

tan(A N B) _ tanA + tan B
l1—tanAtan B
If t:tané then sinA = 2
2 1+ £
2
COSA = -1
14 £
tanA =
1-12

cosAcosB = %[COS(A — B) +cos(A + B)]

—

sinAsinB = —[cos(A — B) —cos(A + B)]

[ \S]

sinAcos B = —[sin(A + B) + sin(4 — B)]

— N

cosAsinB = —[sin(A + B) —sin(4 — B)]

\O)

sin®nx = %(l — cos 2nx)

cos’nx = %(1 + cos 2nx)

Statistical Analysis

An outlier is a score

o less than Q, — 1.5 X IQR
or

more than QO + 1.5 X IQR

Normal distribution

e approximately 68% of scores have
z-scores between -1 and 1

e approximately 95% of scores have
z-scores between -2 and 2

e approximately 99.7% of scores have
z-scores between -3 and 3

EX)=u

Var(X) = E[(X - )] = E(X?) - u?

Probability

P(AnB)=P(A)P(B)
P(AUB)=P(A)+ P(B)- P(AnB)
P(A|B) = P(ﬁ(;)B), P(B)#0

Continuous random variables

P(X<r) =J J(x)dx

b
Pla<X <D) =J S(x)dx

Binomial distribution
P(X=r)="Cp'(1-p)"~"
X ~ Bin(n, p)
= P(X=x)

= (Z)px(l -p)" 5 x=0,1,....n
E(X) =np
Var(X) = np(1-p)



Differential Calculus

Function

y=f(x)"

y = g(u) where u = f(x)

=<

y =sin f(x)
y = cos f(x)
y = tan f(x)
y=e/®
y=In7f(x)
y=a/®

y=log, f(x)

y=sin"' f(x)

y=cos” f(x)

y=tan"' f(x)

Derivative

d , -

=L@
b

dy dv du

—=y—+v—

dx dx dx

dy_dy du

dx du dx
Jdu_ dv

ﬂ_ dx dx

dx V2

d

d—fc = /'(x)cos f(x)

? = —f(x)sin £(x)
X

D praysec? £(x)
dx

Lo el
A
ax - f()

2 (Ina) //(x)a’t
dx

a1

dx (Ina)f(x)
& W

dx 1— [f(X)]Z
dy _ S (x)
dx 1— [f(x)]2
dy  f(x)

dx 1+ f(x)]P

Integral Calculus

Jf,(x)[f(x)]"dx = ﬁ[f(x)]n+l+c

where n # -1

S (x)sin f(x)dx =—cos f(x)+c¢

J'(x)cos f(x)dx =sin f(x)+c

F'(x)sec? f£(x)dx = tan f(x) +¢

r

f’(x)ef(x)dx =/ 4

~

d‘?ﬁ?dxzhﬂfuﬂ+c
( S(x)
F(x)a” M dx = T e
J Ina
/(%) dx = sin_l@+ c
N [f(x)]2

J—f’(x) dx = ltan"lM+ c
a2 n [f(X)]2 a a

uﬂdx =uy— v@dx
dx dx
b
J‘f@ﬁk
a

=28 @+ )+ 2 A+

+ f(xn_l)}}

where a = x, and b= X,



Combinatorics

Vectors
‘g‘ =‘x£+yl‘ =«/x2+y2

u-v=[u||v[cosd = xx, + 33,

where u = x;i+y,j

and y:x2£+yzz

r=a+Ab

Complex Numbers

z=a+ib=r(cosf+isinb)
= re'?
[r(0059 +isin 9)]" = r"(cos n@ + isin n@)

— rnemﬁ

Mechanics

d*>x dv  dv ci(l 2)
—2 =— =y— = —| —V
dt dt dx dx\2
x=acos(nt+a)+c
x=asin(nt + a) + ¢

X= —nz(x -c)
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