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+ Write using black pen
« Calculators approved by NESA may be used
+ A reference sheet is provided at the back of this paper

 For questions in Section Il, show relevant mathematical reasoning
and/or calculations

Total marks: Section | - 10 marks (pages 2-7)
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+ Attempt Questions 1-10
« Allow about 15 minutes for this section

Section Il - 60 marks (pages 8-14)

+ Attempt Questions 11-14
« Allow about 1 hour and 45 minutes for this section



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 Which diagram best represents the solution set of x> —2x—3207

A. B
-1 3 -3

C D.
.—. .—.
-1 3 -3

2 Given f(x) =1+ x, what are the domain and range of /~'(x)?

A. x20, y=20

B. x20, y=1
C. x=21, y=20
D. x21, y=1

9
4x*+1

3 Which of the following is an anti-derivative of

A.  2tan”! (ﬁ) +c
2

B. ltan_l(ﬁ) +c
2 2

C. 2tan'(2x) +¢

D. %tan_1 (2x) + ¢



Maria starts at the origin and walks along all of the vector 2{ + 3, then walks along all

of the vector 3i —2;j and finally along all of the vector 4 —3;.

How far from the origin is she?

A. 77
B. 85
C. 2J13+45

D. J5+J7+413

A monic polynomial p(x) of degree 4 has one repeated zero of multiplicity 2 and is
divisible by x>+ x + 1.

Which of the following could be the graph of p(x)?

A. A B. A

T e
NS




6  The vectors a and b are shown.

B a b
v
C. v
b a
D.




Which of the following best represents the direction field for the differential equation
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Out of 10 contestants, six are to be selected for the final round of a competition. Four of
those six will be placed 1st, 2nd, 3rd and 4th.

In how many ways can this process be carried out?

|
N
6!4!

|

g
6!

|

o o
412!

|

o 0!
414!

The projection of the vector (s) onto the line y=2x is (:)

The point (6, 7) is reflected in the line y = 2x to a point A.

What is the position vector of the point A?



10  The quantities P, Q and R are connected by the related rates,

d_R:_k2

dt

d_P: _lz X d_R
dt dt
4P _ 2 40
dt dt

where k, [ and m are non-zero constants.
Which of the following statements is true?

A.  Pisincreasing and Q is increasing
B. Pisincreasing and Q is decreasing
C. Pis decreasing and Q is increasing
D

P is decreasing and Q is decreasing



Section I1

60 marks

Attempt Questions 11-14

Allow about 1 hour and 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 (15 marks) Use the Question 11 Writing Booklet

(a) Let P(x)=x"+3x>—13x+6.

(i) Show that P(2)=0. 1
(i) Hence, factor the polynomial P(x) as A(x)B(x), where B(x) is a 2
quadratic polynomial.
a 2a -3 )
(b) For what value(s) of a are the vectors 1 and 5 perpendicular? 3
(¢) The diagram shows the graph of y = f(x). 3
v
N 2 X
-3

1

Sketch the graph of y = .
s (x)

Question 11 continues on page 9

_8—



Question 11 (continued)

(d) By expressing </3 sinx + 3cosx in the form Asin(x + a), solve
x/gsinx+3cosx=\/§, for 0 < x <2m.

(e) Solve ? =¢”, finding x as a function of y.
X

End of Question 11

Please turn over



Question 12 (14 marks) Use the Question 12 Writing Booklet

(a)

(b)

(c)

(d)

(e)

Use the principle of mathematical induction to show that for all integers n >1,

I1X242%X5+3%x8+--+n(3n=1)=n*(n+1).

When a particular biased coin is tossed, the probability of obtaining a head is %
This coin is tossed 100 times.

Let X be the random variable representing the number of heads obtained. This
random variable will have a binomial distribution.

(i) Find the expected value, E(X).

(ii)) By finding the variance, Var(X), show that the standard deviation of X is
approximately 5.

(iii) By using a normal approximation, find the approximate probability that
X is between 55 and 65.

To complete a course, a student must choose and pass exactly three topics.
There are eight topics from which to choose.
Last year 400 students completed the course.

Explain, using the pigeonhole principle, why at least eight students passed
exactly the same three topics.

T

2
Find J cos5x sin3x dx.
0
. . - ) ) ) dy X
Find the curve which satisfies the differential equation — = -— and passes
through the point (1, 0). * Y

~10 -



Question 13 (16 marks) Use the Question 13 Writing Booklet
(@ () Find i(sirﬁ 0).
deé

2
. o by
(i1)) Use the substitution x =tané to evaluate | —— dx.

0 (1+X2)2

|

(b) The region R is bounded by the y-axis, the graph of y = cos(2x) and the graph
of y=sinx, as shown in the diagram.

v
y =sinx
N Rk
0 v X
y =cos(2x)

Find the volume of the solid of revolution formed when the region R is rotated
about the x-axis.

Question 13 continues on page 12

—11 =



Question 13 (continued)

2
(¢c) Suppose f(x)=tan (cos_l(x)) and g(x)= 1=
The graph of y = g(x) is given.
Vi
y=28(x)
1 0 1 x

(i) Show that f'(x)=g"(x).

(ii) Using part (i), or otherwise, show that /(x) = g(x).

End of Question 13

12—



Question 14 (15 marks) Use the Question 14 Writing Booklet

(a)

@

(ii)

(111)

@iv)

Use the identity (1+x)*" =(1+x)" (1+x)"

Cr)=(aT () + =+ ()

where 7 is a positive integer.

to show that

A club has 2n members, with » women and n men.

A group consisting of an even number (0, 2, 4, ..., 2n) of members is
chosen, with the number of men equal to the number of women.

Show, giving reasons, that the number of ways to do this is (Zn)
n

From the group chosen in part (ii), one of the men and one of the women
are selected as leaders.

Show, giving reasons, that the number of ways to choose the even
number of people and then the leaders is

2”2 2”2 2”2
1 + 2 + - +n .
1 2 n

The process is now reversed so that the leaders, one man and one
woman, are chosen first. The rest of the group is then selected, still made
up of an equal number of women and men.

By considering this reversed process and using part (ii), find a simple
expression for the sum in part (iii).

Question 14 continues on page 14

13—



Question 14 (continued)

sin(36)
4

(b) (i) Show that sin’6 — %sin 0+ 0.

(ii) By letting x = 4sin6 in the cubic equation x> — 12x + 8 = 0.

Show that sin(36) = %

(i11)) Prove that sin? K2 +sin? 5—” +sin? 25—% = 3 .
18 18 18 2
End of paper
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REFERENCE SHEET
Measurement Financial Mathematics
Length A=P(l+r)
[ = i X 27r
360
Sequences and series
Area
A= s T,=a+(n-1)d
360
A=ﬁ(a+b) Sn:g[2a+(n—1)d]:g(a+l)
Surface area T =aqr!
A =272 + 2nrh
all-r" alr'*-1
A = 47r? S = ( ): ( ),r;tl
n 1-r r—1
Volume
a
V=1an S=q Il
3
V= i75;’3
3
Functions Logarithmic and Exponential Functions
_ —b++/b* —4ac log,a* = x = %8>
2a
log, x
For ax> +bx>+cx+d=0: logax = logba
b
o+ ﬁ Tr= _E X xlna

C
af +ay+ fy="

and affy = —g

Relations

(o + -4 =

1391

}’2

a e




Trigonometric Functions

sinA =%, COSA:a—d‘]’ tan A =ﬂ
hyp hyp adj
1
A =—absinC o
2 J2 45
a b c
= = 450
sinA sinB sinC —IE
c?=a*+b*-2abcosC
2 2 2
a+b°—c
cosC=——— o
2ab 30
2
=16
A= %rZQ 60°
1

Trigonometric identities

secA = , cosA#0

COS

cosecA = , sSinA #0

Sin

COSA
COtA =

S

, sinA #0

2

cos?x + sinZx = 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
l—tanAtan B
If tztané then sinA = 2
2 1+ ¢
1— 2
COSA = !
1+ ¢
tanA = 2
1-¢

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(A - B)]

sin’nx = %(1 — cos 2nx)

cos’nx = l(1 + cos 2nx)

Statistical Analysis

An outlier is a score

o less than O, — 1.5 X IQR
or

more than Q5 + 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

E(X)=pu
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(B)#0

Continuous random variables

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

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

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

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

, n



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=1Inf(x)
y=a/®

y=log, f(x)

y=sin"! £(x)

y=cos™ f(x)

y= tan_lf(x)

Derivative
d , _
=/ @
x
dy dv du
—=u—+v—
dx dx dx
dy _dy du
dx du dx
Jdu_ dv
ﬂ _dx dx
dx V2

? = (x) cos f(x)
X

? = () sin ()
X

D p)sec? f(x)
dx

L= e’
&y _ S
dx )

L (ina) //(x)a’™
dx

& F
dx (Ina)f(x)

dy __ f(x)

dx 1—[f(x)]2

dy _ f'(x)

dx 1—[f(X)]2

dy _ f'(x)
dx 1+[f(x)]2

Integral Calculus

J SO =[] e

where n # —1

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

J

Jf’(x)seczf(x)dx =tan f(x)+c

~

f’(x)ef(x)dx =/

PM X = X)|+c
J f(x)d In| £(x)|+

( f(x)
f’(x)af(x)dx S
J Ina

+c

/(%)
a>-[f))

dx = sin

(8

J—f'(x) dx = ltan‘lM-% c
612 +[f(x)]2 a a

b
J Sf(x)dx

b—a
2n

where a = x,, and b= X,

J(x)sin f(x)dx = —cos f(x)+c

_1@+c

{f&ﬁ%;f@0+2[j(ﬁ)+-n—kf(

xn—l

)



Combinatorics

Vectors
‘gt‘:‘x£+y2‘ =\/x2+y2

u-y=[ul[y|cosd =xx, + 3,7,
where u = xji +yj

and y=x2£+y21

r=a+i

1S

Complex Numbers

z=a+ib=r(cosf+isinh)
= re'?
[r(cos 0 + isin 9)]" =r"(cosnf + isinnb)

— rnelne

Mechanics

a2 dr dx drl2’

Lx_dv_ dv_ (1)
x=acos(nt+0/)+c
x=asin(nt +a) + ¢

i=-n*(x-c)

© 2020 NSW Education Standards Authority
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