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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  Points A and B are (-3, 1) and (1, 4) respectively.

Which of the following is a vector equation of the line AB with parameter A?
v (3= 0)
Yy 4 4
s (3)-(3)
Yy
e (-G
Yy 3 1
> (3
y

2 Consider the statement:
d x € Z, such that x2 is odd.
Which of the following is the negation of the statement?

A. Vx€eZ, x*isodd

Vxe Z,x2 1S even

x2iseven = x € 7Z

o 0=

J x € Z, such that x? is even

3 What are the square roots of 3 —4i?

A. 1-2{ and -1+ 2i
1+2i and —1-2i
2—1i and -2+

—2—jand 2+1i

o 0=



A particle in simple harmonic motion has speed v ms™', given by v=—x?+2x+38
where x is the displacement from the origin in metres.

What is the amplitude of the motion?

A. Im
B 3m
C. 6m
D. 9m

Consider the statement:
If x>~ 2x>0, then x<0.
Which of the following is the contrapositive of the statement?

A. If x>0, then x> - 2x<0.
If x<O0, then x% —2x>0.
If x2—2x <0, then x < 0.

If x2—2x<0, then x> 0.

o 0=

The complex numbers z and w lie on the unit circle. The modulus of z +w is %

What is the modulus of z —w?

A L
8
g V7
2
c. 2
2
p. L
4



The complex number z lies on the unit circle.

Yi

-3

What is the range of Arg(z — 2i)?

T Sx
A, —<Arg(z-2i)<—
6 g(z — 2i) o
/1 2
B. —<A —-2i)<—
3 rg(z — 2i) 3
C. —-——<Arg(z-2i)<s-~—
D ——<Arg(z—21)s—§

=V



8

The graph shows the velocity of a particle as a function of its displacement.

Which of the following graphs best shows the acceleration of the particle as a function

Vi

A

of its displacement?

=Y

A.
al ak
| / N\ _ _
'fv'v'x TN
C.
al ak
0 T T T |; O\l\_/l//;
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The points U, V, W and Z represent the complex numbers u, v, w and z respectively. It is
giventhat v+ z=u+w and u + kiz=w + kiv where k € R, k> 1.

Which quadrilateral best describes UVWZ?

A.

B
C.
D

Parallelogram
Rectangle
Rhombus

Square

cos (1)

Which of the following gives the same curve as | —t | for r € R?

sin ()

cos(21)
2t
sin(2¢)




Section II

90 marks
Attempt Questions 11-16
Allow about 2 hours 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 (14 marks) Use the Question 11 Writing Booklet

(a)

(b)

(©)

The location of the complex number z is shown on the diagram on page 1 of the 2
Question 11 Writing Booklet.

On the diagram provided in the writing booklet, indicate the locations of
Z and iz.

in in
The complex numbers w and z are given by w =2¢6 and z=3¢°. 2
Find the modulus and argument of wz.
The complex number z is given by x + iy.
Find, in Cartesian form:
O 1
1
i) —. 2
i)~

Question 11 continues on page 8



Question 11 (continued)

(d) (i) Force F| has magnitude 12 newtons in the direction of vector
2i -2j+k.

Show that F, =8i — 8 + 4k.
(it)  Force F| from part (i) and a second force, F, = —6i + 12 + 4k, both act
upon a particle.

Show that the resultant force acting on the particle is given by:

Fy=2i+4)+8k.

(iii) Calculate Fy-d, where F; is the resultant force from part (ii) and

d=i+j+2k.

(e) Prove by contradiction that J3 +J5 > J11.

(f) Find J;dx.
V7 =x%—6x

End of Question 11



Question 12 (16 marks) Use the Question 12 Writing Booklet

(a)

(b)

()

(d)

(e)

T
2

Using integration by parts, evaluate J xsinxdx.
0

Given the function y= xezx, use mathematical induction to prove that
n n
4y _ (Z”x + n2"_1)62x for all positive integers n, where 4y is the
dx" dx"
d dny dn+1y
nth derivative of y and —| — |= —.
dx\dx") dx"*!

Sketch the region of the complex plane defined by |z +5 —i| > |z — 3 + 3i].

Findl[ x? = 2x+9 dx.
(4—x)(x2+1)

A particle of mass m kg moves along a horizontal line with an initial velocity

of V,m s,

The motion of the particle is resisted by a constant force of mk newtons and
a variable force of mv? newtons, where k is a positive constant and v m s is the
velocity of the particle at 7 seconds.

Show that the distance travelled when the particle is brought to rest is

1 (k+ V)
Eln . metres.




Question 13 (15 marks) Use the Question 13 Writing Booklet

4
X
(a) Itis given that A = © dx.
, X— 1
m-—2 —x
Show that e—dx = kA, where k and m are constants.
mea X—m+1

(b) Let ¢ =xi+yj+zk be a unit vector that is perpendicular to both
a=2i+4j—-3k and b=-4i -5 + 3k.

Find all possible vectors c.

(©) (1) For positive real numbers a and b, prove that atb >ab.
(i1)) Hence, or otherwise, show that 2n + 1 2n+1 for any integer n = 0.
2n+ 2 J2n+3
r
2 u . . o T
(d) Evaluate - du, by first using the substitution u = — — x.
o l+sinu+cosu 2

—10 =



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

T

2
(a) Letl =J cot0de for integers n > 0.

T

(i) Show that I = —1I,_, for n >0, given that %cote = —cosec’ 6.

2n—-1

(i1)  Hence, or otherwise, calculate /,.

(b) The acceleration of a particle is given by X = 32x(x2 + 3), where x is the
displacement of the particle from a fixed-point O after ¢ seconds, in metres.
Initially the particle is at O and has a velocity of 12 ms™! in the negative
direction.

(i) Show that the velocity of the particle is given by v = —4(x2 + 3).

(i1)) Find the time taken for the particle to travel 3 metres from the origin.

(c) Letw be acomplex number such that 1+ w + w2+ + w0 =0.
(i) Show that w is a 7th root of unity.

The complex number & = w + w? + w? is a root of the equation x> + bx + ¢ =0,
where b and c are real and ¢ is not real.

(ii) Find the other root of x> + bx + ¢ =0 in terms of positive powers of w.

(iii) Find the numerical value of c.

(d) Positive real numbers a, b, ¢ and d are chosen such that l, %, l and l are

a c d
consecutive terms in an arithmetic sequence with common difference k, where

keR, k>0.

Show that b+ c < a + d.

—11 -



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

(a)

(b)

(c)

The adjacent sides of a parallelogram are represented by the vectors
a=4i+3j—k and b=2i - j+ 3k.

Show that the area of the parallelogram is 6+/10 square units.

A particle moves in simple harmonic motion about the origin with amplitude A,
. | L
and it completes two cycles per second. When it is 1 metres from the origin, its

speed is half its maximum speed.

Find the maximum positive acceleration of the particle during its motion.

(1) Show that

1+ cos@+isin@
- =i1cot—.
1—cos@—isinf 2

(i1)) Use De Moivre’s theorem to show that the sixth roots of —1 are given

by cos(@} isin(@j for k=0,1,2,3,4,5.

z+1

. /4 . 3r) . AN AN 174
z=1icot|—|, icot| — |, icot| — |, icot| — |, icot| — |, and
12 12 12 12 12
: (117[)
icot| — |.
12

6
. . -1
(iii) Hence, or otherwise, show the solutions to (Z ) =—-1 are

—12 —



Question 16 (15 marks) Use the Question 16 Writing Booklet

(a)

(b)

Consider the equation
2"cos[nb) + 2" 'cos[(n — 1)6] + 2" Zcos[(n — 2)6] + --- + zcos[6] = 1

where z € C, 6 € R, and n is a positive integer.

Using a proof by contradiction and the triangle inequality, or otherwise, prove

that all the solutions to the equation lie outside the circle |z| = By on the complex

plane.

A particle of mass 1 kg is projected from the origin with a speed of 50 ms™!,

at an angle of 6 below the horizontal into a resistive medium.

Vi

50 ms™!

The position of the particle ¢ seconds after projection is (x, y), and the velocity

of the particle at that time is y = (xj
y

The resistive force, R, is proportional to the velocity of the particle, so that
R = —ky, where k is a positive constant.

Taking the acceleration due to gravity to be 10 m s, and the upwards vertical
direction to be positive, the acceleration of the particle at time ¢ is given by:

a= —'kx . (Do NOT prove this.)
~ \—-ky-10

Derive the Cartesian equation of the motion of the particle, given sin8 = 3

Question 16 continues on page 14

— 13 —



Question 16 (continued)

()

Consider the point B with three-dimensional position vector b and the
line ¢: g + Ad, where q and d are three-dimensional vectors, |d | =1 and 4 is

a parameter.

Let f(A) be the distance between a point on the line ¢ and the point B.

(1) Find Ay, the value of A that minimises f, in terms of g, b and d.

(i) Let P be the point with position vector a + 4,d.
Show that PB is perpendicular to the direction of the line /.

(iii) Hence, or otherwise, find the shortest distance between the line ¢ and
the sphere of radius 1 unit, centred at the origin O, in terms of d and a.

You may assume that if B is the point on the sphere closest to ¢, then
OBP is a straight line.

End of paper

—14 -
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(a) The location of the complex number z is shown on the diagram. Indicate the locations of z and iz.

v
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=Yy
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Measurement Financial Mathematics
Length A=P(1+7r)
[= i X 27r
360
Sequences and series
Area
Azixm’z T.=a+(n-1)d
360
h _ n _ n
A=5(a+b) Sn—5[2a+(n—1)d]—5(a+l)
Surface area T =a!
A =2mr% + 2nrh
1-r" "1
A = 4nr? S=a( r):a(r ),r;tl
n 1-r r—1
Volume
1 s=—2|r|<1
V=—Ah 1—-r
3
V="m
3
Functions Logarithmic and Exponential Functions
Lo ThEY b* — 4ac log a* = x = a'°%"
2a
. log,x
For ax’+bx* +cx+d=0: O8a* = log,a
b
+B+y=——
o ﬁ Y a ax — exlna

c
aﬁ+ay+ﬂy:5
and aﬁyz—%

Relations

(=4 (=4 =

2471 11—



Trigonometric Functions

SinA:ﬂ, COSA:a—d‘]’ tanA:ﬂ
yp hyp adj
1
A=—absinC o
2 ﬁ 5
a _ b _ ¢ 450
sinA smB sinC
2 =a*+b*-2abcosC
2 2 2
a+b°—c
cosC=——7—— o
2ab 30
2
[=r6
A=%r29 60° .
1

Trigonometric identities

SecA = , CosA#0

COosA

cosecA = , sSinA#0

S

CcosA
COtA =

. 2

Sin

sinA#0

2

cos3x + sin®x = 1

Compound angles
sin(A + B) = sinA cos B + cos A sin B

cos(A + B) = cosAcos B — sinAsin B

tan(A . B) _ tanA + tan B
1—-tanAtanB

If t= tamé then sinA = 2 5

2 1+1¢

2

COSA = ! t2

1+1¢

tanA = 2 5

1-1

cosAcosB = %[COS(A — B) +cos(A + B)]
sinAsinB = %[COS(A — B) —cos(A + B)]
sinA cosB = %[sin(A + B) + sin(A — B)]

cosAsinB = %[sin(A + B) —sin(A — B)]

2

sin“nx = —(1 — cos 2nx)

2

cos“nx = —(1+ cos2nx)

o= N[

Statistical Analysis

An outlier is a score

less than Q| — 1.5 X IQR
or

more than O, + 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) =p
Var(X) = E[(X - p)*| = E(X?) - 4

Probability
P(ANB) =P(A)P(B)
P(AUB) = P(A) + P(B) - P(ANB)

P(ANB)

P(A|B):W

,P(B)#0
Continuous random variables

P(X<r) :J f(x)dx

b

P(a<X<b)=j f(x)dx

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

= P(X=x)

(ijx(l -p)" 7, x=0,1,....n
E(X)=np
Var(X) = np(1-p)

_2_



Differential Calculus

Function

y=f(x)"

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

<
Il
<<

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

y=Inf(x)

y=a/

y=log, f(x)

y= sin_lf(x)

y=cos™ f(x)

y=tan"' f(x)

Derivative

d , e
T=nf @]

dy _dy du
dx du dx

Gl = f'(x)cos f(x)
dx

% =—f"(x)sin f(x)
X

dy_ )

dx (Ina) f(x)

dy_ S

-l

dy _ f'(x)

dx 1— [f(x)]Z

dy_ [
de 4 [f]

Integral Calculus

T+l

Jf’(x)[f(x)]”dx -

where n# —1

Jf'(x) sin f(x)dx = —cos f(x) + ¢
Jf’(x)cosf(x) dx=sin f(x)+ ¢
Jf’(x) sec’f(x)dx = tan f(x) + ¢

Jf'(x)ef(x)dx =e/W4c

S/ (x)
f(x)

dx=1In| f(x)|+c

f'(x)a!Pdx = @/t +c
Ina

1/(x)
a

dx = sin~

J 1)
- [ff

J—f’(x) dx = ltan"1
e [f(x)]2 a a

u@dx =uy — v@dx
dx dx

b
J Sf(x)dx

b

—-a
2n

where a = x,, and b= X,

_3_

[f(x)]n+1 N

{f(a)+f(b)+2[f(xl)+---

c

+c

+f<xn_1>]}



Combinatorics

v
np M
" (n-r)!

ny o, n!
="C =———
(r) "ol (n—-r)!

n\ n\ -
(x+a)"=x"+(1)x” 1a+---+( )x" "a" + -

r

+a

Vectors
|L~t|=‘x£+yﬂ=Vx2+y2

%'Y=|E‘H 14 |0059=X1x2+y1y2’
where LNt:x1£'+y]Z

and v=Xx,i +y,]

r=a+Aab

Complex Numbers

z=a+ib=r(cos +isinh)
.
[r(cose +isin 0)]” =r"(cosn@ + isinnd)

= emH

Mechanics

d*x dv @_i(lvz)

2 dt dx de\2

x=acos(nt+a)+c
x=asin(nt+a)+c

¥=-n*(x—c)

© 2025 NSW Education Standards Authority
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