North Sydney Girls High School

2026 | HsC TRIAL EXAMINATION

Mathematics Extension 2

General e Reading Time — 10 minutes
Instructions  ,  working Time — 3 hours

o Write using black pen
e Calculators approved by NESA may be used
e Areference sheet is provided

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

Total marks: Section | - 10 marks (pages 2 — 8)

100 e Attempt Questions 1 - 10
¢ Allow about 15 minutes for this section

Section Il — 90 marks (pages 9 — 16)

e Attempt Questions 11 — 16
e Allow about 2 hours and 45 minutes for this section

NAME: TEACHER:

STUDENT
NUMBER:

MC Ql11 Q12 Q13 Q14 Q15 | Q16 Total

/10 /15 /14 /14 /16 /16 /15 /100




Section |

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 statement.
If f"(a)=0, then the graph of f(x) has a point of inflection at x=a.

Which of the following is equivalent to this statement?

A. If /"(a)#0,then f(x) does not have a point of inflection at x=a.

B. If /(x) has a point of inflection at x=a, then f"(a)=0.

C. If f(x) does not have a point of inflection at x=a, then f"(a)#0.

D. If f(x) does not have a point of inflection at x=a, then f"(a)=0.
2 If the point z=a+ib, where a,b >0 is represented as a point on the Argand

diagram, the point representing —z can be obtained by which of the following?

reflecting the point representing z in the real axis.
reflecting the point representing z in the imaginary axis.

rotating the point representing z anti-clockwise about the origin by 90°.

S o % »

rotating the point representing z clockwise about the origin by 90°.



3 Which of the following is the curve in the complex plane defined by

—1c

> Re(z)

> Re(z)

Im(z)
4
1 +4
: Re(z)
-1
-19
Im(z)
y
10
O > Re(z)
-1
a4



4 Consider the regular polygon below with the complex numbers z,,z,,z,,z, and -2

as vertices as shown below.

Im

%]

>Re

X

Which polynomial equation has these complex numbers as roots?

z'-16=0

A

B. z*+16=0
C z°-32=0
D

22+32=0

5 Consider the following statement:
“Let m be a positive integer. If m is not prime, (m - 2) is not prime”

Which of the following values of m is a counterexample for this statement?

A. 9

B. 12
C. 13
D 23



6 The diagram below shows a stationary object being acted on by four forces whose
magnitudes are in Newtons. The force of magnitude F; Newtons acts in the

opposite direction to the force of 8 Newtons.

NOT TO SCALE

60°

30°

What is the value of F, if the system is in equilibrium?

A 23

B. 8-23

C. 8
D. 8+2\3
7 A particle is moving in a straight line with displacement x at time ¢ and velocity v.

The graph below shows v* as a function of x.

: — X
-1 1 2 3 4 5 6

Which of the following is a possible equation for the displacement of the particle?

A. x=3+4cos(mt+a

B. x=3+2cos(xt+«

D. x=3+2cos(2t+«a

)
)
)
)

(
C. x=3+4cos(2t+a
(



8 A light inextensible string passes over a smooth pulley. Attached to the ends of a
string are masses of 12 kg and m kg as shown.

@
\_

12 kg

The acceleration due to gravity is 10 m/s?.
The masses are released from rest and the 12 kg mass accelerates downward at
2 m/s%.

What is the value of m?

A. 8

B 10
C 12
D. 16



The diagram below shows a parabolic bowl formed by rotating a parabola around
the z-axis. Its vertex is at the origin of a three-dimensional coordinate system and
cross-sections parallel to the xy -plane are circular.

The height of the bowl is 4 units and at the top of the bowl the diameter of the
cross-section is 6 units.

Which of the following is a possible set of parametric equations that describe this
paraboloid.

3\/; cosVv

<4
A. r= 3Jusinv |;
<v<rw
u
-iuc0s2v
2
3 . 0<u<?2
B. r=| —usin2v |;
- 2 <v<rm
1/[2
3
—A~/u cosv
2
. 0<u<4
C. r=| —Ausinv [;
- 2 0<vr
u
3ucos2v 4
D. r=|3usin2v |;
5 <v<rm
u



10 The graph below shows the acceleration of a particle as a function of its
displacement.

Which of the following best represents a possible graph of its velocity as a function
of its displacement?

A. B.




Section 11

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 (15 marks) Use a SEPARATE Writing Booklet

(a) Let z= \/Eef and w=-2+2/3i.

(1) Find the exact value of Arg (2) . 2
z
(i)  Express ¥ in x+1iy form where x and y are real numbers. 2
z

Show all working.

3-1
(ii1))  Hence, deduce that tan [ij = \/_— . 1
12) 3+1
(b)  Find j sin™' x dx. 2
(c)  Consider the equation z° +az’ +bz+65=0 where a,bcR . 3
Given that z =2-3i is a solution to this equation, find the value of ab .
(1
(d) Find | ————d@. 3
o 2+cosb
(e) Sketch the region in the Argand plane described by the intersection of 2

RY/4
~2il<2 and Z < Arg(z)<2Z.
|z—-2i[<2 an 2 g(z2) 2



Question 12 (14 marks) Use a SEPARATE Writing Booklet

(a)

(b)

(©)

(d)

Use the method of partial fractions to find JX—de.

6+x—2x°

Use de Moivre’s theorem to solve z* = —3+/2 +3+/2i giving your answers in
modulus-argument form. Show all working.

The lines /, and /, are given by the vector equations

4 1 2 1
r=|31+A 5 |and r,=| -1 |+ u| -2 | respectively where 4, ueR.
0 -2 3 -3

(1) Show that /, passes through the point (3, -2, 2).

(1))  Determine whether the two lines intersect.

(i) Show that a* +5b° > 2ab where a,beR.

(i)  Hence show that for a,b,c e R, (a2 + c)(b2 + c) >4abc .

10

3



Question 13 (14 marks) Use a SEPARATE Writing Booklet

(2)

(b)

(©)

(d)

A fly moves on a path given by a three dimensional curve. Its position vector from
sint
a fixed origin is given by I:(t) =| cost | where 0<¢<2rx.

cos 2t

Distances are measured in metres and time in seconds.
(1) Find a unit vector in the direction of the fly’s initial position. 1

il What is the fly’s maximum speed? 2
(1) y p

The displacement x(t) of a particle moving in simple harmonic motion satisfies

. d’ . C .
the equation ?jc =—4x. Initially the particle is one metre to the left of the origin

moving to the right at a speed of /32 m/s.

(1) Find the period of the motion. 1
(i)  Find the displacement function x (t) . 3
(iii))  Find the first time the particle achieves its maximum velocity. 2

Answer correct to two decimal places.

Consider the statement below.
For any integers a and b, if a+b>15 then a>8 or b>8§.

(1) Write down the contrapositive of the statement. 1

(1)  Hence prove the statement. 2
. _ u

Given u and v are complex numbers such that uv +uv =0, prove that — 2
v

is purely imaginary.

11



Question 14 (16 marks) Use a SEPARATE Writing Booklet
(a) Prove by Mathematical Induction that for integers n >0,

(27n1) <(2n+1)!

(b) (1) Find the vector equation of the sphere with a centre at (5,4, —7) and

passing through the point P (3,1,—1) .

(i)  Find the value(s) of m for which the line

r= 3£+Z—Ig+l(m2£—5m1—3lg) is tangent to the sphere, at P.

(c) By differentiating Inx or otherwise, prove that if e<a <b then a” > b*.
X

Question 14 continues on Page 13

12



Question 14 (continued)

4
d @ Given that [, = J x"\16—x’dx forn >0, show that
0

(n+2)1,=16(n-1)1,_, for n>2.

1

(i)  Apart of the graph of f (x)=x’ (16 —x’ )Z is shown below.

The region bounded by the curve and the x-axis in the first quadrant
is shaded.

N AN
v

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

End of Question 14

13



Question 15 (16 marks) Use a SEPARATE Writing Booklet

(a)

Aaron applies a force of F' Newtons in the horizontal direction to pull an object
of mass 4 kg initially at rest on a ramp, using a light inextensible rope that passes
over a smooth pulley as shown.

The ramp is inclined at an angle of @ to the horizontal where tan 8 = %

The coefficient of friction between the object and the ramp is 0.5 and the
acceleration due to gravity is 10 m/s2.

F <

(1) Find the magnitude of the force that Aaron needs to apply so that the
object moves with an acceleration of 0.2 m/s?.

For the following two parts you may assume that the ramp is long enough
for the object to move without encountering the pulley.

(i)  How far does the object move in the first 10 seconds?
(iii))  After 10 seconds, Aaron loses his grip and lets go of the rope.

For how much longer does the object continue to move up the ramp
before momentarily coming to rest?

Question 15 continues on the Page 15

14



Question 15 (continued)

(b) A particle moves in a straight line with displacement x and velocity v.
Its acceleration is given by by X =x—4.
Initially the particle is at restat x =1.
Find an expression for the velocity v in terms of x.
(©) In triangle OAB, the point D divides OB in the ratio 1:7 and E divides OA in the

ratio s:1. The lines AD and BE intersect at G.

A

0
Let 5;1=g and 5§=lg.

()  Showthat 0G=—"5 44! .
l+r+rs ™~ 14+r+rs”

(11) The line through O and G meets AB at F.
Given that F divides 4B in the ratio ¢:1, find an expression for ¢
in terms of 7 and s.

End of Question 15

15



Question 16 (15 marks) Use a SEPARATE Writing Booklet

(a)

(b)

(©)

Suppose f (x) and g(x) are continuous functions over [0,a] such that

f(a—x)=f(x) and g(x)+g(a—x)=k, where k is a constant.

(i) Use a suitable substitution to show that J f(x)g(x)dx= %J f(x)ax.
0 0

2
(i)  Use the result in (i) to find J |x —1] arccos (x —1) dkx.
0

Let @w=cos@+isin@, where 96[0,272'].

(i) Show that @" + @™ =2cosk@, for any integer k.

Llet S=0 " -0+ -..—0'+1-0+0* —...— 0™ + ™"
(i1) By summing the series show that

S B a)—Zn + a)Zn + a)—(ZVH-l) + a)(2n+l)

(I+0)(1+ )
(i11))  Deduce that
cos2nf+cos(2n+1)6
1-2(cos @ —cos26 +cos30 —...—cos 2nb) = ( ) .
1+cos@

(iv)  Use the result in (ii1) to deduce the value of:

T 27 RY/4 257
COS— —COS—— + COS—— —...+ COS——.

13 13 13 13

Prove that there are no non-zero integers a, b, ¢ such that a* +b° + ¢ = 4abc .

End of paper

16
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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 statement.
If f"(a)=0, then the graph of f(x) has a point of inflection at x=a.

Which of the following is equivalent to this statement?

A.  If f"(a)#0, then f(x) does not have a point of inflection at x=a.
B. If £(x) has a point of inflection at x =a, then f"(a) =0.
@ If f(x) does not have a point of inflection at x =a, then f"(a)#0. COY\M:POS\ﬁ\IE
)

D. If f(x) does not have a point of inflection at x =a, then f"(a)=0.

2 If the point z=a+ib, where a,b > 0 is represented as a point on the Argand ~Z e
diagram, the point representing —z can be obtained by which of the following?
A. reflecting the point representing z in the real axis. z
reflecting the point representing z in the imaginary axis. z=a+\D
C. rotating the point representing z anti-clockwise about the origin by 90°, & = Q- \b
D. rotating the point representing z clockwise about the origin by 90°. —2 = —axb
2

2026 X2 THSC Page 3



3 Which of the following is the curve in the complex plane defined by

arg (

A.

z—1

z+i

)

T

=—7

2

Im(z) Im(z)
A

: Re(z) +
-1 1 -1
-1¢ -10
Im(z) Im(z)
D. A
1 o
Q > Re(z) O

A

Re(z)

2026 X2 THSC Page 5
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4

5

Consider the regular polygon below with the complex numbers z,z,,z,,z, and -2

as vertices as shown below.

Im

— Re

Ly

Which polynomial equation has these complex numbers as roots?

Q—-i)s = -2

4
. z —16= S
A 16=0 Yoo of € = =32
B. 2 +16=0 -
g Z 32 =0
C. z°-32=0

2 +32=0

Consider the following statement:
“Let m be a positive integer. If m is not prime, (m - 2) is not prime”
Which of the following values of m is a counterexample for this statement?
9 e wot pave but A2 =T s prive |
B. 12
C. 13

D. 23

2026 X2 THSC Page 7



The diagram below shows a stationary object being acted on by four forces whose
magnitudes are in Newtons. The force of magnitude F, Newtons acts in the

opposite direction to the force of 8 Newtons.

N\
Q‘LS F,
NOT TO SCALE
- t ©
60° T, ks = b3imo
1.’1< 30° > H@_ - 5
. 2 8
6 =
69}(\&0
What is the value of £? Nee 3\{9@"\ s in Q_QULL\A\S\AU.M .
s . Q
A. 23 Nerk colly ‘(.‘.‘.LSN\ED = bsiadd
T D22
8-243 N
= '18‘3
-
C. 8 . -
Yrow Zowra nrbweas - [ T, 0sbs
3
D. 8+2V3 T = B+ 28 x) b
= |
= 8- Qrs
A particle is moving in a straight line with displacement x at time 7 and velocity v.
The graph below shows v’ as a function of x.
v
i e e S e
-1 1 2 3 4 5 6
Which of the following is a possible equation for the displacement of the particle?
A. x=3+4cos(xt+a Arvelirude = S\ =22
( ) N?ll. =
B. x=3+2cos(7t+a) Mo \&\0(:\\'\-\ = A
29
C. x=3+4cos(2+a) A =1\
A= W
x=3+2cos(2 +a) N=2

2026 X2 THSC Page 2



8

A light inextensible string passes over a smooth pulley. Attached to the ends of a
string are masses of 12 kg and m kg as shown.

.
m kg
ma lZ\kg
4

\
The acceleration due to gravity is 10 m/s?. }ﬂ

The masses are released from rest and the 12 kg mass accelerates downward at

2
2m/s. \')q‘_mg—.;(\l‘\'vv\ *Q a=1
What is the value of m?

\120-\DM = LU +2m

@ 8 \Xw = 6
B.

wm =8
10
C. 12
D. 16

2026 X2 THSC Page 11



The diagram below shows a parabolic bowl formed by rotating a parabola around
the z-axis. Its vertex is at the origin of a three-dimensional coordinate system and
cross-sections parallel to the xy -plane are circular.

The height of the bowl is 4 units and at the top of the bowl the diameter of the
cross-section is 6 units.

Which of the following is a possible set of parametric equations that describe this

paraboloid.

=
I

=
Il

=
Il

(]
Il

3«./; cosv
3Jusinv

u

iu cos 2v
2

iu sin 2v
2

[¥]

u

3
—~/u cosv
2

3 .
=yusinv |;
2

3ucos2v
3usin2v |;

2

u?

-

2026 X2 THSC Page 13
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w=2a =z=W=4
U so vodiuws



10 The graph below shows the acceleration of a particle as a function of its
displacement.

W a= 2 (1)

Which of the following best represents a possible graph of its velocity as a function
of its displacement?

Vv

v \4

2026 X2 THSC Page 15



(i)

o
:L':Ee“' UO——Z-\-ZS_SL
Av w.
9 (£

3
Or% Z = ——QY‘%%
= — 0
4 —
A w - Qv — QA <
3 (£ 7 &
= 2f (-8
2 4
= 2N 4N
2 4
= W Avg(c—f-
(2 Z
w - wWZ
2 22
5
= W= Z2-=-S2 e“h
21 = \A(C
= (—2,—\;2_5551,‘)(\+L\ \2(=J2

2z

= —2-2Lx282 ¢ —203
2

= —(U+HB) « ¢ (-1
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a)(l_'\'\) eaA L\ — ;é_—'_\ as J\r% (_?__) =y
'EO(\ 1\_ - ——{af\m
\2 \2
= $3-\ as veq'urecs.
2+ \

b)

Ss'\ Y 5 i d ()

]

~x S\l — SW‘*’C buA Pcu‘ra

> st o +4 Seu) (->) 2 dx.

[l

A
= xsw' Xy C\ )z

PR
= s\ DC 4 - 352 4+ C

2
23-\— aZ +bz+¥65=0

2-3L & avoek. - 2430 v aliv a yoeft

(ved ceefprcients | Comjugotl voors)
Podunck of vooks™ @+ 3Q(2-31) % =-6S

\D Q= —6S

=-S
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Suestion It

Sumnm &_Q_ yoob -

Sum o vooh

(PO_LA 3

2520 +2-2L + L—s} = — a

G= |

(2429 (-3) +( -2 (-s) +@¥si) (2- 3) =

—l0 “tSL — 1O 4TSU + 4 +A<

So aln = (\\L—"B
= -
{
z \
____de
’2—\—(039
= w 2ok
2+ T

2 3k
2(\ 2 S R

\
(&) \-\-&:"

)]

]
ale
/_\

e
|
%
R
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2=
&= 2Ztan't
de = 2 4t
(+E2+
(a\ o | T
J«,\ o |\
Cose = -
L2
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b)

Queston 2L

@ x4\ S 2 - A L+ B
C+X-2x* @2-X)1Y) 2- A4 2
Equahng A o A + B (2-X)
NUME Yot DYsS
Suls %22 : 3 = 1A so A = 3
=
Suls x= -3 -+ - 1B so & - -4
p ™ 2 2 1
Cxx-Lx* Drex
4\ I = Egdk __\_So\x
N 3 i a -% L 3+ 2
= =2 nw\z-x\ = L n s 4 C
3 m
3 o
T = -382 +=282u
= 3S‘).. L-— \ -\OL.»S
= b &s S\

(X =2 = rAse
a

Qrc’\se)?’ = & cts (’é'_z-\-lk‘\'\\ Le#

2 . .

= A\
N"as?2e 6 cis (_’Z*ZKTB
| LA and DB = 3%_\,’2,&“
X = = T 420 = (K+3)n
Z = Jo (osT 4 c<inT T

é(_é (ce& hn_ +LSM\_T.‘> K=\

J_é QLOSKSTW-U.W\ ) K= —|
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Queshion \ 2

4+ A 24+
N\ = -
QC) o (3 4—257?‘) E,z <_‘ _a f’”)

3-3 I

) Teshiag ¢ (3,-2,2) Mes 0w 2

L. D=+ =) A= —|
4> “A=3SA D RP=-Sor A=-(
z . L= -2 = A= —(

As 4 2 valgo ave onasiskeat o -

iy &z Cetrdunokens (3,-—2,1\ Meg on ,Q\

(l.\) go\u'\n.% swuwtaneoudy for povab of iankersecrom
A4+ N = 24 0
3¥S8A = -\ -2 ®

—22 = 3-3p ©

Froen ) = a+2  Suk o &

~AAN =3 -3 (a-n_.)
-2\ = 5—-%)"@
A= -3

Then tA.:-?)-\'l

-
- -\

Test v (3 Las= 34S(3)

ArS = -1 -2 (1)
= =\

= \

So  y-ondinatt dses oot madih
S kL, A0 not aderseck.,

LY\ X WS
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A (Y

U

Question \2_

. 2.
Cras\der Ca——b) = O C\:zr@acj.- SWVQ_,)
cf—t - 2k A
s 2 2als

e =z 2aJc using Q)
S+c 7 2 vl Wsing ()
mukbiplying  boW nequalitiet  ( Lug RHS poshive)
(el+c) (84S = (2afk)(2b8k)
- 4ol
S (@) (<) % wabe ot requied.

Method 2

LHS:(oE-tc) (b?"\C.) - ab+ Ca C_(o’fsz)

= QW 4+ C (‘.Lado) U.SU\S ()

- Labc + &bl

= 4xbC
— S

.. @:Z*c) (_b2+ Q) = 4 aec
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Quaston \d

()

)

sS\akb
oSk
o
el posthon Wectoy g(o): \
\
. . . S . . O
A unt vector N thae dieechon w \if‘z<‘
\
, Cost
G ) = {—sat
—2 s\t
spead = | ¢ @)
= Scog'h-(-s\r%\:-t LS\ 2L
= &\-\- 4%\!%’2,’6
!
mone speed. = (x4 OF=az2t =1
‘:‘S% 'w\)S
éo
X-— 1L
n = &
nN= 2
\?Avi@d’-‘- 20 - 2
P
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Question \3

DY )| Let ©=A 50 (Q,b-— °<)
;3@3 =2A os (k- o)
x()= -1  so Asia(-«)=-1
Asao =\ @
;CCO): S22 so 2A coset= S22
Ncosol =2 12 @

A' 1%

282 P\”\_: \2_\,@&287\ P\(\Mﬂm
A=3
so oC QL) = X s8\n Clk: - tas _é_\?j))

() Maxeun veloaty at @nve of mokion
0. ok e onaw
_ L
x(H=0 3 =sn(-D=0 ,,(zkm(ﬁ?)
SIN (26— ) =0
2k —d = O)T"’Z_ﬂ)
2ES ol A A

- X Ty 20 AL
2R T

z
Tk Rl otk mox veloddy ot & = 4 +ad (Z"S;_\
Z0.6%. ..

1e. avr k0,11 seconds (ldg)
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Question 13
() (Q) Gwen

ab € Z, \§ At =2\S than a8 o b2 Q
Conbropodivive -

Fov abe Z, f a<d and b<y,then ath <IS

) ek o< and bed
SO

o<1 and L <71

o QA,be Z
Adc\q\% TSy B %eb

o+b S\

o O+ <I(T

So a<d® and

bed® 2O a+b <\S

B&M mvtra_PoS\’('\\vQ, I ath Z\S 4w~ aZH or b=Q

(@) | Gue~a UN+QUV=D
U.‘\I: TR,
hen u - - Q_
v Y
_ =)
o 4 ffee
TN 2 Re Q%\ =0 oo TAZ = 282 (2)
Re (8)=0 = &::/ (1 ?\“&3 \(Y\(LSl&a('j
OR

UN “’T—\;:o so LQQ(MV):Q

- : — 2 :

Uv \s m\aﬂ\*\afs A~ \L\IVV = % w\l \N\dﬂ\(\dg
Ag \\j\ (s vead ) Ahean %/ 1S \Ma_%\(\g.rg
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Question \ 4
et S(n) - (7_“ n\.)z < (zn+1) )

Tesk w=0
=
LYS = Qz.o. O‘,) RHUHS = Q?—@)H)‘.
= Qx\)z‘ =

=\ -
Lus € RWS
Trssume S(R) e C)_K\%‘.)zs Cz_\g—\r\)!
Prove. S(k+l) <P Q:_“*\ @H)l)zg Rk +?)|
LuS = lK-H(K_H)‘.)L
= C.z , 2% (<) K \XL
= 2 kY (2% 1)
S 2(x+). 2 (k) (x| using  cxsSunphion
= Q.K-\-?.} (zK*% (24
< @) (ar+d) (KD )
= (Rwr3)!
= RWS So  LAMS SRWS 2 Sk shue
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. ~2A 2n —(2nt+t) 2ns\ _ 2
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