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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. 2cos3Asin A =

(A) sin4A — sin2A.
(B) sin4A + sin2A.
(C) sin2A —sin4A.
(D) —sin4A — sin2A.

d
9. Determine — cos—! —.
dx 2

1
V2 —
—1
V4 — x2
1
244 — 12
—1

V4 — 2

(A)

(B)

(©)

(D)

(\V)

3. Whatis the magnitude of proj b if a =37 —2j and b=1+357

(A)
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T T
4, State the number of solutions to cos 5 sin 5 =0for0 <z <2m.

=

AN N N N
ws)
~—_ N N~
W N = O

=)

5. Inhow many ways can six people be seated around a circular table if 2
particular people refuse to sit next to each other?

(A) 72
(B) 120
(C) 480
(D) 720

5%
6. Determine arcsin <sin 7)

_57T

7

2T

7

7. f(z)is acontinuous function.
f(x) = 5 has 3 distinct solutions. | f(z)| will have

=

at least 3 solutions.
at most 3 solutions.

~— —

at most 6 solutions.

AN N N /N
=
N—

at least 6 solutions.
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8. Belowisthe graphofy = f(z) + g(z). It's natural domain is > 0.
What are the possible expressions of f(x) and g(z)?

(A) f(x) =—Inz and g(z)==x
(B) f(zx)=—- and g¢g(z)==
©) f(z) = and g(z) =—x

(D) f(z)=Inx and g(x)=—z
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9.

10.

The graph of y = 23 + bx? — x + d is given below. Assume it is drawn to scale.
Which of the following statements are true?

L. <0
II. d<0
II. bd <0

(A) Tonly.
(B) II only.
(C) Iand IIL
(D) ITand IIL

y = f(x) is a curve that passes through (1, 3) with a gradient of 2.
By letting g(z) = f!(x), determine g’(3).
1

(A) 5

~

(ep]

N
Wl W N =
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Section I1

60 marks
Attempt Questions 11-15
Allow about 1 hour 45 minutes for this section

Answer each question in a SEPARATE writing booklet.
Your answers should include relevant mathematical reasoning and/or calculations.

Question 11 (12 marks) Start this in a NEW WRITING BOOKLET.

(a) Find/cos2 3z dx.

(b) Consider the two vectors a — (;3) and b = (i) If a is parallel to b,

what is the value of m?

(c) A drone is set to fly at a velocity of Gg) km/h.

However, there is wind blowing at ( 56> km/h.

Calculate the overall speed of the drone. Leave your answer to 1 decimal

place.

(d) Solve < 3.

x J—
. . . 2 . 1 3
(e) Determine the coefficientof z°in | 1 + — | (x + 1)°.
x

(f) P(z) = (a®? —1)23 + az?® + —Tx + 2 is divisible by (z — 1).

Determine the possible values of a.
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Question 12 (12 marks) Start this in a NEW WRITING BOOKLET.

(a) Prove by mathematical induction that for all integers n > 1:

1 N 1 N 1 - 1 n
1-2 2.3 3-4 nn+1) n+1

(b) The position vector of a particle at time ¢ seconds is given below.

r(t) = (3—1)i —2vtj

Determine the velocity vector at t = 4.

(c) Graph the curve represented by the pair of parametric equations below
for -1 <t < 1.

r=1+t
y = —t?

(d) (i) Express3cosx+ v/3 sin z in the form R cos (x + «) for —g <a<O.

(ii) Hence, solve 3cosz + v/3sinz = 3for0 < z < 2.
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Question 13 (12 marks) Start this in a NEW WRITING BOOKLET.

(a) By using the substitution u = 1 — z?, find / —223V1 — 22 dz.

(b) A boat needs to travel to a port that is on a bearing of 048°.
The boat’s engine is set to drive at a constant speed of 20 km/h.

There is a current flowing from the West at a constant speed of 8 km/h.

N N

On what bearing, to the nearest degree, should the boat be directed in

order to reach the port?

(c) From a height of 1.75 m, a ball was thrown directly upwards at a speed of
25 m/s.

Assume a gravitational acceleration of —10 m/ s? and no air resistance.

(i) Find an equation to represent the height of the ball from the ground,

h, in terms of ¢ seconds after the ball is thrown.

(ii) Hence, when will the ball hit the ground? Answer to the nearest

second.

(d) Atriangle has two fixed side lengths of length 8 cm and 6 cm. The included

.. . ™ .
angle, 0, is increasing at a constant rate of 6 radians per second.

m
Find the exact rate the area of the triangle is increasing when 6 = 3
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Question 14 (12 marks) Start this in a NEW WRITING BOOKLET.

(a) Solve for z, given

sin "'z —cos 'z =~
5

72

(b) The region bounded by y = 5 U= 6 — 22, and z = 0 is rotated about
the y-axis.
Y
1)
6

/

Determine the exact volume formed.

(c) Itis known that the product of two consecutive numbers is even.
Le. k(k + 1) = 2A, where k and A are integers.

Prove by mathematical induction that for all integers n > 1,

n3 4 11n is divisible by 6.

) n+1 _(n n
(d) (i) Show that <r+ 1) = (r) + <r+ 1).

(ii) Hence, find ONE possible set of values for p and ¢ such that

() () (2)-()

8
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Question 15 (12 marks) Start this in a NEW WRITING BOOKLET.

(a) Two projectiles are fired at the same time to collide at a point P, when

they are both at their maximum height.

Projectile A is fired from the origin at a speed of U m/s at an angle of
45° from the horizontal.

Projectile B is fired from point B, d metres from O at a speed of V m/s

at an angle of 30° from the horizontal, as shown in the diagram below.

Y
P
Um/s V m/s
45° 30°/\, o
O B

d m

The displacement vector equations from O are as follows.
You do NOT need to derive these.

rA(t) = (Mt> i+ (UT‘/ﬁtm?) J

L 2 ~
rg(t) = (d V—\/gt) i+ (Zt—5t2> J
L 2 ~ 2 ~
(i) Show that the projectile from O reaches its maximum height after
, U2
20
(ii) Show that at point P,
vV =UV2.

(iili) Hence, determine the distance d between O and B in terms of U.

Question 15 continues on the next page
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Question 15 continued
(b) An object has three forces acting on it. The forces are:
—a? + 3a k+4 —3a — 2k
F, = ( a3 — 6a ) F, = <—10a+k> Fy = ( —24 )

If the object is in equilibrium, what are the possible values of a?

(c) The figure OAC B below is a rhombus of area 4 square units.

OA is defined as a and OB is defined as b.
A

B
The information below are given. Do NOT prove them.

1
- the area of a rhombus is A = 2% where = and y are the diagonal
lengths

c (u+v) (utv)=|u+v?+2u-v

(i) Show that
la + b|%|b—al? = 64.

(ii) Hence, show that:
la]* — (a - b)2 =16

End of paper

10
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Question 5

Step 1: Find the total number of circular arrangements
For n distinct people around a circular table, the total number of arrangements is given by: (n — 1)!
For 6 people: Total arrangements = (6 — 1)! = 5! = 120

Step 2: Find the number of arrangements where the 2 people sit together
Treat the 2 people who refuse to sit together as a single block. This leaves 5units to arrange around the circular table:
G-D'=4=24

The 2 people within the block can arrange themselves in: 2! = 2 ways
So, the number of arrangements where they are together is: 24 X 2 = 48

Step 3: Subtract to find the desired arrangements
Number of ways = 120 — 48 = 72

Correct Answer: (A)

Question 6

Step 1: Understand the principal range of the arcsine function

The range of arcsin(0)is: —,g%]

Step 2: Use trigonometric symmetry

The angle 57” lies in the second quadrant (% < 5771 < ). Using the identity sin(r — 8) = sin 6:

_(dmy Sm\ . (2m
sm(7)—sm(n 7)—sm<7)

Step 3: Evaluate the inverse sine
. 2m T . . 51 2
Since — € [—,——]: arcsin (sm —) =—
7 22 7 7

Correct Answer: (C)

Question 7

Step 1: Analyse the given equation
The absolute value equationis: | f(x) I=5 & f(x) =5o0rf(x) =-5

Step 2: Count the solutions

e  We are given that f(x) = 5has 3distinct solutions.

e  All 3of these solutions satisfy | f(x) |= 5.

e Inaddition, any solutions to f(x) = —5would also satisfy | f(x) |= 5.
Therefore, | f(x) |= 5Smust have at least 3 solutions.

Correct Answer: (A)

Question 8

Step 1: Analyse the graph’s key features
1. Natural Domain: x > 0,and as x - 0%,y - —oo,
2. Stationary Point: A local maximum occurs at (1, —1).

3. End Behaviour: As x = o,y = —oo.




Step 2: Test the given functions
Consider option (D): y = f(x) + g(x) = Inx — x:

e Domain: x > 0.
e Valueatx = 1:
y1)=In(1)-1=0-1=-1

e Derivative:

Settingy’' =0 = x = 1.
e Second Derivative:

n

1
=== <0 = local maximum at (1,—1)

This matches all features of the given graph.

Correct Answer: (D)

Question 9

Step 1: Determine the sign of d
The y-intercept occursatx = 0: y(0) =d

From the graph, the curve crosses the y-axis below the origin (y < 0), sod < 0 (Statement II is true)

Step 2: Determine the sign of b
Find the second derivative of y = x® + bx? — x + d:

y' =3x%+2bx — 1
y'"' =6x+2b
At x = 0, the curve is concave up (just before reaching the local minimum on the right):
y'(0)=2b>0 = b>0
Thus, b < 0 is false (Statement I is false).

Step 3: Determine the sign of bd
Since b > 0andd < 0: bd < 0 (Statement III is true)

Correct Answer: (D)

Question 10

Step 1: Recall the derivative of an inverse function
Given g(x) = f~1(x):

go) = }%x) wherey = (x)

Step 2: Substitute the known values
The point on f(x)is (1, 3), which means f(1) =3 = g(3) =1.
The gradient of f(x)atx = 1lis f'(1) = 2.

Applying the formula:

N| -

’(3) —L_
I =M T

Correct Answer: (B)
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Question 13

@

We want to evaluate the integral:
f —2x3{J1—x2dx

Using the substitution:
u=1-x? = du=—-2xdx

Rearranging for x?:

Rewrite the integrand by splitting —2x3into x2(—2x):

f x24/1 — x2(—2xdx)

Substitute uand duinto the integral:
f(l —uudu = f(ul/2 —u*?)du

Integrate term-by-term:

Lz s .
=— _T+
2 2
2 3/2 5/2
=§u/ —uS2+C

Substitute backu = 1 — x?:
2 2
=30~ x2)3/2 — =(1- x2)%2 + ¢

(Alternatively, factored form:% (1—x2)32(3x2+2)+C)

(d)

Let:
e Up.a be the boat’s velocity vector with speed | Tpya |= 20 km/h.

e Vourent be the current’s velocity vector with speed | Ueyprene |= 8 km/h flowing from the West towards the East
(bearing 90°).

e Dpequitant D€ the resultant velocity along the required bearing of 48°.

From vector addition, the velocities form a triangle:

> _ = -
Vresultant = Vboat + Vcurrent



1. Find the angle opposite the boat’s velocity vector:
o The resultant path makes an angle of 48°with North.
o The East direction makes an angle of 90°with North.
o The angle between the resultant direction and the East direction is:
90° — 48° = 42°
2. Use the Sine Rule to find the angle 8 between the boat’s heading and the resultant heading:

sin 8 _ sin42°
8 20
8sin42°

sing = 0 = 0.4s5in42° = 0.26766

6 = arcsin(0.26766) ~ 15.52°

3. Calculate the required bearing:
Since the current is pushing the boat to the East, the boat must steer into the current (more towards the North):

Bearing = 48° — 15.52° = 32.48° =~ 32°

Answer: The boat should be directed on a bearing of 32°

©
(i) Find an equation for the height h(t):

The acceleration due to gravity is:

h(t) = =10 m/s?
Integrate to find the velocity v(t) = h(t):

v(t) = —10t + C;
Given the initial velocity v(0) = 25 m/s:
C, =25 = v(t) =—-10t + 25
Integrate to find the height h(t):
h(t) = =5t + 25t + C,
Given the initial height (0) = 1.75 m:
C,=1.75
Therefore, the equation is:

h(t) = =5t% + 25t + 1.75



(if) When will the ball hit the ground?
The ball hits the ground when h(t) = 0:
—5t> 425t +1.75=10
Divide the entire equation by —5:
t* —5t—035=0

—b+yb%-4ac,

Using the quadratic formula t = "

_ 5+./(=5)? — 4(1)(-0.35)
L= 20D

t_5i\/25+1.4_5i\/26.4
N 2 N 2

Sincet > 0:

t_5+5.138
N 2

~ 5.07 seconds
To the nearest second:
t ~ 5 seconds

@

The area Aof a triangle with side lengths a = 8 cm, b = 6 cm, and included angle @is:
1 1
A= zab sinf = 5(8)(6) sin® = 24sin 6
Differentiating with respect to 9:

dA—24 0
g9 = 24cos

Using the Chain Rule to find the rate of change of area with respect to time t¢:
dA dA do
dt — do dt

T

. de T
Given — = — rad/sand 6 = —
at 6 3

dA

(24 1) 12l em?
T 6= 6= T cm“/s

Answer: The exact rate of increase of the area is 2 cm?/s.



QUESTION 1Y

METHOD )

' i l.r
J,n a - CDJ -x:é +
-l T M Y
fin"'x +cosX =3 (identity)
L. r
28in =% "3
25i%z T (v 2 A
T — i
s 23 e/ 3
3 s
. T
X Sy
>
Xz a
Method 2
) =) )
Sin” X +¢co§ X =2
T .-
L easTxz g TS




©14 conhn ved

mETHOD 2
- _
) SinT'x —cos”x = ¢
R |
Jebt o =sin" X N et Bz 05 'x A
< p—— — T Z 1D
L Sind = T / (orp:
/ Dver | auad | .- X220
4—

Jimet ?/7{(2

™1y

o/- B LI

.
SNT

Al

i
5in(o(—ﬂ)

U |
Sindewsp — cosXSP = 5

_
xXx) = Ji-x* x Jdi-x* = %

2 2y - |
x = (1-x7) =7

2 2_ !
x -l +x :Z
2
lx :%
2
9
1 2
L P
B
X= -5 X>0
~
_
¥
=2

NoTE : Review of inverse )'r\i;; bunchony s odvised - I‘{any & huclen?,

hod alif,ﬁcu”\llr For a 2 mork qchb'on) worlcf@ out fo gblig

andwer iJ yequu'red -




@'Y ponhnucd- - -

] b’)

I

‘x 2
7, 6 - X
2
= Q- x
3’212
x =Y
x=21)
3‘
when e :zd y:3
U
=2
) P

L V= T‘/ 2y dy +"I(é y) dy

i *”[éd’y]

W[J‘_ozj + ,1[(,(6)- g— —(cm-f)j




= 7| (6-9)dy | :(é—a)dd -“J';zu 2]

9Q T
sn - Ley7 "y

:{Kﬁ,ﬂ‘[ﬂ‘Z"q —'Oj

=180 — 6

= 121

Norg: This queshon wau very poorly _dene- Many juth fourd
the  volume from 6 Jo zero. Shudenk did nok [ind e

Point of inkevsechon fre _cplit fhe volume o9  port wos

wiFh  ope tuwe and part wol  with  another- When student

ard _gpl\'}} e had Hw’c wrong bounds- Pleaje review.



Q'Y conknyed - - -

<) Step) - Base Case — Prove tue foy n=)
n3eiln
3
n=1 = (l) + I\C‘)
= [+
=12

= 6(2) which is divisible by €

.o True for n=1

Skep2 - Induckive Hypothesis - Assum€  feve for n=k

3
kb+nk = 6M whovre MEZ

Slep3 - Induchve glep - Prove  troe fev nzk+|

w  Prove [k+|)3+ n(k+) v divisible by 6.

(ko) £ 1 (E41)

b2+ 36"+ 3k v 1 411k 411

h3+uk 4 3k"+5k +12

6M +12 + 3k (k)

EM 412 +3x2A

- 6bM +12 +L A

b(M+2fA) M AEZ

which iy divisible by 6

True FDV n=k+]  when hrue Fov n=k.

Buq the pyinciple of mathemakical mduekion  hye

for all /'nlc(tlze,r nl.

NoTE: Thiy wWas well aMempled - Some ,Sc/hb: oul isues musr

define oM for MeZ and you need 1o Shale whak

ou  Ore oroving. Many Succesfolly pvoved results
/ pevy- T J P




®14 conknued - -

d) G)
! 7

V.H$=()+( )

h
r

n
r+i

: . .
| pHS: C, Cr”

n! n!

3]

r!(n-r)! (r+1)! (n—r-|) '

nlirm) n! (n-r)

.1-

(I"H)r! (n,r) ‘

(r+1)) (nfr)(n—r-l)}

n! (rt14n-vr)
N 7

(r+)" (n-r)!

L /s )
n. k”'fl/

(r+0)! (p-r)!

/n+1)!
7 7

L

(rfl)! (n—rl)!

’ a4
cn=rj-.

(r+1)! [n-rl— (re) ]!

(& (
= 4]
ety  (rvUlmTy
= LHS Lig = (r” '
n+t
LHS = Cre
(n+1)!
- (fﬂ)f[n-rl—(rﬂ)JP
(nn)!
- (rﬂ)'_ (n-r)
n+l (n)!
_ Norg:  Mary emors for Crat = eI ar=Creiy).) _—
| 4 + well
Also be clear ("‘”).) | T~donv g0 negoﬁw no
| (re ) (n-r)! N
Cn{-n)_’ e
T (ra)![ne1-(en )] Py



IO"" d) conbinued

) (8) ()

/1035 (2025) (zozé) (9/)

(E) )5

|1

r9025F ) f2oz6)
(42 ) T ( 43

N

n
/| ~ S
b
® 3
*
o ‘\ﬁ
L +*
N
W
@7
»
(2

(¢
T
.4
5»
(Y
d
\/

“
™S

. p= 303 43

~O
)]




Qe

Medhod!
If h(#) =Vl £p+( Wz o))
| £ - /3

o o (£)2 UGz i, 4 (VT2 —10F) |
| ~ T~ X VA

2

Prq‘“}ec/ﬁjL A reactus s mogdmom L\o,eﬂ'%(-

When s verfical velodidy, 4, - o
. Wz _ot = o

A
[0t = \)\‘-Z
2
€= U@ S&Comﬂn
20




—St U

U\r — +«mo,9f
— 10 V\fﬂb@e,ﬂ/?a/hf'
pfowr;hia re,ad/\w oL Mf* ot
t=olz .o
\©
£ = UIZ cecondo
20

W‘\”;H/Lod 5

Eind ) Mwm O@ U\A- bu WJ\:\JOI

\/(}\}— Jordey «pe—rmulo\ 7’-’19
20 |

2 _
- -t T+ szjc




RIC

J%QAI 44 po;m‘ 7D Fta Yy cormporant-

o% each Wota}(/&, s equal.

/

e Ja =Yg
, J
Wz | _5t’- v -5t
= 5
o Wz £ =V &
DY 2
V= ulz

Medhod 2 At poird P/ we Frow Fha

e s -(:=_\_)_J2_

20

B Vot P, He verbeal \re(ewf‘-f o

WV‘O]ZCJ"ULO. B is ono 22 /o

[Lu
G VIZ v [V _ot)]
2 = (2 e
v _ 1o+t =

—

o~




2
g =Y
510
. =V
20:2\5: ( Lrom N
. 20 . POH‘U'/>
v = vz,

Pa/e@ i) Wao—uéew“e"l
well
FT;AM?.QAI many Shdwk%m
u.bmcem, b swbd—vfwém t a;a/
r

%Jhow '




bl

- To oetumine o, we can wee Fa
—-&M" Hhat Fou hor:%oml-al Darzf'wn o-# bot#
DVDIQO-/'[/eS Js .e,am/ at po/M‘P

Uz L =ol-\_/_£§é
2 A

0( = UE‘E.:\-\/\)?-G
2 -

ot Poinkt P += Uz and v= Uiz

L0

S0 su bs—hﬁuﬁnﬁ e :
d= 2\_[2/\)\1'3\-1— viExdZ /U=

pa (ao/ 2 k:ho/

d= 2v° , UlE xudz
40 40
d= 20+ VU
40
d= 0™ (a+al3)
4o y
d=V*(1+{3) £ |
A0

pv Nomie/ of stucdoyds Houold Hat projecth
“would )cmo\ wiore Mo\e,ogf.n. B wos nm\eded

%row\ and So weed M%m%mgguﬁﬂ




QIS

‘ 'E'f 3 ﬁefce»o oL OLO(-mq on & ob,eo{-
m\d -Hw. olb\eo(" s _In .ea’w/»br:um,
‘I’L\QA/\ F'-+ sz*F3«o <— no movenwnt.

So owldt g e x- c:omPoM
- a —\-Bo—'ck+4 —3a -2k =0 (D

Unﬂe«r&mo}eh wmbes of  Stuolends thouglt
—J‘N- 1[9“1% wesre —quuf o each othar,

S(Mp\iﬁull\q Ha Q,q\w’["érw and Han &f:mma-knq ks

| N |
O -kt 4=
k

2

= 4 ~a

@ o’-lbo +k-24 =0
cug k= 4-a*
> _ lba 4+ 4 ~0° — 24 =0
3 2
0 —a“—-lba — 20 =0

Unfortnakely  wony studsuts Simphfiedl <9 uodon (C
incefveoi‘\{y,



!

To -ﬁmtf a, Ha  cuhic equatien noydo o ke

—(aul:oqse,d cm Solved .

0- 0% -lba -ap = ©

USL —ﬁawfers of - 20 o Joof -,é/ Zeroes .

]:(._2,\=O 1 calcdedss can be uged,

F(55 =0
N

/

_. (a+2\/0 5) is aﬂwfo/

a’-32a - |O

a + 2~
2
a ~3a - |0 ) 6>-a* - kg — 20

a®- 3a*—10a

2a% —ba ~ 20

20% ~po ~ 20

O

L Fqu.a/hem ./aCj‘b/l.SeS o

/nJ-')\ /a—é‘)-—-

.. O=-~-2 o &.




|
_

M'I'Ur\a/\le MQJHLOJ 7"0 oﬁd(smn
Tf p(e) =a*- a*— Jbo - 20

’() 20*_ 20— 1b

= 2a%+6a-fa— b

~3a(a+2) §(a+2)

= (2a - 8) (o+2)

- P(—z) =0

(a+2> s a voof of WJ{PIWJ,LJ 2,

S P(0) = (a+2)°(a-9)

S Equ.ﬂﬁ@w S [q;-z)z(ol-‘g) =0

. a=~2 o 5

nnnnnnnnnnnnn



CIES

diga.onglo @{i'f‘&.«_ ~hombus are in

%59{4 a  and b.”fu-olkaﬂo,/dé_
munk be efercedl o ound linked o
‘[’ﬂw/;e—\re-c;brs.
:EZ:Q;*E or |6E\=[o rb\
AE - p-a PARIVELY
e Hhat o ouen ogiﬁ oo vhombus Au?
’;le’z\x!,ﬁgl;z]-

Sqotafmj bt sidus :

[avb[*]b—2[* b4

'MW SWM% ink & +b and b_o

- - N7

. ‘I'U"H\L O&MOADIC

- mOM SHM —»culul B add +He MO.QnHw(L Sqmbo{s

| wkw\ m"gropmafc T[uv-: need fo W\dm:tawl Wftm 'Mo,q

o, d&sow(ams o \rcdo/ Verfus a ma-gv\duob.



!G’Is‘

Sorma_ S-H(d&ds olid net l’ecoqm& Hot Ha word
m#'e/: ﬁvw chould s e result abeve .

l(h

la+k[*h-al

Pral o~
{ -V

- b4

3

Lod(]nj ot ﬂ&ﬁrm‘ ,mw(;amls)uce, /.‘i!'z;k‘,'

Ja+b]*= (a+}). (arp)
! =aacab rhark
= |a|* + 8a.) + [b|*
= 2]0(14-2& b
Since. [a1= (4] (side kngths of chombus cqual )

jg\+kr!,b_,—a;lil= b4-
becomoe (20 |%+2a.5)( 21928 L) = 6%
[21aP] =] 22 b = 64
| 4 |ojt =4 (a.b)2 =64
DN\\&J’-\!)& !9:/('4‘—- (_a_vt]?_)ﬁ':' ,@






