Ascham School Mathematics Extension 2 Trial Exam 2025 (C)

ASCHAM SCHOOL

2025 YEAR 12
MATHEMATICS EXTENSION 2
TRIAL EXAM

GENERAL INSTRUCTIONS
Reading time — 10 minutes

Working time — 180 minutes

Use black pen, non-erasable
NESA-approved calculators may be used
Reference Sheet is provided

Total Marks - 100

Section A — Multiple Choice (1 mark each)
Attempt Questions 1 to 10.
Select answers on the separate multiple-choice sheet provided.
Write your NESA number on the multiple-choice sheet.

Section B — Questions 11 — 16 (15 marks each)
Start each question in a new booklet.
If you use a second booklet for a question, place it inside the first.
Label extra booklets for the same question as, for example, Q11-2 etc.
Write your NESA number and question number on each booklet.
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Section A - Multiple choice (10 marks)
(Mark the correct answer on the sheet provided.)

1. Given 0 < 0 < g, what is the magnitude of the vector

(cos 0)1' + (sin 0)2 + (tan «9)]17 ?

A)1l B) cosec 6
C) cotf D) sect
2. Which is the negation of the following statement?

“If snow is falling, then I will not be at the park.”

A) If snow is falling, then I will be at the park.
B) If snow is not falling, then I will be at the park.
C) Snow is falling and I will be at the park.

D) Snow is not falling and I will be at the park.

3. A particle whose displacement is  moves in simple harmonic motion such
that © = —4x.

What is z as a function of ¢ if initially z =3 and # = —6+3 7

A) z = 3cos 2t — 33 sin 2¢ B) z = 3sin2t — 3v3 cos 2t

C) = 3cos2t + 33 sin 2t D) = 3sin 2t + 333 cos 2t
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4. The complex number z is shown on the Argand diagram below.
Y
/ /\ z
| / I: -
\ 0 X

Which of the following best represents iz 7

Vv
Vi i
A) ’ : B) iz
|.liz Ry
g
/ \\
/ N \
/ // . \
i : - 0 !
o X x
VA y
B) D) )
O// C 8] \ X
/ ' \ ;
/ \ p
/ \ L7
. ‘/‘_ g N e
43 iz
5. P, Q and R are three collinear points with position vectors p, ¢ and 7

respectively. @ lies between P and R such that PQ: QR =2:1.

The position vector of R is given by:

1 3 3 1

A r=—q+— B)r==p—=
) - QQ 21? )~ 2;,3 2(1

3 1 1 3

C r=—q —— D r=—p-+—
) r=g4-gp Jr=gp+o4
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6. For which of these statements, for positive integers z and ¥, is the converse

necessarily true?

A) If z and y are odd, then z 4y is even.
B) If 2z and y are odd, then z° + ¢’ is even.
C) If z and y are odd, then zy is odd.

D) If z and y are odd, then z” is odd.

7. Which of the following lines passes through (0,1, —1)?

1 0 1
A)r= +A| 1 B) r= +A| 0

0 1 0 1

1 0 1
C)r=|0|+A1 D)r=|0[+A

1 1 1 0

8. Which of these inequalities is false?

A) ff 1ixd:v<f12%dx
B) E Sizxdx<j:;%dx

6

C) J:Q e dr < fol e dr

D) fZ 1:an2:1cah:<fZ tan’ z dz
0 0
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9. Which parametric form best describes the curve below?

10_‘_

A) r(t) = (cost)g' + (Sintf)g' + (t)k

B) r(t) = (cost)g’ + (sint)z’ + (efo"r’t)k

C) r(t) = (cos t)g' + (Sint)z + (lnt)lg

D) r(t) = (Cost)g' + (sint)z + (cos 2t>l§

27

10. Letw=e 7 .
What is the value of (1 —w)(1—w®)(1—w’)(1—w")?

A) =5 B) —4

C) 4 D) 5

(End of Section A. Question 11 begins on the next page.)
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Section B (90 marks)
Question 11 (Begin and label a new booklet.) (15 marks)

a)

Use integration by parts to find f In(z® +1)dx.

2z
Use the substitution u =e¢" —1 to find f (6— dzx .

e’ —1)

™

5 1
Use the substitution # = tan > to evaluate f 2 -
2 0 3cosx —4sinx +5

Convert the line y = 3z — 5 to the form r =a + \b.

It is known that 5+ 67 is a zero of the polynomial
P(2) = 22° —192° + 1122 + k, where k is real.

i) Find the other two zeroes of P(z).

ii) Find the value of k.

(End of Question 11.)

3]

3]

[4]

2]

2]
[1]
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Question 12 (Begin and label a new booklet.) (15 marks)

Prove that ‘\‘/5 is irrational.

Given that z is a real number and (z +4)" is purely imaginary, find all

possible values of z in exact form.

Find all the solutions of 2z’ =4 + 4i, giving your answers in modulus-

argument form.

i) On an Argand diagram sketch the locus of point P representing the

z—(\/g—i—i) =1.

complex number z such that

ii) Find the maximum possible values of ‘z‘ and Arg(z).

Prove that for all z,y € R,

-1 +@y+2°
2

>ty .

(End of Question 12.)

3]

3]

3]

1]

2]

3]
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Question 13 (Begin and label a new booklet.) (14 marks)

a) A particle is undergoing simple harmonic motion centred about the origin.
Its equation of motion is given by & = —16x.

i) Show that v* = 16(a2 — xZ), where a is the amplitude. 2]

The particle’s position at time ¢ seconds is given by: = = \/g sin 4t — cos 4t .

ii) Express z in the form Rsin(4t - a), where « is in radians. 2]

iii) When does the particle first reach its maximum speed after ¢t =07 2]

b) i) If z =cosf +isinf, show that 2~ 1 9iging and 2 —in: 2isinnf . [2]
z z

ii) Hence show that sin’ = isin 56 — isin 30 + ésin 6. 2]
16 16 8

(Question 13 continues on the next page...)
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c) Let z = e” where O<9<g.

On the Argand diagram the point A represents z, the point B represents z°

and the point C represents z + 2°.

Imll C

9) > Re

Copy the diagram into your writing booklet.

i) What type of quadrilateral best describes OACB? [1]
ii) Find arg(z + 2°) in terms of . [1]
iii) Find ‘z + 22‘ in terms of 6. 2]

(End of Question 13.)

10
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Question 14 (Begin and label a new booklet.) (14 marks)

a) i) Prove that = 4+ y > 24/zy for positive real numbers z, y. [1]
ii) Hence for positive real numbers a, b, c, and d, prove that: 2]

a’ 4+ 4b* + 4¢* + d° > 8Jabed

-5 2
b) Consider the line with equation r=| 1 |+ A| —2
—1 1

Let A be the point corresponding to A =1 on the line.
Let P (6, 0, 2) be a point not on the line.

i) Find the projection of AP onto the line. 2]

ii) Hence find the coordinates of point P’, the reflection of P about the line.

2]
c) i) Use De Moivre’s theorem to show that cos36 = cos®§ — 3cosfsin® § and
sin 30 = 3cos’ fsin @ —sin® 0. 2]
3 j—
ii) Deduce that tan36 = tan” 6 - 3 tan 0 . [1]
3tan” 0 —1

iii) By letting = = tanf, find the solutions of 2’ —3z° =3z +1=0,
expressing them in exact trigonometric form. 3]
iv) Hence show that tan% + tan% =4. [1]

(End of Question 14.)

11
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Question 15 (Begin and label a new booklet.) (16 marks)

2
Evaluate f V8 — 2z — 2” dx using a suitable substitution.
—1

Prove the following statement for all integers n > 3.

“If 3" —4 is a prime, then n is odd.”

3]

3]

A particle of mass m kilograms is dropped from rest in a medium where the

: : : 1 :
resistance to motion has magnitude Emzﬂ Newtons when the velocity of the

particle is v m/s. After ¢t seconds, the particle has fallen z metres. Take

g=10 m/s*.

i) With a diagram, show that the acceleration is = %(100 — ).

The particle hits the ground log, (\/g ) seconds after it is dropped.

ii) Find its distance fallen in simplest exact form.

n

1
Let I = f i dx for integers n > 0.
n 0 1 + xz
V2 - (n—1)1

Show that I = 2 for all integers n > 2
’ n

(End of Question 15.)

1]

4]

12
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Question 16 (Begin and label a new booklet.) (16 marks)

a) The diagram below shows a rectangular prism in the first octant created from
P(p,q,r) with all edges parallel to the axes and with OA, OB and OC as

face diagonals.

It is known that ZAOB = ZAOC = /BOC = g

Prove that the rectangular prism is a cube. [4]

(Question 16 continues on the next page...)

13
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b) i) Show that for £k >0, 2k +3 > 2\/(k +1)(k +2). 2]

ii) Hence show that for n > 1,

11 1
1+$+$+...+ﬁ>2(\/n+1—1). 4]
1
K

your answer. [1]

N
iii) Is the statement Y ~—= < 10" true for all positive integers N ? Justify
k=1

=

c) Let z and z, be two non-zero complex numbers.

It is known that z, + 2, +1=0.

i) Show that || =]z =1 = —+-—=+1=0. 2
z, z
" 1 1
ii) Also show that —4+—+1=0 = ‘zl‘:‘zg‘zl. 2]
zl z?
iii) Hence or otherwise show that ‘zl‘ = ‘zQ‘ =1 = z°+2°+1=0. 1]

(End of Question 16.)

FEnd of exam.

14
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(Mo

A4 -
l. / cos 0 +Sin* 0+ fand

.) |+ tan*@

sec*d

sec® o B in Ist c,?ugd D

@2 ~(p=»9) = pA-¢

Snow is 'faw'ng and I wil be.. |C

QR3, x=-kx

ns2  cefht : x=0

tz0: x=3 A or B

tz0! x=-bf3

A: % = ~bsin2t -63cn2b

ot t20: %z-b3 A

Q4. 2

A}‘l'ema‘f'l've‘(clt :

n’*g‘ wer © 244 X

wq odd:  cadt thik of usterexample ...

o3 oad 3% s odd bu/c'a wen X

C




\
Q8. A: T <% in [12]/

B: sinx<l in [T¥].

RVt
C: e decreases

fom L0.] w0 [12]

D: a taax s| ilo.#]

to 2% > fadx i [0.%] FALSE'!

D
Q9. Al rediny 1.
As t goes thmsh (0,a7)
A)X not lingar incrense in 2 -value,
O)X nkt) would be lage negative.
D)X 2-voluee doer net_goup ard dowr.
 taov, 220 .. B @
Q0. W'z e Atematioety - Wt ¥ . ec(-%f- ]
and  Itwrwtrwirit =0, (we) = e;gI:e;c'i}):E
= (I-ww+w?)(I-ut)(1-*) (I=w)l - ) (1=w) - )
= (1w i 0wt 10t = (1-wr®) + wi )| - (6+3) + W'is’)

(8 -u-20eu)1-")

(1-22% +1)(| ~ 2E +1)

1 ‘ )
9= ¥ - W - 2w+ 2 +wt-wt

5 (with calaudator...)

U -w-w*-wi-wh

b -(C-1)

=5 [D]




@ a) J (n (o*+1) dx w=inbl+) v=x
D fxx;rdx u'= ’,’:‘ V=
= xlnGl+) -2| Z - Frdx
= xlnbn) -2 x - tan?x]+ C
= xinG¢) =~ ax + 2tan'x +C
Ax
b) | L dx w=e*~|
e ) o= s
= we) 1, = n(uti)
J ut u o dx = —L—du
= utl
au
J w o w du
= mlul -7 +C
= Il - g *C
¢) T 4sinx S dx =t
r L 2r 6{4‘: x=0, t=0
R ks T %L, t=|
r' 2 —dt x= Atan’t
) 3-3t* -8t +5+5¢ dx‘ ‘%{sdt
® . 3marse db
! I "
- J, -yt W
i
= ), (e-0) 7t
- =17t
3 _(t"?') ]u
S I
z -| -2
. L
=
d) g=3x~5 e) L'/) S-60 als a 2ev o mffm real by
m=73 ‘]2 _b'-'(gl) Lonju.\q;m root theorem, .
! Trodts :  S+bi +5-bive = 3
0
¥-int : (0,-5) &= (’5) or equiv. lbtu= 2
0 1 .
Ll
0 |
r= (%) +A(s) |
i) Pod mots:  (5t6)(5-8)r 7 = £

a5+36 =K

k=6l




p
z=3.

f,geZ ad ggclp,g)-'l

QR
—/

Q) Assume
SJE =p

<0

w
(2]

b

0

<

P is  duishle by 2

-

is  diusible 53 2 b\ll' un:idering MMMW.

Lu '0= am, méeZ
243 =(am)?

aﬂ,} = 8"’3

@,3’ 4m

‘!,3 is _divisible bj A

7, is divisible bg 2 bé’ unfrepositive

But o (pig) is | -ﬁzm_mmlpmn

A 32 s irmatimal lﬂaa contradiction .

. H ' ' . :
b) (,X.*L)q. = “Co# + Ct 2o _'_#sz’-l.ﬁ-_'_ 4(.31 Ls*' “.CH- 04

Re(x*i»)“ S0 ¢

W -+ 120

L. 62 J36-&

x
2

h

£ 4z
z

® 3xa03

‘% T :/3-.*2,5,

) H+hi= 4E G

Z =[cisO

25 = 5¢is 50

FS =43

56 = T +2kr, ko 1034

r=5

2=J2 cis (':I:.Lo* ;EE) k=0.1,2,3,4

e)

X=X FF Y Al
v -x

RTP: A Y q 2o

LHS = o -lx + 4 Ty Yy~

2

= 'k(%'l)t + 3'.'(;1-*1)2

20 0 perfet squares %0

i) Max 2] = [FE*c]+

= 2+l

=3

Max Ag,(a) = A

= Qs %

= I
3




@ @) i) %= -lhx i) X =J3 sinkt ~ cooltt
~ v%,% = fbx x. = Rgin (4t - )
. = R ( sin4tcosa - coktsina)
SVdV =z S"l"lcb( . 3 = Reormt |=Rsina 7 |@
T o= -8xX+e R*= T+ T m v
vi = ikt ¢, = 4 ol L5 T
V=0, xz=a R=2 o= F
0 = -lbd+c,
lba = C, <. %= 28in (4t -F)
vtz ~|bx’+Iba?
vi =z jb(a* %) i) Max speed ot centre %20
0= 2sin(4t-T)
w-F=0,m 7. of ™A
yt =%
t=£ Sec
b) i) z=cmprisind Iz > F-E
Z-% = cn@ +isind ~(co1 - isin6)
= 2isin®
2" = o300 +18in nd
Jz‘n= 2" = coynB—isinn®
2"- F7= 2isinnd
i) sito=(3r (z-8))
=3—§;( 25- 52+ oz - F + 55 - 53)
- (P-B -5z B) +10(z-1))
= 317 ( 2isin50 -5x2isin30 +10x2isinp)
= Tts.'nse-%s.‘nse+-§-sme
[m
) | i) Rhombus since |21
_C So |2Y= apd fmﬂdo‘?rm has equat siclos.
3 } /
I%),‘ ~A ii) ar,j(z*z‘)=e+l=%a'
5 - R
! i) 0 dign, 0t
lz+2]= |oC| = 2em &




@ i (a-blzo i)

N’

u,sia(;/a AMZ(M,

a*-2ab+b 20
a*+b* 2 Wb a*+ 4b* 3 2[4 = 4ab
a2 b-»ﬁd' Lt + 42 zz.l#éd’:#cd
of-f ll-l)"-r'-}cz-fd" > Lab+k4ed
x+<7 > x(yll > 2[l6abed
= 8/ abed
b i) A {'fff\ [ i) C L
\‘-!4-!/ 0/ /A(
£\
= % /3 A(-31 :
P - (\o -3
.2 1o [et AX be prj AP
- { q —pV.
|
\ 2 = AX - AP
o A= [).[2) = (4)-(7
Pl N2\ [ a) \a/ 2
(2 [\ = ()
\7/ |7/
S, =y
- g-2+2 [2) PP=2p
RRCETA Y = ()
2343 b
V2] . op'= of + pr
=[&).(")
\2/ o/
: / :.:\ 2 P (4,10, 2)
\ 2/

O i) (so+isinff= C+3csi +3csi? + 5%

i) %=t * xP-33-3x+ =0

where  C=cos® and S =Sind

tan*0 - 31ar*0-31and +1=0

Using De Moivres :  LHS = ces30 +isin30

+on®0 -3t = 312’9 -

\Y
Eqating Re:  cm30 = cn’® — 3cosB sin*f upe -3twd _ |
Equating Im:  Sin30 = 3cos*dsind — Sin’d 3tard -
v
<o tondo =1 psF 7|‘
i) fan30° 36 30:% F ¥
_ cos*0sin® —sin’d ¢ >0 9=‘E, %’ i,}
3 - in20 .3
w0 - 3embsi’® e'd foxe tuE fm % o -l
= 3 fon® - +ar’®
| - 3tad iv)  Sroofs: funB *tun F -1 T
= 4aP9 - 3tand o don tm < 4

3tan*0 - |




@ a) ij"lx-x" dx.

8= CFrax -1) dx

2
= L J 9-(x+1)" dx x+| = 3sind x=2 : 3=3sind
=L
T x = 38inb ~ | bz
=) j‘i-‘?sm“e 33040 dx = 3cos6 dB e osfghe
* % 00dd a0 |dl=od B 8¢ [0F]
I )
- 4[F Letond
= Ale+3 Su'nlan
© 2 \2r s -<(o+0)
T
l+
b) Contrpasitive: if n is even, then 3"~4 i not prime.
I ) [}
Lt n=am., meZ"
am %
¥4 = ()
m
(3"-2)(3™2)
sine m22, 3"-2 ol 3™2 ar  isteers 22
3"-4 i ot prime s w has  more fm other
thes | and w:uf
¢) i) ML
1o MV
u " et = Mm@~ Tomy*
,mﬂ ma <= le T'o'mv
az -Vt
= 7 (100-v?)
i) yvaL s Cio-v? % = 15Co-vY
- =) l
S.L 100 ~v* dv = T!,"dx (|o-v)(|o+v)dV = det _'4._4“3" .GI_
Linlw-vl = A tc “'.f v = [kt Aliote) +8(10-) =
X =0, yz0 : 2 (-tafio-v] # alwwvl) = £ +c e ”f::'-.
% inioo = c (] B2 = e R
-—2_" lA\IlW‘Vz‘ < ‘x"'g'llwloo t=0, v=0
o fo | doo=v?f = EOL I s
loo '0 llﬁluov
Vi -
"5(1n|“L ot t= W(J5):
needs V... seo right L8 2 wiE s
s &2 |e)-5
at y=
100 =(3) l
x= -Sin l T ..
a  x=0 = (oo-F =20
s -5 b\(') Vz10 I8 Ferminak vel.
* 5inE  metres vl B o] B5-5
[o+v = 50 -5v
bv= 4o
£ "B 20

3




15d) I,= _[: K x () % dx u= x" ve {1+ x*
(

—t u'z (p=)x""* v'= x(I+x? B
= [x""./l-m"].’.[.ll*x‘ (n-1)x"*dx v= ;lex(l-m"')’t:/x
= 3 -0 [ (), = *szﬂ’*

T

1, Jz ~(0-) [ Tt 1]

I _b -‘)I - (1’")1»-2.

I,(1+n- l)- 2 - (n-1N1,.,

I= x - (ﬂ ')In-l an m’gd
n

( &I‘B\ a) LAOR =
N\

> I . 0Ao

[ 2N P
JoA[]oB]

19

Similarly :
(V)

X
and %z—L

B a - 3.7 ot
I i

P"Jq 4 = i’JP’*

p‘*Ce ) = ?“(p +r)

“? q +p‘* Yootz 0

P (o) + PCpghPeg) =0

(p*-42) [ g7+ MCp"rg) ] =0

sine [..]>0 due o lngths,

P =9* > pg.
Sinilarly afpr prr ad gz=r.

+he prism is 4 cube.




16b) i) RTP: 2k+3 > 2f(k+i)(k+2) ( Basktruk)

bi*+ 12k+9 2 4 (k+)(k+2)
LHS®= (2k+3)* RHS & (kn)(k+2) = Ak +3k+2)
= 4k*+|2k+9 = 4(K*+3k+2) T 4k*+nk+g

= Lk*+12k+8§

. LHS® 2 RHS™

S LHSZ RHS as  LHS.RHS >0 —far k=0

i) Prcof |>g M.I. :
Test P(): Lus= =)
RS = 2(5")
T 0.8

S, LHS > RHS  True -for nz|

Assume P(K): 1+ 4.+ 7= > 2(fFm-1)

RTp pCker): |+t + 5+ 7 > a(Jkaet =1) = 2([kez ~1)

By assumption -

|+ & kT > 2+ T

am'fﬁ- 2

= 2+t

Tien

w

a3
o3

7K+

vl K|

> ) lk+)42)
-2 'ln'bm v)

= 2k =L

= al(Jkea-1)

. Statemeat  frug ba m.I.

i) Fom i) we kow = 7= > 2(fF-1)

So sfatement is fg{s& :’f we  choose

([N -1) > o'

SN+ > ol

N > ("-Sfﬂ)l-l

an  a Counfel'exam'ple-




[6c) 0) RTp: lzif=l2=] = 3 +3+i=0

- P -
21*= 2521 B Z2Z ond T 5

T T il *od

i. + iz"’l usiﬁe

= 24 227
=0 u:u'nau iven.
Lo -
i) RP: & matlzo = [z]<[24 =
2,4 8 _
2,22 = -

r- %4 2,5 ~2,2,

- = -2|(-I~2.) using z,+21+=0
v

-z +2+2}

0= 22424

2 is & non-real wimeof wdy ,

3
. 20
0= N

an P
S ENED| M_migda_f,, |21 =1

i) RP |2 =l24=] = 2Fezl 4 =0

fm ) m]=lzdzl @ FE 4l=0

LHs = 2+ 2+

2? *(-I'E,)l +l

ZE 4 | +22,420 4

= Q7242742

= Azt+2.+1)

S
But 2 * 21+| =0 = 2'.2"‘35 *| =0 %own in

ii)

L. LHS= axD

20w rguired.
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