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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 provided for Questions 1 to 10.

1. What is the value of (COS 3 + i sin 3—”) e'3?
4 4
#) e
1 i—11n
(B) \/_Ee 12
(C) e
D) e

1
2. Each pair of lines given below intersects at (2)

3
Which pair of lines are perpendicular?

1 -1 3 2
(2) + A <—2> and £, r= (1) + /1(—1)
3 1 T \3 0
2 1 -2 3
(B) 45 Z‘=(4>+/1<2> and £y f=<1)+/1 1)
6 3 0 3
0 -1 1 1
© 45 f=<—3>+l( 2 ) and ¥ t=< 2> 2
2 -3 3 3
3 —2 3 3
(D) 4;: 1~“=(—2>+/1<4> and  4,: 1~‘=<4>+/1<1>
8 -5 2 1

(A) 4y

U=
I
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3. Consider this statement.
“If I don’t make my bed then my mum will take my iPhone away from me.”
Which of the following is the converse of the contrapositive of the above statement?
(A) “IfI don’t make my bed then my mum will not take my iPhone away from me.”
(B) “If my mum takes my iPhone away from me then [ won’t make my bed”

(C)  “If do make my bed then my mum will not take my iPhone away from me.”

(D) “IfI do make my bed then my mum will take my iPhone away from me.”

0.6 3
4, Vectors u and v have components ( 0 ) and ( 0 ) respectively.
t -5
The following two statements are made about u and v:
(1) whent = —1, u and v are parallel.

(2) whent = —0.8, u is a unit vector.

Which of the following is true?

(A) Neither statement is correct.

(B) Only statement (1) is correct.

© Only statement (2) is correct.

D Both statements are correct.
(
1
5. Which expression is equal to dx?

P a f V —16x — 4x?2
l 1 x+2

(A) > Sin ( ” )+ c
l -1 X —2

(B) Z Sin ( > ) +c
l o1 x+2

© Z Sin ( 2 ) +c
l o1 f x+2

(D) > Sin ( . )+ c
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6. Evaluate (1 + i)*° + (1 —0)*9.
(A) 221
(B) 220
(C) 219
(D) 218

T

3

7. Using a suitable trigonometric substitution, .[ cot3xsec?x dx can be expressed in which
of the following ways? 0

V3
(A) f uddu

u

® L

e 1
®) [ —du
u
0
8. Which of the following statements is correct?
(A) VabeR sina<sinb=a<b

(B) Va,bE[—%,%] sina<sinb=>a<b
(C) VabeR cosa<cosbhb=a<b

(D) Va,b € [0,m] cosa<cosh=>a<b
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9. The diagram shows the solution of an equation, where C is the centre of the circle.
Y.

CP-__ °a

U
| /
.

7 X
\\0 I o

Which of these could be the equation?

(A) Arg(z—a)—Arg(z—pB)=0

T

(B) Arg(z—a)—Arg(z—p) ==
(€ Argz—a)-Arg(z—p) =~
(D) Arg(z_,B)_Arg(Z—a)z%

10.  Which diagram best shows the curve described by the position vector

r(t) = sin(t) i — cos(t) j for% <t< %’T?

(A) v (B) L N
N (%)

l»—\/
~—
=
i
N|"‘
|
sl
k_/
=Y

©) (D)

|
5l
NIk
N——

(&%)
7V

&l

ol
%Y

ah

\ﬁJH ﬂ‘

&l

R <
=Y

END OF SECTION I
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Section II

90 marks

Attempt Questions 11 - 16

Allow about 2 hours and 45 minutes for this section

In Questions 11-16, your responses should include relevant mathematical reasoning and/or
calculations

Question 11 (15 marks) Use a SEPARATE writing booklet. Marks
(a) Consider the complex numbers z; =5+ iand z, = -2 + i.
Find the value of I giving your answer in the form a + ib. 2
1 2
(b)  For the complex number z = 3e’s , write Z * in the form a + ib. 2

V3 3y
(c)  Find the exact value of ] dx. 3
vz Vx? + 2
d (1 Find the two square roots of 2i, giving your answers in the form x + iy, 2

where x and y are real numbers.

(i)  Hence, solve 2z% + 2v/2z + 1 — i = 0. Give your answers in the form x + iy. 2

(e) Consider the twovectorsu = 2ai+ (3 —a)k and v =2i — 2j + k,

where ¢« is a scalar.

(i) Find p, the vector projection of u onto v . 2

(ii) Given that 3 |u| =17 |p , find the value of «. 2
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Question 12 (16 marks) Use a SEPARATE writing booklet. Marks
(a) Use mathematical induction to prove that for all positive odd integers n, 3

n(n? + 1) is even.

(b)  The polynomial g(z) = z* + 2z3 + 6z2 + 8z + 8 has roots a + bi and 2ci,
where a, b and c are all real.

(i)  Find all the roots of g(z). 3
(ii)  Write g(z) as a product of two real quadratic factors. 2
(¢) (i) Find the values of a, b, and c such that: 3

2Xx a b c
(x—4)(x+2)2  x—4 T x+2 T (x+2)2"

(ii)  Hence find f (x—4))(cx+2)2 dx. 2

(d) Shade the region on the Argand diagram where the inequalities 3
|z — 2 —2i| <2 and |Im(z — 2i)| = 1 hold simultaneously.
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Question 13 (15 marks) Use a SEPARATE writing booklet. Marks
(@ (1) Find all solutions to the equation z° = —1. 3
Give your answers in modulus-argument form.
(ii) Hence prove that cosg + cos %ﬂ = % . 2
(b) Use integration by parts to find f xe % dx. 3
(c)  Prove by contradiction that if p is an integer, then p? + 6 is not divisible by 4. 3
0 -1
(d) Thelinelhasequationv=|3 |+ u|b | wherepuisaparameter and
©\=5 2
b is a constant.
The points P and Q have coordinates (—1, 2, 3) and (-2, 4, 2) respectively.
(i)  Find a vector equation of the line PQ. 1
[Leave your answer in the form r = a + Ab]
(i)  Find the value of b for which the acute angle between line [ and 3

the line PQ is cos ™! %.
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Question 14 (15 marks) Use a SEPARATE writing booklet. Marks
(a) Calculate the modulus and argument of the sum of the roots of the equation 3
(4 +3i)z>— (3—1i)z — (4 + 2i) = 0 in exact form.
b) () Ift=tand, show thats = — 2
(b) (i) = tan-, show at— =T 3-
s
ii) H 1 j : > deo 3
t ——ab.
(i) ence evaluate | 8cos0+ 10
Leave your answer correct to 3 significant figures.
(c)  Consider the line L with position vector
3 1
r=|(-2]+1(-1 |
1 -1
The sphere with equation (x —3)?+ (y+2)?+ (z—4)?> =18
intersects the line L at the points A and B.
Find the equation of the sphere with diameter AB. 4
(d) Use mathematical induction to prove that n! > 2""1, n € Z*. 3
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Question 15 (15 marks) Use a SEPARATE writing booklet. Marks
(@) Prove byinduction that T,, = 3(2™") + 1 for n > 1, given 3

T,=7and T, =2T,_; —1 for n > 2.
(b)  The vertices A, B and C of triangle ABC are represented in the Argand 3

diagram by the complex numbers a, b and c respectively.

AC=+2 ABand £CAB=~.

y B
T
A 4
0 N x
C

By using vectors, or otherwise, show thatc =b (1—1i) + ai.

(c)  Using the substitution x = 2 + 2 cos? 0, calculate the value of 4
f3 ’x -2 p
X .
2 A4 x
T
2
(d) @) Let I, =f x"cosxdxforn=0,1,2,3,...
0
T n
Show that I, = (E) —n(n—1)I,,_, foreveryintegern > 2. 3
. A 4 3 2
(i) Hence,showthat L, = (%) —12(%) +24. 2



St George Girls High School
Year 12 - Mathematics Extension 2 - 2023 Trial HSC Examination

Page 12
Question 16 (14 marks) Use a SEPARATE writing booklet. Marks
a a
(@) (i) Provethat f f(x)dx = .[ f(la—x)dx. 2
0 0
(ii) By choosing a suitable trigonometric substitution, determine the value of 3
fl dx
0o x+V1—x2
e diagram shows a triangular pyramid with vertices ,0,0), ,6,0),
b The di h i 1 id with ices 0(0,0,0), P(8,6,0)
Q(6,8,0) and R(x,y, z), where x,y and z are positive real numbers.
z
R(x,y,z)
0 10
y
Vs
3
3/ 10 0(6,8,0)
¢ p(8,6,0)
Given that £ RPO = £ RQO = g, | PR | = | Q_R) | = 10 units, find the 4
coordinates of R.
(¢) (i) Using the inequality HTy > ,/xy, show that 3
(Va + Vb ++¢)” = 3(vVab + Vac + Vbc),
where a, b and c are positive numbers.
(i)  Hence, or otherwise, show that 2

Mm3p3 + m3r3 + p3r3 )% = m3p3r3(m3 + r3 + p3).

END OF EXAMINATION
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SUGGESTED SOLUTIONS

Section 1

Multiple Choice Answer Key

Question Answer
1 D
2 A
3 C
4 D
5 D
6 A
7 D
8 B
9 C
10 C




Section I

3/rz{i Ty o (3'}’(+ Tt
1. e x e = Q(‘sﬂl
= eﬁ
_ Mae
= & [(%

-2 -1

1 0
=-242+4+0
=0 SO A

2. Looking for the dot product of the direction vectors being zero.
-1 2

3. The contrapositive of the statement is:

‘If my mum does not take the iPhone away from me, then | will make my bed.’

Hence, the converse of the contrapositive is:

‘If | do make my bed, then my mum will not take the iPhone away from me.’

o-é) 3
4, w= ( 0 v =( 0)
~ £ ~ \-s
whaen L= :

Now S‘(.%):G,) (1) Arve

Lshtn L= -0:%

~ 0
-\[o.s ! Arue
\%l = @.g)’-_‘_ @.ﬂl = - uack gotor (2

Bt  sholement e Avve.

(%) )]
5. —————dx =sin""——+¢
f\/ a? - [fl(x)]2 a

_ 1
f\/—16x—4x2dx - fZ\/—4x—x2

=f2x/4—4—4x—x2

= dx
2\/22—(4+4x+x2)

1
_fz 22 — (x +2)2dx

1 . _1(x+2)
= = Sin [
2 2 +

. 1 .1 T . . T
6. z=1+l.Z—ﬁ(TE+LT§)—\/f(cosz+lsmz)
_ . T . . T
z=1—-i= ﬁ(cosz— lSlnz).
Using de Moivre’s theorem z*° = 220is(10m),
(2)*° = 22%:is(—10m).
Z40 + (Z—)40 — Z40 + (24-0)
= 2Re(z*®) = 221 cos(10m).

S+ D)+ (1 - D* =22 cos(10m).

— 221



(4

~Ia

7 3 2 Let ks
= n AN
f (ot °r sec x dx * Z
du = 3ecéxn
0 T
T 1 when % =0 n=
gl 2 3 Sec Xdu w=4ano u;—l'on:%t_.
=0
o on’x U =3
— j K _(_, O[u
. W D
8. The correct answer must be an increasing function in the whole domain,
which only occurs for B. B

TORS
\re I\

Vv

5\»6\ <s'mb

@cosa <cosh buta>b X

1t

a

N Arg(z —a

N
N X

z lies on the circumference of a circle, radii from o and f meet at the centre atg radians, this means
the angle at z must be% radians as the angle at circumference is half the angle at the when subtended
by the same arc.

7z — a represents the vector from «a to z.

z — [3 represents the vector from S to z.

Using the exterior angle of a triangle, we can see that the angle at z = Arg(z — a) — Arg(z — B).

C
10. f(%)=singx£—cosgx{=%£—%{=(i2, _\/ii)
r(F) = s xi-eosTxi=—5i-(-5)i= (-7 7)
Also passes through:
t(§)=singx£—cosg><]~'=i=(1,0), so C. C
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SUGGESTED SOLUTIONS MARKS | MARKER'S COMMENTS
a) = =5--1 This Pa(‘l- was
= _ 5-1 very well done
2,+2, S+1+-2+1
= _S=1a
3+ 21
- s_; x3-21. ‘
3+2t 3-2¢
_ 15 -0t —31~2
a+4
_ 13 =131
3
= 13(1 -1)
3
- -1 i (2)
N——
A
B) 2 = 3?_6
= 3(00511 ST )
- + 18 %1
Z =3<QOSE j}(ﬁ"?]
6 s/
=1 - 4
3(cosm — ¢ snT)]
LoV T
4 .
= 32 ((os4_'13-15m4'l) J
¢ 6 '
=3‘(f052_71 — 1 s 27) ‘/L
3 3
= g‘ (‘"2'_ - l is-) !/
— — %l 3]]‘_;,,; 2 /Z_
2 2




MATHEMATICS EXTENSION 2 — QUESTION | |

SUGGESTED SOLUTIONS MARKS MARKER'S COMMENTS
¢) Leb T =(f 32 g4y
z (2 Overall +his
=38 21 4y queshon wsas
2Jﬁ' {12+ 2 Llone well,
Let u=x*
du _2x
dxdu= 2x dx

whaen = = J-S-I a=73

x.=5.l a=2 L

___—— 72

I:3r3 du

), fer %

= 3 (3 (u+2)"*% du

x-JZ

I3
_ 3 [2(u+2)*]
2 L & Jda2

= 3[(BT — J2+?_ )

=3[s —3x2 4 ’ @
=3[5 —( j

A er nohve metaod.

3
T -3( _ 2« _dx

Z./.[; JL"-&Z

V& -.
=23 (B 9y (x*2)77 d

25




MATHEMATICS EXTENSION 2 — QUESTION ||

SUGGESTED SOLUTIONS

MARKS | MARKER'S COMMENTS
d) l') Let (d-l—ib)zt 21 This ’par"\‘ was
a—b® +2ab1 =21 well doae.

Equoting pards
( J | 2
at-b" =0 - - -9
ab= 1 . . .@&) |
FY‘M @ b=—‘-— Sgk A
a (C
p X
a? —[X) =0
o/
at 1 =o
(a"-t)\a"-u-l,:o
bt a® =1 since a s ceal
a =2
when o\=|’_ b=
a:-l" =-I )
i 2% = £(1a4) <
i) z= —20Z * Jor) (i)
’ 242

_ -2022 [8-84+81

1-
_ 202+ | 84
4

- -202 2027
4
:.—J?—.‘_"\I—ZT
2
= —Z (1) feom () 7
<
- _E+l+i p -\[Z-—“" ~
= v ¢y .
) 2
- Z= l—ri_Ll or z.::_I_ZL-—( _'t_(> (2)
2 2 2 2




MATHEMATICS EXTENSION 2 — QUESTION |/

SUGGESTED SOLUTIONS MARKS | MARKER'S COMMENTS
e)i) u-= 201 + (3-2) K
L=21=-2] «k
Now p= proj . u
A P
- Yy
|2 T 75 mk | Hfor_coccoct u-v
_ Jasd +(3-<)xl (3)
(\[9& w22 +9" \ !
- T +3 - /_ZZ) ‘émk ’por ‘melma)VI
T+e+ |z\ \C/ l"lanvi s+ude4\+$
= 343 (5 o"'sqg e |y
o \1/ "
= 3(=+1) (-3)
o \./
= X+ | /_i\ ,mk @\
3 \/
@)yl =« +@-"
= {4t + A- b+ ?
= N Se* —b o+
and |p] = o+l 5 [2F4C2 R+ - 4wl Moang  studeats
I 3 h ., |J ,
did not mul-h?'}
= &4l |4+ +%+ L \‘27'-»(2)"*! 5:3
3 A+! and
o st (T tharefore_bave
— w37 P mode the queshon
= gf4 \ (_oH () easiev -
Now 3|4 =

3{But- 649 = (1T




MATHEMATICS EXTENSION 2 — QUESTION | |

SUGGESTED SOLUTIONS MARKS | MARKER'S COMMENTS
Squa(lm botWh sides
J
(S~ L« +°l) = 11 (q-u)"'
48— 54u +t81 = N (‘47‘4-2&1-() —] ({Zmo\fk
= (T o?+%a+ ()
28" — 88« +6% =0
7941- 22 + b =0
("lok-s\(oa-z) =0 \ | nbrk
ol = 2 (Y 8 /
N

~
W)
J




MATHEMATICS EXTENSION 2 — QUESTION 12

SUGGESTED SOLUTIONS MARKS MARKER'S COMMENTS
S{'c’pl - Prove truc ﬁ:r n=|
x(x*+) x—=n n(n'+1)
n=l
= 1 (1)
=2 which 1§ even . '/L Correc,H\;, proves e  base
care
Stepd - Assume hue for n:-k where & is o0dd
W Assume k(k’u):o?l"l where MEZ @ a,,,ecHJ Shaks e
assumpHon
skpd - Prove due for n=k42
w Prove  (pen)[(B2)'41] 15 even k6 odd inkger
(s2)[ (kr2)'+1] " (orectly stles  who

- (k42) (R*+ Yk +U +1)

1S being pyoved -

)]

(r.n,)‘/k’mk-r 5)

Rieuk’+ 5ktak’s getio

R34 ¢k’ +13k t10

"

Wi+ gk ikt

R(R41) 4+ 2(3k%+6+5)

"

[N

M+ 2(3k1*6k+5,) by the _assum phon

Cowecﬂj usSes the

- &(M+3k’+gk+5) Mez ) b is a P°5”,"V.° odd assumplion in e )orooP
’ integer
which is even @ Comv.ol'&;, cpm'plc"g
hue for n=ktz if tfrue for  p=k pmwof 0nd Includes

onclysion-

Skepd

the Prircipa) of Mathemaliol Induchon

By
V)

it is  true ﬁ:r all Posi}SVC odd Ibkger; n.




MATHEMATICS EXTENSION 2 — QUESTION

SUGGESTED SOLUTIONS

MARKS

MARKER'S COMMENTS

®
Shpd  Prove huc for p ozt

w  Prove (,gkﬂ)[(,pkﬂ)z*’] /S everv

(ak+1)[ (akn)* 41 ]

= (k1 ) (e’ s ki +1)

= g%k Uk R 2

= 8+ 12k gk 42 R(k>1) = 2M
2 k3¢h= 2M
= 8(aM-k) + 138" + 8k + 2 R3= aM-k

16M -3k + I.‘llr.z +8k +2

1]

- leM +12R" +2

= 9(8” +ék2+l/) which i§ everv Meﬂl b iy on odd

schve
&R ce e Po i"”ﬂ"




MATHEMATICS EXTENSION 2 — QUESTION 2

SUGGESTED SOLUTIONS

MARKS

MARKER'S COMMENTS

b)G) (z) = 2" +22°+62"+82 + ¢
7 J‘

o,bec eR

If a+b. 15 a rot then a-bi Is a roof.

IF Jc is o  root then

-Jcc iS a roof -

are _real-

This_is_hecaute the ot ocur in_conjuqale poiry when the oot flicienty

b
o +f4 Y¢d = &

a+ibt a-ib+ a0 -3¢t = -2

aet all tonjugare pais
v A4

ond correcf\/y evaluales

az=-l

S0y

aprs =

(a+ib)(a-ib) (ae) (-2¢8)= 8

Corvecd expresdion ﬁ»’

'produc} of roots

40’(@’-»4)’):8 O

oLBY + o£BS + BYE 4+ o ¥B

©mect expresiion for

(asib)(a-cb)(aci) + (a+ib)(a-cb)(-2¢t) + (e-H)(e) (-2¢) + ( a--va'b)(za-')(-Zci):-S

erfher sum of the

rookf o al a bwe or

aa,[a}{’)— 2ei(a’7b?) +uc(a-ch) + 4 (arih)=-8
/‘

dac’ - ubc’v + Yac® +ykc®y = -8
I4 7

three at a Pme .

3@(,‘ =-3
ac’ ="l
az-l (-1)c*=-1
c’=)
c=%) @ Correctly evaliale
N—7 \/

From @

Ue'(0’b®) =%

c=21

L}c’([-l)"l-b’): )

c'(|+b')=2

For cz#1|

(21)’(14b*) =2

1+b =2

b=

Covrectly evaluarey
(%4

b=t

B

)

b= 21

Now roots are

tz,c,t;

£ % mart los? if

t30 [w -1 -i-gav <)
AN 7 *

rookt ort no¥ wnfen




MATHEMATICS EXTENSION 2 — QUESTION

SUGGESTED SOLUTIONS MARKS | MARKER'S COMMENTS
— o B Y B
ow
WCBtodY + L§+BY T BY + X8 =6
(a+b)(o-Cb) + (amb)-26i)+ (aci) (a+cb) + (a-ch) (2¢)+ (a- b)ED+ (300)(gec ) =6

o} 4b® - JaEi + e +38e ~phe+ o€ ¢ e - 26ei - g8e +uc’=¢
J e t30c Y

a,""b‘ +yc’=6

(1) 46 s U(21) = ¢

)+ + 4 =(
b=) Noke if Yyou  got b= i\/f;" c=%d2
b=12) These  Solubions do not qgive zewos

U

when Sub&hhuted in-

(i) 3(:): ﬁ—(-m’)] fz-(-"iil (2-20)(z+av)

"

(z +l —i)(aﬂ-ri)(a.—ai)(zﬂf)

[en-iJ[(ewn] (2+9)

[ (z4)+ 1] (2%+4)

un

= (2’ %2)(2%y)

NoTE ¢

12
a b +dc” =6

[ + ,34-46154

uc’

2

[

o

NEELE

R

PLViL) - (m)‘uaa’») +e(rb)fg(rz») +g

_’-}JZL"J ""b‘lLb ) V

io

0(2i) = (a0)1 ¢ 09CY + 603 +9(2) + 5

= lb =T - M AL +3

z0




MATHEMATICS EXTENSION 2 — QUESTION 12

SUGGESTED SOLUTIONS MARKS MARKER'S COMMENTS
i)  ax @ b o
(x-4)(x+3)> ~ xY x+a (X
dax = 09(-’”’)2 + b(x-9)(x+3) ¢(x-4) @maﬁ Cowect  equakion
Sub in x=-2
-y =-bc
2 .
C =3’ @mm to fnd one of the
Sub i gc=U salues
8 = 3ba
Z
o = 9
Sub 1n x:o

0 = Ya - %b-Ye
0 = 4/%)-3b-4(%)
\ 4 =~/
nD=-§ -12b-24
Tdb= - 16

b- &
J

2 iy 2
ocq L 9 Cz=3 mma/lz Rrd  all corred values
— 5 J
(i) [  x L[ 2

dx= ox

(x-4) (222)° W= (D Jo eskablish  corsect

[ 2 infeqral  to  enable use
- U

r o) )
1 M| S VO —
1) =w® " i Ys iz of ()

ST (R S " a (R R I =T Jx
"7] X-4 ‘1/ xiz O +3J (%44

[})

-1
z;'!n[ac—ul - z;'ln,“”"J "'\’;' (;DCT*-Q) *e

t

@ Correct  answer

X4 1

——

) _
- "’.7'" x+2 Jam) *° NoTE: Some  half

mavks awavded for o

minor _error Within

workieg.
U




MATHEMATICS EXTENSION 2 — QUESTION

SUGGESTED SOLUTIONS MARKS | MARKER'S COMMENTS
(i) MetHoD 2
ax a . b N c
(x-4)(x+2)* %Y x+y | (xF
2 - a(x) + b(x-9)(x+3) 4 (7Y
X = ox’+dar+da +bx1—2b:z. -8b +cx -Yc
0x + Jx +0 = {a+b):x.,-+ (‘40“25“'6).:4'44,—95-—'-[(;

By equabng coefficienk
v 1 J

a+bz=0 Ya-2b+¢ =2 Yo-8b-Yc=0
bz-a Yo.+2a+C€=2 a-ab-¢c =0
batez2 atla —&=°
W{ 3a=C
bo +3a:=2

9a =4

2 _2 _ 2
L ac /‘i‘ b=""q ¢=7




MATHEMATICS EXTENSION 2 — QUESTION [

SUGGESTED SOLUTIONS

MARKS

MARKER'S COMMENTS

d)

/

[2-(9+20)1 3 Cincle contre (2,9)  rodisc

\\

(D man]

corect Ccircle

one

@ mavk

correck line ¢ shaclid

@ mavl

Coyrect  qraph
\j |

/Tm (Z‘Q(}),lal

/xféj ]2/
I ’.
| x+(y-2)L]>]

[y-o/=1
-0 = or f\/&—;); ]
y =3 -2t -1




MATHEMATICS EXTENSION 2 — QUESTION (3

SUGGESTED SOLUTIONS

MARKS MARKER'S COMMENTS

Q)

[

~Br -R<8<T

Lot z= r (58 +¢ s &)

Now

Zse r"(cosdf15m6)"
=rS ¢cis 58

but = ° = —|

25 = 1(cs®)

rScis s = cisT

)qu

-5 < 1+2k&S

—6< 2K <4

—3<

£

Mat\q
o

students did not lane

Sblur{\m | -

MU“S were s+ill awarded bat

soluhong are:

fem%qmr b leave coote ia

Z =

Q '|J’ha-(' -ﬁ)ﬂh

as —3% c\s -1
s ! S

S

[ Cs T s 3T

)

q Hernative Me‘H\oO(

3k 1(occeck .So\u‘l’l‘ on§

Solufions are eucu\‘q

snoceo‘ afounrd

7 enle-

Qeorcect solutions mnd. ]

a und eurcle ba

4 “ netinel]

\

Or

ZT‘- «—(-n_%_a(f‘ﬂ.

i mb '( 0g a soluhon

Je 2= QST

s

S-]E LquL

¥ /

Tn"'

hud

z- s -%n

ce

3

c(s - = CtS —

| and 3(; B - C(S ‘-I‘

-1

cis T

(s, A 3’_15

3 7

s/

! I3 5



MATHEMATICS EXTENSION 2 — QUESTION [3

SUGGESTED SOLUTIONS MARKS MARKER'S COMMENTS
a\ u)
J 7
Sum of the ok = —% _
(Y&
Cos kX 4isnT N PP | X <3 .. -;1:0 le"RSHM‘“\QSond“-I’M

roofs ond A—l-wc‘-r(heg gqggjiuo.

5 s s s 5 s
Cos T ""j;;‘li““—‘,‘ _,-5.,4, +tos 37 4.1'(%4(05311 -{syé-lro /2 ookt A fow shiden’s did not
S s 3 s s s
inclade this sh‘o

s
[

20sR_. 2cs3m = | /o o= previous 54&{93
r )

are (incloded and

2( cos% + cos 3T

—_—
o

cotrect . .

\ =

7/
s 4 cos3T =L

5 2

S

NR: As i+ is a \skow| queston

s-l-ualeml-s s(\ou‘d mc.luui‘g g” '

S-l'enc 'M\‘ '“tg;r nork\;%, Pa('{:\tu\a(lg Jerws

al'ko-l' are cancelled oat,

This {»(4 was

b) Using inteqrahon Bj parts:
v J [ '
(udx =uv = fva'dx

vecy well done.
J

For ’ (M;z"dn
J \ -2y
LL—L = X v =@
' -2

w=\ v=-L,
&

- - -2
(ze thwax(-zfe.z")——f:-'t *xldn

)|
f
)

- -1
2
-2 -2x
= —Lee ™™ty Lo ™
2 2 2
- -2x -2 Y
= -‘;xe -—_“'_Q_ + ( < }
-2
= -0 " (x4 L\ +¢ A m
2 2/ N




MATHEMATICS EXTENSION 2 — QUESTION (3

SUGGESTED SOLUTIONS MARKS | MARKER'S COMMENTS
c) We ossume?
|6 p S on M—mu +hen ke “r6 i IZ — oark /‘A(/H«e
dachtuc loq 4’ ass«m?ha«/
negodum)
So leb pReb=4M @ |/

whece M 8 an 'm-\-eger

| Case | l-plo 1S even 'H|_€.D_Fi2k

where K s an m&ggf

Nk(t\r\ \s oot Amcuble bq 4'

Frm (¥) )
LyS= fak) + 4 }
= 4-k2+C (
- k%44 + 2 ),
= 4(|< )+ 2 g\
/

" o controdcton q'Qw +the assuv\?‘hw\ Hhat,

pt“’k ¢ dwisible "5 ¢

Cnce?.‘ 1y P IC_Qd_d_‘HIS_sz-H
From )

LHS (2k+() +(

4g +4k+(+ £

= AL 44K+

- 4\&4 4 +4 +3

—_—

= 4 (K +k+‘\-*3

which (s naot d\wssUe (oq 4

" a contradiction from the

T~

QGSumlp"hon that » “+6 « diwisible (nj‘(’

\f P s an m+e59x then p +L S ot

clms«B\e bq 4..




MATHEMATICS EXTENSION 2 — QUESTION |3

SUGGESTED SOLUTIONS

MARKS

MARKER'S COMMENTS

¢) AUernahve

So(q"hof\, | :
From /\\ 2 ‘46 =

4™
pz M-

bt = 2(2M - 3)

e \S dwls\UL qu

°
X

s duisible Lq

v v _

'[’ 9:2"\ wkereukel

(43

LHS = (Zk) + b

N

- 4k* +L

= 442

Jar U AN

4(k* ) +2

—

g

|

whieh s pot dnnstl:le ‘i(; 4

but p*+b =4M
a rordrodiction fom 4he

as; ump‘hov\

\ p

/3)
-

s 2 1s an m‘k‘\c’ P %( g not dtvtS(blebu"

NB: Mang students ot +o
97' = Q-/ZM %) <— 73
+hen ”('Dfo(ﬂ. +the square mulJ'o ma ke P No marks were
The SULK’({' e. p= *j2 (2™M-3) o f(:nr any
4’an o\lmed +° prove ot ,u\o:equw+ worky

O&—M'Cr “"'\.lS fme.

p w05 1ot on wiger (o0 rratua
and ended +he proo there cay (na

t wos o cor\‘ﬁro\AcL‘Ptow J ~

Th(s D(‘DO‘C (S no-{— (m(féc‘(" becauc(

+Hhe «\Lawhw\ mC—HM nflglvwd
4’& 'H'\A-\' ( B an (0

Cr

+then p J'é (S lenS\Ue loq

LM‘M%_(&N&A 'H/\Or(' P s an

ll/\ﬂﬁ e



MATHEMATICS EXTENSION 2 — QUESTION |3

SUGGESTED SOLUTIONS

MARKS

MARKER'S COMMENTS

c) Dcu—e(mri-.wc So{w‘r\'bn 2

To prove the statement is true using contradiction,
we assume that p? + 6 is divisible by 4 and look for a
contradiction.

Solet p? + 6 = 4k,where k is an integer.
We are to consider two different cases p odd or p even.

Case 1:if piseventhen p = 2r
,Where r is an integer.
This means p? + 6 = 4k becomes

(2r)% + 6 = 4k
4r?2 + 6 = 4k t
2r2 + 3 =2k

But 272 + 3 is odd, and 2k is even, so there is a
contradiction here.

Case 2: ifp is odd then

p = 2s + 1,where s is an integer.

This means p? + 6 becomes

(2s+1)?+6 =4k

45> +4s+1+6 =4k

2(2s2+2s)+7 = 4k

But 2(2s? + 2s) + 7 is odd, and 4k is even, so there is
also a contradiction here.




MATHEMATICS EXTENSION 2 — QUESTION |3

SUGGESTED SOLUTIONS MARKS MARKER'S COMMENTS
d) i} e(-123) Q (-2 42)
7 | | Y AR Y | Y A A 4
° > => -
2o PQ = 00 - OP
S AR
= 2| - {TZ.
2/ \3
2 |
-/
e _& .
‘s PQ s the d_«red'm\ vec’[\)f‘
o (D)t
\3 / \"l/ (/’L Mmar K
ov [ 9 Y o
i =
= {\14; ""é {\ 2 5/ m

u\

The. analo, be+wee_m /Hne

dl(ec—hw\ vec{\‘)f-\‘

LS (‘D.S =
S if /H\e direction vecton are:
dt 1 \ w\d o(g :/:(\
~ Z/ ~ \.,_L‘ Y]
’('['\en ' ~rha+
Cos & = (\"5) \;2;.) ¢ Wgotjjag—ﬁ
(ENV VARV — +hen }“’“?.U‘L
8/ 1\z)| — "(’mdmgmdil‘i
+ = '*2" “Z — o wd
[ = [(+2p -2
Q.IE:Z‘_ | | Foc answer @




MATHEMATICS EXTENSION 2 — QUESTION [

SUGGESTED SOLUTIONS

MARKS

MARKER'S COMMENTS

a) o(+P =

{
<
-+
o
.| T

"
~
o~

.+
)

\
il
o

7uod Y

d+P




it

MATHEMATICS EXTENSION 2 — QUESTION
SUGGESTED SOLUTIONS MARKS MARKER'S COMMENTS
4
b)(i) t=tanz
dt _ i g simie+cos’e=/ @ corvect derivahve
dg, . donPet | = Sect o
= 3 (fan’& +')
; 3’ ({;’H)
24)
-5 (D) | Corvectly chowing
at 5 3
'a n db f‘\'L’t
d——4
dt = 4+’
.. 13 3 & T %
(i) [2 9o gzbany  p-Z o> t-hn’h
+ =
o Beodt o d¥ . 2 b2l (D mak| t-valoes
1] A 7 =0 > t =fond
l/ 2 a”V t-o
e e e . dos db :
= “_,_z)ﬂo "’ - - |+€? mark| correct mPe;yrol in e
Vo
,J ‘, of £-
dat
= 3, Y(1-£7)+5(14¢)
Vo
r! | "
- 3Jn 7 4—(.’2 o
VY N | !
I T[T
- 3[ 5 tan (3)j
=l

-1 L -l
= tn'3 = fan 0
.}
- +UV, 3 @mark Correcy answer.
(‘f mavk I.F not
cvalua}fd)




MATHEMATICS EXTENSION 2 — QUESTION 4

SUGGESTED SOLUTIONS MARKS MARKER'S COMMENTS
¢) (i) EREAR
= (1))
A
e [300]
~ Ll—ﬁJ
//
Where does the .Sphcrc ntersect L
L X3 (3(,—3)2+ (j-r:x)z-p(;—w)zzlz
ys-a2 p52
z=|-A
(302-3Y 4 (-2a2) 4 (i-2-w) =18 )
\ AN
A+ 2 + (—(5'7\]2 = / @ Corred'{j uf"f'\fj
D%7+‘14(,)\+h2=19 ( equatons fo ol
3 1A -9 =0 v b A
A 22 -3 =0 \
(Ar3)(2=1) =2 \
L oAa="3 or »=\ \)

let A be the point for when A=-3
/32;_53\ _/°)

L 143 (‘4/

Lek B  be the pou:d’ fovr when A= @ COW?CJ’!:-/ Qndn’q\j
/‘3+‘ A and B8
(2]

] -1 / k /
So the  |ine inkersecly  the sphere at

A(o,1,4) and B8 (4 -3,0) (D Correct  cenhve

0+ (-

Cenbe [ 28 122 42©

= 27 =2
r /A -1 2 )
~ L 7/

d = J(u-o) (501 (o0)" - .

b

- Jib+ib +1¢




MATHEMATICS EXTENSION 2 — QUESTION /4

SUGGESTED SOLUTIONS

MARKS

MARKER'S COMMENTS

d - 403 c rz=283

Equakion of the spheve with diameler AB
: J

1S

(o~ 2) (\t)»*l)),c (z—D)L:(Jﬁ)l

Correct  podius ond

(x-9)"4 (3+l)1+(z—;)2 =2

equahory
12




MATHEMATICS EXTENSION 2 — QUESTION |4

SUGGESTED SOLUTIONS

MARKS MARKER'S COMMENTS
d) Skepl - Base Cate - Prove frue for ncz|
LHS= N gis= 2"
=1 =27
= =2
=1 \"z,/ Correch Showlhﬁ
L LHS 2 RIS the  base case
.. True_for n=|
Step2 — Induchive hypo thesis - Assume Syue for n=k (orrecHy  stolet  He
e k!2 2" RE z! % aSSu:janion
\5_}3,!9_5 - Induchve gslep — Prove truc [ovr nzkt)
w_ Prove ! (k) > 2
( r+)! 2 2" A Corvectly gtabinq what
Ry bube P/\:ved
Consider /Iz+')f —Qh Nofe 10-Y = 6
- k! (kn) -2 25- =1
> 2 (w)-2" By the assumplion- (0 | [ectly uses
= Q/k—l('”' '2',) ) the ;ﬁumpﬁon-in
= 97 (k) e proof-
20  gince heZ' gnd 0'2M>0 for allk ) (orceck seMing out
(ee)!-2" 20 of  poot _with
(ra)! 23" o chatr
L true for p: bt iF true for n=k
SI”CPq .. 53; the priaciple of mathemakical

induchon it is hue for 41 ne’




MATHEMATICS EXTENSION 2 — QUESTION |4

SUGGESTED SOLUTIONS

MARKS | MARKER'S COMMENTS

(0R)  §tep 3
7 —]1—

Prove  [k+1)! > Qk

‘ =1
LHS = [}1'”)- }2,”32
= k'(k+!) p2 ¥
2 38 (hat) — lox2>7%
- k-1
= &Dn f + 2 \ o
N .;),h_l . Qh" \\> 2lk"(l+1) Since BEZ 1=
9 Qn" = ;k—)' 2
k
= &b =3

(a2t

<




MATHEMATICS EXTENSION 2 — QUESTION /5

SUGGESTED SOLUTIONS

MARKS | MARKER'S COMMENTS

n) Step | - Base case - Prove drue for n=1

T = 3(a") + |
nzl T = 3(2')+
=1 COI’I’CCHj proyes
. True pr nz| @ base  case -
Slepd - Assume  true for n=R
@ 7; g J/Jt%‘/ @ (orveck  assumplion

Stepd - Prove Hue for nzk+l

ke+
T 32700 gian

w  Prove
Tooz 2=
LHS = 7;.,. @ Correck  set out
= ,2,‘];—} of Proop
- ,?[3[.9*)”] -
= Qdx 3(2")+9-/ ('/;) Corveck ure of
- J(Qk”) + ) assumphon  within
= RHS Do -

True Fo/ n=zhtl M(‘. Froe ﬁy n=k

Step Y
p——
By mathemahbcal induchon F ¢ bhue f.

v

all posihve ml-'elge/ n,




MATHEMATICS EXTENSION 2 — QUESTION /5

SUGGESTED SOLUTIONS MARKS MARKER'S COMMENTS
6) y 2
! 0
@)
- -
N\ e [k A
Gl \
ALY
—
D= N R
0 _ Cc-a
IC:/N{I ﬁ -~ (D SOMC CDI'/?C}- Dmreg
U
- >
To gk AB e ptake vechr AC ahcloduin by g
7 J
and reduce it bq a factor of J——— Since /%C=Jl'2-/‘35
- ==—AC .
. R = FL' c (cos- -rl.\smq-) A8 2 @ Correct rofation ond
b-a- J%cc-”)(r ") reductior
b-a: (6-8)(5* _“)
~
2(b-3) = (5-3)('“)
2b-24 = g+35 -a-ac m Correct process
2b-a +gv = c(I+) Jo show ypesult-
c = 2b-24 180 x (1-6)
~ 1 +0 x (1-¢)

(2)0 a)[l—b/ Fat N
)

¢c :
, =
-l ')L:—/{fal:.*al."’a
0—‘xv 7 —~ Cad -7
_ ~
g = 2
gb(1-) +Fa¢
- Zz

e\

L) {n

b(1-i) +au
~




MATHEMATICS EXTENSION 2 — QUESTION

MARKS | MARKER'S COMMENTS

SUGGESTED SOLUTIONS

M ETHOO 2
77) &n}" /:}? rofole /;Z clockwise bj %'— and enlaryc
i
bj a_ fochr of V3
. r-Ir
/3_69 - \/.—2'/}? (col‘[’%r)+ ..\‘M/q))
- ABx ﬁ(cosqﬂ_;;n&)
> o Y
A = PS Xcﬁ{‘ﬁ -5°
c-a=(b-2) (4-¢)
[z b -be —a+oe t4
P v ~
e = b(I-v) + ac
o~ a/

AR . A = IABIIRE] o

(b‘..?) '(3’,5’)-’— ﬁBvﬁc;:G—'E-_réi)
AB* J’Eﬁg(]‘; +Fl29

Q= Pf&z(n-l:)




MATHEMATICS EXTENSION 2 — QUESTION /5

SUGGESTED SOLUTIONS MARKS MARKER'S COMMENTS
@
c) 3 [x-z g, e 2 0SS xzgraxl (@i20+)
2 \/4"1 %% —-L/@a.se’)ém@' = Q+ dos2b +1
/% Feos’ & X Yeos&sinb dE {oc=3 3=2+2c08" ¢ Xz 3 tos20
c
_ _ ! dx _ _ n20”
—u/"’;\v/q BENEPYY, S— s’ =3 d =2
4 _ 4 - -3|x Jsialr e
% ¥ Lcas & sind 0 Cos0 = {7 = -G |giaD cosT"
= \I;r(!—ros‘n—) &=y p
4 X=32  2=2+2c08°0 @ Correct  ppunds
)
-
(O oot —Heost §ind o cos’ 6 =0
= §in*0 g=T D) Correck set W of
r"/ A~
2
mkﬂl’o\ :
= f% cos & —UCDS&%0 J&
Jy, 5
y4
R 052020080 - |
1 2 ] ]
- cos Or dor cos%5 = :,'—(coﬂ& +)) @ Correct g;mp).ﬁcoba
UTJ/ A~
2
V4 of inkgyal.
& |74
: 4 Cos28 1 do~
L V7,
L'
%
- Sind%F +
. / 8in ij’., @ Con/ec,}\l\/-f mhtvc;m)o
- rr [ cin T+ quﬂ ond __gives correct
—sintT+t z - (7°72
= ,ZLZ'S 2 (2 J soludion .
1
[ m_ Lx) - EJ
=2 | 2 2 4 Some half  mavks
awavded fov  minor
- Tn-1-7

evvorJ

\




MATHEMATICS EXTENSION 2 — QUESTION /5

SUGGESTED SOLUTIONS MARKS MARKER'S COMMENTS
% N '
d) Iﬂ = {2 xr Sx d): w=x y Tt
! v ) .
° " iz v @ Correck  use of

\
)
R
3
Al
¥
T N
\
I

=Yne

Infeqrabon by pars
v v

bSX

a,p'plied-

-
coJdx de

(orreck second use

of  inkgrabon by
V) <

,0th apy lied -

COf’reOHlj roves
v—

T,

144

~
N
~
-~
7}
(‘\\
Ny
\.
{
<
-
<0
<
M
»

—

Ty 2(30L,]

1]
~~
EX\Ra]
P~
(
&
—
-

(oredt  sobsh hubion

of nzy i T,

my [7E) - ax [F g wsz o
Z 7) -2x, y

0

Convincingly  proveS
VAV

result  iscludiog
Y J

when pn=o.




MATHEMATICS EXTENSION 2 — QUESTION | Q

SUGGESTED SOLUTIONS

MARKS

MARKER'S COMMENTS

a))Aim: To prove fa—,ﬁ(x)dx‘: rq-f/a-)ddu
71 1 Jo 7 Jo /¢ Y

—_
lhl$ [Dar“' wWas

no+ done VQM

Let wu=a—-x

du - —|
da
dx=-du
When x = a W=0
X=0 y u=a
Now a
RHS = | 1‘:(0\-—)@):11
0 (/2 - Correck llM\h
= ro-f/u) -—du _/_Lm ot wlearahe
o SR Y~ correck o
saly gdtu fon
= (0\ \u) dUl (/2_
Jo °
= % () dx Y
J 0 (S.lna ul)( are dume
Vociables) @
= LHS

Me ‘“\od 2.

Letu=a—x, thenx=a—-u=dx=—du
x=0Du=a
x=a=>u=0

0

L HS:If(x)dx=jf(a—u)(—du)

—jlf(a—u)du

:‘;f(a—u)du

Il
© —

f (a —x)dx, since u,x are dummy variables

RHS

1]

as_required



MATHEMATICS EXTENSION 2 — QUESTION [ (,

SUGGESTED SOLUTIONS MARKS MARKER'S COMMENTS
a) )
7 7 Letx = sin @
dx = cos 0 do
x=0=0=0,
fl x = 1=>h9 =3
Let ] then
) ”/12 ox +\6/)ﬁ ’é Corre e it of
L=[—""—d0 | |7 tntegrotion
¢ sin@+cosd N \ ~d
/z— Correch m'\w'
T cos(7/2-0) d6, using part (i) orbler " subtibnen
o sin(7/2-0)+cos(7/2-0) P | — correck gubstihtion
_7[/2 sin @ ol FNFU‘H (n (‘ )
_-! cosf +sinf
=1,
Since I + 1 = fpoone
= [Z1d6
= [6]
=[5-0]=3
Butl; =1,
L==
i 1 €
fox+ 1—x2 4 © 2)
ﬂ
5) Po = ["_3\ l’—2=/1-?\ Some  students
\ o/ 1 4:¢) weole b 05 (1)
uSU\S the do oradud- °
Po PR = IPoIIPRI ¢‘os‘K - —- ﬂ\ wheln Qﬂwq“‘ hda
= —a 3 v
PO PR = - B(=x- s)—-é(q 6)+0x2 el
= —Bx+6% — 64 +3Q
~ 7
= =% —by +|DO z
|Pol = *+ (-6)?
and |Pol = \JE®)* + (-6)
= | 64+3(
= |{loo
—3
= (o0 and | PR =|0(?wu)




MATHEMATICS EXTENSION 2 — QUESTION | ‘;

SUGGESTED SOLUTIONS

MARKS

MARKER'S COMMENTS

Fe oon db‘l’ produc‘- @

(
— {x _6(d‘+100 (O xIOx ¢cag X
— BX- Gy tI00 = l00¥~2

- %x—(?'q +l0o0= So

oo ‘ht\:— 33 =25 ————Q:\ (/2_
= 7/=6" =/ %—6
Mso Qo = —;’) and ler(gr-?
Vo / \ =z
Dot peoduct N
20 + QR = | Qo Gré(‘os_’% (¥ )

Now @0« QR = =6 (x-6)« -8(q-¢)

=

—6x +3( - 84 +64
J

. =-Qx—3ﬂ+(00 (/7_
and [QO'I=J(_(,)'-+ =)
- = (O
od |G =10  guer  3ub(¢ 4]
. (< &/
—x - By «10D= (0xlOx &
N [
—Qx—fss +«(00= S50
-61-83 = -50 1
In+ty=2S ... __(2) %3
~J N
O x4 }@xg
lkx (29 = (00 ... --®
P 429 =S .. &
(ﬂ-@ X = 23
x = Z_f. sb (D
-
0 %y =2%
| RN |




MATHEMATICS EXTENSION 2 — QUESTION [L

both Hae valuu o find 2.

SUGGESTED SOLUTIONS MARKS | MARKER'S COMMENTS
(o0 +2l3 = (7%
Zla = 15
g = 15
J 21
q =23
J
o 2
Now |QR | = {@-9"«y-8)* 2
J_A%Azr_nhd (@R (=0
1
lo = J(25-¢)* «(Z-g)+ 2?
A\ 7 \
1o = \I 2384 - a6l 2
44 a"
(250 2
= N, _$_9“ +2
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MATHEMATICS EXTENSION 2 — QUESTION [é

SUGGESTED SOLUTIONS MARKS | MARKER'S COMMENTS
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SUGGESTED SOLUTIONS MARKS MARKER'S COMMENTS
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