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General Instructions Total Marks: 100

Reading time — 5 minutes .
Section | Page3-7

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

Working time — 3 hours

Write using black or blue pen
Board-approved calculators may be used
A table of standard integrals is provided at

the back of this paper Section Il  Pages8-14
The marks for each question are shown on 90 marks
the paper e Attempt Questions 11-16

Show all necessary working in questions 11- * Allow about 2 hour 45 minutes for this
16 section




Section I MULTIPLE CHOICE: Write the correct alternative on your writing
paper.

1 The diagram shows the graph of the function y = f(x).

Which of the following is the graph of y = f(x)*?

A) (B)

©) (D)
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2 Consider the hyperbola with the equation ——
144 25

What are the equations of the directrices?

13
(A) X:im
13
(B) X=i2—5
25
(C) X:ig
144
(D) X:iF

Which inequality could define the shaded area?

(A) |z-i[£2 andOSarg(Z—l)S% B) |z+i|£2 andOSarg(Z—l)STﬂ

©C) |z-i|L2 andOSarg(Z—l)S% (D) |Z+i|§2and0£arg(z—1)£%
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4 Which of the following is an expression for J.z—dx ?
X" +4x+13
(A) Lian 1 X2 ¢ (B) 2 X2 o
3 3 3
(©) ltam_l (x+2) +C (D) gtan_l (x+2) +C
9 9 9 9
X2 y2
5 The point P lies on the ellipse — + s =1 where a>b > 0. The tangent at
a

P meets the tangents at the ends of the major axis at Rand T.
y

What is the equation of the tangent at P?

(n) XD g
cosd siné

(B) x . by =a’+b’
secd tand

©) 5sect9—1‘[an6?:1
a b

(D) ECOSH+Xsin6’ =1
a b
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2
The region enclosed by the ellipse (x—1) +y7:1 is rotated about the

y axis to form a solid.

What is the correct expression for volume of this solid using the method of slicing?

W V=] mi-ydy
(B) V = ﬁzﬂﬂdy
(C) V= fzﬁﬂdy
(D) V = I_ZZZHWdy

The polynomial equation x’ —3x>—x+2=0 has roots «, £ and . Which of the

1 1 1
following polynomial equations have roots —, — and —?

a p y
(A) X' —x*=3x+1=0

(B) X' —2x*=3x+1=0
Q) 2X° = x> =3x+1=0

(D) 2x* —2x* =3x+1=0
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10

What is the derivative of sin™' x—+/1—x* ?

1+ X
A
(A) T
(B) 1+ X
1-X
©) 1+x
1-X
1+ X
(D) T—x

What are the values of real numbers p and g such that 1-i is a root of the
equation z’ + pz+Qq=07?

(A) p=-2and q=—4
(B) p=-2and q=4
©) p=2 and q=4
(D) p=2 and q=4

A particle of mass m is moving in a straight line under the action of a force.
m
F= 7(6 —10x)

What of the following is an expression for its velocity in any position, if the
particle starts from restat x=17

(A) V= ii\/(—3+10x—7x2)

(B) v= J_rx\/(—3+10x—7x2)

(C) v= ii\/2(—3+10x—7x2)

(D) V=4x2(=3+10x—-7x%)
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Total Marks - 90

Section II

Attempt Questions 11-16

All Questions are of equal value

Marks
Question 11 (15 marks) Begin a NEW sheet of paper.
(a) By using the method of partial fractions, show that 4
dx X—1
[0 e
X =1 X+1
(b)  Use the substitution u=cosx to evaluate 4
1
I V1-x* dx
0
() If | :Iex sin X dx
Find I using the method of integration by parts. 4
(d)  Evaluate
i
j * cos X sin® x dx
0 3

End of Question 11
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Question 12 (15 marks) Begin a NEW sheet of paper. Marks

(@) Given A=3-4i and BZ\/§+i.

(i)  Find AB in X+1Yy form 1
y A - 1
(i) Find — in X+ 1Y form
B
(iii)  Find v A in X+1Y form 3
(iv) Find B in modulus- argument form 2
(v)  Hence find B* in X+ iy form 1
(b)  Onseparate Argand diagrams sketch the following loc
1
0 2>z)>1
RY/4 /4 1
—>argz>—
(i) 4 4
2
(iii) 3>ReZ>0and3>ImZ >1
(c) On the Argand diagram shown OABC is a rectangle with
the length OA being twice OC. OC represents the complex number X + iy.
Find the complex number represented by
. y
(i) 0A B .
(i) OB A 1
1
(iii) BC C(xY)
O X

End of Question 12

_8-
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Question 13 (15 marks) Begin a NEW sheet of paper.

Marks
(a) For the curve with equation X* + 3Xy — y2 =13, determine the gradient
of the tangent at the point (2, 3) on the curve. 4
(b)
The diagram above shows a solid which has the circle X + y*> =16 asits
base. The cross-section perpendicular to the x axis is an equilateral
triangle.
(1) Show that the cross-sectional area of the equilateral 3
triangle is given by A(x)= \/5(16 - Xz)
(ii)  Calculate the volume of the solid. 3
(c) Shown are two circles centres H and K which touch at M. PQ and
RM are common tangents.
COPY
DIAGRAM
(i) Show that quadrilaterals HPRM and MRQK are 2
cyclic.
3

(ii)  Prove that triangles PRM and MKQ are similar.

End of Question 13
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Question 14 (15 marks) Begin a NEW sheet of paper.

(@)  Theequation P(x)=x"+3x>—-24x+k =0 has a double root.
Find the possible values of k.

(b)  Theroots of X +3 pPX+0=0are &, f and ¥, (none of which are
equal to 0).

(i) Find the monic equation with roots &’ﬂ and @B , giving the
a p ¥

coefficients in terms of P and (.

(i)  Deduce thatif y = ¢ffthen 3p-q)>+q=0

()  The polynomial P(x) leaves a remainder of 9 when divided by (x—2)
and a remainder of 4 when divided by (x —3). Find the remainder when

P(x) is divided by (x—2) (x-3).

d @ Solve Z° =1 over the complex field giving your answers in
modulus-argument form.

(ii)  Hence write Z° —1 as the product of linear and

quadratic factors.

End of Question 14

-10-

Marks
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Question 15 (15 marks) Begin a NEW sheet of paper.

(a)

(b)

(c)

A mass of 1kg is falling under gravity (g) through a medium in which the
resistance to the motion is proportional to the square of the velocity. (kis

the constant of proportionality)

(i)
(ii)
(iii)

(iv)

(1)

(ii)

Draw a sketch showing all forces acting.
Write an equation for the acceleration of this mass.

Show that the mass reaches a terminal velocity

: 19
by V=,[—.
given by "

Show that the distance it has fallen when it reaches

avelocity vm/s is given by X = 21k ln( . _ng2 j

Show that the recurrence (reduction)formula for

I :jsec” Xdx

1 _
is | =——tan xsec" X+ —=1
n-1 n-1

T

4 4
Hence evaluate I sec” X dx
0

A cubic equation in z has all real coefficients. If two of the

roots are 3 and 2 +1 determine the equation.

End of Question 15

-11-

Marks
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Question 16 (15 marks) Begin a NEW sheet of paper.

(a)

y

4
P
T
0

O M

2 2
X y _ . 2 2 _ 42

The sketch shows the hyperbola —-— b—2 =1 and the circle X" + Yy~ =a

a

with @,b > 0. T lies on the circle where /TOX =@ and 0 < 0 < % The

tangent at T meets OX at M and MP is perpendicular to OX with P on the
hyperbola. Coordinates of T are (acosé,asiné)

(i) Find the equation of the tangent TM and hence the coordinates of
M.

(ii) Hence show that the coordinates of P are (asec @,btan 8)

(iii) If Q(aSCC ,B, btan ﬂ) is another point on the hyperbola, where

0+p= 7 oand 6« Z, show that the equation of PQ is
4
ay =b(cos@+sinf)x—ab.

(iv)  Everysuch chord PQ passes through a fixed point, find its
coordinates.

(v) Show that as @ approaches %, PQ approaches a line parallel to an

asymptote.

Question 7 continues on page 9.

-12-

Marks
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Question 16 continued.

(b) (i)  Byletting Z = cos@ +1sin & show that

Z" +L:2cosn6?.
Z

n

. 4.
(i)  Hence express cOS" @ in terms of cos né@

End of Question 16

End of Examination

-13-

Marks
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' 1
Je‘“d.x' =—e™, a#0
a
I .
cosax dx = Esm ax, a=z0
. ) |
sinaxdx =——cosax, a0
) a
[ 1
sec ax dx =7 tanax, a=0

' 1
J secax tanaxdyx = Eseca.r. azl

: | I _x
Jﬁdx =—lal'l l—. a;to
a-+x- a a
l _1." i
- dx =s8in —, a>0, —a<x<a
[ 2 2 a
JoANaT —-x
1 I [ 2 2
— ’dx =lnfx+vx“=a”), x>a>0
JoAxT—as

J ;dx = ln(x + -w'llxz +a* )

NOTE : Inx=log, x, x>0

-14-
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Section | Trial HSC Examination- Mathematics 2015
Extension 2

1 ; , : L 1 Mark: D
F & ol 3
]
44
b*=a’e’-1) a’ =144 and b* =25.
25 =144(e* -1) a=12 b=5
2 (e2—1)=£ ore? =19 e l3 1 Mark: D
144 144 12
Equation of the directrices are X = 2. i% .
(S

| Zz—1]<2 represents a region with a centre is (0, 1) and radius is less
than or equal to 2.

O<arg(z-1)< 3z represents a region between angle 0 and 3z whose
3 4 4 1 Mark: A

vertex is (1, 0), not including the vertex

|z—i]<2 and OSarg(z—l)S?’Tﬁ

2 dx
Iz—dxzzjﬁ
X" +4x+13 (x+2)"+3

4 =§tan‘1 @—FC 1 Mark: B




To find the equation of tangent through P

X =acosé y=Dbsind
%z—asinﬁ ﬂ:bcose
do déo
dy_dy do
dx dé& dx

=bcosx 1 :_bC.OSQ

-asind  asinf
Equation of the tangent 1 Mark: D
y=Y, =m(X-x)
y—bsiné?:_bc,ose(x—acosé?)
asin@
aysin @ —absin’ @ = —bxcos @ +abcos” 8

bx cos @ + ay sin @ = ab(sin” @ + cos’ )

5cosé’+lsin6?:1

a b
The base is an annulus.

A:”(rzz_rlz)
=z(rn+r)(n-r)
2
(r-1) +L =1
2
r*—2r+ =0
yZ

21\/(—2)2 4xIx?-

r= 1 Mark: D

2

Therefore I, +r,=2 and , -1, =2 _yT

2 2
. / y
\Y :})}%;ﬂx2x2 1—75y

= .[_2227“/4— y>dy




1 1
X= s o
By
a =— satisfies x> =3x> = x+2=0
2
DRORE
X X X

1-3x=X>+2x>=0
2x> =X =3x+1=0

= R [=

bl

1 Mark: C

y=sin"' Xx=/1-%>
1
dy :4—%(1—%) 2 % -2x

i

1 X

+
Ji-x2 J1=%2

1+ X
~ Ja+x01-x)
V1+X

1-X
Result defined for —1<x <1

1 Mark: A

Using the conjugate root theorem 1+i and 1—i are both roots of the
equation 2’ + pz+q=0.
(A+1)+(1-i)+a=0 (sum of the roots)
a=-2

(1+i)x(1—=i)x-2=-q (product of the roots)

(1+1)x-2=—q

q=4
A+DA-H+d-)=-2+(1+1)-2=p
p=-2

Therefore p=-2 and q=4

1 Mark: B




10

m
F=—5(6-10%)

ma :2(6—10x)
X

3

dv. 6 10
Vet

dx x* x?

J'vdv:j(%—i—?)dx

-2 -1
lv2:(6x _10x
2 -2 -1
1, -3 10
—V' =(—=+—)+cC
2 (x2 x)

When v=0 and x=1
1 -3 10

—0*=(—+—)+C
2 (12 1)

)+cC

c=-7

1, -3 10

—V=(—=+—)-7

2 (xz x)

vzz(_—?+§)—14
X X
—6+20x—14%*

v=il\/2(—3+10x—7x2)
X

1 Mark: C




Question 11 Trial HSC Examination- Mathematics 2015
Extension 2
Part Solution Marks | Comment
(a)
) Let A + B = 21 1
X+1 x-1 x" -1
L A(x—1)+B(x+1)=1
If x=1 2B =1
B
2 Any method to
1
A=—1
2
x :lj N 1
X =1 2Jx-1 x+1
: _l | ]
I —E[H(X—l)— n(X+1)]+C No mark for C
1 (—X_ljm !
2 X+1
x—1 Total =4
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2015

Part

Solution

Marks

Comment

(b)

h =1 =0
Let Xx=cos@ When 0
T

dx = —-sin@d @ Xx=0 49:5

o 1 0

3 \/l—xdeZL\/l—coszﬁ(—siné’dé’)
0 z
2

e 0

= —sin’6d o

0|

Can use alternate
methods
ie X=sind

Total =4

(©)

I :jex sin Xdx
=e"sin X —jex cos Xdx
=e"sin X — (e* cos X —jex [—sin x]dx)

=e*sinx—e*cosx— |

21 =e”(sinx—cosx)+C
X

A :%(sinx—cosx)+C

Total =4
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2015

Part Solution Marks | Comment
(d) z
% . s 1., 2 May be done by a
J. cos Xsin” X dx =| —sin” X 1 substitution of
0 4 0 U =sinX
1 . T ) —
4 i 2
1,
=—|1- 0]
4 L
_1 I
- Z Total =3




Question 12
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Part

Solution

Marks

Comment

(a) (i)

AB = (3-4i)(v3+i)
=33 +4+(3-43)i

(ii)

(-4) (V3-)

= X

(V3+i) (V3-i)
g (-4E-3)

+
4 4

W | >

(iii)

X +iy =~/3—4i(x+ yreal)
SXT =y 2xyi =34

SquaringX* —2X’y* +y* =9,4x’y* =16
X' +2x*y* +yt =25
(X*+y*)? =25

Adding (a + 7)2%x° =8
X=12
Ly =1
A =+2-0)

Other methods
okay

Total =3

(iv)

B:\B+i
J3

3 1.
=2(—+—1I
+37

Bl=2 ArgB=Z
B] g =~

T .. T
=2| cos—+Isin—
( 6 6)

1 for
mod

1 for arg

Total =2
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Part Solution Marks Comment
v) :
' B* =24(cos£+|sin£)
6 6
= 16(cos2—ﬂ +1 sinz—ﬂ)
3 3 |
= 8+ 83i
(b) (1) 4
flan)
VgV
1
(i1) Dotted lines
A 4
A 4
A 4
|4
| 1
(iii)
2
©0 [ 0A=2(-y+ix) 1
(ii) OB =0A+ AB
=-2Y+2IX+X+1y
=(x=2y)+(2x+Y)i !
i) | BC=-0A
=2y —2xi |
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Part | Solution Marks | Comment
(a)

X +3xy—y> =13

2x+3y+3x.%—2y.d—y:0

X dx

ﬂ(3x—2y) =—(2X+3y)
dx

dy _ —(2x+3y)

dx  (3x-2y)

cat23 2 W__G+9
dx 6-6

.. GQradient infinite

.. Tangent is vertical

Total =4




(b)
(@
w— & — Zy arwd ¢ — 60°

1
Area = Eﬂbsinﬂ

1
Araa = 3 XZrX 2y X znel?

1 Total = 3




(i)

&
¥ = lim Z V3 (16 — x¥)dx

G
= -
&

V= ! V316 — x)dx

-

&
V= 32v3 f 16 — x%)dx
LY

-‘ra

4
V=z [Iﬁx ?]E,

V = i‘:‘r! ttF

Total =

3




(c)
(@)

In HPRM
ZHPR = Z/RMH =90° (Angle between radius and tangent) | |
.. HPRM is a cyclic quadrilateral

(Opposite angles supplementary) Total =2
Similarly for MRQK

(i) | Join PM and QM.

in APRM and MQK

/PRM = ZMKQ(Exterior angle of cyclic quad MRQK)
PR = RM (Tangent from external point)

KM = KQ(radii)

.. Triangle isoseles.

5. ZRPM = ZRMP = ZKMQ

. APRM /// AMQK (Equiangular)

1 Total =2
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Part | Solution Marks | Comment
(a) |Plx)= x*+3x*—24a+k
P'(x) = 3x°+6x — 24
Pi(x] — 3(x™+ 2x — 8]
Pi(x) = F(x+ 4)(x— Z) Total =2
Therefore 1
P(—4) = 0 and P(Z) =0
So k= —8¢.28
1
E‘?)) From X’ +3px+0=0
1
a+pP+y=0,af+a+ Ly+=3p affy =—(q
By ay af _(By) +(ay) +(ap)’
a f oy affy
_(By+ay+apf) =2apfy’ +af’y+a’By) |1
affy
_(By+ay+ap) —2afy(a+p+y)
apfy
_(GBp)+2q(0) _ 9p°
—( q
Pr ay ay of PBr ap Iy
a p By a vy 1
=(y+a+p) —2apf+ay+py)
=0-2.3p
ay q,
&__}/__’B — aﬁy 1
a pr
=—(
9p’ Total = 4

. Required equation is x* +

X* —6px+0q=0
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Part

Solution

Marks

Comment

(b)
(i)

Fory =af
ap
/4
op

=11s a root

2
S+

-6p+q=0

q+9p*-6pg+q’ =0
. (3p-q)°+q=0

Total =2

(©)

B(x) = (x — Z)(x - 3)Q(x) + (ax + B)
PF(2)=9 P(3) =4

Therefore Za+& =9
Satb=4

= —-5k=19

Total = 3

(d)

Let Z =cis@
Z° =cis50
C.cos580+isin50 =0

9:0,27z,47z,67z,87r

5 5 5 5

) 2n 4rxr —4r 2rx
1.e.=0,—, ,
5 5 5 5

~.Rootsare Z, =1, Z,= Cisz?ﬁ, Z, = Cis%Z

Z, = cis(_%z) Z, = cis(—z?ﬂ)

=7, =Z,

Total =2




Question 14 | Trial HSC Examination- Mathematics Extension 2 [ 2015

Part | Solution Marks | Comment
© 1751
ii)
= (Z - 21)(2 - 22)(2 - 25)(2 - 23)(2 - Z4)
:(Z—Zl)(ZZ—(Zz+ZZZS)(ZZ—(Z3+Z4)Z+Z3Z4) 1
:(Z—l)(22—220032—ﬁ+1)(22—2200s4—7[+1) 1
5 5 Total =2




Question 15
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Part

Solution

Marks

Comment

(a)
(1)

kv

mg =g

1

(a)
(i)

X =g —kv’

(a)
(iii)

When X=0
g =kv’

(a)
(iv)

dx v
dv  g—kv?

x:—iln(g —kv*)+c

When x=0v=0

Cc —Llng
2k

1 1
X =——1In(g —kv*)+—1
x n(g )+2k ng

L

Total =4
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Part | Solution Marks | Comment
b
Ei)) |, = jsec” xdx
= J. sec"*X.sec” Xdx
= tan X.sec’ X — j(n —2)sec’” X.tan X. sec X tan Xdx 1
= tan Xsec" > X —(N— 2)-" sec”? X.tan” Xdx 1
= tan Xsec" > X—(N— 2)'[ sec”*X.(sec® X —1)dx
= tan Xsec" > X— (N — 2)I (sec” X —sec"” x)dx
=tanxsec" > X—(N—=2)I_ +(n=2)I__, !
l,+(n-2)1, =(n-1)1, =tanxsec"* x+(n-2)I,,
1 _ n-2
| =——tanxsec" > Xx+——1_, 1
n-1 n-1 Total =4
(b) T r
) J' *sec’ xdx =1, = [—tan xsec’ X +—J‘sec2 X}
0 3 3 0
1 , 2 }4
=| —tan Xsec” X +—tan X
|3 0
1 V4 T 2 T 1 2 1
=| —tan—sec’ —+=tan— |—| —tanOsec’ 0+—=tan0
3 4 4 3 4 3 3
| 2
=| —=xIx2+—x1]-0
3 3
Total =2

w |




Question 15
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Part

Solution

Marks

Comment

(c)

If one root is 2 +1, another is 2 —1

s (z=(2+1))(z—(2-1))(z-3) =0
(z-2-i)(z-2+i)(z-3)=0

(27 —4z+5)(z-3)=0

2’ -72°+172-15=0

Total =2
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Part

Solution

Comment

(a)
(1)

Coordinates of T are (acosé,asin®)
X2 + y2 — a2
dy
dx
Oy x

" dx y

S2X+2y—=0

dy  cosd
dx  sind

.. Equation TM
cosd

.

sin @
Xcos@+ ysind =a

When y =0 x=asect
.. Coordinates M are (asecd,0)

atT

y—asinfd=— (x—acos®)

Total =3

(a)
(i)

2 2
Onx—z—g—zzlwhenX:asece
a
2
sec’@d 'y
@ a’ _b_2=1
2

Y sec?9-1

b>

2

2
% = tan”
~.y=Dbtan@

Coordinates of P are (asecd,btan8)




(a)

iii)

asecf = asec(g —-0)
=acosec
/4

btan S = btan(E —-0)

=bcotd
bcotd —btan &

Gradient PQ =
acosecHd—asect
cos & B sin @
_ E< sinfd cosd
1 B 1
sin@ cosd
cos” @ —sin® 0
_ E< sin @ cos @
cos@ —sinf
sin@cosd

B E[cos2 6 —sin’ 0

a\ cosf—sind

:g(cosﬁ+sin 0)

.. Equation PQ is
y—btan@:g(cos0+sin9)(x—asecﬁ)
y—btan@:g(cosﬁ+sin@)X—bcos@sec@—bsin@sec@
y—btané?=g(cosﬁ+sin¢9)x—b—btan9

b

y:g(cosH+sin6’)X—b

ay =b(cos@+sind)x—ab Total =3
(@) | All of the lines have the same y intercept.
v ie.y=-b
. The fixed point is the intercept (0,-b) Total =




(a)
v) | Equations of Asymptotes are y ==+

| T

X

Gradients of asymptotes are m =+

o|loc @

As «9—)% the equation of PQ —ay =b(0+1)x—ab

.. Gradient of PQ — b
a

.. PQ approaches a line which is parallel to an asymptote.

Total =2

(b) Z=cos@+isind
i)

—=7"=cos@—isinf
YA

By De Moivres Theorem
z" =cosn@ +isinnd

z " =cosn@—isinn@

2" +72 " =cosn@+isinn@ +cosnd —isinnd
|
Z +—n=2005n«9
. IRy 1 1 1 1
1) Z+—| =2'+47 -+ 67 5 +41—+—
YA YA YA YA Z

=(z4 +L4j+4(z2 +L2j+6

z z
(20050)4 =2c0s46 +4(2¢c0s20) + 6
2% cos* @ =2cos46 +8cos20+6

cos* O =%cos4<9+%cos2t9+é

Total =3
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