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General Instructions

® Reading time — 5 minutes

®  Working time — 3 hours

®  Write using blue or black pen

¢  Board-approved calculators and
templates may be used

e A table of standard integrals is
provided at the back of this paper

¢ All necessary working should be

shown in every question

Total marks — 100

e Attempt Questions 1-1 6

e Multiple Choice — questions 1-10
~ one mark per question.

e Questions 11-16 — 15 marks per
question.
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Questions 1 to 10 - Multiple Choice — to be answered on given answer sheet.

QL

Let z=1+i and w=1-2i. What is the value of zw?

A)
(B)
©
D)

—1-i
—1+i
3-i

3+i

Q2. Which of the following complex numbers equals (v/3 +i)*?

Q3.

A)

®)

©
(D)

—2+—2—i

Nd)

—8+ii

NZ)
2424
—8+83i

[N)

2
Consider the ellipse with the equation X+ % =1.

16

What is the eccentricity of the ellipse?

&)
(B)
©
D)

e SRS
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j _cos’x
. <. _ 2
Q4. The point P(cp, pj lies on the hyperbola xy=c?. Q6. What is the value of

1r2 i
@ ® -
o 2
n_ D) -I
\ © = ® -E

Q7. A volume is formed by rotating the region enclosed by y = sin x , the x-axis, x =§ and

x =, around the y-axis. Which is the correct integral for calculating this volume using
the method of cylindrical shells?

" 2
= % T
@A v nL sin’x 4dx
2

1
(B) V= 21:J ysiny dy
Which of the following is the equation of the tangent to the hyperbola at P? 0

(A) X sz =2cp ) V=2 J xsinx dx
(B) X - pzy =2¢ 3
©) x+p'y=2p ®)

1 ) 2
V=nf (sin’'y) L
(D) x+p'y=2c 0

Q8. A particle of mass m is moving in a horizontal circle, with constant tangential speed v,

Q5. Which of the following is an expression for? f 1 de around the curved surface of a cone with semi apex angle 0 . The particle is attached to
) /xz —6x+ 10 the lower end of a taut string, whilst the upper end remains fixed at the apex of the cone.
Taking up as the positive direction, which equation represents the sum of the vertical

1(x-3-v¥ —6x110) + ¢ components of the forces acting on the particle.

(A) Tsin® — Ncos® + mg=0 (B) T7sinB + Ncos® —mg =10
n(x+3-x —6x+10
Ix SV —oxt ) (C) Toosd + NcosB — mg =0 (D) Tcosd + Nsind —mg =0
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Q9.

(A)

(B)

- (©)

D)

Q10.

A
(B)
©
D)
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The equation 48x° — 64x> +25x—3 =0 hasroots @, ff and y.
If o= Py, one possible value of e is ?

1

2

-

N |-

. . . . 5-
What is the solution to the inequation KT") >-3?
x—

2<x<4orx26
1<x<4 orx=5
4<x<6o0orx<2

4>x<50r x<1
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Question 11 (Answer in a separate booklet)

(@

®

(©)

(@

()

T
Py
sec x tanx dx

0

5—x
J 5-l-xd)c

(i) Find real numbers 4, B and C such that 10 =4 BxtC

(3+x)[l+x2)—3+x l-i-x2

(if) Hence use the substitution = tan@ to find J 10
3 + tanf

If o, p and y are roots of the polynomial equation X -2 +x+3=0

()  Evaluate o’ +p>+v .

(ii)  Form an equation whose roots are o, Bz and yz .

Given that (x + 2i) is a factor of P(x) = -3 4x— 12 s
factorise P(x) over the complex field.
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Question 12 (Answer in a separate booklet) ' 15
(@) Let z=3+4i and w=1-2/. Find in the form x + iy,
(i) Re(z)-Im(w) (1)
2
(i) 7 @
(b)  On the Argand diagram, let O be the origin and A be the point representing the complex
1, .(1
number, o0 =—+if — |
7 (7
(i)  If point B represents the complex number B, where B = o x cis(-g) ,express B in
modulus-argument form. (1)
(ii) Hence find the area of AOAB . (1)
(c)  Sketch, on the same Argand diagram, the locus specified by,
(0 |z-9=|z+] 2
(i) arg(z-2i)= % %)
(iii) Hence write down all the values of z which simultaneously satisfy
[z=9|=|z+1 and arg (z—2i)=% 1)
(d)  The vertices of a hyperbola are located at the points (=3,0) and (3,0).
. ) S5x —5x
The equations of the hyperbola’s asymptotes are y= 3 and y = T
@iy  Calculate the eccentricity of the hyperbola. (1)
(i) ~ State the equation of either directrix. (1)
(iii)  State the co-ordinates of either foci. (1)

Page 7 of 14
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Question 13 (Answer in a separate booklet) 15
(@) Asequence u;, u,, us,... isdefinedby w, =2, u, = 12

and u,=6u,_ ,—8u,_, forn>3 .

Use Mathematical induction to show that u,=4"~2" forn> 1 3)
(b) (i) Foraa20andb20,showthat a+b>2Jab . )

(ii) Hence or otherwise show that L”Z_C"_d > 4fabed )
(¢) A cylindrical hole of radius a cm is bored through the centre of a sphere of

radius 2a cm. Show that the volume of the remaining solid is 443 a’n e )

T.v

(d) The solid in the diagram above has a horizontal square base
OPQR with diagonal OQ= r. The thin horizontal slice
height z above the base is also square with OC = r.

The line OAE is vertical. The curve QCE is a-arc of a
circle with centre O and radius 7.

() Show that the area of ABCD is L(r*~27). %)

(ii) Hence find the volume of the solid. 3)
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Question 14 (Answer in a separate booklet) 15
(a) Suppose that b and d are real numbers and d # 0.

Consider the polynomial P( z) =2 +b2 +d.

The polynomial has a double root at a.

(i) Provethat P'(z) is an odd function. (1)

(ii) Prove that —a is also a double root of P(z). (1)

2

(iii) Prove that d= % @

(iv) For what values of b does P(z) have a double root equal to V342 1))

(v) For what values of b does P(z) have real roots? )
(b) The graph of y= € is shown below. The graph has a horizontal asymptote at y = 0. The

region between the curve for 0 < x < a, the y-axis and the x-axis is rotated about the y axis
to form a solid. The volume of this solid is to be determined using the method of
cylindrical shells.

y

¥

(i)  State the volume dV, of a typical cylindrical shell shown in the diagram. (1)

(ii) Hence calculate the volume of the solid. 3)

(iii) What is the limiting value of the volume of the solid as a —>? (1)
Page 9 of 14
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Question 14 continued

©

A conical pendulum consists of a bob P of mass m kg and a string of length / metres. The
bob rotates in a horizontal circle of radius a and centre O at a constant angular velocity of
o radians per second. The angle O4P is © and OA4 = h metres. The bob is subject to a
gravitational force of mg newtons and a tension in the string of 7 newtons.

(i) Write down the magnitude, in terms of o, of the resultant force acting on P
towards the centre O. (1)

(i) By resolving forces, show that o = % . 3)

Page 10 of 14



Question 15 (Answer in a separate booklet)

(@)

®

(i)

(iii)

(iv)
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15

?Q

A particle of mass m travels at a constant speed v around a circular track of radius R,
centre C. The track is banked inwards at an angle O, and the particle does not move
up or down the track.

The reaction exerted by the track on the particle has a normal component N, and a
component F due to friction, directed up or down the bank. The force F lies in the
range from —p N to pN , where p is a positive constant and N is the normal
component; the sign of F is positive when F is directed up the bank.

The acceleration due to gravity is g.

2
The acceleration related to the circular motion is of magnitude VE , and is directed

towards the centre of the track.

By resolving forces horizontally and vertically, show that

v’ _ Nsinf — Fcos

Rg  Ncos9 + Fsin® 3)
Show that, if the optimal speed for the track occurs when there is no friction,
then the optimal speed v,, is v, = ~Rgtand @)

Given that the minimum speed v, ,at which the particle can travel
without slipping down the track, occurs when F'= pN, show that v,., is

given by Vain = /BM:—EI @
1+ p tanB

Using g= 9-8ms” , calculate the difference between the optimal speed and the
minimum speed for a track where R =500m, 0 = 15° and p=-1. Give your
answer to nearest whole number. )

Page 11 of 14
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Question 15 continued

(b) P(acosf,bsinf), where 0<6< g , is a point on the

xl yZ
ellipse —2+—gz— =1wherea>5b>0.
a

y

-
N

The normal at P cuts the x axis at A and the y axis at B.

(i) ~ Show that the normal at P has the equation axsin& - bycosg = (a2 - bz)sin fcosd

&)
. X (a2 -bz)2 sin@cosé
(ii) Show that triangle OAB has area T a— )
a
(iii) Find the maximum area of the triangle OA4B and the coordinates of P
when this maximum occurs. (€]

Page 12 of 14
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Question 16 (Answer in a separate booklet) 15 STANDARD INTEGRALS
1 n 1
(a) Consider the integral [, = J X dxfor n>0. ' fx"(bc =——'—1x’“", nz—I x#0,ifn<0
o Nl+x n+
(i) Showthat =22 -2 . 9] fy
J —dx =lx, x>0
1 X
(i) Giventhat [, +I,_, = j T dx,
0
1
_ e™dx =—e", az0
show that [, = M 2 a
2n+1
(iii) Hence evaluate [ in exact form. 2 1.
cosax dx =4 Snax, a= 0
(1+x+5)
b) If =x—In{ 1+x+=
® fx)=x—In ¥ 2 fsinardx = —%msax, a0
(1)  Determine the value of f(0) (1)
R 1
(ii) Show that f{x) is an increasing function of x forx <0 . (1) fse(:'ax dx = lanax, a0
x xz
(iii) Hence showthat ¢ <1 + x + ?for x<0. ) 2 fsecax anaxdr =%secax, a%0

1 b X
(¢)  The number c is real and non-zero. It is also known that (1 + ic)5 is real. j a +x2 & =gt a ¢ =0
(i)  Use binomial theorem to expand (1 + ic)s. (1) 1 X
(i) Showthat ¢'~ 10 +5=0 @ Jaoag&  =siaTg, a>0, —a<x<a

(i) Henceshowthat c={5-25 , ~J5-25 . J5+25 , -5+285
J‘———rlﬂ:ﬁaﬁr =!n(x+vf.t2—az), x>a>90

Let (1+ ic) = rcis©.

1 {2, 2
(iv) Use deMoivre’s Theorem to show that the smallest positive value of O is -753 () ——_vrvz e dx = ln(x+ vxXi+a )
b1
(v) Hence evaluate tan (—5—) e NOTE : Inx=log,x, x>0

END OF EXAMINATION
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c 1
—== ——x—-cp)
y » 2 P

QI-QI|C D ACCCCDSBC

Ql | C | zw=(1+i)(1-2i)
=1-i-24

=3-i

Q@ | D '
\/§+i:2(§+%i)

= 2(cos£ +i sinz)
6 6

3+ =2‘(cos4x%+ isin4><%)

=16(cos~2£+isin2—”)
3 3
=—8+8\3i
QB A = 1-4Y
9=16(1-¢%
9 _;_.2
T 1-e
2.7
716
7
77
Q4 | C | To find the gradient of the tangent.
xy=c’
dy
x=+y=0
dx y
d__»
dx x
AtP (Cp,-g-),
y4
o € p=_cy 11
o > s cp pxcp p2

Equation of the tangent at P (cp, ﬁ)

, p
—py+tep=x-cp
x+p'y=2cp
Qs | dx - dx __
i —6x+10 7P —6x+9+1 \/(x_3)2+1
=1n(x—3+,)(x-—3)z+l)+c
=1n(x—3+\/x2——6x+10)+c
Q6 J cosx
0 l—)c2
_ _fl s x
0 —J1-4
1
= —f (cos'lx)d(cos"lx]
0
o]
— _| leos x
2 0
2
=_Io_[=x
2(0 (2))
2
i
3
Q7 Cylindrical shells radius is x and height sin x
V=2nj xsinx dx
2
Q8 ! r
N
/,__, \‘ W)ﬂ' N
\

Consider the forces acting vertically.
TcosB + NsinG —mg =0

Page 1 of 21
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Question 11

Q9 Product of the roots
apy = *;—1
oo = —1%
o=l
a= :k%
Q10

Sy (W aed
(5 -x)(x—4) 2 —3(x—4)"
x(5-x)(x—4) +3(x—4)>20
(x—4)[x(5-x)+3x-4)]120
=) 5x—x"+3x-12]20
(-4 -2’ +8x—12]20
—(x—4)(x-6)(x—2)20

x<2and4<x<6

L4

3
J sec’xtanx. dx
0

ks

3
2
= J secxtanx sec’x dx

=1 sec3x]
3

2 marks — correct
solution

1 mark -- correct
integration

Page 3 of 21

=g =2
3[8 1] 3
5 x 3 marks — correct
J dx solution
S+x
- f 5 x S —X } 2 marks —
5 + x 5 - ) 1 mark —
= rationalizing
N J’" numerator
25 -x

Tl B
SSin'I(g) +m +C

10 - A4  Bx+C
G+o(1+x) 3% 1+x

A1+ + B+ OB +x) = 10
A+BF+(@BB+Ox+(A+30)=10 ... ®
A+B=0 B=-4

3B+C= 34+C=0 C=34
A+3C=10 A4+94=10.

A=1
B= -1
c=3

2 marks — correct
solution

1 mark — correct
equation (1)

Page 4 of 21
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J 10 g
3 + tan@

{= tan® - 0 =tan’'t

do
J 10
S| ——————t
G+ol1+7)

= 1 +ﬂdt
341 1447
= L, 3 g

3+t 1474 147

In(3 + 1) + 3tan"t—%m(1 +7) +C

in(3 + tang) + 3tan” (tan®) —%ln(l +tan’0) + C

= [p3ttad 30 o
secO

3 marks — correct solution
(nb. to second last line of
solution.)

2 marks — correct integral

1 mark — correct substitution
using results from c(i).

nb. A4 large number of students
left final answer in terms of t
rather than original variable ©

P(x) =x —3x" +4x— 12

Cubic equation therefore three possible factors.
Coefficients are real therefore complex roots are in
conjugate pairs. i.e. (x + 2i) and (x-2i).

P(x) = X =37+ 4x—12
(x + 2i)(x = 2i)(ax + b)

i

= (@ +4)x-3)
= (x+2i)(x—2i){(x—3)

2 marks - correct solution

1 mark — two complex: factor
correct. le (x +2i)(x -2i).

-2 +x+3=0

ol + BTy = (a+ B+y) —2aB + ay + BY)

af +ay+py="2=1

oty =4-2=2

1 mark — correct solution

x3—2x2+x+3=0

(&) -2 &)+ (k) +3=0
G x+1)=22-3
x(x+ 1)2 = (2x—3)
L+t tx=4"—12x+9
£ —2C+13x-9=0

2 marks — correct solution

1 mark — correct substitution

of Sorx

Page 5 of 21
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@i | 3-2=5

1 mark

@ii | 3+4i _3+4i

2 marks for correct solution

(c)i Im(z) ci) 2 marks for correct graph of x=4
¢)ii 1
(i 8- r 1 mark not showing x-intercept or not
indicating arrows on ends of line.
cii) 2 marks for correct graph of ray
i y=x+2forx>0
1 mark not circling y-intercept or not
44 indicating arrow on end of line.
207
+ } Re(z)
2 L 6
-2+
v
(ciii | z=4+ 6i 1 mark
i 2 2( 2
(d)i b =a(e __1) 1 mark
2
25=9(e*~ 1)
25_ 2
== -1
9
J34
e =N2%
3
@i | Either x = -2 or x= ——2 £ mark
B4 Ja
(@)iii | Either (\34,0) or (-34,0) 1 mark

(1-2i) 2+ 1 mark for correct multiplication of iw
=3+4 2-i
240 2-i
_10+5i
5
=2+
F = ~ 2 marks for correct solution
(a)ii LetJ3 ta=r 1y)2 1 mark attaining
3+4i=(x+1iy) 3=,2_,7 _ 22
2 5 =x -y 4=xy
3+4i=x"—y +2xyi
3=x- y2 4 =2xy
W =x" ~x2y2 2=
0=x"-3x-4 4=chy2
0= -4 +1)
X=dor -1
x==2 (asxisreal )
substituting into 2 = xy gives
y==*1
N3+4i =2+ )
j ! k
| = cisE "
4
multiply moduli and add arguments
B= cis4E X cisg
—cisln
B =cis 7
1 mark

(b)ii Area = -;—absinC

%—xlxlxsing

= {—3— units2

Page 7 of 21
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() | DELETED

b
(a-b"20

ad—2ab+ 520
d+ b >2ab
a——)Jc_z, b—)JZ
a+b22J;l;

1 mark — correct
demonstration

LHS = atb+c+d
4

, 20ab + 2Jed
4

= fab + Jcd
2

> 2 JJabed

2

4labcd
= RHS

atbtretds ofpog
i ) >

Il

2 marks — correct
demonstration

1 mark — one
correct use of
inequality from
part b(i)

©

Method 1 — Annulus (washers)

AV= 'n:(RZ—rz)h where R=x;r=a
= 7t[x2—a2)8y K+ yz=4a2
= n(4a2 - yz-az]éy

afi
V= lim Z n(4a -y —a)&y
&y >0
y= —aﬁ
ad 2
V='n:J x —ady
-af3
afl
=2nj x —aady

4 marks -~ correct
solutionfully
demonstrated.

including

- development of
integral:

- correct substitution
Jorx

- correct integration
- correct substitution
10 reach final result.

Page 9of 21
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(c) | Method 2 — cylindrical shells. 2 marks - correct
4 marks — correct AFr C solutionicorrectly
solution fully I demonsirated.
<+ y2 = 4d° y= \}4(12 % demonstrated. Z% T Imark - correct
L calculation of AC
including °
AV = 27ur. h &x devel In AOAC AC? =7 - 27 (by Pythagoras)
- levelopment of hence |ABCD} = %AC2 (a square is a rhombus)
= 2mx 2y &x integral. 2 e 2
- correct substitution =3("-2").
- 22 forx
= dmda —x ox - correct integration 12 2 3 mark
2a - correct substitution AV= E( r -z ) h sorllllliz”oi ;u (l:l(;rrect
. 2 2 h final 1,
V= lim 4xda” ~x" bx to reach final resul demonstrated.
x>0 _ 1( 2 2)
prymye = Ar" =z )0y R .
2 including
2a
2 2 2 2 P
= 4n J xNda —-x" dx let u=4a —x - derivation of
a , integral for
volume
‘ V= lim l(rz - zz) 1 - comrect integration
= 47 —Jl; .du du = -2xdx 3z = Oz — 2 - correct
3d" substitution and
1 | r y 9 final answer.
2\ 3 \ y=1 j R
=2n (—)u x=a u=3a 0
3 0
2 1 2 3"
2 = = -2
=2nx%x(\l3a) x=2a u=0 2[’ 3:10
3 3 3
=43 ' nem =2 rl 9
2 3
= 1 P"3 ll}'ll[S3
3

Page 11 of 21 Page 12 of 21
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1 mark

.. — o is aroot

P'(—a)= — P'(a)(since P'(z) is odd)

P'(—a)=-0(since P'(a) = 0 from above)

P(—a)=0

. P(—a)=P'(—-a)=0and —a is adouble root of P(z).

@)i P'(z) =42 + 2bz 1 mark
P'(=2)=4(=z) +2b(-2)
= -433 —2bz
= —P()
= P'(z) is odd.
(a)ii P(a) = P'(0) = 0( as o is a double root) 1 mark
P(-a)=(-a)' + bla) +d
=at+ba’+d
=0

(a)iii By product of roots
§=axax —axX —a
d=do'... ®
as P'(a) =0
4o’ +2b0=0
20207 + b) = 0
a#0
since P(a) =0and d#0
20’ +b=0

2_
o= —

& NS

. . 2
squaring both sides 5" =4a... @
Alternatively, by sum of roots taken 2 at a time
§=ax —atax —og+tax —atoax —a4+ —ax ~-a

= -2d
b=4a".. @
2
Either way, comparing @ and @ d = %

There are other possible solutions

2 marks for correct solution
1 mark for either equation | or
equation 2.

@iv | it J_’j iis adoublerootthensotois —3 i
using equation @
B= 4a4
F=4x\B i
b’ =36
b==%6

1 mark

Tsind = mo’a... ®

Tcosb=mg... @

=R
IOQ

e
Q

en IR
=
pQOQl

2

@v | As b="2a" (see part iii)
b

2
.. for a to be a real root
b<0

1 mark

Page 13 of 21

B | gy = 2nxe ¥ dx
b )il 3 marks for correct solution
2 marks for correct primitive
1 mark for
X=a
a . . “ -X:
L V= dth . 2nxe " dx
V=2n|xe = dx 0 &=
0
V=- n(e - 1)
1 mark
(b Asa - o, — > 0 .
; . 2 2
(¢)i | Horizontal resultant force =mao r=mo'a [ mark
(c)ii 3 marks for correci proof
2

2 marks for tand = L2

equation.

Page 14 of 21
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Question 15:
(a)i | Vertically 3 marks for correct proof.
2 marks for both vertical and
Ncos + Fsin@ =mg... © horizontal equations.
. 1 mark either vertical or horizontal
Horizontally

2
Nsin® — Fcos® = ml’ﬁ ©)

@ + @ gives

y_z_ _. Nsin@ — Fcos9
Rg  Ncosd + Fsinf

equation.

i 2 2 2 marks for correct proof
(%) X_Z + Lz =1 1 mark for correct derivative.
a b
2, 2ydy_
=+ =0
i b
dy_ 2,0
dx a Yy
dy_ _bx
dx azy
2
At P, dy - _bTac_g_sg
dx a"bsin®
dy . _ bcos@
dx asing
- asin

Thomel = 4 050

equation of normal is
y - bsing = %)u—;%(x — acos8)
bycosd — b’sinBcosd = axsind — a’sinfcosd
a*sinBcosd — b sindcosd = axsind — bycosd

axsin® — bycosd = (a” — b°)sinfcosd

(a)ii | When F=0 2 marks for correct proof
2 . 1 mark for 20—2- = M
vy~ - Nsin® Rg  Ncosb
Rg  Ncosd
2
Yo =
Rg tan®
Vol = Rgtan®
v, = N Rgtand
(a)iii | When F = uN 2 marks for correct solution
1 mark for
2
_v__2 _ Nsing — pNcos6 Vi = SIDO — ucqse
Rg  Ncos@ + pNsind Rg  cos@ + usin®
Vo — N(sind — pcos6)
Rg  N(cosd + psin6)
2 .
Yoin_ = M + by cos 6 top and bottom
Rg  cos6 + psind
Vmiu2 _ tan@—p
Rg 1+ utanB
2 _ Rg(tanf — )
miin 1 + ptand
Vo = /Bgit_ani—.lil
1 + ptan®
(ajiv 1 mark

letane _ |Rg(tan® — 1)
1 + ptan®

=~/500 x 9-8 x tan 15° — 500 x 9-8(tan 15°—0:1)

1+0-1xtan 15°
=7-924322

-1
=8 ms (nearest whole number)

Page 15 of 21

Page 16 of 21




Manly Selective Campus

2012 Mathematics Extension 2 Trial - solutions

Manly Selective Campus

2012 Mathematics Extension 2 Trial - solutions

b)ii ind — = (22— BH)si 2 marks for correct proof
(b) axsin® — bycos0 = (a” — b")sinBcoso. | mark jor abeissae of A or
Whenx=0, y = (a® — b*)sinfcosd _ (a* —5%)sing | ordinate of B
' — beosh -b
|Note a>b>0 . &> Bandd — 5> 0
also0<9 <§ ~sind >0
L@~ bzb)sine <0
2,2 . 2,2 .
distance OB = I ~(a —bb )sing ! =(d _l;) )Sme.
2 2, .
When y=0, x = [ !.smecose
asin9
2 2
distance 04 = (4= )c0s® _l; cos®
Area AOAB = % x distanceOA x distanceOB
- 1, (a=b)cos0 , (a’—b")sind
2 a
- gaz -y gzsinecose
2ab
iii 222 3 marks for finding the correct
® A= gg————ll-zlil—n——e—c—qg—e— area and demonstrating that it is
ab the maximum area.
2,22 . 2 marks for determining nature of
A= (@ -b) sin20 stationary point.
dab 1 mark for stationary point at
dA _ 2(d" = b") cos 20 =3
do 4ab

Stationary points occur when

c0s28 =0 for 0<20<mn

=T
20 >

=%for0<9<%
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4ab
2_ 2.2 . n
Arg=1 éﬁ:w b)sin
4 g0? ab
2,22
dz_‘z=_a_b <0
do ab

.. Stationary point at 0=L is a maximum.

p
the co-ordiantes of P are | -, L)
s (§ %

(@ - 5)’sin (2 X %J
4ab

. Area,,, =

- gaz N 22
4ab
Alternatively, the maximum area maybe derived as

follows
2 22

As a and b are constants, then %L is constant.

So area depends only on value of sin 20
T
0<0< 5

0<20<m
0<sin20<1
draw a graph to confirm this.
. maximum value of area occurs when
sin20 =1
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()it 1 1 1 mark — correct solution
- [
o J1+x
1
= Z[JI +x ]0
=202 -2
1, _1{ 2 marks — correct solution
[ = J X & u=x v =(1+x) 2| by correct process
o J1+x
el 1 mark — correct integration
= W=nm ~ v=2J1+x
. i
1= [anJl +x ]0—2”J T+ x dx by parts
0
= 22 -2n(l, .+ 1)
@n+ D= 22 -2nl,_,
[ =22 -2,
" 2n+1
=1Hp _
L 3(2J5 210) Two marks - Correct for I
-1
N '(4 - 2"5) One mark — Correct for I,
L=Y28 -ar)
1,5 _ 16,85
(o0t 2f]
=114 —16)
15
2 1 mark — correct answer.
b) fix)= x—ln(1+x+x-§-)

RO) = 0—In(1+0+0)= 0
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o) (i) 2 One mark — correct solution fully
fx)= x- ln(l +x+ x_) demonstrating why f(x) >0
2
1+x
fx)=1- 2
+x+%
1+x 5
2
’% +x+1-x-1
- 2424y
2
2
=%
X+ 2x+2
< 2
= ————20 forallxas (fx))" 20
x+1)"+1
2
=—X_——>0 forx<0
x+1)"+1
Therefore the curve is increasing for x <0
B (iii) | Asthe curve f(x) is increasing for x <0 and f(0) = 0 Two marks — correct
solution correct
Then f{x) <0 forx <0 demonstrated. .
Sx) <0 One mark — identification of
2 why fix)<0 for x<0
x—ln(l +x+x—) <0
2
xzj
<In| 1 +x+=
x<In Xt
€<l+x+ x
2
As required.
c(i) (1 + iC)S = 1 + SIC _ 10C2 _ 10ic3 + 5C4 + ics One mark— correct solution
L5
c (ii) As (1 +ic)” isreal. 2 marks — correct solution

Im(1+ic)’=0
LS5c-10C+ ¢ = 0

o102 +5=0 asc#0

1 mark — identify that as

. \5
(1 + i¢)" isreal therefore
imaginary part =0
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4 2 _ .
¢ —10c+5=0 One mark — correct solution

2= 10+80
ST 2

c= i\/5—2~/§ ,iJ5+2J§

¢ (iv) oS 5.
[FCISB) rcis 56 One mark — correct solution
As this is real, then
sin50 = 0
50 = nn
- m
0 5

0= g for smallest possible value of ©

This corresponds to the smallest positive value of c. .
One mark — correct solution

- ¢
tans 1

Thus =A5-25

Page 21 of 21




