CRANBROOK

MATHEMATICS EXTENSION 2

2008

HIGHER SCHOOL CERTIFICATE
TRIAL-EXAMINATION

General Instructions

Reading time — 5 minutes

Writing time — 3 hours

All eight questions should be attempted

Total marks available - 120

All questions are worth 15 marks

An approved calculator may be used

All relevant working should be shown for each question
Answer each question in a separate 8 page booklet.
Standard integrals sheet at back of examination.



Question 1 (15 marks) Marked by SKB

(2)

(b)

(©)

(d

Find |xtanx?®dx.

9
Use the substitution u = x/; to evaluate _[-———-——dx
4

ﬁ(l-i—x) .

-2

Use the completion of squares method to find I——dx .

3+ 2x—x2

1) Find the real numbers a, b and ¢ such that
2x* +2x+5 ax+b ¢

(xz +2X1—x) x2+2+1—x'

2x% +2x+5

(11) Hence find m dx.

5
Use integration by parts to evaluate I-Ij—_pi dx .
L Nx

Marks
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Question 2 (15 marks) Marked by SKB Marks

tan™ x
2

Evaluate
@ 1]+ x*

(b)  Evaluate Jj Ja—x 4

‘ (c) By using the result f f(x)dx= f fla—x)dx

27 X COSX
evaluate L 3

I+sin®x

0

1 Use integration by parts to show that 3
I, =_—nIn_1 for n=1.
(ii)  Hence or otherwise show that W 2

I, = C1y for n20.
2(n+1)

(iii) Explain why 1,, >1,,,, for n=0 1
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Question 3 (15 marks) Marked by JSH

(a) Let z=3—-iandw=2+4i.
Find the following in the form x + yi.

@® =W
) —
(b) (i)  Express 1+i in modulus-argument form.

(i)  Hence, find the values of », for which
(1+i) +(1-i)" =0
where # is a positive integer.

(c) Sketch the region in the Argand diagram where the inequalities
!z—l[Sland%S arg(z —1) s% both hold.

@ Y
P
» X
0
0
In the Argand diagram above, point P corresponds to the complex
number z.

The triangle OPQ is a right-angled triangle and OP =300.
What is the complex number that corresponds to point 07

(e) (i)  Find all the solutions to the equation z° =1 in the form
X+yi .

(i) If @ is a non-real solution to the equation z° =1,
show that @* + @ =-1.

(iii) By choosing one particular value of @, explain with
the aid of a diagram why o* + @* = -1.

Marks
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Question 4 (15 marks) Marked by JSH Marks

(a)

(b)

P(acos@,bsind)

2 .

2
Theellipse E  with equation x_z + y—z =1 shown in the diagram above, has
a
a tangent at the point P(acosd,bsingd). The tangent cuts the x-axis at T"and

the y-axis at R.

@ Show that the equation of the tangent at the point P is 2
xcosf ysiné |
+ =1,
a b
(ii)  If Tis the point of intersection between the tangent at point 3

P and one of the directrices of the ellipse, show that cosd =e.

(iiil)  Hence find the angle that the focal chord through P makes 1
with the x-axis.

(iv)  Using similar triangles or otherwise, show that RP =e’RT . 3

P(ct, %), t #1 lies on the hyperbola xy = ¢*. The tangent and normal at P

meet the line y=x at T and N respectively. If Ois the origin show that
OT.ON = 4¢”. Include a labelled diagram with your answet. 6
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Question 5 (15 marks) Marked by SKB Marks

(a)

(b)

The region bounded by the curve x = y”and the line x =4 is rotated about
the line y =2. Find the volume generated when:

i) Slices of thickness Ax are taken perpendicular to the x —axis in
this region to create hollow cylindrical discs. 4

(i)  Slices of thickness Ay are taken perpendicular to the y—axis in
this region to create thin cylindrical shells. 4

A s0lid $ has a semi-circular base in the x-y plane with its diameter
along the y-axis.

Each cross-section of the solid running perpendicular to the x-y plane
is a regular trapezium with its base sidelength twice that of its parallel
sidelength. The angle between the base sidelength and the sides of the
trapezium is 4.

A typical cross-section taken at x = b is shown in the diagram.

(1) Show that if & = 45°, the area of the trapezium at 1

2
x=bis3i.
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(i1)  Find the volume of the solid S when 8 =45".

(iii)  Find the volume of the solid, &1 generated when

the semi-circle is rotated through an angle of 90°
about the y-axis.

(iv)  Find the values of 8 for which the volume of S
found in part (ii) is greater than the volume of &~
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Question 6 (15 marks) Marked by JSH Marks

(@ If 1-iisazero of P(x)=x"+ax” +bx+6, where a,b € Real

(i) Evaluate aandb 4
(ii)  Hence fully factorise P(x) over the complex field. 1
(b)Y @) Use De Moivre’s theorem to express tan 56 in terms of 3

powers of tang.

(i)  Hence show x* —5x* ~10x® +10x® + 5x —1 =0 has roots 2
1, tan, tan 2%, —tan > and — tan 2
20° 20 20 20
(iii) By solving x° —5x* —~10x” +10x” + 5x —1= 0 another way, 5
show that
V4 | T 37;
tan—+1;a.n——2+2 dt —+t =2J5-2.
20 90 V5 and tan 20 20 V5
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Question 7 (15 marks) Marked by JSH Marks

(@)

()

0

AB is a chord of a circle. X is a point on AB produced. XT is a tangent
from X to the circle.

(i) Prove that AXAT issimilar to AX7B. 2
(i)  Deduce that XT* = XA.XB ' 2

> X

The diagram above shows the path of a particle which has been
projected from point 0 at an angle of &to the horizontal. The

speed at which the particle was projected was \/E m/sec where
g is the acceleration due to gravity. The particle lands at
point P which lies on a plane inclined at an angle of 30° to

" the horizontal. The base of this inclined plane is at O and

point P lies d metres from O. The position of the particle at time
1 seconds is given by

X =\/§tcost9

and y =,/§z‘si119——i—gt2

(i) Show that the path of trajectory of the particle is given by 1
2 2
y= xtan 9 — x_ﬂ
2
(i)  If there is only one path of trajectory for the particle 4

to land at point P, find € for that path.
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Marks

(c) Find the general solutions to the equation 6

0848 +c0s28 =2 cos* 8 —!—Lsinfl@.

V2
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Question 8 (15 marks) Marked by SKB Marks

(@ (@ Ifa>0,b>0andc>0,show that @’ +5” >2ab and 2
hence deduce that a*> + b2 +c¢> 2 ab+bc+ca.

@) Ifa+b+c=9,showthat ab+bc+ca<27 and 3
11,127
a b c¢ abc

by KU=LU,=5andU,=5U,,-6U,, for n=3, prove by mathematical
induction that U/, =3" -2" for n>1. _ | 5

{c) The lines y=0,3x—4y+3=0 and 3x+4y—15=0 are the sidesof a
triangle. Find the co-ordinates of the centre of the circle inscribed in the
triangle. Hence or otherwise write down the equation of the circle. 5
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STANDARD INTEGRALS
Ix"dx =Lx"“, ne-1, x=0, ifrn<0
n+l
1
I—dx =Inx, x>0
X
ax i 1 ax
J-e dx =—e®, a#0
a
1.
_[cosaxdx =—sinax, a#0
a
. 1
Jsmaxdx =——cosax, a#0
a
2 1 '
_[sec ax dx =—tanax, a#0
a
Jsecaxtanaxdx =-}—secax, a#0
a
_[21 —dx =}-tan"1£, a=0
a +x a a
1 . X
I———dx =sin” —,a>0, —a<x<a
a®—x* a

J'____21 2dx =1n(x+\/x2_—?lx>a>0

J—%dx =111(Jc+\/x2 +a2)

NOTE: Inx=log,x, x>0
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MATHEMATICS EXTENSION 2

HIGHER SCHOOL CERTIFICATE

TRIAL EXAMINATION
SOLUTIONS
2008
Question 1 (15 marks)
(@) J‘xtanx2 dx = % _[tan udu where u = x”
| (1 mark) a5
1 sinu dx
=~ du
2 Ycosu
= —%ln(cos x2)+ c
"~ (1 mark)
‘]- x
(®) = du 1
i Vx(l+x) u=+x, —=—— .2du Ebi
R Zfiﬂdx i 2\/; ‘\/;
S +u?) dx x=9 u=3
3 2
=2 [ | x=4,u=2
s1+u
(1 mark) for terminals
3
=2 f(l - 3 )du (1 mark) for function
5 1+u
= Z[u —tan™ u]:_

—2tan3+2tan!2

(1 mark)
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dx

-2
JJ—(x2—2x+1—1—3)
1 ' _
1, ) . — 1 mark u=x-1
A e

=-2sin -(—x—z_—ll +¢ (1 mark) : d

2x* +2x+5  ax+b c

@ (x2+2X1—x Ex2+2+1 x
(ax +bN1-x)+ c(x + 2)
(x + ZXI x)
Trueiff 2x +2x+5=(ax+d)1—x)+ c(x +2) (1 mark)

Putx=1, 9=3¢ c¢=3
Putx=0, 5=b+2¢ b=-1
Putx=-1, 5=(-a-12+3x3 a=1
So, a=1, b=-1, ¢=3

(1 mark)

2x? +2x+5

(ii)  Hence
ix +2i1 x

x 1 3
=Ix2+2dx jx2+2dx+jl_xdx (1 mark)
=—;-h1|x2+2|—%tan'l%—3]nll x| +e
> (1 mark)
(or _—_—]n._x_-l-z_L ‘1_'2C._.+ )
(l—x)3 2 J2
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1
Letu=lnx dv=—x=dx
3 5
(o) j-]ﬂdx=[2&mxf - j’zJ}.ldx Vx
dJx : x cdu 1
S—=— v=2Jx
dx x
(1 mark) — first function (1 mark) — second function
(1 mark) — correct positioning of terminals
1
=5 m5-2m1)- jzx i
= 2515 - 2]
=25In5-45+4
(1 mark)
Question 2 (15 marks)
_ ptanTx tan™ x
@ I=[ Sk Let fl9)= ——
_ _tan”(-x) _  tan'x _
AN i pvar b e i

. f(x) is an odd function (1 mark)

. I =0, as the integration of an odd function about symmetrical
limits is zero. (1 mark)

® I= J:\M—xzdx Let x =2sin6 .-.%:2%39

When x=0,8 =0 and when le,xzig—

~I= E\/4—4sin2 6 2cosf do (1 mark)

=4jf cos’ 8 dé (1 mark)

=2 [ 1+cos20 d6, using cos26 =2cos’ 91 and 00529=—;—[1+cos29]

§
= 2[9 sin 29] (1 mark)
2 5
= 2[£+-J—§] or m r N3 (1 mark)
6 4 6 3 2
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2x X COSX

© I=]

0 ]+sin’x

_ J~2;z Qz- x) 2003(272' —-X) dx ,using the given result (1 mark)
0 I+sin’(27 —x)

2% 2T COSX 27 XCOSX
=l — -j — &
¢ I+sin”x 0 1+sin”x
_ (¥ 2meosx
0 1+sin’x
2r COSX : . du
sI=r| ————dx (1mark) Let u=sinx, ..—=cosx
¢ 1+4sinx
When x=0,u=0and whenx =27z,u=0
0 “du . . el
I=r 0 1o 0 =0, as the integration about the same limits is zero. (1 mark)
+u

@ @ In=ljx(x2-—1)”dx n=0,1,2,..

0
2 LI W -
(2 -Jentaore m
o 0

=lx0—0—-n1_[x3 (x2 —I)de
2 0

Ly (32 -1}
=_”J (x2—1 L
. ].[x(xz -1)-2|-x](x2 -1) a
; x -1
! n n 1 k
=—n6[{x(x2—_1) +x2x—l(x2'—1) }dx (1 mark)
I, =—n]x(x2 -1)’ dx—-nlj-x(xz ~1)" ax
0 4]
I =-nl —nl_,
(1+n)In =-nl,_,
- (1 mark)
Sol,=——1_, fornzl asrequired.
n+1

Cranbrook 2008 Mathematics Extension 2 Trial Exam solutions




(ii)  Method 1 — “Hence”
"—nIn_l forn=1
n+l

-n —n+l-n+2 -3-2-1
n+l n n-1 43 27°

-
Il

-n —n+l-n+2 -3-2-11

n+l n n-1 43 22

=(_1)n n n—ln—2m321_1_
ntl n n-1 4322

= (—1)" Li (The other terms cancel.)

n+l 2 (1 mark)
-1y
So In=u , 720  asrequired.
2(n+1)
OR
~
I=—-I_ forn=1
n+l
1
I, . x(xz—l)n_ldx
n+l;

So I, = (—1) , n=0  asrequired.
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(i)  Method 2 - “Otherwise”

1
I, = [x(x* =1)"dx forn=0,1,2,..
4]

1 1
== |2x(x* -1)"dx
: j x(x* =1)
2 __1ynel 1
R Kl Vi (1 mark)
2 n+1 0
1
= 0_ _1 n+l
2(n+1)( D )
__1(___1)n+1

2(n+1)

- b forn=0 asrequired (1 mark)
2(n+1)

1 -1 1 -1 1 -1
i1t I =_;I =_>I =_:I =_SI =——->I =75
@ =2 h=mh=n b= L= =0

Clearly 7,, >0 and I, ,, <0
- SO— IZn >“[271+1
Alternatively, from (i), I, = ()"
b * T (2n+)
1
_2(2n+1)
>0
I _ (__1)2n+1
1 2en+1)+1)
_ (1)
4(n+1)
<)
SO IZn>IZn+1'
(1 mark)
Question 3 (15 marks)
(a) ) 2w =(3-i)2-4i)

=6-12i—2i—4 (1 mark)
=2-14i ‘
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i =
) w 2+4i 2-4i
_2-14i
20
17,
10 10
(1 mark)
(b) €} From the diagram, 7
. LT 1 1+1
1+z=\/§czsz %
4/ >
IR

(1 mark) for correct modulus
(1 mark) for correct argument
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(@  (+iy +01-iy =0
Hence

(ﬁcis%]n + (ﬁcis%)n =0 (1 mark)
(«/_Z_T (cps—ﬂfm + isin—jzz] + (\ET (cos%— ism—?—) =0

cosZ = ¢ (1 mark)
m Ck+1)z
4 2
where £=012,..
n=2(2k+1)
(1 mark)

(c)  The inequality |z—1|<1 corresponds to a disc with centre at (1,0)
and radius 1.

The inequality % < arg(z - 1) < % corresponds to a wedge with vertex (1,0).

(1 mark)
The region where both these inequalities hold is shown in the diagram below.
¥
A
1 -
region required
boundary
L included
> x
A}
(1 mark)

(d)  Point P corresponds to the complex number z. Point Q is obtained by rotating
point P clockwise through an angle of 12[— and reducing it by a factor of % .

So, point  corresponds to the complex number —_-312 .

(1 mark)
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e @ 2% =1
We are looking for the sixth roots of unity. We know that one root is 1

and another is —~1. The 6 roots of unity are evenly spaced around the

circumference of a circle of radius 1 unit. -
2
So, the other four must be cis%, cisTﬂ, cis—3E and cis STE

(1 mark)

So, the six roots are

1,3 ] (1 mark)

E g AP L LA
27 272

(ii) z2°-1=0
(23 - IXz3 +1)= 0
(z—l)(z2 +z—i—1Xz+l)(z2 —z+1)= 0
The two real roots of the equation are revealed by the factors (z —1)
and (z+1}. The four non-real roots are revealed by the factors

(z2 + z-i-l)and (2:2 -z+1).

(1 mark)

So (co2+aJ+1 ®* —aJ+1)=0
ot +o’ +1=0
So @'+e’=-1 as required. (1 mark)
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(i) Let @ =cis [-’g-}
4 . 4rn .
Now, @ = cis 3 (De Moivre)

w* = cis %ﬂ; (De Moivre)

cis 4_7r+ cis —2-37—r—- = —1 by adding

the two complex numbers cis %’T and cis 2%[

(Note, any of the four possible values of @
could have been chosen here to illustrate that

@' +w? =-1)
(1 mark)

Question 4 (15 marks)
(a) 6] P is the point (acos8,bsin )
x=acosd y=bsinf

‘£=—asm9 Q=bcost9
ae

22 =- b C?S 4 (1 mark)
dx asing
- Equation of tangent is
y—bsing =_bc?st9 (x—acosd)
asiné

aysin@ — absin® @ = —bxcos @ + abcos* 8
bxcosf + aysind = afb(sin2 8 + cos® 6')

xcosé + ysing =1 (1 mark)
a b

as required.

w(Nfw|y
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(ii)  If 7'is the point of intersection between the tangent found in part (i)
and one of the directrices of the ellipse, then T has the coordinates

(3,0). (1 mark)

e

From (i), the gradient of the tangent at P is —b cosd

—— . S0 using the
a siné

coordinates of points P and T we have
bsin@-0 _—bcost
a sing

(1 mark)

a
acosf ——
e

ebsingd _ —bcosf

aecosf—a a sind
besinéx asin@ = —bcosB(aecosd - a)

abesin® @ = —abecos® 8 + abcosd
abe(sin2 8 + cos? 9) = abcosf.

cosd=e as required.
(1 mark)

~ (iii}  Since cos@ = e, the x-coordinate of P. which is acosé = ae. So the
focal chord through P makes an angle of 90° with the x-axis.

(1 mark)
(iv)  The equation of the tangent through P is

xcosf + ysiné _

1
a b
when x =0,
ysin@ =b
y= b
sin &
. . b
R is the point [O, -
sin &
(1 mark)
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&P(cxcos 6,bsin6)

Em/ .

o

~3

/
®

Let M be the point on the y-axis such that PM is perpendicular to the
y-axis.

M s the point {0, 5 sin 8)

Now since AROT is similar to ARMP,

&P _ kM (1 mark)
RT RO

—bsind
_sind
b

sing@
_b—bsin’8 « sin &
sin & b
=1-sin* @

=cos’ @
=e? (from part (ii))
So RP=e’RT  asrequired.
(1 mark)
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(b) (1 mark)

: X Intercept (0, 0)

2

_ dy c
2 2,1
=c¢” ny=cx and —=-——
xy Y e 2
co &y & -1
At P(ct,?) S 2p = Mg Mot = £ (1 mark)

Now the equation of the tangent at P is:

c -1
~—=—(x—ct
y= tz( )

S By—ct=—x+ct

Lx+Py=2ct
2 2ct
AtT y=x . x+t"x=2c ..x= -
1+¢
2¢t  2ct
>T=(—,— 1 mark
(1+12 1+7 ( )

Now the equation of the normal at P is:

y——{;:tz(x—cr)
SEx—ty=c(t' =D

AN y=x . Prx—t=c@*~1) ~x= e(t' 1) _e@+1)
12 -1) t

N= (c(t2t+ 1) ’ c(r2t+ 1)) (1 mark)
: 2t 2, e+, e +D,
Now OT.ON == +(=5) .,/( L2
3 2ct c(f +1)
=2 E) (2 marks)
=4c*
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© @

(ii)

(iii)

(iv)

15

tan45° = h +% s — —
h
=2 45| 45°
2 “— 73 ——P
Area of trapezium at x = b is given by <<,
1 a
—(a+2a)—
2 2
_3a®
4
(1 mark)
Consider a slice of width Ax
2
AV=3—Z-Ax where 0 <x <1
3 5
== 3’Ax
27
. 3 2 . 2 2 _
_Z(l—x )Ax since x” +y° =1 (1 mark)
1
So Volume = lim 3 3(1 -3 ) Ax
Ax—0 x=0 4
1
=3 (1-x*)dx
4 0
3 x° 1
= — x——
4 3,
_i(_%
4\3
I
2
(1 mark)

| The solid generated when the semicircular base of 9D is rotated through

an angle of 90° is a quarter of a sphere. Hence the volume is
%77,?3 +4 . So required volume is %sincer =1.

(1 mark)

From part (i), area of a trapezium at x = b is given by é(a +2a)h

where 4 is the height of the trapézium.
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So area of trapezium at x =5
=3—a><9-tanf9
2 2

2
=3—a—tan6’
4

1
So Volume= —Z—tan 8 I(l — xz) dx where @ is constant for a

0 particular solid
= %tan a (1 mark)

We want to find & such that

0> 64°29' (1 mark)
However 8 < 90° since we have a trapezium.

So we require 64°29'< & <90°, (1 mark)
Question 6 (15 marks)
(@& @4 As the coefficients of P(x) are real then 1+i is a further
root of P(x).
SPE) =(x -1+ (x—1-DHR(x)
=([x—1F - i)R(x) (1mark)

=(x* =2x+ 2)R(x)
As 1-i isarootthen P(1-i)=0
(=) +a(l-iY +b(1-D+6=0
13D H3ED H (D) +a(l-2i+ ) +b-bi+ 6=0
S1-3i-3+i+a-2ai—-a+b-bi+6=0
S A4+b+i(-2-2a-b)=0
Equating real and imaginary parts:

445=0.cccnnnnene. ()] (Lmark)
mar

2-2a-b=0....(2) 2

From(1)b =-4sub.into (2).. a=1 (1mark)

(ii) SP(x)=x"+x*~4x+6
=(x* = 2x+2)(x+3)
= (x =1+1)(x =1-7)(x +3) over the complex field.
(1mark)

(1ma

rk)
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b (cos8 +isinB) = cos5@ +isin56 (De Moivre)
(cos#+ising) =cos’ 8 +5cos’ Blising)+ 10cos’ H(isin§)* +10cos® Hlisin O)
+5cos8(ising)’ +(isin 6)’
= cos’ @ +i5cos* @sin@ —10cos’ Gsin* & —i10cos® Fsin® #

+5cosfsin® @ +isin’ @ (1 mark)

By equating real and imaginary parts,
c0s58 = cos® @ —10cos® sin® @ + 5cosPsin* &

1 mark
sin 568 = Scos®* Gsin@ —10cos? Gsin’ @ +sin’ 6 ( )

_ 5cos*@sinf—10cos” Gsin® & +5in® 8

~ cos® #-10cos’ fsin® 6 + ScosPsin® &
5sin@ 10sin’@ _ sin® 0

__cosf cos’6 cos’O
,_10sin’0_Ssin'g

cos’d  cos'@

5tand —10tan’ 6 +tan’ @ (1 mark)

1-10tan* 6+ 5tan* &

So tan 568 =

(i1)
Let x=tand and tan56 =1 -

S5tand —10tan’ 8 + tan® &
1—-10tan®* @ +5tan* &
5x—-10x +x°

becomes 5 =1
1-10x" +5x
. So, x* —5x" -10x® +10x* +5x—-1=0

So, tan50 =

Cranbrook 2008 Mathematics Extension 2 Trial Exam solutions
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Fortan5@ =1

..
560 = nm +—, n isaninteger
4

g="* x
5 20
n=0,0=—
20
n=10==
4
1*:——1,6’=ﬂ
20
n=2,6’=9—7€
20
n=—2,f§'—ﬁ
20
So,x=tan—=1,tan£,tan9ﬂ, (_—371)=—t 3—”andt ——-—735 = Iz
20 0 20 20 20 20
(2 marks)
(itl)
let P(x)=x" —5x* —10x> +10x* +5x-1=0
(x—-1){x* —4x®> =14x? —4x+1}=0 (1 mark)
= dx S14x —dx+1= 22 (¢ —dx—1d—2 4 Ly=0
x  x
So, xz(xz +i2-4(x+lj—14)=0
x x
2 1y 1
but x*#0 so, |{x+—| -4 x+—|—-16=0
x x
. + 16— 4(1X—
since P(0)= 0, x+1 o AEV1 24(1)( 16)
x
_4+480
2
RETYH
2
So,x+l=2+2wf§, or x'+l=2~—2-\/§
x x
(2 marks)
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Now tan9=cot[£—9)=_1_.’
2 T
tan(— - 9J
s0, if x = tan2—then tan——+
20 /1
tan—
20
Ox

and hence tan——+ tan 22 = 2 + 245
20 20

Similarly, if + = —tan > then — tan 5% — L
20 20 3
fan—
20

and hence tan-;%+ tan;—g =2.J5-2 (2 marks)

=2+25
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(b)
@) x=+[gtcosd

So  tm-——2
chosﬁ
In y=\/Ersin6’—%g2‘2

. 9 2
becomes y = _-\/Ex_sm__ L i

g cosd Zggcosz 8

2 2
So, y:xtang_icq

(1 mark)

(i)  From (i) we have
x* sec? 8
y=xtanf - ———

=xtan9—§(1+tan2 9)

Atpoint P, x = dcos30° and y = dsin 30°
_f3d d

2 2
(1 mark)
2
£=@tan9—§d—(1+tan29)
27 2 8
. 4d =4-/3dtand-3d*> —3d* tan* &
3d% tan? O~ 43d tan@ +3d* +4d =0 (1 mark)

So

We have a quadratic in tan 8.

So A =484 —4x3d>(3d> +4d)
= 4847 —124*(3d” + 4d)
—124%(4—3d> —4d)

If there is one path of trajectory for the particle to land at point P then
A=0.
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So 124 (4—3d2 —4d)=0

4-3d*-4d =0 (12d2 ;eo)
(-3d+2)(d+2)=0

d ‘=% ord=-2 reject this since d > 0
o d:E (1 mark)
3
So we have, g—tan 9—§—£t @+4=0

So  tan® 8‘/_+J_)——
=«/_

0 =60° (1 mark)

(©)
0348+ 0528 =2 cos? & + ——sin 20
V2
2c0530cosd = /2 cos? O ++2sinfcosd (1 mark)
V2 cos36 cosf = cos 8{cos® +sin )
1 Kk
= COS 9(«/5 cos(@ - %D (1 mark)
T
So cos3@cosd =cosd cos(ﬂ - Z)
cos@ =0 or cos3f = cos[@ —%] (1 mark)
9=2n7£i% or 39=2n7ai(9—%} n is an integer
29=2mr—-7-;- or 49=2mr+£
4 4
So, 0=2nr+tZ or =nz-Z or g=1% 2
2 2 16
(1 mark) (1 mark) (1 mark)
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Question 8 (15 marks)

(@ @ (a-8) >0
_a2 +b5>-2ab>0
a’® +b* 22ab (equalityiffa=b) (1 mark)
Similarly, 5° +¢* > 2b¢c
a® +c? >2ac
By addition, 2{a® +5* +¢? )2 2(ab + be + ca)

a’+b* +c* 2 ab+bc+ca (equality iff a=5 =)
(1 mark)

(ii) (a+b+c) =a® +b* +c* +2(ab+ ac + bc)
Since a’ +b%+c* 2 ab+bc+ca
{(a+b+c) = ab+be+ca+2ab+ ac+bc)
(a+b+c) >3(ab+be +ca)
Since a+b+c=9,
81> 3(ab + b+ ca)
ab+bc+ca<27 (equalityiff a = b =¢) (2 marks)

L(al;1+bc+cat)sz-7-
b abe

fe—t—+— L as required (1 mark)
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