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Question 1 (15 marks)

a) Find
. [ d
1) ‘—ug 2
Ju(lnu)
ii) x*edx 3
(* 2
i) ke s 4
Jx(x+1)
5 -
b) ) IfC, = [cos” xdx then show that C, =fl—-1C,,_2 . 4
n
2
ii)  Hence evaluate fcos5 dx 2
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Question 2 (15 marks)

a)

b)

Given the complex number z = 23 =3i . find

o4
i) argz
i) argz
iv) |z°

Sketch the region in the Argand Plane consisting of those points z for which

}arg z‘ 2% intersecting with [zl <3

Solve the equation
22" +32° +52° +32+2=0

(Hint: divide by z*)
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Question 3 (15 marks)

Sketch the following curves on separate axes for each part showing all intercepts and turning points.

a)

b)

d)

y=x’—4x and hence y = |x3 _4xl

i) y=1-2sinx
i) hence y = ]1 —2sin xl

iii)  hence y=In 'l —2sin xl

y=+d-x* +27
(Hint: use the addition of ordinates)

1

ly[:*l—;
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(in the domain: -3 < x < 3)

(in the domain: 0 < x <2rx)
(in the domain: 0 < x<27)

(in the domain: 0<x<2rx)

(in the domain: ~2 < x <2)

(in the domain: -3 < x < 3)

4




Question 4 (15 marks)

2 2

a) i) For the ellipse —gz— +2—2 =1, state the equation of the tangents at P (a cosd,bsin 9) and

at the ends of the major axes. 1
i) Find the coordinates of the points Q and R where the tangent at P meets the two
tangents at the extremities of the major axis 2

1ii)  Hence prove that the interval OR subtends a right angle at either focus 4

b) P(4 p,ij and Q(4q, i) are points on the rectangular hyperbola xy =16.
p q

1) Derive the equations of the tangents at P and Q.. 2
i1)  The tangents at P and Q intersect at the point R.

Derive the coordinates of the point R 2

iii)  If the chord PQ passes through the point (4, O) , derive the locus of R. 4
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Question 5 (15 marks)

a)

b)

A doughnut is formed by rotating the area of the circle (x - 3)2 + 37 =4 about the y-axis.

Calculate the volume of this doughnut using cylindrical shells. 5

A wooden beam of length 6 metres has plane sides with cross-sections parallel to the ends
being rectangular with dimensions as shown.

3m
%

T~

|
f i
5m pl| | { j2m
P i - c '/’:7
h . 8m Im
1)  Express p and ¢q in terms of A. 2
ii)  Calculate the area of the cross-section pq. 1
iii) Hence calculate the volume of the beam.. 3

Six letters are chosen from the letters of the word PYTHAGORAS. These six letters are
then placed alongside each other to form a six-letter arrangement. Find the number of

distinct six-letter arrangements which are possible, considering all the choices. 4
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Question 6 (15 marks)

a)

b)

d)

The equation x’ —mx —n=0 has roots &, S,y. Find
N a+ s ‘

iy a+p+y°

Find the zeros of P(x)zx4 ~5x* +7x* +3x—10 over C if 2—i is a zero.

Hence factorise completely over C.

Factorise completely if 3x* +8x> +6x* —1=0 if it has a root of multiplicity 3.

i)  Derive the five roots of the equation z° —1=0

ii)  Hence find the exact value of cosz—sﬁ—+ cos%z
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Question 7 (15 marks)

a)  Find the general solution to sin4x+sin6x =sin10x 5

b) If 4,B,C are the angles ofa triangle, prove that

sinA+sinB+sinC:4cos§cos§cos% 5

¢) Inthe figure AB and CD are two chords of the circle. 4B and CD intersect at E. F'is a point
such that ZABF and ZDCF are right angles.

D
Prove that FE produced is perpendicular to AD. 5
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Question 8 (15 marks)

) Giventhat p>0,4>0,r 0, prove that (p+2g)(2¢g +3r)(3r+ p) > 48 pgr 3

b) A sequence 7, is such that Ti=4and 7, =8 and 7,.,=6T

n

+1 _SZ::

Prove by mathematical induction that T,=5"43 6

¢) A cartakes a banked curve of a racing track at speed p m/s, the lateral gradient angle ¢ being

designed to reduce the tendency to side-slip to zero for a lower speed g.

Show that the coefficient of friction necessary to prevent side-slip for the greater speed p must

be at least
(pz—qz)singécosgzﬁ 6
P*sin’ g+¢* cos? ¢
End of Paper.
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Table of Standard Integrals.

(* xn+l
x"dx=——, n#-lx = 0ifn<0
n+l

("1

—dx=Inx, x> 0
Jx

.

e“dx=—e", a =0
J a

[ 1

cos axdx=—sin ax, a#0
J a

[ 1

sin axdx= -—cos ax, a#0
J a

~

sec? axdx=—tanax, a# 0
J a

~

sec ax tan axdx=—sec ax, a#0
»

od

1 1 4

——7———2dx=——tan 1—', a#0
Ja +x a a

C 1 a4 X

————x=sin  — a>0,-a<x<a
[, ‘az"xz a

C 1

-———————dx=ln{x+\/x2-a2}, ‘xl > ]a\
o xz——az

[ 1 2 2
——dx=In{x+x" +a

JVxt+a

Note :Inx =log, x
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Mapping Grid

For cach item m the exammation, the grid shows the marks allocated the syllabus content and syllabus outcomes to

which 1t relates, and the bands on the performance scale 1t 1s targeting. The range on the bands shows the

performance candidates may be expected to demonstrate in their responses. That is, if an item is shown as
targeting Bands E3 ~ E4, candidates who demonstrate
able to score some of the marks on the item, while tho:
gan high marks. In the case of one
shown generally could be expecte

Question Marks Content Syliabus Targeted
outcomes performance
bands
1a)(i) 2 Integration E8, HE6 E2-E3
1{a)(ii) 3 Integration E8 E2-E3
1{(a)(iii) 4 Integration E8 E3-E4
1(bXi) 4 Integration E8 E3-E4
1(b)(ii) 2 Integration E8 E3-E4
2(a)(i) 2 Complex Numbers E3 E2
2(a)(ii) 2 Complex Numbers E2-E3
2(a)(1ii) 2 Complex Numbers E2-E3
| 2(a)(iv) 2 Complex Numbers E3-E4
2(b) 3 Complex Numbers E3-E4
2(c) 4 Complex Numbers E3-E4
3(a) 4 Curve Sketching E2-E3
3(b)(i) 2 Curve Sketching E2-E3
3(b)(i1) 2 Curve Sketching E2-E3
3(b)(iii) 2 Curve Sketching E3-E4
3e) .3 | Curve Sketching B . E3-E4
3(d) 2 Curve Sketching E3-E4
4(a)(1) 1 Conics E2
4(a)(ii) 2 Conics E2-E3
4(a)(iii) 4 Conics E3-E4
4(b)(1) 2 Conics E2-E3
4(b)(ai) 2 Conics E3-E4
4(b)iii) 4 Conics E3-E4
S(a) .5 Volumes E3-E4
5(b)(1) 2 Volumes E3-E4
5(b)(ii) 1 Volumes E3-E4
b)(iii) 3 Volumes E3-E4
3(c) 4 Harder Extension | E3-E4
6(a)(i) 2 Polynomials E2-E3
6(a)(ii) 2 Polynomials E3-E4
b) 3 lynomials E3-E4
c) 3 plynomials E2-E3
d)(i) 2 blynomials, Complex Numbers E2-E3
d)(ii) 3 ply 1als, Complex Numbers E3-E4
la) 5 krder Extension | E3-E4
b) 5 arder Extension | E3-E4
c) 5 arder Extension | E3-E4
a 3 Harder Extension 1 E3-E4
b) 6 arder Extension 1 E3-E4
lc) 6 echanics E3-E4
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performance equivalent to Band E3 descriptions should be
se who perform at Barid E4 or above could be expected to
-mark 1tems, candidates who demonstrate performance at or above the bands
d to answer the item correctly.

T

Question 1 (15 marks)

a) 1)

1ii)

“‘;—(I(:)Lu)(: = J‘(ln u)'(' %du 1

-5
Lnw)”
-5
1
S-——c
5(lnu)
Alternatively,
Putx=1Inu

dx=—l-a'u
u

J.xze"dx V=e'Dv=e

u=x" =y =2x

= x%e* - J‘2xe‘dx

=x'e" —2xe"+ [2e7dx

=x%¢" ~2xe" +2¢" +¢ 1

3x'+l1 - ﬂ+mﬁ,+ cw
x(x+1)° x x+l (x+1)

3 +1=a(x+1) +bx(x+1)+ex
Putx=0 a=1

Putx=-1 3+l=— se=-4
Putx=1 3+1=4+2b-4 Sb=2
1 2 4

x x+1 (x+])"

[=

=lnx+2|n(,\'+l)+—4—+c 1
x+1
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b) 1

i
C, = J‘ cos” xdx
P

= J.cos"'l xcosxdx

o

Letu=cos""'x, v =cosx S V=SInX

= [sin xcos"! x]o - J.sin x(n-1)cos"* x(~sin x)dx
0
=(n=1) ‘r‘cos"‘2 xsin® xdx
Y
=(n-1) fcos“'2 x(l - ¢os” x)d.x

=sinxeos"" x+(n-1) |cos"?* xdx - (n-1) |cos" xdx

=sinxcos" x+(n-1)C, , ~(n-1)C,
nC, =(n-1)C,_,

i 1
Quzn%‘c..—:
1)
cs=%c,
4 'Zc !
-5(e
=—8- Mcosxdx
15 ),
8 g
=|—5-[smx](; 1
-8
15
F
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Question 2 (15 marks)
a) z=24/3-5
) |z=V12+25
=37
1i) argz=tan”'%
=-55°17
" ]
i) argZz =tan Byl
=557

iv) 2% =37-20i

|z2 =/1369+400 = /1769
b)
1
A
-4,
c)

228 43z 4543274222 =0
2(22 +z'3)+3(z+z")+5 =0

Let u=z+z"

2

W =(z+z")
=22 +z27+2

2(u* -2)+3u+5=0

2u +3u+1=0

(Ru+1)(u+1)=0
2242z +1=00rz+z" +1=0
22%+z42=00rz +z+1=0

L T LI EV b
4 2

~1:/15i —1+3i
Z= 4 orz= 2
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d)
¥y

Question 3 (15 marks)
Y
/

a)
R
15 ;
\ /
i/
/
/

15 ;
!
\

I R N R R T B

7

2
Question 4 (15 marks)

-15 2
a)
0

1)

P (acosf,bsm0)

b) 1)

y
:v /, '-v\ /

-1
xcos¢9+ysm0 -1
a b

=1 2
c)

11)

Q: x=~a > —cos0+y—sg]—q=l

1ii)
y
_ b(1+cosH)
Y
Q[_a’b(lfcosa))
sind
R: x=a = cos¢9+m£=!

b(1-cos8)
singd
1-cosé
(a, b(1-cos )]

R
siné

2002 Extension 2 Trial Exammation

2002 Extenston 2 Trial Exanunation




i) $(ac,0)

b(1+cos0) b(1-cos0)
Mg, = —Z"Ei]ze— : nig, = _aSl_Dg%*
_ . b(1+cos8) _ b(1-cos8)
~a(l+e)sing S a(1-e)smo
Mot b(1+cos8) y b(1-cosd)
T _a(1+e)sing a(l-e)sing
b (l —cos® 0)
s (l—ez)sm2 6
~SQ L SR
b)
b)
\\R ¥

1)
16
y=—
x
@ __16
& X
ap o161
dx  16p° 'S

Tangent at P isy—i=—-17(x—4p):x+p2y=8p
p P

4 Tangentat Pisx+q'y=8qg
1) Solving simultaneously,
(P -4")y=8(p-q)

B
p+q
X+ 8p° =8
ptq
E 7./ R(ZW’ 8 ]
p+q P+q pq
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iif) Chord PQ:

4._4 1

. 4 _
Mo = T A T T
4p-49  pq

4 1
PQ:  y-—=-—(x-4p)

P rq
(4.0)=-=-—(4-4p)

P Pq
dg=4-4p
ptg=1
R x=8pq y=8 (sincep+qg=1)
Hence the locus of R is theray y=8, x<0

Question 5 (15 marks)

a)

rx

OV ~ drxydx
5
V= ;in})z4ﬂxy5x
x=|

=4zzfx,l4—(x—3)3dx
Putx-3=2smé

dx =2cos0d6
x=120=-%

V=4r f (3+2s1n8)2c0s62cos 040
-4

=87 r (l2c0529+8coszt9sm0)d9
-4

=487rf(1+00526)d6—647r‘rcoszﬁ(—sinﬁ)dﬁ
) )

3 3’
~ | g cos @ |*
=487[6+4sin20 ]’ —647{ 3 ]

3

=48n[g+o]—647r[0-§

=24 47
3
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=v[5'_ﬂ+ 3K
8 32

1ii)
OV =~ A(h)Sh

V = lim E (15—Q'l+ 3”']51;
Sh—0 8 4

x=0

~(f1so1m, 32,
8 4
2 3P
=|1sp- 10 B
: 3 o

=120-76+16
=60 m*

¢) ¢)* PYTHAGORAS
Number of selections of 2A and 4 non-A ="*¢C,
Number of selections of 1A and 5 non-A = Ko
Number of selections of 0A and 6 non-I = tCy
Number of arrangements
=°%C, x-g-:——f ¥Cy x 614+ *C, x 6
=61(35+56+28)
=85680
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Question 6 (15 marks)
a) X-mx-n=0 Roots are a, B,y
D) @+ ry = (at fry) ~2(ap+ fy+ya)
=0~2(»-m) a+fB+y=0
=6 ap+ fy+yx=-m

1i) Zaz—m2a~3n=0
Ya’=my a+in
s+ By =3n
b) P(x)=x'-5x+7x*+3x-10
If 2~ is a zero, then 241 1s also a zero. Hence the factors are
(x—2+i)(x«2—i):>(x3—4x+5)

X -x=2
x2—4x+5)x‘1 ~5%° +7x* +3x-10

x' —dx* 4 5x°
—x' 4257
~x* +4x* - 5x
2x% +8x
-2x* +8x-10
0
Hence P(x)=(x-2+1)(x~ 2-i)(x=2)(x+1)
c)
P(x)=3x" +8x" +6x* -1
P(x)=12x" + 245 +12x
P"(x)=36x" +48x+12
For root of multiplicity 3, P"(x) =0
36x* +48x+12=0
3x? +4x+1=0
Bx+1)(x+1)=0
x=-4 or ~1
P(-1)=3-8+6-1=0
<X ==11is the root of multiplicity 3.
P(x):(x-H)" (3):-—1)
d) 1 ZF-1=0
Letz=cos@+isng
. 2° =c0s 56 +isin 50
cos50 =1 sinf@=0
560 =0,27,4x,67,87

6:3’5—'-’5 n=0,12,3,4
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i) c)

e of

A =2 S sind = cos§, cos it

3

Also, sinA+sin B =2sin4t2 cogt
4% 3 2

cos A+¢0s B =2cos 4l cos -1

1w

win

z =cs0=1

n=aslE 1

n=asdE L

2, = cis 8 = cis (- 4) ",//

2z =cis¥=cis(-3) E

Ta= 455+, b5 =0 .

l+c:s’ls’1+czs55’£+cm-(—‘—‘5’£)+cz.v(—-ls’£) =0

1+2cos 2L +2cos 3£ = 0 1

cos 2 +cosdf = -
Question 7 (15 marks)
cos6x +sindx =sin0x
in 6x44 6x-dx _ 5, ’
a)  2sin 83 cos 5545 = 25m Sx cos Sx 1 Construction: Jomn AD and CB and produce FE to meet AD in N,
2sinSxcosx =2sin5xcosSx Proof:
2510 5xcosx —2sin 5x cos 5x =0 £DAB = £DCB (angles n the same segment , circle ACBD)
2sin5x(cos x —cos 5x) = 0 ZECF + ZEBF = 180" (given)
?“ f’(‘) = 02°f gosx =cosSx . ECBF is a cyclic quadrilateral.
. _mr’”, i £EFB=/ECB (angles in the same segment , circle ECFB)
x=1g
N LDCB = both | to ZECB
Sx=4x2ntx,4rtx,.. be . ZEFB_ . ( ot equalto )
4x=0,27,4r,.. . AFBN is a cyclic quadrilateral.
x= _:;21 LFBA=£LFNA (angles in the same segment , circle AFBN )
6x=0,27,47,... < £FNA=90" (¢FBA=90")
x= .'%l S FN L AD
SX= ﬁ,ﬂ,ﬂ Question 8 (15 marks)
57372 a)

We need the following identities. P2 >/2pq
Since A+ B+C =, then s+8+5= 2

M35 Bt (aMzG)
p+3r
2

2\/3pr

sin A+sinB+sinC = 2sin 442 cos 48 + 25 S cos § 1

=2cos$cosdst -+ 2sin$cos & +2q\( 2g+3r +3r
: e ) i 1 (Pz q)( q2 )(pz ]ZJqu.,/éqr.JSpr 1

=2cos§(cos 52 +25in §)

=2cos$(cos L8 + 2cos 4 1 (p+29)(2q+3r)(p+3r) 2836 p¢°r .
=2cos§(2cos+‘“‘—;=‘:ﬁcos%—"ﬂi) 1 (p+29)(2q+3r)(p+3r) 2 48pgr

=2cos§(2 cos4cosd) .

=2cosgcosfcos§
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b)
n=1=T =5 +3=4 true
n=2=7%5+3=§ true
Taken=k andn=k -1
L=5""43and T,  =5"+3
Assume trug and use this to prove true for » = k + Liel,, =5"+3
T =6%,~5T;, 7
=6(5""+3)-5(5"+3)
=6.5""+18~55"7 15
=57 (30-5)+3
=5"25%43
=543
Hence
Iftrue forn=k-tandn=+k
then true forn =k +1
However, it was true for 5 = Ln=2
ctrue forn=3,n=4 etc.
- true for all positive integers n.
¢)

R
*

mp*
» 22

L. S

Mcos¢9 =F+mgsin0
,

msmc’): R-mgcosO
,

F= ﬂ{coso —mgsm@
2

2

mp~ .

= —~p—smc9 +mgcosd
r

Atp=gq, F=0
q 1

2
my
0=-——cos@-mgsing
r

2

gsmo=L cos = rgsmé=qicosd
r
mp* mq’
F= ~[~—cos()——qcos()
r r

_m LRS-
—rcose(p q)
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HR 2 F for no side-slip.

,um(ﬁz—sinHJrgcosQ) > ﬂi()E-Q(pz —qz) 1

r r

,u(p2 sm6+rgcos¢9) 2 coso(p2 —qz)

,u(p2 sin’ 0+rgsim900$0) >sin 19cos¢9(pz —q’)
,u(p2 sin® @+ ¢ cos® 0) P (p2 -qz)sinﬂcosﬁ
(pz —q3)31n90059

#e (pz sin® @+¢* cos® 0)
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(since rgsin@ = ¢* cos 0)
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