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Question 1 (12 Marks) 	 Marks 

(a) 	 Find the value of f: tan(~Jdx! expressing your answer in the fo~ a In b where a aJ?d b are 3 

rational numbers. 

A 240 metre tall tower stands on a large flat plain. From a point on the plain East of the 
tower James measures the angle of elevation ofthe top of the tower as 30°. Bruce, who is 
South ofthe tower, measures the angle of elevation of the top ofthe tower as 45°. 

(i) 	 Draw a neat sketch showing the above information. 1 

(ii) 	 Show that James is 240.[i metres from the base of the tower and also find the 2 
distance ofBruce from the base of the tower. 

(iii) 	 Find the distance between James and Bruce. 2 

2 	 dx 4
(c) 	 Use the substitution u =x (u > 0) to find the exact value of 

../X_Xl . 

Question 2 START A NEW PAGE (12 Marks) 	 Marks 

(a) 	 (i) Prove that the tangent to the parabola x2= 4ay at the point p(2ap,apl) is given by 2 

px- y_ap2 '" O. 

The tangent at P meets the directrix at the point T. Find the co-ordinates of T. 1 

IfF is the focus ofthe parabola prove that PF is perpendicular to FT. 	 3 

(i) 	 Sketch the curve y =1+ sin x for 0 :s; x S 211' . 2 

Find the exact volume of the solid formed when the area bounded by the curve 4 
y =1+ sin x and the x-axis for 0 :s; x S 211' is rotated one revolution about the x-axis. 
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Question 3 START A NEW PAGE Marks) 	 Marks 

(a) 	 A, B and D are three points on a circle 
with centre O. A smaller circle is drawn 
through the points 0, A and B. The 
chord BD ofthe larger circle cuts the 
smaller circle at C and chord CO 
extended cuts the larger circle at E. 

DI/ ~l___ 

E 

0) 

(ii) 

Copy the diagram onto your examination paper and explain why LeBA 

Prove that BE bisects LDBA. 

aDA. 1 

3 

(b) (i) The curve y '" X4 is rotated one revolution about the y-axis to form a container for 

storing water. Calculate the volume ofwater that can be stored if the container is filled 
to a depth of h cm . 

2 

Water is poured into the above container at a rate of 60 ml/minute. Find the rate at 
which the depth is increasing when the depth is 16 cm. 

2 

( c) The equation of motion of a particle moving along a horizontal straight line is given by the 

formula x'" 3CO{itJ+ sin(it]' where x metres is the displacement of the particle at time 

t seconds. 

(i) Explain whether the particle is initially moving to the right or left, and whether it is 
speeding up or slowing down. . 

Find the time for the particle to first reach the origin. Give your answer correct to one 
decimal place. 

2 

2 
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Question 4 START A NEW PAGE Marks) Marks Question 6 START A NEW PAGE (12 Marks) Marks 

(a) (i) 

(ii) 

Prove that sin -I x + COS-I X 1T: for -1 S; x S; 1. 
2 

Find the acute angle between the curves y = sin -I x and y = COS-I X at the point 

where they intersect. Give your answer correct to the nearest degree. 

2 

3 

(a) An =1 2 +S2 +92 + ... + (4n-3)2 and Bn =3 2 + 72 +112 + .... 

(i) Write down. the nih term of the sequence Bn' 

(ii) If S2n = An - Bn, show that S2n _8n 
2 

• 

1 

3 

(b) Find the smallest positive solution, in radians, of the equation cos38 = sin 28. 3 (iii) Hence evaluate 1012 -103 2+ 10S2 -1072 + ... + 20092 - 20112 2 

(c) (i) 

(ii) 

Write down the coefficient of x' when the binomial product (S + 3xYO is expanded in 

ascending powers ofx. 

Which two adjacent terms in the above expansion have their coefficients in the ratio 
2:3? 

1 

3 

The number (N) of ants in an ant colony at time t weeks is given by the formula 
N = ISO 000 - Be-*' , where Band k are positive constants. The initial size of the colony 
when discovered was 2 000 and S weeks later the size had increased to SO 000. 

(i) Show that the instantaneous rate of increase in the size ofthe colony can be given by 

the equation dN k(lSO 000
dt 

1 

Question 5 

(a) (i) 

START A NEW PAGE (12 Marks) 

If e= tan-I A + tan-1 B show that tan 8 = A + B . 
1-AB 

Marks 

1 

(ii) 

(iii) 

(iv) 

Find the exact values ofB and k. 

Find the maximum size ofthe colony. 

Find the size of the colony 20 weeks after its discovery. Give your answer correct to 
the nearest 1000 ants. 

2 

1 

2 

(b) 

(ii) Hence solve the equation tan -I 3x + tan -I 2x = !!.... 
4 

Use Mathematical Induction to prove that for all positive integers n;:: 1, 

3 

4 

)uestion 7 

(i) 

START A NEW PAGE (12 Marks) 

Write down an expression for the expansion of cos(A +B) and hence prove that 

cos'28 = 2cos2 8 1. 

Marks 

2 

1 
-+ 
1 1+2 1+2+3 

...+-----
1+2+3+ .•. +n 

2n 

n+1 

ABC is a with sides a, b, C and a perimeter oflengthp. 

=.!. rP\P-2a).
2 V-----y;;;

4 

(c) At training, a coach decides to organise a practise game between two teams using S players 
for each team. The coach has 12 players to choose from, including the Ruse twins James and 
Bruce. 

How many different practice games could be organised ifthere are no restrictions on 
who plavs on each team? • 

Find the probability that in a game chosen at random, the Ruse twins would not be 
playing against each 

2 

2 

(b) An object is projected from the origin 0 with initial speed U m f s at an angle of elevation of 
a. At the same instant another object is projected from a point A which is h units above the 
origin O. The second object is projected with initial speed V m f s at an angle of elevation of 

f3 , where f3 < a . Both objects move freely under gravity in the same plane. . 

(I) Given that the equations of motion for the object projected from the origin are: 

x=Utcosa and y=Utsina-.!.gt2,
2 

write down the equations of motion for the object projected from the point A. 

2 

If the objects collide Tseconds after they are projected, prove that T ~7s f3 ,. 
USln a - f3 

4 

Ibo Tms IS THE END OF THE EXAMINATION PAPER ~ 
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Solution: 

. (lC)Sin 

dx=,··_4 dx~) 
I co{~) 

'=' _4I:{-±On~~l} dx

co{4) 
=~{ln(co(~))I 

'::: -1ln(cos(~))-In(cos(o))} { 


~O.lO 

-.(.iJIO 
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~,,) Solution: 
!' 

240 300=tan 
OJ 

OJ=~ 
tan 30° 

240 


=(~) 
= 240.n 


Distance from base to James 240.n metres 
 ( 

Distance from base,to Bruce = 240 metres (triangle is isosceles)  I 
(iii) Find the distance between James and Bruce. 

:::-4{1n(1)-ln(i)} 
=-41n(Jz) 

=21n2 

Vl I I"as~ f'U 

Y (Jam..) 
:> J ';;rttt 

8 
(Broce) 

~V'~h , 
':010 

( 


I 


Solution: 


sf = (24O.fi)2 +240 2 (Pythagoras' Theorem) 

J;=2402(3+1) t... 

== 2402 (4) 

BJ= 240)(2 

:::480 
Distance between James an(ll:!liil:~ "" 'HIV Ul 

---------~----.-,....- .... --- 
.~) Solution: 

J} ' u 2 lC (u>O)dx 
f .JX_~2 =I,r. r==- 2udu =dx 

i 

=I,*' 2udu 
;- u.J)::;}i xl:::> u2 '" 1 

4 4 
::: J,*' u .!.. (u > 0).. 2 

I 1 1=2{sin-1 u}f X :::>u2 

2 2 
2 

u 
1 (u >0) 

={~- 6 
..._----_...... 

I dx 1r

Ii_~==_,,-----;- 6 
.. -.IX-x' 

2. 

( 


( 

.J.1- !1~uJ 

~ .c-~ IL"-Ittf~fnlj 
2 h Jft,-1~ 

/3 >t/..!..i!. 2-J'"ct:t<<l-J 

IiU.i-f 
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([fl.(a) (i) If B== tan-I A + tan-I B show that tanB == A + B . 
1-& 


Solution: 

B=tan-I A+ tan-I B 


B =a + p where a tan -I A and p = tan-I B WI. \.\.'O\-e.\.....ov..::> 
tan{a + p) = ...:t.::;an;:.:a..:..+..:..=ta.::.n!:..p ~ .1-tanatanp 

A+B 
=-

1-& 

(ii) Hence solve the equation tan -I 3x + tan -I 2x = ~. 
4 


Solution: 

t (,,) 3x+2x 

an 4" == 1 (3xX2x) 


l==~ 
1-6x' 


1-6x2 == 5x 
 @ ~-h~ 
6x

2 
+ Sx -1 =0 I ~ lA.04--h..o\A..-*

(6x -lXx+ I) =0, '4a.~ ,..I£...... -/-u:>...; 
1 	 . I 

x =6" or -I I@ 2. S;l4!l IM.-hol'tg, 

but tan- t 3x and tan-I 2x are both acute (since their sum <~), therefore x> 0 
2 

1 (!) f€t¢t';'!J:t"=-/
.. • X= 6

(b) 
Le-I; p{n) be ofh -e proPt9Sd10yr#tt::.t -i:- ; 


@
1 1 	 1 1 2n 
-+--+---+... +----  (!) liz sf- fo r1 1+2 1+2+3 1+2+3+ ... +n n+1 

IJ::::..(
~;;. f- P(I) 1 2(1) for al! positive integers n~ I, 


when n I, LHS = . RHS = - == 1 

1 1+1 

:.LHS RHS 

.'. rCr) 15 

trw... 
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Af7$ u.-me P{k) ISfflt£ :for n = k, k E z+ 1'10) Jl.,.5C.~O"'; 
I r1 c/M.dvYt!J. 1 1 1 	 2k

I.e. -+--+---+ ... +---:....-  kG-z.-f1 1+2 1+2+3 1+2+3+ ... +k k+1 

To prove true for n = k +1 
rn rQ.tj~1-0 
~ fNt'r! 

. 1 1 1 1 1 _ 2(k+l) sJedMY1erai 
I.e. 1+ 1+2 + 1+2+3 + ... + 1+2+3+ ...+k + 1+2+3+...+k+(k+l) - (k+I)+1 

2k+2 

k+2 
l'" 

NowLHS= 	 !+_1_+_1_+... + 1 + .__I_-r 

1 1+ 2 1+2+3 1+2+3+ ...+k 1+ 2+3 +... +k +(k+ 1) 


== _2k_ + 1 (byassurn tion) - T fi'l g(,tb~ltk 1'1 I I i k+l 1+2+3+ ... +k+{k+l) P W i tl6Gat'J'l.P'f'U'J< 

~+ 1 	 {t'l}·t«,,{I'I~G1()Ml'fwnQ

I k+l '!'(k+1Xk+2} d Af 

_~+ 2 2 @S~wm~vW1 
- k+l (k+lXk+2) 

:: 2k(k + 2) + 2 I' 

LV
'I:' WrHpn 

(k+l){k+2) 

(k+lXk+z) 

2(k+ 1) 

== (k+2) 


2k+2 

k+2 


=RHS 

.. P(1<.+-1) 15 I-r-UL

( ...,..~

1'( I'i) I <:, ~ b~ ~e '\=1-1.N\.C • .I..,f> Ie.of- ~ 


yY\ o......\..kYl-'lCt+ lC.o.. \ .I.~-h..o """" 

-1-0 ~ .... '" " " 1., •• . 
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::7!::·~·~~~:::;~~;f~~:~~:~:~~iE:.~~:·~·~~:~·~::=.~.:: 
[1 

:. .. I 'L.) _(~-t) 1~~=:~::~:=t:~;;::;:;3:=~~=;~;Z-~h-0~~::::~i~r;::~~:~;·: 
"" 

if!

3.. t=Qf" ::;'!l:~ '" Ib......S 

F" ... ",,-l-'" ~r""'- So;?... 

.... eo -lb"

ill 
').. .... 
~ P ~L""'>) Ci) 

<',1) 

/+. .. 'i>-c?"~ eJ£"j::Qr" \,.J..~" 

~r,-,,",,-ll( 

<+,,_~ ". t<>, ",.> ....... r 

4r\--I ".tO~ ~""~~~?:~~~;~~:~~~~~;~~~:~~Z:i~:~~~~~~...~:~~h~~~:~:: 
'+,,- ~ .. 20<>'1 => ><-'" ..a~ 
Lf ... -t :: lI<> 'I 

1 For ,.~" 'ire,;> 

'i F<!H .... "" ::1(:,-1 ,,;tS" 

;+=;.H -'C,,>, :~:><<..-h'" 

~ 
........ 


PI <.f.-z:q 5'! {,- ( ...._<)'2- .. L~C.l>-

mm~.M"'.··W.v• .w.w.~~m~~~_m~_.mm.~.·~_mm~w"".w"~·~·.·.....vw··~wM_.~·"Wh·"~·~·w···~·..·· .. ··.···~·~~· .. ·~. LI__--.L_________---l 

\'gdzlsfsIOT 8'9( fiR' IltlJ501l'JR 'jll 'P , J • t' f 18 88 t JIII I 1 plat UtJeatfh doct • 

:2.0 fa ...-tl'.4L. tw\.E I • 
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~~f~~~~T~~~g~~~~i%~~1·=~I:~;.:·~A<" 
 ill 

~~~51~~~t~=~~~~~~~~ 

~~~i:~~:~~:~~~~~~~=r~::N:::=:.=>:::::=~:,::.=.:=::ci9.=~9.~ 


~;- ~a6.k<::.,*", 

~ i-. c.__;~) V' 2

~~~~==~~====-==F~=-~~--~~~~------
,.J:' '" k,ft>e-M :!'- I) ~ I 

N" ,.. _"","-l!te-l<.1:- <...~ 

~JL 1'-"Q..~ , 

N 

. "/' - \ 

.~ -r~ .."... 
, 2<><0 

~ ~ t 

"M'"""~N..',•..,.W"W,••""N'~_H,".',',WJN.........,..""',''''<'''.''',~".'W",...;"'N-N.......,~.•",..".·"""'w...·.·.=.·<'~,.''''_,''iW'''.'"'··'Nr ... ,w'··.·'U'''NN.~''''<~'"''.t..A,·_'."',~''" 


;z.o 

@ 

",(' ~;.r. 
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v ____c:...Ol"\n E.NT S 'I k.)Sv..c..c..E.SIEO SOL.UI\ON 
p~7. f\ 

~ I) C-cr.:> (A + g) ::-. ~~~~~~g;::;;:.,g 
~I V. 

.(,kk A l3."e~ 
o 

~ ';le = 	 c:....= '2.e - ~'Le 


c...o-:>L-Gl -(I e:..='-e) 
 i) Fa-r ~ol r~ 

f3, 
+h.. 

) 
c... ;',) ~ ~ t~1 J ~ J( ev-A 't v~ 

k~f~~' 
c ~A 

'f2. \) ~ '" U.1~o( ('Xv~ 

C\ p::::.o-.+Io+c... 

V := u.. CAr> .z.~ A 7.:: \:.L -I- eeL. - 0..'- (~~ 
c.=j?2Jo c... 

'J 2.( A.) I "-- 'L 'l., 
A. c-;-" I.?£i - "" b + c. - 0.- (~t 

2.1oe.. VT~ ~ -~'-+ ~ '" LA.T ~ ol. ¥1.. (Ij 1IJ.11 
L 	 ?- 2. . . . ;t CAr>L {rYJ= \,"--+ c _ fA..'L. + I 

2. bc... 

b'L "-.~ vv~"-erJ 	 .. 
~ ~ +: h:::: \AT~J. -lXT"-<I'»o( ~~2-1oc.. 

C<J;>'L(iI9:::: (b+ c.t_0..'L. c-<=~ 
l LAI~oZC4>f.-!AT",,~.x.~g4bc... 

;:;. (r-o..t-a..1... c-=~ 
~ = IAI (y,;,."o( <-o~ ~ -~"" ~~ 

"" ~-''''T "')( p-o.-o.) 
4-bc... 

(..4"~ 
~ -::. LAT y",- (<>< - ~) 

c-='L~::: p(p _20-.) 
4-bc:... 

G,p~ 
T::: ~~ ~ (.x:fV 

!A ~ Col.-f) 
41oc.._ 

CAI";>(~ + -Ljr(p-k) 

2- be.. 


UA~~~+'~'~, 	
L I~~~+L~ 
~ ~ -+0< r-d 

~ ,.' A Z /80") ,'. A/L<. "laD ',eu:.(>7i) 	 ~. 

, CAS:> (~) '::: I . . '/... L 

'-' I \. , "-'''''' \ 

~S~'lo....fV\.t..~" 

M"-0- ~ <J-c-;kJ-~ 
~~-I~~'> 

~~/~ 
~~'-l'~ 
tk~~ 
T;""'h~..;~. 

(L ~'--J-~ cr-t ~ "'
~~	F\ foXk: 

s-+~ ~ -l-cvk ~ 
40 ~ L-L", v, 
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