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s Fmd @ | :+9dx
X

(i) j cos’ xdx

}' 2x+5
x*+4x+13

(iii)

3
4
)  Use the ‘t’ method to evaluate E 3+5cosx

© () Giventhat 1,= g-ﬁ__—; dx,

2
2n+1

show that 1, = (4n1,_, -3").

2
(ii)  Use your result to evaluate f J:__
-X

dx,

QUESTION 2 Start a new booklet
(a) (i) Shade on an Argand diagram the region for which

b

©

@

()

|Z}<2 and 1s<ImZs2.

Write down in the form @ + ib the complex number with least

argument that lies in this region.

You are given a complex number Z =(1+ \/gi)(l +i)

®
@)

(ii)
(iv)

Express Z in the form x + iy where x and y are real.

Express 1++/3i and 1+i in modulus-argument form first,

then show that Z=\/§ cis;,—;

Hence find the exact values of cos ;’—; and sin ]7—;

What is the smallest positive integral n for which Z” is real?

Given two complex numbers Z, and Z, such that Z, =kiZ,, (k is real)

explain why |Zl -Z, l=' Z,+Z, I

M

)

Find the 2 square roots of 5—12i and express your answers
in the form a + ib

Show the points P and Q representing these square soots on an
Argand diagram.

Find the complex numbers represented by points R and S such
that triangles PQR and PQS are equilateral.




QUESTION 3 Start 2 new booklet
{a)  Ona hyperbola the distance between its vertices is 6 units and the distance

®)

©

between its foci is 10 units.
Find (i) the distance between its directrices
(ii)  the acute angle between its asymptotes

2 2

Points P and Q arc the endpoints of a focal chord of the ellipse LA A

a® b
If the parameters at points P and Q are 0 and @, show that the eccentricity e

sin(6 ~ @)

is givenby — -
sin@-sing

The equation x* +2x~1=0 hasroots o, Bandy.

Write down an equation with roots

®  -a-B-y

i) o-a B-B, yand-y

(iii)  Use your answer to (ii) to find the value of Zof, thatis the sum of
the products of the 6 roots taken 2 at a time.

@

A certain right solid has elliptical cross section as shown in the diagram.

The base has semi-major axis 6 units and semi-minor axis 4 units, while the
upper face has semi-major axis 3 units and semi-minor axis 2 units.

The height of the solid is 6 units.

Find an expression for the area of a typical cross section A units below the upper

face, and hence by integration show that the volume of the solid is 84 cub.units




QUESTION 4 Start a new bookiet QUESTION 5 Start a new booklet

(a) It is given that 3 - is a zero of the function P(x)=x’ +ax’ +bx-10 3 (a) The function y = f(x) is defined for —1< x < 2 as shown below.

where a and b are real.

Find the other zeros and the values of a and b. : 24

® () K P(x)=x'-9x' +24x+c for somereal ¢, find the values of x 2

for which P’(x) =0. Hence find the two values of ¢ for which

P(x) =0 has a repeated root. < { N N
-1 1 2 x
(iiy  Sketch the graphs of y = P(x) for these values of c. 3
Hence write down the values of ¢ for which P(x) =0 has 3 distinct ; Copy the diagram onto your paper, and use the same scale to draw the graphs of
real roots. i . -
@  y=tan’ f(x) 1
; (i) y+1=2f(x-2) 2

/) @ 2y=1(2%) 2
@

(6) (i) Iltis given thata curve has equation y*=x*(x+3)’. 4
Draw the graph of the curve, paying particular attention to the shape
of the curve as it crosses the axes.

(Show any turning points, but you are not required to show testing their

nature.)
(b)) (@) Prove that tan™'(n+1)~tan™ n=cot™ (1 +n+n?) 1
(ii) Calculate the area completely enclosed between the curve and the 3
X axis. (ii)  Hence show that the sum of the infinite series 2

cot”’3+cot™?7+cot™13 4. +cot™ (14 n+n?) =cot"(l +3)
n




. M S
(c}  An ellipse has equation ) + 5 =i

(i) Calculate its eccentricity, and write down the equation

of a directrix and the coordinates of the corresponding focus.

(i)  The smaller segment cut off the ellipse by its latus rectum is
rotated about the corresponding directrix.
Using the method of cylindrical shells, find the volume of the

solid generated.

i .
N

QUESTION 6 Start a new booklet

(@

®)

©)

2]

(i) Given that z = cos0 + isin 0, simplify the expression z" +z~

(i)  Hence or otherwise solve 5z° —11z° +162% —11z+5=10

giving your answers in the form a+ib .

For this question, you may use the following information:

The median of a triangle is an interval joining a vertex to the midpoint of the
opposite side. The medians intersect at a point called the centroid, which divides
each median in the ratio 2:1.

The base of a tetrahedron OABC is an equilateral triangle of side 4 cm.

The other edges are ali 5 cm.

The altitude is OD, where D is the centroid of the base ABC.

Calculate

(i) The angle OA makes with base ABC.

(i) The shortest distance between the edges
OA and BC.

The point P(x,, y, ) is one point of intersection of the rectangular hyperbolas

x=-y?=2 andxy=1.

The tangent at P to the first hyperbola cuts its asymptotes at A and C,

and the tangent at P to the second hyperbola cuts its asymptotes at B and D.

(i) Draw a sketch illustrating the given information and show that the
equation of ACis xx, ~ yy, =2

(ii)  Show that the coordinates of B and D are (0,2y,)and (2x,,0)

(iii)  Prove that A, B, C and D are the vertices of a square,




QUESTION 7 Start a new booklet

(@)

L

An object of mass 20 kg is dropped through the atmosphere, meeting an
air resistance of 2v Newtons at speed v m/sec.

Acceleration due to gravity is 10m/sec’.

[6)) What is the terminal velocity?
(i1) Find an expression for velocity v at time ¢ seconds.

(iii)  Show that the distance x m travelled with velocity v is given by

x =100010, 100 -10v
100-v

(iv)  Use paris (ii) and (iii) to calculate the distance the object falls

in the first 10 seconds.

A . . d" a'fd
The n* derivative of a function f(x) is o fx) = F[Z f (x)] etc.
(i) Show that —d-u—(x" }=n!
dx" i
(i)  Prove by induction that for positive integral n

d" 1 1
—{x"In nx+1+=+. +—
dx“(x x)=n( x +2 n)

e ]




%L,CJ'LE:‘?;@‘ /é"(xa'—jvs —/—C_ O |

v

O ot

;M—)(—”';M:LI—;LC

/af;xoéx, /C«ba«.%ﬂ«pmﬂh

e — e e ez e
Z et R X 1 C

Y } [ 2 xS oo .

et s TS (pTeex, 5+ 9.

fpum e (o

/Z +4‘)L 1" Ij

A/é.z-f‘fxf—‘“lf_mf l-;/ \“’(Zf_‘zrc

!

3.7~

Lo Al X

el = S E

2 EE Zfiﬁt

A T EEC

= 255 o il cdt T T .
A G Lo, £-0

o x=3F =1
)
éo:z:al/;’r—,,)—,/".

/
7= gt 3

g

[+C%

& Y-ty T 2+t T o-t
- =i £ Y S
o = 2+t o-Fr

=

PYMIZU; LC
CTHMY Qoca.

- TRIAL SOLUTINS,




gn I -/0/3

e

o

L. .=

M_"“/-r.nnx = +_)_[l/-’7 fn— -

— dn

JL,-’

—

o a=f_, ..
G Ax
3,

~g[3 ) + an/

—

_ anrl(A’"I"‘" —3.

RN St
— e -

O 5 i . ]

2]z >

insde o»/'O(-e

ar- .u:“’ 43
i =)«

‘J’}/E——;—fg )

. (ﬂ) I
s fa:,%a,-/

e TIch
T et /mza P

bt ot lend iyt
JMber (8 (JE' 4"_4«)

P [ :
) |
R S =




[ )
©

Pa,m!lg/ocva»-z a-F vedka ik 2, v 2,y oF ardds

p1£ Ot{ a_ca,—J" S dd

340\/54 \_— gt T e J{d‘eJ _/oo-{f)a-pdlcu/o—/.

A=z ) J‘@ L frgure ﬁ_r@ﬁ’ L

2
42

_ (Fr22) o (2°5)

L rtf/e.wr* (ﬂa o..\oLr W‘\c‘-v a,/c,ﬂ
_,@ e?m Lengths

‘LZJJ' Z:.l 1 2, _zﬁ-j

wdere_ar b ER

e -._—-.3_6, ——— p—

. | et Eas =3

a/‘( - S&Ld_é_f o. .__Q,___.___._ e e e e e m e

/0» _qYa, +z,\,

N’ ¢
ne J‘b’

o =3/] af 0»"’32 -

=-aJ A = .:,;(

20 »rvob are 3- S~ o ’3434,

riam

o = 0P % 3.~

Ao = f-au\/ffol

7
VA R Ak

T
X! () R= a5 +3 53~

>\B(3—a~)

@3 ay MmO\ ]',Zl i 20.= b
3 AR —— s —
\' l/ Qoe =10 (’)

3}!( ‘(L e=35
("‘"") B o @"'o) o\

A B AN 2 PP
// L \\ _ ()
l"%' 1 Ky
[20) e = l+_[_£} \ 4 J '
o-* N /
.@1—— a‘z/el—‘l\ \/\/
= QV-‘L{—X V N
LA I | 7/ /\ 3
L2 A IRN
S 8= v £2 N
= ‘73’0 / 7&1'7 Q
/.L l" o+ y*
k 7 N P{éwﬂ,gn-o) o~ -ﬁ_—,,— [4
/ S, N
. Y . Mg = e~
\_/qw?l.g.a,o 7 L =
ng—S -6-'//«»9-—4— W}_‘ m
o-cp B —0-C 6 SO~ P\ ~

2 A - &

cab—-€ = H O — oo

S=-af3 305~

Bt DO €O n—%

~ﬂ.96¢79 -8

M

2 8

;/O wéMw-ﬁ.%Qtégm

U/

e = 7 A &

- an(ﬁ-u»e»/bﬁ

i-(f—;@:

R B~ A ()

AGIMIM [.T__'
o/




}‘3-}-;2)&— [ = O

Loobh 0{1/3; r

o x =;_—"_7_”f',:>_u.____ o
(=AY #(=x) = I = o . .
Tl Y YBrax Tt o @

d(/_) /Zné -

l

(x3+gx—IYx +J-§L+l

N OIE= 7N
_'gbu

L of 2t

TRH G oo T

_ _: R -—--"6—1‘ ln;fe(flor- ,-e:?wrea( +v~ I& l{-l/ 6‘—‘ i

- 1@_

N A

B e B rp:y; MO T
i Pt )svv é‘;

B E— "'_:s7?am St sl
o = 17'//6 f—.zzév‘-g-}'a( o
_____yzwﬂw J?f —

L J ~
PRrY Plx) = Staxts fx—c0
P/3 ~\=o ‘. P/3f4\=0 /’No(ﬂ‘f#T
T Zmer S AN L
o D/{_.—:/o 73—,3%»1/ (0 N
o ~ ( Xzo)r‘*fo O
U S =1
. Zevos .é;:fv\,@f*)_)_ (
I T o N e R G L @,
SN SR a aF '7
Bl = «6—%1(3—9*— se-Y+eo = A
N ( ) A3 @_
i:_'”ﬁﬂ_,& Pla-) o . LIr Y= o
SR S— ((X —6x. -r-/o) 152 Fa—w‘ﬂ : @
T Py = xirextedx -0
=t X._tf,_9.¥zs_:.__/> )
- _—__ :— = ~ x *—7L -f 1‘)(. '—‘/0 IR
1 So ZZIEJ (3'4.) é‘*"‘) ool [ o
""‘fr'é‘)‘{” LN 7 xi-ogx Tt
b S .[’...’é)..w-’_.éz‘-f,_' I8+ Al e
I =3 x -6 t.{f) =0
. e 22 JL,..:%.)__ =0 () .
[ S = Qo e
- [gp@ted ot L PRy /)(x) 0
R FP(aYE0 =5 F-36 + 48+ CF0 c= ~30
o _ F(z,) 0 = by — 14y * 96 C=0 - c:l—/é
- i em—tborca0




9¥x +2¢x —20

7 ?{1\’13—’
S =/i~&\l/x—5\

o F/i)'x -9y > £a4x —(b

= x ‘1‘\/—1”\ 1(7(

=—

~1b )

/
N/ 3 dutinot reots Yor Pfa)=0

30 <cc < -1b

Var 0

L if
"/

/

3
JAEAN 10! M’-:x'/x«h)/\
L ) v L )oman;‘. l>/’3 Snce
2
S‘imn«%ao obov T X - asxiy =] 20
P& uu‘«cc;/’{‘J" 4] y -3

X D, M SO morE 9W¢>L/7-
74 3

JoN %’ = x* 3/JL+3\ + ,,)y,fxf—_})
v

= x/x@ J3x 26 +3)]

= 5y /L+3€’/5’ao 4—6)

o ——b
UMLAN X.F =

unde—AmeoC Wlav—-u X0 o7 3 i

o Xz 5, =389 of — 289 — -

i (,l-:,”‘f') PN
A
Top L‘V‘f’ %
U’-"(i‘*;) H
frr oewer TS
= - 3 2 ! |x 2 iﬁ

]@ ,,‘-( P -T;'/IJ'
. . s
@ 7Tl

0 jw"l 5"‘"‘"

Sy »M'hy \ - ; ot
mebuce  crossi-yS

Ear |

y? =x*(x+3)

= 6.,{/» — o] % /I
5 7 o
35
=dx3 (4.::-30
53 ) ()
- o?fé-\}—g




Asl/a) : -| — (B0 Vo (Fir) —Vorin = ot =GE  gey

Forfd 8) = Vo X = Vo [2

S ! Yool }/g,._/d'

(A+1) — N
— X i y
{ # nf h+0)
€ 7

e e — /

e At htd

R I YN Y a

o SR Tt . ‘L 7 7 u

ot mm e e e+ e e N

1 R o X e Ay AET XD

g Yo POy e R E ST e )

B e Tl cod 77 oAe" 5= AeTa (( since n-3)

S J - e o} - o Co / ”// tnF nl) = y/o_;%—/u) - Ye —/h
- s < v 1Y -

——— a»—(—l = 2 Féx _:3:)_ R 3 e ﬂé{o/”\ti I‘ka

________ 3\
- - — co¥ "3 .f“}/ 5 . -Pﬂ///-f—n-fn )

I - -/J°- Ho \/c--/xt‘-/)/a— 3 Ve~ .2\-{- - - - =

, =2 ()
2o |2t b () rese - - /¢ TR/
Vi

o | 3 = Ya "//)+/\ - Vo 7 ()

O
v ' ‘ = ef [x ~

- s—jz)i‘(/J-?_/\ es reguire




‘1__ e im
7 7 ]
.} a=3_ L=J% ezt~ -‘-é—., _
- e e S -
. /73

Sy sen O

soanl, ,....r..‘jj:w. -

_, L es5 U
o Direchic:r % = ,3/3{= S T

(A dpent Sl gprococks e prine Showmi
B A PLE 74 e 5 Wi R




Z’ws*»\-ﬁ—@‘

8

-ff-Z'T{ A,,SZ‘fz_.-_/!,Z‘.ﬁ/‘...'(q, —ld o T AL

S/ Aem 28]
. S_iﬁwfe:_z_ —tl e 8 &=

w8 L)sn8— 3) .=

_-S-,,._ ALY Aflf

N 2 s n B gannC ~
="

e nO— B e

S2einz’TuP-uz s 50

z 27

s/t a(er ) <l o

) = (A 9),_-_&}.’ = 0.

=0 _
[0 ot @ — e + 3 i’g,

= oy (92 9 _
v B g

=307 ..

| ot it fowBc Yo oA iz EE. s 3027

N2 = Dewma® e

. S R
—E—ty ___/-_t-_ﬁ_z-._,_b’é____.__m_?__’__
 w=alixea 6229

AN
\-l

N

Al
O,
-

<

x,l= JL,')L

X
= b1 4
/ b4 x ¢ 7 I;’:

X'I 7~ Xy

L 5=Ié:,o.

=0 oy =k, (1)

4
7 2

J %4 Xy

=397 .




' n ; |

—

20 111’131'53—

oY A AN - DD =& ot 37X

s/ X - YN = 2
. L~

N = 3,

e

a
-

-, =7
v

lv4

o) T 2 o % = a0q 27
- A U
oy X =10 — TG
L YLV

of C:

X X, - M. - A /)yqp’é M=
7 vV (7 4

s N Y
<o 1"=+""f§"" (Y AF= 70
. -
ALt 3 == A oLt
X = 4.13 i ?/1 x.r‘/'. *'—_“"[n _1’_‘ - ——IO
—trnfloo-vyN= t + C £7)
Lot oo pgnore’ dhogg perp ¥ bisec sock ofter - 0 ~
u L [ 4
L 7 Y 2 sdes 4 lod iha s o V-0 S C = )
T /oo \
- « 71 l‘x' M, — y oy
1ol g, = e X = == 7 (oo
(Q) deogs A — =T ~; ‘o oo v ) (...)
=5~ %en oo = %
m rep» = ".,_Q_L— — — {0° ;6 .
w “a2 N, Ny - I e 75
_ X D = . . .
RTINS e ——
~ = = (oo -
- S g g {
() Dioas bicecf; Mdpo.nt AC =§J‘[x.-m "’x.fﬂ«(lﬂx—ﬁ. P
— =/ a 7 o Z A 23 ——
ST & G 2 B (o) A ptw = 2
EX) £ _"_12.’___% o
m -“g' X=mT N L Py
fax, 2 7u\ Lx.}. f-r,/\ oo =70
= 3= =
L= 2 ,féro-»u-') oo o = dx (1)
M,.{pc:~+ G.D,.‘::'\/I,/ :‘j}\ L. bisect eact offers : = = 70
—~— P ~ e
; < \ .
= + L ,
Bl ran x "se = |5, —2 91 X e R “ U Aoo {00V ) = 75 T C O
= . e %_——— A b M=o ~ =0 .’ ¢ = —cov it (0D
—p—— [¢ Bl P f .
= L2 - 3 fv:——l_; : x /(10O |
. l) = f -—(xn"h"i?l) Xt e £ —7o = (ov Z (m) — (9
A\ —=
/ -1

h
¢

[
JE X

715/01'0_,&.//(0-9 \ — 0 v

{00~

= /i "

=
x -

= (x-.;‘ VI)‘- - -I
— -t

To ABC D ~o a ~9sirort




</

71;9 M-L—' £=10
= P[RR

/u-—/a'D// e’l)

0}

S0

7\ —10(

rfo? (¢

P

) g

Since Fhis s 072 /4?u:/¢06 /9/”-’ pLepes 17

. ‘I I‘f -I»rue, &/ n-—/l.f{ W;/t‘f‘ {J‘ ﬁ__ﬂ

: _rACf, J""‘".ﬁ'f._"—’_.

7=

peust

:—i—_::—‘;;;_:’;@;@{»f’m (. )@ _~~;~_____ﬂ_,7 #«d:ﬁ/ﬁ 3w S0
S '.‘_"._.A_f%r"“ T ‘_ -_.‘ :__‘"'m” ) indegerd o o
AL | bt -
= A C AN | b “_:"’" —
B G Rl | B 20 WE;:@:‘ b
TNl 'Yﬁ.--_"}“ é"’”’% e af T j .

-

X .3

/4A~>L

—r}

,&./x+l+;4 cT T

sy AFEY

o

1) e g

'0""

“‘ + A +N-—~ -r;l"
=7 . TR J-

T T el /:1,_1 l+ o= Th T

13 ‘c:—':?‘;']
o

- < o d
i

e —
MU
S




c“)/a-f/—\
A

e — ao  yled
pd ™. -
AN e e — )
e : - i TR
S R /A——A’Lw%\"’?ﬁ“‘f};_b‘/— ; =
e . —5 / e ,
[ g =- T+ Ut =0l €= Yor= T = * ">
4 174 ‘7 _ e @ z/z_l_.___.z 4__0_ T\, .
= —29C + UVt o - T R
vy v Y ——
_ V EY 17 Vz l(/ ________ - d V / a’L\ e e e
- iy o vialu B 7‘:6‘—'%7/1—76}
= =— 7)) — A
v 7 g - =0 e o=l 77)
z AY ) 2 L . 2,4 \e
00/a “/L,) — | V- . o~ — T {,'/__'_‘_Il— —_ k4 e e e — .
. 7 >3 - al> T T34 2~ ]
2-
_— 4, 9_A. e,
) ol mro, o= dgtia Vte i PN e ,f".}..—:“(/‘/‘—z:‘ a=Z )7
U it opyan)ErIet0 @ "”“‘ = O-
7L = Jl/a-el— i;}f(/j‘a:_‘é___f_%___ s b1 = 2Vt —Jeviyty
20 “*,/M‘é Oat £( ool € v '2;.
£y —€a = .J,J.{A/::_u =Fag R p D = {/é:, ez o
- I
7, — 2 z
. 44—&/-—.«!32 140"*('}\ ‘Z_WJ’: *_ :L a7 — ‘(5* ~pa m »
X B Vv oav 2 1
_ 1;4. Ty /;r-—xm .
e e = V[/E-) crzX M T
= Vepot | [PL— _ A )
- y 3 N
ba'a \— = a3 O/ 2 - __.._._..___v.__
o ‘/W 2 = — le = a’,\/— "(..2445 —— %_._._..,._.._...__._...__..-.,. - —-
= AL[_JE_:_] O e




/69{/1) 2z R 422 O @
2= => B=0 = &
g
4o 4z
\ g0 = > & 4~ cn B
-2/ np + 0]
C ” .
= (g
) Sre = F 2
& — tZ4-Zz +C
— Beo z-1= c=0
&= 24 0]
—t B'A-'Z )
...-1.0’ &Okﬁk—&)*?ﬂ-"/'—_&j
.';i&h =£49_re,'10
o = L / ~& —~e)
LT TE )




