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GENERAL INSTRUCTIONS:
. Reading time — 5 minutes.
° Working time — 3 hours.
. Write using blue or black pen.
. Start each question on a new page.

. Write your Student Number at the top of each page.
. Calculators may be used.
. A table of standard integrals is provided.

. ALL necessary working should be shown in every Question.



QUESTION 1 (15 marks)

Marks
(a) Simplify sin(A— B)+sin(A+ B) and hence find
j sinSxcos3xdx 3
(b) Find real constants A, B, C such that:

x> +5x+2 =AX+B+ C
+D(x+D) x40 x+1

2
and hence find j X FSx+2

d 3
‘x2+1i(x+l) g

(©) Find I sin'x dx 3

) Find | ‘/1+xdx 3
— X

1
(e) Evaluate J. x’e* dx 3
0



QUESTION 2 (15 marks)

(@ If z=243i-2 find:

M |z]
(i) argz
(iii) Re (1+2i)z

b) If w is a complex root of the equation

z’=1:
(i) Show that 1+ @w+®w’ =0

(ii) Find the value of (1-®)(1-@*)(-*)(1- ")

(©) Find the equation of the locus of z where |z —2i | =Imz.

(d) Given z=2-1i, find real values of a and b such that:

az+—=1



QUESTION 3 (15 marks)
(a) Sketch the curve:

Flx)= (x+H)(x+3)

showing the stationary points and asymptotes.
X

Hence draw neat half page sketches of:

- _ 1
H y= 00
(i) y=[fx)]

(i)  y=4f(x)
(iv)  y=log. f(x)

(b)

>
)

A trapezium ABCD has parallel sides AB =5 m and CD = 3m, 2m apart. E lies on
AD and F lies on BC such that EF is parallel to DC. The distance from EF to DC is
hm and EF=x show that:

x=3+h.

Sm

3m
NOT TO
SCALE

2m

2m
3m

The diagram is of a waste bin with a rectangular base of side 3m and 2m. Its top is
also rectangular, parallel to the base with dimensions 5Sm and 3m. The bin has a
depth of 2m, each of its four sides are trapeziums. Find the volume of the bin.

Marks



QUESTION 4 (15 marks)

(a) @) Prove that the normal at point P (cp,ij on the curve xy = ¢’
p

is p’x—py=clp*-1)
(i1) The normal at P meets the hyperbola again at point Q(cq,ﬁj . Prove that
q

plg=-1

(i11))  The tangent at P meets the y axis at R.
Show that the area of the triangle PQR is:

2 1 2
A:C—(pz‘i'—zj
2 p

and hence find the minimum area of this triangle.

5
(b) ()  Evaluate [ (sint)* costdt
0

)2n+1

(i)  Noting that (cost)* =cost(l—sin?¢)' and by using the Binomial

Theorem to expand (1 —sin’ t)n where n is a positive integer, show that

(cost)™dr =3 (~1) —— "¢,

- 2r+1

o'—uw‘bq

(i11))  Use the result of part (ii) to evaluate

cos’ tdt

o'—;w‘bq

Marks



QUESTION 5 (15 marks)

(a)

(b)

(©

The quadratic equation x* —x+k =0 where k is a real number has 2 distinct

positive roots « and [ .
Show that:

1
i 0<k<—
(@) 2

(i)  a*+B%>=1-2k and hence deduce that &’ + 3° >%

(iii) €;+é;>8

Let a, Pand vy be the roots of:
X = 7xX* + 18x =7 =0

Find the polynomial with roots:

DR

s

1
?B?

Q) (1+a?),(1+°). (1+5*)

By considering the stationary values of:

f(x)=x* =3px* +4q , where p and q are positive real constants, show

that the equation f(x)=0 has 3 real distinct roots if

p >q.

Marks



QUESTION 6 (15 marks)

(a) A particle of mass m is moving vertically in a resisting medium in which the

resistance to the motion has a magnitude of % m v* where the particle has speed

ums™. The acceleration due to gravity is g ms™.

@

(ii)

If the particle falls vertically downwards from rest, show that its
acceleration is given by:

1 2.
a= g—ﬁv

Hence show that its terminal speed V ms™ is given by

V=,10g.

If the particle is projected vertically upwards with speed V tan ams™

V4 . . o
(O0<a< E) show that its acceleration ams™ is given by

V2
o

Hence show that it reaches a maximum height H metres given by :
H =5log, sec’ o
and that it returns to its point of projection with speed

Vsinams™.

(b)  Theroots of the equation 4x’ —36x> +107x+k =0 are in arithmetic progression,

@
(ii)

find:
k

the roots of the equation.

Marks



QUESTION 7 (15 marks)

(a)

(b)

(©

In the square OABC shown below, the point A represents 4 + 3i. What complex
numbers do the points B and C represent.

y
B
C
A
0 X
@) Determine the real values of k for which the equation:
XZ y2
+ =1 defines an ellipse and a hyperbola respectively.
9.k 7.k p yp P y

(i1) Sketch the curve corresponding to the value of k = 3, showing foci,
directrices and where the curve cuts the coordinate axes.

(iii))  Describe how the shape of this curve changes as k varies from 3 to 7.

B

X\ X

e »l
»|

In AABC, BD bisects ZABC as shown in the diagram.

1) By considering the area of A ABC, show that

BD = 24¢ 08X
a+c
2 42
Gi) Showthat:  cosx=L [@te) =b®
2 ac

Jac

a+c

(iii)  Hence show that BD = (a+c) -b*

Marks



QUESTION 8 (15 marks)

Marks
@ I 1, =[x"(log, x)'dx forn=0,1,2,... show that
1
et n .
I, = 7 2l and hence find the value of
jx3 (loge x)2 dx 4
1
(b) . B
C
< 0 A » X
D
In the diagram, the complex numbers z, z,, z,, 2y and z, are represented by the
vertices of a regular pentagon with center O and vertices A,B,C,D and E
respectively. Given that z, =2
6 Express z, in modulus argument form 1
(ii)  Find the value of (z,)’ 2
(i11))  Show that the perimeter of the pentagon is 20 sin% 2
(©) 1) Use De Moivre’s Theorem to find expressions for cos56 and sin 56 3
and hence show that:
S5tan@—10tan” @ +tan’
tan 56 = > -
1-10tan" @+5tan” @
(1) By considering the equation: 3

X =5x* =10x> +10x* +5x—-1=0

o 7% 337 _

Prove that tan z + tan— + tan—— + tan 4
20 20 20 20



]

P r——

D YT 2 TRIAL 00
i -0) + A0t Sy - Andn o Abarihsad o) /vy
. R B / *~ € n
= 24N E. e
H A=5x  B=3x Ltz X pls g
//4.. S lnrin = L (‘0\‘_1“—4-'/‘,1 &8% >
J z) 2/ , . 3
= .-‘&Gnu-;tzc‘an«‘—c “Wz o n Vo= e*
o . — L /
b) PrtB) (xr )+ (F4) E Rrrne 2 B P Iy
AR / . / - = e € e
2= -~/ 2¢ = =1 Cea=~=t¢ t// e —L‘ J/
= 14
z A = ] ~ 25y
coof s Ave =1 A= o - € 5 - {g (
Guitak fon Brc=2 o R:22 2 L* 1o
U T /")...- A 2 = ﬁ‘l‘ - g 4’4
- L = “RTS5 W R d-_ > S >
A i J ey
=
2

= A(xzﬂ) +5A_(x - J«[kf{) +C

Y T -,
</ L~ /r)\,\ p ¥~ 93
g4 ,q:/u."(y- vis
/(; ] el - A
- _1 U= =
o
MRS
AT owwThe [‘,._ ol
/\]t—h."
-/
SRR 4 J-ar+ C
yJ
A) / V"*"‘ than
Y, =3
= [ ttn 4.
/ { {—x*
/o4 7/ .
= [ A+ [ xeln
/‘“‘""’ Tt
- T - - e




e

@j \ 1 ! ’ 2 ; 2
& 9y [2]=hanr <o

- fu+'~/ = ¢ |

"/‘ /“-@-':r 60792"4:

*

e &= 2ﬂ—
J z

0 N, /. N o~ \
ay e (_H'LL)(—'zllt—L}

= —2+¢03

23-1 = ©
@——')(2‘411*1):9
q’ww e cotbilse moom® L4
S s =
o) @‘*’)[f—w’)(‘hw")(/-w:)

sers ¥ ¥ = s
) @ L = e
w¥ % 2 2
2w

L= Q—_»w)[/—w‘)((-w)[r—w‘j
= é_g._lw_xz.,u,}\z
L ~J
ww worwta—t wi=1

& (iuz)z - 9.

.
-2 7 4. s
<l IAZT

W

-
=/

a7 2=}¢+(‘7
2% 4q-2* = Y
R 2V .
TR R s hyty =Y

)tz-u3+q=0

2z =-C
e
P -\ i
"‘(Z—L} + D = {
2-c

a[}—q()*b -2 ~c
.:/?Qf-b;-z\i-c‘(_—'t(a.-rl\ = o
(. 4 J

Gh 26— el +264¢b _
by

7 . 3 4
(foa+2lb -y /+¢( h-ve) =0

loa +2bh =7

B T
n =5a= 0O
"b:i &f_(

< ”



I S TR TN SR SN SRS SN S N N SN S 1

P TR N W N CH U

[ D SN SN NS Lk e

"t

N I N S W IR S I N B N |

R -—*-E f R —— —

SR ;
. |4 I

e

T N Bt Lol s—




A 2 =+ bh
i, L=z =13 ’
a=?®
=3 +hh
T3 +2b
ba
=3~
W ;Iz'lvb_"i

,
-
2
[4

(]

~.

2

-

s\ 17
(1241 ek )




b [
‘ .
— -~ N
~—r (+ V]
- [N
-, A
~ LU te- ]
e N
qo_m. + S— ™
a. o o r
~_ .
“— l (™ J
ol ,
o Ny o
ol v = . It
By Y ~
Ln Q. <X
== -2 Tm NG
@ J
1 [ [\
e ! ~
J R~ " ™ o~
h dJ PN .w..
~ 4 -
3 " o & -
N g~ u __ [
A l O g
__ — ~ > [
S N L
S )74[ a... e
- o o S N
Voo e
¢ o
_

<~
3 N
X 7
<
<+ .
W SN N +
~ — >~ hid
w ﬁ/o/ J N~ H..\ z.“n
S N
~ ~ M . N
h ’ M i -~ i |
A ~(2 ~
=R 3
~ \ Y Iy N
N | < -
— ﬂrZ Iz/%l.\ [{]
- —o
c— ;
o N
A -~
LN ..QV/I
k! ?Ml - Loy _
a. 9O .:ar QT; -~
#V b [} w . o
R A R 4
S v i
) DN R N
v o e A
v
N
s

47 ) \
\ IM//
' // )
s . .
3 . J ﬁ
¥ ) /.\I Q_J e I
[y
> == < i
~ A~
- o
fw .:ﬁ d o~ ~ w )
e v " ~N f ,T
Aoy -
! J N
T
< L} S
—Hi<We 3
& 1}
¢ e =~
./I.,zo c
o
’)nw L.s_} 7_)
N S
Y ,w- e s |-
J oy ol
(5 ,H,/\\ e, S
* - R .,1 -+
o | = |
Sel 1 E 3
=" réﬂ\ /ml(\ MI[\\
1t .\Huv . —
QM . y
<
aZ o —
N e
g -~ 2." -/
>~ |3 = L=
/W —- Ny SO
0 i A



_'[., avs renl itk . A>0

2

o 3> b +aSSx =187 =0

) Yix)= % - 3px +¢y
Y'0e) = 32"~ bprt
SP wdsw :f’(’x}*a ?x(i:—lfi)= ‘-’
x=0, 2'_P ?
#\Q)OQQA,)O Sher 170 “
NY; \-/r 3 _‘7/‘_\1-. L'ba ‘
$(3p)=(23p)-3p ) *+7F |
= #«1,.-4-f’ s
? £ 4 anita ‘7&4

oo 3 read dustact redls 7\
Y s o 8

P”““‘*"f ‘JVM‘O .)d—\

' zf,ay - 4.193 < 0 Sl'uulft;?O |

«
[
Y

I A
2. 104
) J




[/} \...I / v N\
\Ml_b, \ + N R
2 A 'S
+ X RN i A
b @ > > O == " u.
JARN ) Q i
3 o 2 > °
A N NA O o~ 9 e~ , s+ R
U - i P . S S Ol g ©
Rowom N9 N =le 7
~ T L ~
VIJ\ 3 & -\ , - /A ~’ A !
ag_Wm Iey N Py n " "
r e " {n B Rk A
] P N N ke
! s= . Yy g 3
p S— 4N\ . w«_ s \ -
T ,ﬂ. ) \ =~
X N ln
J
¥ SN T
as * hN k) T
/. 3 u.m..ﬂ N\ S u_u zm. 1// \
\ ‘m.. P J
4 A A S A0
~ *ﬂ N ~ W Q
n S o1 w A
: « b~ o | O o { 1“ ) o
. > R &UIE |5 e o
L_Wu_u ~ 1] LNl . nM 3 dm +
N ) A LY r «X Of¥ = ]
x I S C R - U 1 L
o 4 i ~" L W e 9 3 's
y I~ T8 h s 0
r ‘ H
- > U} ’
o fn .,W e ¥ 2,“ - oy 0 2+
< VA,x Iy o Q e i X | =
_.a o -~ 3 | ~ 9
< =i > S« N = M
= S 21 < O <5 =2
P SRR | Eadi B -
~ u - 1 N
of
I\AJ
2,

[N

Y
*

“ig ¥} 4 7an

=¥ Ts1070




9 C af 4 ((445¢) .
C Conputs -3 #EC Y

n . o 7 Y S e e)
Bak £y (3440 ) (4 15¢)

[+72¢ 7

=

1) ) oo Hift

19—k >0 at 7-£7 Y

7 & h <ty tpa

Py

7 A o ”///;’L!
Mpasn 1 T T

—— VO
be®?

/Ja// 2L

U\

-
v

e\) heen = L .a.c
2
vy AREAT | C.BPaL e +LaBD At
sy PRERS ] C. 4
= BD Sl (a+e)
—

it
=zac . L ((aec)®h
P =t &
2,
S Gl ks
at



§ Fn
T_f m.»\ﬁz _u_(, PU(., S M
. < «x " ‘M . _ - )
f, . W (V-3 o o M S ~
& - e > AR ¥
[ X0 ~ A ..* = i ;
R ) l“n & L §
N o =< / wo - D Y vn
o .\7.. ~ M., (8] ® ! "w MP
y " u . :
" " 4 M9 by <k ka
2\_._. - . f W 4 M [-VN )
29z Y M
- = - /..
e = r
RN -
‘lt’A‘. lllllllllll e
o~ T
5 —
..\\}l
éylmk
N
> e 1
>
; - A <l e . = (
_unon l 4 o Q )0 N
R VRN 1t ~ A { % 05
N R R P T .um e S O e
S ar m | ' [ Lo ® r.u,w R S
W H X _ N TN ~el 4
’[/I M AL M ” /\ _U .o /m VA‘U fv U.U ,..Y . " ] 1 4_ wva mw oA
I T 1> = v B L
¢ g —Jw T IS A
i TR \ ANV [ ) y v !
| S “
—_ N J _ ) o
3 =) B
It N .. —




4 -4 P ] ~T
(& 57 Ue My 1in,
(o3 +1my0)<(@B71m5)°
\’ 7S
—/Cf[ﬂ)’
=(& /
by Y -2 8 2 T 2% « v 5.2
o - C pTCCP WL L P +10C S +SL ¢S 4+ 8
7 - 2.+ N
5 T ¥ .
L ,—.(_C-f-—-/ocff) +7¢$ )+¢ (sc¥n —rocls3 f-."j
G 58 = O ~106Feale 1 5 T@A‘é‘.

3 e U . -7 .2 I
A | O = 2B IO ~ 0O # Al O

— 3,
A se st Sofniie — i laalara®

Q7 N L

IR Y _.//:\C‘?A_A
gcae

hva =z YA —0li0 + 26
| — 10 tlas TR

PRI VIR PR 4—(05'-24-)‘51-—( =0

Af__/a_-l_'! e =/ -!.l;-_z4-y>-,_9'
. - 2
50 IO T — )
T
{—toWtsn?
A ab  ALye =1
CO= M v =g 13T v
=T yo @ 834 (70
("N Y Tyl S
&=T ST 4 BT 120
2 v ' 20 3/ e
Sz AT ke Ky L A
20\ Y 20 ) 20

Sy s ) - /
e I r{~ 4 e
o faly, N S = S
ot / 7
B 7 - (l‘“r.r L . — ﬁ;?[f‘;t—/_—_r
At » &0 i+ L
2 7o) s 2z



