QUESTION ONE (Sturt & vew answer booklet)

16" Anaenk 1933
[ o o= 2, line, Jhens.

(i) Show that z 4

(ii) Hence find:

(a) (z + %) , in the form a + bi, where a and b are real,
[ 1
(8) Im \z + s )

@ (b) (i) Express —v/27 — 3i in modulus-argument form.
(i) Hence find (—v/27 — 3i)°, giving your answer in the form a + bi, where a and b
are real.
E' (c) Sketch on separate Argand diagrams the letus of =z defined as follows:
(i) arg(z - 1) = F,
(ii) Re(2(z+2)) =3.

@ (d) If z is a complex number such that z = k(cos¢ + isin ), where & is real, show that
arg(z + k) = %«ﬁ.

QUESTION TWQ (Start a new answer booklet)
darks

E (a) Find /zzc‘z‘ dz.

94z 212
(1-xz)(3+2)

. 9+ & -2
(ii) Hence find / (—1"_-3)(3"'—12) dr.

[4] (b) (i) Resolve

into partial fractions.

(¢) Evaluate each of the following:
(i) /‘ﬁ dz
(] \/4 - x? '
iy
i .
(ii) / sec' ftand g,
o
o 3 1 : . .
(i) A TTomfTod dd. {Hint: Use the substitution ¢ = tan 3-)
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QUESTION THREE (Start a new answer booklet)

Marks
@ (a) Consider the function y = In(Ilnr).

(i) State the domain of the function.
(ii} Prove that the function is increasing at all points in its domain.

(iii) On separate number planes, sketch the following, clearly labeiling all axial inter-
cepts and asymptotes:

(a) y = In(Inz),
(8) y =In(in|z]),
(7) y=Infinz].

@ (b) Find a cubic equation with roots e, 8 and v such that: '

aflfy =5, and
a+f+y=T, and
[ az+ﬂ2+72=29.

@ (¢} ¥ «,p and v are the roots of the equation 8% ~ 42% + 62 — | = 0, find the equation
1 1
and

whose root _ .
0! roosarel_a,l_ﬂ s

@ (d) If the equation z° + 3kz + ¢ = 0 has a double root, where k and ¢ are real, prove that
&= a5,

e dﬂv;v




rT (a) (i) Prove that the funetion f{r) = st - i odd.
) &

(R

W
Z2)

A
L~ X
~ 2
) ‘
N
X=6

(ii) The diagram shows the region r?+y? < 9 and the line £ = 6. Copy the diagram
it 1e diagram ' pee [
into your answer booklet.

i region L2 4 y° € §is
indri 5 t if the region £° + y° <
iii) Us : mel | of cylindrical shells to show tha o g
(i) Ua;e t,f:; ;:;z:::ogi:’ linz r =6 the volume V of the torus formed is given by
rotate

3 3 -
V-241r/ \,/9—J:2dx—47r/ V9 — 2tdx.
h -3
-3

(iv) Hence find the volume of the torus.

3] (b)

fn the diagram above, ABF and DCE are straight lines.
{i) Copy the diagram into your answer hooklet.

(i) Prove that AC is parallel to EF .
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A L R DR TR TPV T
of 9° to the horizontal, at a constaut speed of 70 km/h. Take the acceleration due to

-gravity to be 10 m/s?.
{i} Draw a diagram showing all the forces acting on the car.

(ii) By resolving forces vertically and horizontally, caleulate the frictional force be-
tween the road surface and the wheels, to the nearest Newton.

(iil) What speed (tu the nearest kin/h) must the driver maintain in order for the car
to experience no sideways frictional force?

QUESTION FIVE (Start 2 new answer baoklet)
Marks

6] (a) A particle of muss m projected vertically npwards with initial speed u metres per
. secand experiences a resistauce of magnitude kmv Newtons when the speed is v metres

per second where k is a pasitive constant. After T scconds the particle attains its
maximun height k. Let the acceleration due to gravity be ¢ mfs?,

(i) Show that the acceleration of the particle is given hy

Z=—~(g+ k),
where z is the height of the particle t seconds after the launch.

(ii) Prove that T is given by

T= E In (!LL“) seconds.
k g .
(iii} Prove that h is given by

—gT
u kg metres.

h=

(b) Let A and B be the points (1,1) and (5, 8 respectively, where b > 1 .

. 1
{1} The tangents to the curve y=_at A and B intersect at C(a,B). Show that

2
Bndﬂ=m.

(i) Let 4', B’ and C' be the points (1,0),(h,0) and {a,0)

=i
respectively,
(a) Draw a diagram that represents the information above.

(8) Obtain an expression for the sum of the areas of the quadrilaterals ACC' A’
and CBB'C’.

(1) Hence or otherwise prove that foru > g,

2u

24y

<ln{l+u)<u.



QUESTION SIX  (Start a uew suswer booklet )
Marks

[7]

Q P | R

In the diagram above, ABC'D is a cyclic quadrilateral. P is a point on the circle

through A, B, C and D.
PQ, PR, PS and PT are the perpendiculars from P to AD produced, BC produced
CD aund AB respectively.

(i) Copy the diagram into your answer baoklet.
(il) Explain why SPRC and AQPT are cyclic quadrilaterals.
(iii) Hence show that .5PR = /QPT aud (PRS = LPTQ.
(iv) Prove that ASPR is similar to AQPT.
(v) Hence show that:
(a) PS x PT = PQ x PR,

PSx PR _ SR
PQxPT ~ QT

(i11) Use the cosine rule to show that
Q?b ) A= Glat — (b= el )b+ o) - a?).

Hence deduce that

(8)

A= V(s < aj(s — B)(s — o).

(iv) A hele in the shape of the trinngle ABC is cut in the top of a level table. A sphere
of radius R rests in the hole. Find the height of the centre of the sphere above
the level of the tuble-top, expressing your answer in terms of q Jhoc.sand R.

e nsensns rur, yf : s A
Ii: (b} The function f is given by
v,
Flr) = erftivkn where 1 js o Positive constang, “ {
(i) Find f'(r) and f"(e).
(i} Show f(r) has a point of inflexion at (,:_, - % . (’{:—2) ]
(iit) Show that the tangent 1o y =

: fryatr = a passes through the origin if
only if

and
Iq? +(2U-1)e+1=0.

(iv) Hence show that no tangents to

¥ = flr) pass through the origin
k>l

if and only if

()QE}S__LQ__SEY_Eﬂ (Start o tew puswer booklot )
Marks

{(a) Lot Pla) =2 = 1.

(i) Solve the equation Piz) = p,
diagram.

3
(ii) Show that p(z)=z*(.--1)((:+ ;) + (:+ %)z_g(ﬂ l) - 1) _

(iti) Hence solve the equation z° 4 ¢2 .. 2r-1=¢p

displaying your sover solutious on ay Argand

(iv) Hence prove that cosec 5 cosec %T" cosec f—: =8.

(b)

The diagram above shows » circle, centre [ an radius r | tonchj i
' s > [ a . ‘ung the three sides
a triangle ABC . Denote A8 by ¢. BC by u and AC by b B e Hhrew sides of

Let (BAC = q. s = i'(a+b+r,) and A =

the area of triangle ABC .
{1) By considering the area of the tr;

angles AIB, BIC and Cl4, or atherwise show
that A =rs. "

(i) By using the formula A = thesina | show that

A= G4 ~ (e oy a)?).

i §W



(i) Evaluate [, .
(i) Show that, for r 2 1 :

(-0

(@) Drgy = Iopoy = —o7

1

(8) Ly — Fara = 5;':7 .

(ii) Hence evaluate Iy and Iy .

]
ﬂ {b) The Bernoulli polynomials B,(z} . are defined by By(r) = Tand, forn=1 2.3, .

dBuls) =nDB,_(r). and
dr
\
/ B.(r)de =0.
[
Thus
Bilz)=r—-}.
’ 2

Byry=t* -2+,
Bylr) =2 - %.rz + %.r.
(i) Show that B,(r) = -1 - %0 .
(11} Show that, for n > 2, Bu(1) - B,(0) =0.
(1ii) Show, by mathematical induction, that for n > 1;
Bols+1) = Bolz) = nz"" ",
(iv) Hence show that for n > 1 aud any positive integer &;
n i m" = Bk + 1) - Bu(0).

m=u
Lis
(v) Hence deduce that Z m* =0 134 962 308.

m=0

REP




cdr .

L) % %

(iii) Hence evalual

The Bernoulli polynomia Ba(

z). are defined by Bo(¥) =

il 1\ N Z " bl =1 =(.
(iit) Show, by on. that for
e =R

3*26 4+ 3=
3~
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