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1. (i) Describe a sequence of transformations that transform the graph of y =InXx onto
the graph of y =f(x), where f(x)=In(x+a)+b and that a and b are constants

such that a>1 and b>1. [2]

(i) By sketching the graph of y=f (X) or otherwise, sketch the graph of y = L

£(x)

CTroSses

. . . 1
State, in terms of @ and b, the coordinates of any points where y = ; ( )
X

the axes and the equations of any asymptotes. [3]

x> +3

2. A curve C has equation y:2 , Xel, x=#L

(i) Sketch C, stating the equations of the asymptotes, axial intercepts and the

coordinates of the turning points, if any. [3]
(if)  Using part (i), solve the inequality 2x+2 <e” —% . [2]
(iii) Hence, solve the inequality 2x +4 < ¢** —;. [2]

s

—9
—dt. [4]

3. (i) By using the substitution t =3secd, find j

(i)  The curve C is defined by the parametric equations

X=Int, y=+t"-9, where t>3.
Find the exact value of the area of the region bounded by C, the line X=In6 and
the X-axis. [4]
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4.  Henry and Isaac take part in a marathon race. In their first training session, they run a
distance of 2.4 km each.

() Henry increases the distance he runs in each subsequent training session by 400 m.
(i)  Find the distance he runs in the 20™ session. [2]

(i)  Find the minimum number of sessions he needs to attend in order to run a

total distance of 99 km. [3]
(b) (i) [Isaac increases the distance he runs in each subsequent session by X %. Find
x if Isaac runs a total distance of 200 km at the end of 20 sessions. [3]

(if)  TIsaac feels that the training is too tough after the first session. He decides to
decrease the distance he runs in each subsequent session by 5% and increase
the numbers of sessions. Will he be able to run a total distance of 200 km?

Justify your answer. [2]

5. With reference to the origin O, the positon vectors of three points A, B and C are a,

b and c respectively. Given that|a| =4,

b| =3, ¢ is a unit vector and the angle AOC
is  radians.

3
(i)  Find the value of a[Ic and give the geometrical interpretation of this value. [2]

(i) Given a—c=kb where kell, k#0. By considering (a—c){a-c), find the
exact values of k. [3]

The point M divides OC in the ratio OM :0C =2:3.

(iii)  Find the exact area of triangle AMC. [4]
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6. Do not use a calculator in answering this question.
(@) Solve the simultaneous equations

z—4w=11+6i and 3z+6iw=27

giving Z and W in the form x+1y where X and y are real. [4]

(b) (i) The complex numbers z and W are given as Z:4(cos%—isingj and

w=1+iv/3. w* denotes the conjugate of w. Find the modulus r and the

k
argument 6 of W—z, where r>0 and -t<@<m. [3]
z

(i)  Find the set of possible values of n such that (W_Z*J is purely imaginary.[3]
z

7. (a) Show that J.\/s—x2 dx:§\/5—x2+§sin‘l[%)+c. [4]

(b) (i) LetC bethecurve y*+ x> =5. The x-coordinate of the point P on C is 1 and
the y-coordinate of the point P on C is positive. Show that the gradient of the

normal to C at the point P is 442 . Hence find the equation of the normal to
C at the point P in exact form. [4]

(i) The region R is bounded by the curve C. The solid S is formed by rotating

the region R through n radians about the X-axis. Using part (a), find the exact

volume of the solid S in terms of 7. [3]
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8. (a) Using differentiation, find the exact dimensions of the rectangle of largest area that
2 2

y

can be inscribed in the ellipse, X?+£ =1. Hence, find the area of this largest
rectangle. [8]
(b) In the triangle DEF, angle EDF zg and angle DFE =§+a and EF =6. Given

that « is sufficiently small, show that

DF -DE ~d«,
where d is an exact constant to be determined. [5]
X—=2 z+3 :
9.  The line | has equation 2 =T, y=2 and the plane p, has equation r.|1|=16.
1
Referred to the origin O, the position vector of the point A is 2i+2j—3K .
(i) Find the acute angle between the line | and the plane p, . [2]

(if)  Find the coordinates of the foot of perpendicular, N, from point A to the plane p, .

[3]
(iif) Find the coordinates of the point B which is the reflection of A in plane p,. [2]

(iv) Hence, determine the equation of the line which is a reflection of line | in the plane

P [4]

(v) Another plane, p,, contains the point B and is parallel p,. Determine the exact

distance between p, and p, . [2]
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10. In a farm, the growth of the population of prawns is studied.

(8) The population of prawns of size n thousand at time t months satisfies the

differential equation

dn_ =
dt?
()  Find the general solution of this differential equation. [2]

(if)  Itis given that initially, the size of the population of prawns is 50 000. Sketch
on a single diagram, two distinct solution curves for the differential equation

to illustrate the following two cases for large values of t :

L. the size of the population of prawns increases indefinitely,
II. the size of the population of prawns stabilizes at a certain positive
number. [3]

(b) In order for the prawns to grow faster and be more resistance to diseases, a drug is
administered to the prawns. The prawn’s body metabolizes (breaks down) the drug
at a rate proportional to the amount of drug, X mg, present in the body at time t

hours.

(i)  Given that the initial dosage is 0.1 mg, show that x = %e"‘ , where k >0.

[4]
(i) The half-life of a drug is defined as the time taken for half of it to be
metabolized. Given that the half-life of this drug is 4 hours, find the exact
value of K. [2]
(iii) If 0.1 mg of this drug is administered to the prawn every 8 hours, show that
the total amount of drug present in the prawn’s body at any time t is always

less than 0.15 mg. [3]

END OF PAPER
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