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1

A curve C is defined by the parametric equations
) 0
X=60-1, y:tanE, 0<f0<r.

Find the area of the region which is bounded by C, the y-axis and the x-axis for which x<0.
Give your answer to 4 decimal places. [4]

The position vectors of A and B with respect to the origin O are a and b respectively. The point
C is such that OACB is a parallelogram. The point P on AC is such that AP : PC = 1: 2 and the
point Q on BC is such that BQ : QC =1: 2.

(i)  Find QP in terms of a and b. [2]

(i)  Show that OC-QP can be written as /1|a|2 +,u|b|2, where A and x are constants to be
found. [2]

(iii)  Given that OC-QP =0, identify the shape of the parallelogram OACB, justifying your
answer. [2]

(i)  Given that the first three terms in the expansion of are %+%x+cx2, find the

a+bx
values of a, b and c. [3]

(i) Use your answer in part (i) to find an approximation to the area of the region bounded

by the curve y :Lb’ the two axes and the line x:%. Give your answer in the
a-+bx

4
form qB where p and g are integers. Hence find an estimate for In 3 [3]

(i)  Prove by induction that, for all positive integers n and for xe R, x=0,x =1,

1 1 1 1 1

_____2_"'__n:n—' [4]
x-1 x X X" x"(x-1)
(i)  Find the range of values of x for which Zun exists given that
n=1

1 1 1 1
Uu=—-—-——=- c——. 3
" x-1 x X X" 3]



(i)

(i)

A hospital patient is given a pill containing 50 units of antibiotic at 12pm. By 1pm, the
number of units of antibiotic in the patient’s body has dropped by 12%. By 2pm, a
further 12% of the antibiotic remaining in the blood at 1pm is lost. Given that the rate
of decrease is such that the amount of antibiotic drops by 12% every one hour, find the
amount of antibiotic remaining in the blood at 6pm. [2]

A doctor considers prescribing a course of treatment which involves the patient taking
the pill every 6 hours over a long period of time. It is given that

X,., =50+(0.88)° x,,
where x, denotes the number of units of antibiotic in the body after the n™ pill is taken.
(@ Asn—ow, x, > L. Determine the value of L. [2]

(b) Show that X4 > X, if X, <L;

Xnp1 < Xn If Xy >L . [3]

The functions f and g are defined by

(i)

(iii)

()

(b)

f ZXH‘(X+1)(X—3)‘, xell,

g:XH—>x—-2, xell and x>-1.

Show that gf exists and state the range of gf. [3]
Show that f is not one-one. State the largest value of k for which f is one-one if the
domain of f is restricted to x <k. [2]
Using the domain found in part (ii), define f* in a similar form. [3]

(i)  Use the standard series for In(1+x) and In(1—x) to find the first three non-zero

terms in the series for InGJr—XJ : [2]
—X

(i) By choosing a suitable value for x in your answer for part (i), find Z#
= (2r+14"

[3]
n
Given that > r2 =g(n +1)(2n+1), find, in terms of a,
r=1

D (2r)?, where a is an integer and a >37. [3]

r=37
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(i)

(i)

(iii)

(@)

(b)

Sketch the curve with equation

2 2
x_ 107y
400 900

[There is no need to indicate the x-intercepts on the curve.] [1]

The region lying in the first quadrant bounded by the curve, the x-axis, the y-axis and
the line y=30 is rotated completely about the y-axis to form a fish bowl into which

water flows. Given that units on the axes are centimetres and h cm (0 < h <30) denotes
the depth of water in the fish bowl, find, in terms of h, the volume of water in the bowl.

[4]
Water flows into the fish bowl at the constant rate of 1000 cm® per minute. Find the
rate at which the water level is increasing when the depth is 15 cm. [3]
State the value of h at which the rate of increase of the water level is the least.
[1]

Sketch the graph of (y+2)° =4(x—1)° —9, showing its main relevant features. [3]

Hence find the range of values of k such that there are no real roots to the equation

9+(y+2)2=4(k2—1)2. [2]

The diagram below shows the graph of y =h(3—x). On separate diagrams, sketch the
graphs of

y !
y=0 -1/ [0 . X
R
x=0 x:=2
() y=h(x+3), 2]
(i) y=%h(x). [3]
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11
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(@) (i) Using integration by parts, or otherwise, find J‘l Inydy. [3]
y

(i) Giventhat y>1 and dy -y , find y in terms of x. [3]
dx Iny
(b) (i) Show that di[xsin(ln x) — xcos(In x)] = 2sin(In x). [2]
X
o7
(if) Find the exact value of j sin(In x)|dx. [3]
eZ
The plane [l has equation 2x-3y+6z=7 and the line | has equation

r=8i—2j+8K +t(3i—j+2K) .

The points A and B on | are given by t=4and t = 2respectively.

(1) Find the angle ABO. [2]
(ii)  Find the coordinates of the foot of perpendicular from Ato []. [3]
(iii) Find the acute angle between [] and the plane x =0. [2]

(iv)  The point on | where t = 4is denoted by P. Find the set of values of A for which the
perpendicular distance from P to [] is less than 3. [4]

(@)  Letz be the complex number —1+i+/3 . Find
(i) arg (2), [1]

(if) the real number a such that arg(z(z+a)) = %ﬂ . [4]

(b)  Solve the equation iz> =3—3i, leaving your answers in the form re'’, where r > 0 and
—nT<O<Lr. [5]

Deduce the roots of the equation —w? =3-3i in a similar form. [3]



