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3

4x* —x—1

(2x=D)(x+1) 4

Using an algebraic method, solve the inequality

Hence or otherwise, solve the inequality

2Xx X
4e”" —e" -1 >1,
(26X - 1)(6X + 1)
leaving your answers in exact form. [2]

Referred to the origin O, A is a fixed point with position vector a, and d is a non-zero
vector. Given that a general point R has position vector r such that rxd =axd, show

that r =a+Ad, where 4 is a real constant. Hence give a geometrical interpretation

of r. [3]
1 2 X

Leta=|2|andd=|1|. By writingras|Y|,use rxd=axd to form three equations
3 5 z

which represent cartesian equations of three planes. State the relationship between these

three planes. [3]

(i) The sum of the first n terms of a sequence is denoted by S, . It is known that
S;=-30, S, =168 and S;; =9S,,. Given that S is a quadratic polynomial in n,

find S, in terms of n. [4]

(i) The nth term of the sequence is denoted by T, . Find an expression for T, in terms

of n. Hence find the set of values of n for which |Tn| <12. [4]

(i) Given that f is a strictly increasing continuous function, explain, with the aid of a

sketch, why

@)

where N is a positive integer. [3]

) (o 2 4 2n-2
(ii) Hence find the least exact value of k such that —(e” +e"+e"+...+e " |<k,
n

where n is a positive integer. [2]
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5  Itis given that f(x)=4x-x".
(i) On separate diagrams, sketch the graphs of y =|f (X)| and y=f (|X

) , showing

clearly the coordinates of any axial intercept(s) and turning point(s). [4]

(i) Find the exact value of the constant k for which J.Ok |f (X)| dx = Ii £(x)dx.  [4]

6  Show that 2c0s(r9)sin¢9Esin[(r+1)«9]—sin[(r—1)6’]. [1]
By considering the method of differences, find Zcos(r@) where 0< 6 < % )
r=1
(You need not simplify your answer.) [3]

Hence evaluate the sum

19 20 21 56 57
COS| —m |+coS| — 7 |+coS| — 7 |+---+COoS| — |+Ccos| —7 |,
(6 j (6 ) (6 j (6 j (6 J

leaving your answer in exact form. [4]

7 The function f is defined by

n—x for n < x<n+1,where n is any positive odd integer,

f(x)= n . .. .
X -5 for n < x <n+1,where n is any positive even integer.
(i) Show that f(1.5)=-0.5 and find f(2.5). [2]
(i) Sketch the graph of y=f(x) for 1<x<5. [2]
(iii) Does f have an inverse for 1 <X <57? Justify your answer. [2]

(iv) The function gis defined by g:XHzx " ,XeR,x#—-1.For 2<x<3, find an
X+

expression for gf (X) and hence, or otherwise, find ( gf )71 (%) . [4]
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At the start of an experiment, a particular solid substance is placed in a container filled
with water. The solid substance will begin to gradually dissolve in the water. Based on
experimental data, a student researcher guesses that the mass, X grams, of the remaining
solid substance at time t seconds after the start of the experiment satisfies the following

differential equation

dx 1
—=——(x-1)(x-k
o= kg Dxk),

where K is a real constant and k > 3.

(i) Show that a general solution of this differential equation is In X |
X —

‘=t+C,where

C is an arbitrary real constant. [3]

For the rest of the question, let k =4 . It is given that the initial mass of the solid substance

is 3 grams.

(ii) Express the particular solution of the differential equation in the form x=f (t)
[4]

(iii) Find the exact time taken for the mass of the solid substance to become half of its
initial value. [2]
(iv) Sketch the part of the curve with the equation found in part (ii) which is relevant in

this context. [2]
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@] x

From a point O, a particle is projected with velocity v ms™ at a fixed angle of
elevation @ from the horizontal, where Vv is a positive real constant and 0 <8 < 2 The
horizontal displacement, X metres, and the vertical displacement, y metres, of the

particle at time t seconds may be modelled by the parametric equations

x=(vcos@t, y=I(vsin@)t—5t>
(i) Using differentiation, find the maximum height achieved by the particle in terms of

v and 6. (You need not show that the height is a maximum.) [3]

=V

104.4 m

Horizontal ground

The particle is now projected from point O situated at a height of 29 m above the
horizontal ground. The particle hits the ground at A which is at a horizontal distance of
104.4 m from O. The maximum height (measured from horizontal ground) that the
particle reaches is 57.8 m. The diagram above shows the path of the particle (not drawn

to scale).

(ii) Find the time taken for the particle to hit the ground at A and find the

corresponding value of V. [5]
(iii) Find the exact gradient of the tangent at A. [2]
[Turn Over

www.KiasuExamPaper.com
721



10

Two houses, A and B, have timber cladding on the end of their shed roofs, consisting of

rectangular planks of decreasing length.

)

The first plank of the roof of house A has length 350 cm and the lengths of the
planks form a geometric progression. The 20™ plank has length 65 cm. Show that
the total length of all the planks must be less than 4128 cm, no matter how many
planks there are. [4]

House B consists of only 20 planks which are identical to the first 20 planks of house A.

(i)

(iii)

The total length of all the planks used for house B is L cm. Find the value of L,
leaving your answer to the nearest cm. [2]
Unfortunately the construction company misunderstands the instructions and
covers the roof of house B wrongly, so that the lengths of the planks are in
arithmetic progression with common difference d cm. If the total length of the
20 planks is still L cm and the length of the 20" plank is still 65 cm, find the value
of d and the length of the longest plank. [4]

It is known that house C has timber cladding on the end of its shed roof, consisting of

rectangular planks of increasing length. The first plank of the roof of house C has length

65 cm and the lengths of the planks are in arithmetic progression with common difference

11 cm. The total length of the first N planks of the roof of house C exceeds 20 640 cm.
Find the least value of N. [3]
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11 A circle with a fixed radius r cm is inscribed in an isosceles triangle ABC where
/ABC =0 radians and AB =BC . The circle is in contact with all three sides of the

triangle at the points D, E and F, as shown in Fig. 1.

B
Fig. 1

(i) Show that the length BD can be expressed as r cotg cm. [1]

(ii) By finding the length AD in terms of r and &, show that the perimeter of the triangle

ABC can be expressed as 4r cot (% - gj +2r cotg cm. [2]

(iii) Using differentiation, find the exact value of @ such that the perimeter of the

triangle ABC is minimum. Find the minimum perimeter of triangle ABC, leaving
your answer in the form avbr cm, where a and b are positive integers to be

determined. [6]
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Fig. 2 shows a decorative item in the shape of a sphere with a fixed radius inscribed in an
inverted right circular cone with base radius R cm and slant height 2R cm. The sphere is

in contact with the slopes and the base of the cone.

Fig. 2

To make the item glow in the dark, the sphere is filled entirely with fluorescent liquid.

However, due to a manufacturing defect, the fluorescent liquid leaks into the bottom of

the inverted cone at a rate of 2 cm’ per minute.

(iv) Assuming that the leaked liquid in the inverted cone will not reach the exterior of

the sphere, find the exact rate of increase of the depth of the leaked liquid in the
inverted cone when the volume of the leaked liquid in the inverted cone is 247 cm’.

Express your answer in terms of 7. [6]

[The volume of a cone of base radius r and height h is given by %ﬂ'rzh ]

End of Paper
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