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Directions to Candidates

Answer ALL questions., There are 10 questions in all.

The total number of marks for all the questions in the paper is 100.
Graphical calculators are not allowed.

Scientific calculators can be used, but all necessary working must be shown.
A booklet with mathematical formulae is provided.

4—3y2
5—342

(b} Afunction f maps a real number x into the real number y given by

_ V=x+2
Y Ex+9)
Find the domain for which the function f is defined.

1. (a) Rationalise the denominator of

(2]

(3]

(c) Aand B are two points on the circumference of a circle centre O and radius r. The minor

arc AB subtends an angle 8 radians at O. If the area of the minor segment bounded by

the chord AB and the circle is one quarter of the area of the minor sector AO B, show that
45inf =36.

[5]

[Total: 10 marks]

2. (a) Express into partial fractions.

B
(x+1)(x—2p
(5]
(b) Expand (1+2u) in ascending powers of u.
Hence find the coefficient of x'2 in the expansion of (1 + 2x?).

[5]
[Total: 10 marks]

(€)The MATSEC Examinations Board reserves all rights on the examination questions in all examination papers set by the said Board.
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3. (a) Let k=log,3. Given that 23**! =3%*2 find u in terms of k.
[4]
(b) Two variables x and y are related by a rule of the form y = ab*. For particular values of
the constants a and b, the following table is obtained.
' x| 1] 2] 3| 4 | 5
y || 240 | 1920 | 15340 | 122880 | 983040
By plotting log y against x, find an estimate for the constants a and b, correct to one dec-
imal place.

[6]

[Total: 10 marks)

4. (a} The matrices A and B are given by

2 23 0o 5 -3
A=|-1 3 3]andB=|-1 16 -9|.
-2 5 5 1 -14 8

(i) Find the matrix product AB and deduce A™!, the inverse of A.

X —2
(ii) Using the method of matrix inverse, find the vector x = ( y) ifAx= (—1).
: z —2

[3,2]

(b) A closed box contains metal and plastic marbles of the same size but of two different

colours, red and blue. A hole the size of a marble is drilled in the box and the box is shaken

until one marble drops from the box. The total number of marbles in the box is 20. Half of

them are made of metal and the number of red marbles is three times the number of blue

marbles. The number of blue and plastic marbles is 2. Using a Venn diagram, or otherwise,
find the probability that the marble that drops from the box is:

(i) made of metal;
(ii) either red or made of metal;
(iii) red and made of metal.
(1, 1,3]

[Total: 10 marks]
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5. (a) Given that f(r}= r3—3r +2 show that r —1 is a factor of f(r). Hence express f(r) as a
product of three linear factors and solve the equation f(r}=0.
(3]

(b) The first, second and fourth terms of an arithmetic progression are respectively equal to
the first, second and fourth terms of a geometric progression.
(i) Find the common ratio of the geometric progression given that its terms are not all
the same. [Hint: Use the result of (a).)
(ii) Given that the third term of the geometric progression is —8, find the first term and
the common difference of the arithmetic progression.
(iii) The sum of the first 31 terms of the arithmetic progression is four times the sum of
the first n terms of the geometric progression. Find n.
[3,1,3]

[Total: 10 marks]

6. Let £, and £, be the lines given by the equations y =3x +20 and 2x + 3y =5, respectively. Let
f{x)=x*+ px+ q for some real numbers p and g.
(a) Find the coordinates of the point A where £, and ¢, intersect.
(2]
(b) Write down the equation of the line £; having gradient —1 and passing through the point
with coordinates (0, 2).

[1]

[2]
(d) Given that the graph of y = f(x) cuts the x-axis at the same points where the lines ¢, and
¢, cut the x-axis, find p and q.

(c) Determine the perpendicular distance of A from ¢,.

3]

[2]
[Total: 10 marks)

(e) For which value of x does f(x) reach its minimum?

7. (a) Find the range of values of k for which
x*+(2-k)x+1-3k=0

has no real roots.

[4]
(b) If @ and f are roots of 8x*—2x— 15 =0, show that the quadratic equation whose roots are
vZa+1and V2B +1is

4x%—(vV2+8)x+v2-11=0.

(6]
[Total: 10 marks]

Page 3 of 4



IM 27/21 First Session

8. (a) Show that
1 1 1

, yi—1-2y—1) 2(y+D)
and hence solve the differential equation

y_ —x 2
E;—-(He Xy“-1),

given that y =2 when x =0.
[7]

du
(b) Let u =cos*t +cos t*. Find =

(3}
[Total: 10 marks]

9. (a) By expressing in terms of cos § and sin8, solve the equation
2cosf —secG=tand,
in the range —180° < 8 < 180°.
4]
(b) Two curves are given by the equations y =—x?+10and y =(x—2)%

(i) Find the coordinates of the points of intersection of the two curves.

(ii) Sketch the graphs of the curves on the same axes, showing clearly the points of inter-
section.
(iii) Calculate the area bounded by the two curves.

[2,1,3)
[Total: 10 marks]

10. (a) The volume V (¢} of a balloon at time ¢ is given by

3
V(t) = _E‘_/_?.. .
4t+1
Find the rate of change of V(t) at time ¢ = 8 and state if at this time the balloon is being

filled with air or whether air is being released.
[6]

(b) Find the point of contact between the tangent and the curve with equation y =5x?—2x+3
when the gradient is 3.
[4]

[Total: 10 marks]
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