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Full marks are not necessarily awarded for a correct answer with no working. Answers must be supported
by working and/or explanations. Where an answer is incorrect, some marks may be given for a correct
method, provided this is shown by written working. You are therefore advised to show all working.

SECTION A

Answer all the questions in the spaces provided. Working may be continued below the lines, if necessary.

1.  [Maximum mark: 5]
A continuous random variable X has the probability density function f* given by

c(x—x%), 0<x<l1

0, otherwise.

f(X)={

(a) Determine c. [3 marks]

(b) Find E(X). [2 marks]

0214



-3- M10/5/MATHL/HP1/ENG/TZ2/XX

2.  [Maximum mark: 6]

(a) Express the quadratic 3x* —6x+5 in the form a(x+b)’ +c, where a, b, c € Z. [3 marks]

(b) Describe a sequence of transformations that transforms the graph of y=x’
to the graph of y =3x" —6x+5. [3 marks]
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3.  [Maximum mark: 5]

The three vectors a, b and ¢ are given by

2y 4x 4
a=|-3x|,b=| y |, c=[-7 |wherex,yeR.
2x 3—x 6
(a) Ifa+2b—c=0, find the value of x and of y. [3 marks]
(b) Find the exact value of |a+2b]|. [2 marks]
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4.  [Maximum mark: 4]

A biased coin is weighted such that the probability of obtaining a head is g . The coin

1s tossed 6 times and X denotes the number of heads observed. Find the value of
P(X =3)
P(X=2)

the ratio
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5.  [Maximum mark: 7]

Consider the matrices

(a) Find BA. [2 marks]
(b) Calculate det(BA). [2 marks]
(c) Find A(A'B+247)A. [3 marks]

0614



-7 - M10/5/MATHL/HP1/ENG/TZ2/XX

6. [Maximum mark: 6]

If x satisfies the equation sin(x+§)= ZSinxsin(g } show that 11tanx=a +b\/§,

where a, b € Z".
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7.  [Maximum mark: 8]

The function f is defined by f(x)= e" s

(a) Find f'(x). [2 marks]
(b) You are given that y = J () has a local minimum at x=a, a>1. Find the
value of a. =1 [6 marks]
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8.  [Maximum mark: 7]
The normal to the curve xe™” +e” =1+x, at the point (c, Inc), has a y-intercept ¢ +1.

Determine the value of c.
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9.  [Maximum mark: 6]

Find the value of [ 01 tln (¢ +1)ds .
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10. [Maximum mark: 6]

A function / is defined by f(x)= 2> _13 L x#].

P
(a) Find an expression for f'(x). [3 marks]
(b)  Solve the equation | /~'(x)|=1+f7'(x). [3 marks]
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SECTION B
Answer all the questions on the answer sheets provided. Please start each question on a new page.
11. /Maximum mark: 10]

(a) Consider the following sequence of equations.

1><2z%(1><2><3),
1><2+2><3:%(2><3><4),

1><2+2><3+3><4:%(3><4><5),

(i) Formulate a conjecture for the n™ equation in the sequence.
(i1)  Verify your conjecture for n=4. [2 marks]

(b) A sequence of numbers has the n™ term given by u, =2"+3,ne Z". Bill
conjectures that all members of the sequence are prime numbers. Show that
Bill’s conjecture is false. [2 marks]

(¢) Use mathematical induction to prove that 5x 7" +1 is divisible by 6 for all ne Z*.  [6 marks]
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12. [Maximum mark: 19]

(a) Consider the vectors a=6i+3j+2k,b=-3j+4k.
(i)  Find the cosine of the angle between vectors @ and b.
(i) Find axb.

(iii) Hence find the Cartesian equation of the plane II containing the vectors
a and b and passing through the point (1,1, —1).

(iv) The plane II intersects the x-y plane in the line /. Find the area of the
finite triangular region enclosed by /, the x-axis and the y-axis. [11 marks]

(b) Given two vectors p and ¢,

2
s

(i)  show that pep= | D

(i) hence, or otherwise, show that | pPtq |2 = | p |2 +2p-q+| q i

(iii) deduce that | p+¢|<| p|+|q]. [8 marks]
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13.  [Maximum mark: 16]

Consider o = 005(23—7E )+isin(2?7t )

(a) Show that

(i) l+o+0°=0.
. 0 i[9+2—n) i(6+ﬂ]
(b) (i) Deducethat e’ +e' 3/+e'\ */=0.
(i) Ilustrate this result for 0 = g on an Argand diagram.

(c) (i) Expand and simplify F(z)=(z-1)(z—o)(z—®’) where z is a complex
number.

(1i1)) Solve F(z)=7, giving your answers in terms of ®.

14. [Maximum mark: 15]

: . . T
Throughout this question x satisfies 0 < x < 5

(a)  Solve the differential equation sec” x % =—y*, where y=1 when x=0.

Give your answer in the form y = f(x).

(b) (i) Provethat I<secx<l+tanx.

(i) DeducethatESJ.Zsecxde£+lln2.
4 Jo )

[5 marks]

[4 marks]

[7 marks]

[7 marks]

[8 marks]
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