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1. (a) By writing u = log,r, where r > 0, show that
1
log,r = EIng”

(b) Solve the equation

log, (5x2 —11) = log, (3x - 5)

(2)

C))
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(Total for Question 1 is 7 marks)
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2. The discrete random variable X follows the binomial distribution

X ~B(n,p)
where 0 < p < 1. The mode of X is m.

(a) Write down, in terms of m, n and p, an expression for P(X = m)

(1)

(b) Determine, in terms of n and p, an interval of width 1, in which m lies.

C))

(c) Find a value of n where n > 100, and a value of p where p < 0.2, for which X has two modes.

For your chosen values of n and p, state these two modes.
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(Total for Question 2 is 8 marks)
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( )
. 1
3. Given that ¢ = E(\/g + 1) ,
o o
(a) show that o 9(:
. 2 9 m
(1) ¢*=¢+1 = Soo%
. = ;
. = =
(11) E = (15 -1 :-'T:ii |.'|_J
(b) The equations of two curves are w '5
5 =
1 ::'.>:.: Q
y=— x>0
X
and y=Inx-x+k x>0
where £ is a positive constant.
The curves touch at the point P.
Find in terms of ¢
(1) the coordinates of P,
(i1) the value of .
(6)
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Question 3 continued
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Question 3 continued

(Total for Question 3 is 11 marks)
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( )
4. (a) Prove the identity

(sinx + cosy)cos(x — y) = (1 + sin(x — y))(cosx + siny)

3)
(b) Hence, or otherwise, show that

sin 560 + cos 36 _ 1+ tané@
cos50 +sin30 1-—tan6

(6)
sin 56 + cos36

c0s 560 + sin 36 = k has a unique solution

(c) Given that £ > 1, show that the equation
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Question 4 continued
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4 continued

Question

(Total for Question 4 is 17 marks)
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5. Points 4 and B have position vectors a and b, respectively, relative to an origin O, and

are such that OA4B is a triangle with O4 = a and OB = b.
The point C, with position vector ¢, lies on the line through O that bisects the angle AOB.

(a) Prove that the vector bha — ab is perpendicular to c.

“)
The point D, with position vector d, lies on the line 4B between 4 and B.

(b) Explain why d can be expressed in the form d = (1 — A)a + Ab for some scalar 4
with0 <4 <1
(2)

(c) Given that D is also on the line OC, find an expression for 4 in terms of @ and b only
and hence show that

DA :DB = 04 : OB
®

(+S2)
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Question 5 continued
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5 continued

Question

(Total for Question 5 is 16 marks)
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6. Figure 1 shows a sketch of part of the curve with equation y = xsin(lnx), x > 1

>
=V

V3dY SIHL NI 31LIHM LON Od

Figure 1

For x > 1, the curve first crosses the x-axis at the point 4.

(a) Find the x coordinate of A4.

(b) Differentiate xsin(Inx) and xcos(Inx) with respect to x and hence find

Isin(lnx)dx and Icos(lnx)dx

(c) () Find |xsin(Inx)dx.

(i1) Hence show that the area of the shaded region R, bounded by the curve and the
x-axis between the points (1, 0) and 4, is

S )

3

(7

®

18
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Question 6 continued
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6 continued

Question

(Total for Question 6 is 19 marks)
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7. Figure 2 shows a rectangular section of marshland, O4ABC, which is a metres long by

b metres wide, where a > b.

C a B

b

0 X D A
Figure 2

Edgar intends to get from O to B in the shortest possible time. In order to do this, he
runs along edge OA for a distance x metres (0 < x < a) to the point D before wading
through the marsh directly from D to B.

Edgar can wade through the marsh at a constant speed of 1 ms™', and he can run along
the edge of the marsh at a constant speed of Ams™, where 1 > 1

(a) By finding an expression in terms of x for the time taken, ¢ seconds, for Edgar to
reach B from O, show that

41 a-x
dx 1 J(a—-x)?+p
; ()
(b) (1) Find, in terms of a, b and 4, the value of x for which d_t =0
X
bZ
(i1) Show that this value of x lies in the interval 0 < x < a provided 4 > [1+—
a

(ii1)) For 4 in this range, show that the value of x found in (b)(i) gives a minimum value of 7.

(8)
(c) Find the minimum time taken for Edgar to get from O to B if
b2
1 1> ‘/1 +—
a
. b?
(i) 1 <4 < (JI+ )
C))
Edgar’s friend, Frankie, also runs at a constant speed of Ams™. Frankie runs along the edges
b2
OA and AB. Giventhat A > ,[1+ —
a
(d) find the range of values of 4 for which Frankie gets to B from O in a shorter time
than Edgar’s minimum time.
3
(+S2)
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Question 7 continued
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Question 7 continued

(Total for Question 7 is 22 marks)

FOR STYLE, CLARITY AND PRESENTATION: 7 MARKS
TOTAL FOR PAPER: 100 MARKS
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