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1.
A circle C has equation

x2 + y2 – 10x + 6y – 15 = 0.

(a) Find the coordinates of the centre of C.

            
      

(2)

(b) Find the radius of C.

   
                  
      

(2)


2.


f(x) ( ax3 + bx2 – 7x + 14, where a and b are constants.
Given that when f(x) is divided by (x – 1) the remainder is 9,

(a) write down an equation connecting a and b.   





      (2)

Given also that (x + 2) is a factor of f(x),

(b) find the values of a and b.




      

(4)

3. 
(a) Given that ax ( ekx , where a and k are constants, a > 0 and x ( ℝ, 

prove that k = ln a,

(2)


(b) Hence, using the derivative of ekx , prove that when y = 2x , 
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= 2x ln 2.

(2)

(c) Hence deduce that the gradient of the curve with equation y = 2x at the point (2, 4) is ln 16.
      

(2)


4.



f(x) = (1 + 3x)(1 , (x( < 
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(a) Expand f(x) in ascending powers of x up to and including the term in x3.

(3)


(b) Hence show that, for small x,
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 ( 1 – 2x + 6x2 – 18x3.

(2)

(c)  Taking a suitable value for x, which should be stated, use the series expansion in part (b) to find an approximate value for 
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, giving your answer to 5 decimal places.

(3)


TURN OVER FOR QUESTION 5

5.
(a) Use integration by parts to show that


[image: image5.wmf]ô

õ

ó

4

0

2

d

sec

p

x

x

x

 = 
[image: image6.wmf]4

1

( ( 
[image: image7.wmf]2

1

ln 2.
(6)

Figure 1
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The finite region R, bounded by the equation y = 
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sec x, the line x = 
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 and the x-axis is shown in Fig. 1. The region R is rotated through 2( radians about the x‑axis.

(b) Find the volume of the solid of revolution generated.
 



(2)

(c) Find the gradient of the curve with equation y = 
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sec x at the point where x = 
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(3)

6.
Two submarines are travelling in straight lines through the ocean. Relative to a fixed origin, the vector equations of the two lines, l1 and l2, along which they travel are




r = 3i + 4j – 5k + ((i – 2j + 2k)



     and
r = 9i + j – 2k + ( (4i + j – k),





where ( and ( are scalars.

(a) Show that the submarines are moving in perpendicular directions.

(2)
(b) Given that l1 and l2 intersect at the point A, find the position vector of A.

(5)
The point b has position vector 10j – 11k.

(c) Show that only one of the submarines passes through the point B.

(3)
(d) Given that 1 unit on each coordinate axis represents 100 m, find, in km, the distance AB.

(2)


7.
In a chemical reaction two substances combine to form a third substance. At time t, t ( 0, the concentration of this third substance is x and the reaction is modelled by the differential equation
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= k(1 – 2x)(1 – 4x), where k is a positive constant.


(a) Solve this differential equation and hence show that

ln 
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 = 2kt + c, where c is an arbitrary constant.

(7)

(b) Given that x = 0 when t = 0, find an expression for x in terms of k and t.

(4)
(c) Find the limiting value of the concentration x as t becomes very large.

(2)

TURN OVER FOR QUESTION 8

8.
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Part of the design of a stained glass window is shown in Fig. 2. The two loops enclose an area of blue glass. The remaining area within the rectangle ABCD is red glass.

The loops are described by the curve with parametric equations

x = 3 cos t,    y = 9 sin 2t,    0 ( t < 2(.


(a) Find the cartesian equation of the curve in the form y2 = f(x).

(4)


(b) Show that the shaded area in Fig. 2, enclosed by the curve and the x-axis, is given by
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, stating the value of the constant A.

(3)

(c) Find the value of this integral.

(4)


The sides of the rectangle ABCD, in Fig. 2, are the tangents to the curve that are parallel to the coordinate axes. Given that 1 unit on each axis represents 1 cm,


(d) find the total area of the red glass.

(4)
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