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1 The sequence u1 , u2 , u3 , … is such that u 41 =  and u u3 2n n1 = -+  for n 1H .
 Prove by induction that u 3 1n n= +  for all positive integers n. [5]
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2 The line l1  has equation ( )r i j k i j k3 4m= + - + - - .
 The plane P  contains l1  and is parallel to the vector i j k2 5 4+ - .
 (a) Find the equation of P , giving your answer in the form ax by cz d+ + = . [4]
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 The line l2  is parallel to the vector i j k55 2-- . 
 (b) Find the acute angle between l2  and P . [3]
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3 It is given that
,
,
.

2
3
4

2 2 2 2
3 3 3 3

a b c d
a b c d
a b c d

+ + + =
+ + + =
+ + + =

 (a) Find the value of ab ac ad bc bd cd+ + + + + . [2] 
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 (b) Find the value of 2 2 2 2 2 2 2 2 2 2 2 2a b a c a d b a b c b d c a c b c d d a d b d c+ + + + + + ++ + + + . [3]
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 (c) It is given that a , b , c , d  are the roots of the equation 
x x x x6 12 3 2 6 04 3 2- + + + = .

  (i) Find the value of 4 4 4 4a b c d+ + + . [3]
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  (ii) Find the value of  5 5 5 5a b c d+ + + . [2]
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4 The matrices A, B and C are given by 

A 123
212

335= f p, B 010
230= - -f p and C 21 11 13= - -e o.

 (a) Show that CAB 39 73= - -e o. [3]
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 (b) Find the equations of the invariant lines, through the origin, of the transformation in the x-y plane represented by CAB. [5]
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 Let  M 30 01= e o.

 (c) Give full details of the transformation represented by M. [2]
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 (d) Find the matrix N such that NM CAB= . [3]
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5 It is given that r 1=S un r
n= / , where u x x( ) ( )r r r 1f f= - +  and x 02 .

 (a) Find Sn  in terms of n, x and the function f.  [2]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................

 (b) Given that ( ) lnr rf = , find the set of values of x for which the infinite series 
…u u u1 2 3+ + +

  is convergent and give the sum to infinity when this exists. [3] 
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 (c) Given instead that ( ) logr r2f x=  where x 1! , use standard results from the List of formulae 
(MF19) to find n 1= Sn

N/  in terms of N. Fully factorise your answer.  [4]
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6 The curve C has equation y xx 132
2= ++ .

 (a) Show that C has no vertical asymptotes and state the equation of the horizontal asymptote. [2]
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 (b) Show that y1 31 G  for all real values of x. [4]
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 (c) Find the coordinates of any stationary points on C. [2]
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 (d) Sketch C, stating the coordinates of any intersections with the axes and labelling the asymptote.  [3]

 ............................................................................................................................................................
 (e) Sketch the curve with equation y xx 312

2= ++  and find the set of values of x for which xx 31 212
2 1++ . 

 [4]
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7 The curve C1  has polar equation ( )cos sinr a i i= +  for r r41 43G Gi- , where a is a positive constant.
 (a) Find a Cartesian equation for C1  and show that it represents a circle, stating its radius and the Cartesian coordinates of its centre. [4]
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 (b) Sketch C1  and state the greatest distance of a point on C1  from the pole. [3]
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 The curve C2  with polar equation r ai=  intersects C1  at the pole and the point with polar coordinates ( , )az z .
 (c) Verify that . .1 25 1 261 1z . [2]
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 (d) Show that the area of the smaller region enclosed by C1  and C2  is equal to
r cosa 221 2 43 31 3 21z z z+ - +b l

  and deduce, in terms of a and z, the area of the larger region enclosed by C1  and C2 . [7]
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Additional page
If you use the following page to complete the answer to any question, the question number must be clearly shown.
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