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              1. At time seconds a sphere has radius cm and volume cmt r V 3.

 ( ) Finda
dV

dr
   in terms of .r

(1)

           ( ) The radius is increasing at a rate of 0.1 cm sb −1         , Find the rate at which the volume is

                increasing at the instant when the radius is 10 cm. Give your answer in terms of π.
(4)

        2. ( ) Find the gradient of the curvea x 2            + + =x yln y 10 at the point (3, 1)
(3)

          ( ) Find the -coordinates of the stationary points on the curveb x

3x2    + −2xy 5y2   + =16y 0
(5)

3.

O

P

x

y

Figure 1

              Figure 1 shows a sketch of part of the curve whose parametric equations areC

 x t= 2       , cos , 0y = t t ≥

             The curve crosses the positive -axis for the first time at the point .x P

     ( ) Find the coordinates of .a P
(2)

                ( ) (i) The shaded region bounded by the curve and the coordinate axes has area .b C A

 Show that

 A = 冮

π

2

0

   2 cos dt t t.
(2)

            (ii) Find the value of , giving your answer in terms of .A π
(5)
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  4. f(x) = 1
√

  1 9− x2

               ( ) Expand f( ) in ascending powers of up to and including the term ina x x x4.
(3)

             ( ) State the range of values of for which the expansion is valid.b x
(1)

   ( ) (i) Show thatc


  1 3+ x

  1 3− x
=

  1 3+ x
√

  1 9− x2
.

(2)

     (ii) Hence obtain the expansion of


  1 3+ x

  1 3− x
        , up to and including the term in x5.

(2)

                5. ( ) The number of bacteria in a culture is growing exponentially. The table shows valuesa N

     of at different times .N t

    t 10 20 30 B

    N 40 80 A 640

(3)
      Find the values of A and B.

               ( ) A substance is decaying exponentially. After years, its mass grams is given byb t m

   m e= 500 −0 1. t .

         (i) Find the value of when 10.m t =
(1)

         (ii) Find the value of when 300.t m =
(3)

             (iii) Find the rate at which the mass is decreasing when 20.t =
(3)

  6. ( ) Find,a

(i)    冮x x xln d
(3)

(ii)   冮 ln dx x
(3)

       ( ) By using a suitable substitution, show thatb

冮
-2

1

x
√

   (x ) x + 3 d =
8

5
.

(6)
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             7. Petrol is poured into a container at a constant rate of 10 cm3 s−1     . After seconds petrolt

        is leaking from the container at a rate of
V

4
cm3 s−1    , where cmV 3     is the volume of petrol

     in the container at that time.

  ( ) Show thata

−4
dV

dt
   = −V 40.

(3)

        Given that 100 when 0V = t = ,

             ( ) Find a solution of the differential equation in the form fb V = (t ).
(7)

          ( ) Find the value which V approaches after a long time.c
(1)

         8. The equations of the lines and arel m

 r =




2

−1

3



  + λ




0

1

−2



   and r =




1

−2

−5



  + µ




a

b

2





           respectively. The lines and are perpendicular and they also intersect.l m

       ( ) Find the values of and .a a b
(6)

         ( ) Find the position vector of the point of intersection.b
(3)

           ( ) Calculate the acute angle between and the line with equationc l

 r =




−1

4

7



  + s




1

2

2



        , giving your answer to the nearest degree.
(3)

   END TOTAL 75 MARKS
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