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   1. ( )a V =
4

3
πr3,

dV

dr
 = 4πr 2 (1)

( )b
dV

dt
= dV

dr
× dr

dt

    given 10 andr = dr

dt
 = 0 1. ,

dV

dt
  = ×4π 10 2  × 0 1.

  = 40 cmπ 3 s−1 (4)

    2. (a) 2x x+ · 1

y

dy

dx
   + +ln y

dy

dx
 = 0

dy

dx


x

y
 + 1


   = −( x2 + ln y)

dy

dx
= −    ( x2 + ln y)

x

y
 + 1



    at (3 1) gradient, = −


  6 0+
  3 1+


= −

3

2
(3)

  (b) 6x x+ 2
dy

dx
     + · −y 2 10y

dy

dx
 + 16

dy

dx
 = 0

dy

dx
(   2 10 16x − y + )   = −( x6 + 2y)

dy

dx
      = + =0 when 6x 2y 0

 or y = −3x

     substitute y = −3 into equation of curve,x

3x2   + 2x(− −3x) 5 9( x2     ) (+ 16 −3x) = 0

−48x 2   − =48x 0

    −48x(x + =1) 0

  x = 0 o r −1

  3. (a) a t P y = 0 .

  cos 0t =

 t = π

2

  at t =
π

2
 , x = π 2

4

   coordinates of areP


π 2

4
 , 0



   ( ) (i) areab = 冮y
dx

dt
 dt = 冮

π
2

0

     cos 2 dt · t t

  (ii) A = 冮
π

2

0

2t
d

dt
   ( tsin t) d (By parts)

=


 2 sint t
π

2

0
 − 2冮

π
2

0

  sin dt t

=


     2 sin 2 cost t + t
π

2

0

          = + − + = −π 0 (0 2) π 2
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     4. (a) f(x) ( x= 1 9− 2)
− 1

2

  = +1


− 1

2


−9x 2


+


−

1

2

 
−

3

2



2


−9x 2

2

  = +1
9

2
x 2 +

243

8
x 4 (3)

   ( ) valid for 9b | x2   | < 1

|x 2  | <
1

9
  , x <| | 1

3
(1)

 ( ) (i)c
(   1 3+ x)

1
2

(   1 3− x)
1
2

× (   1 3+ x)
1
2

(   1 3+ x)
1
2

=   1 3+ x


  ( x1 9− 2)
(2)

(ii) (   1 3+ x )


 1 + 9

2
x2 + 243

8
x4



  = +1
9

2
x 2 + 243

8
x 4   + +3x

27

2
x3 + 729

8
x5

    = + +1 3x
9

2
x2 + 27

2
x3 + 243

8
x4 + 729

8
x5 (2)

      5. ( ) 160 50a A = , B =

       [ doubles as increases by 10]N t (3)

      ( ) (i) 10 500 eb t = , m = −1   = 184 (1)

    (ii) 300 500 e= −0 1. t

ln
3

5
= −0 1. t

   t .= 5 1 (3)

(iii)
dm

dt
  = −500( 0 1 e. ) −0 1. t

   when 20,t = dm

dt
  = −6 77 gram/year.

        6. ( ) (i) ln d lna 冮x x x = 冮 x
d

dx


x2

2


  d (By px

= x2

2
  ln x − 冮 1

x
· x2

2
dx

= x2

2
  ln x −

x 2

4
  + c

(ii)     冮 冮ln dx x = ln x
d

dx
 (x) xd

    = −x xln 冮 1

x
  · x xd

        = − +x xln x c

   ( ) letb I = 冮
−2

1

x
√

  x + 3 dx      let 3u x= +
du

dx
 = 1

  ∴ I = 冮
1

4

  (u )u− 3
1
2 du

 when x = −2
 x = 1, u

= 冮
1

4


u

3
2  − 3u

1
2


du

=


2

5
u

5
2  − 2u

3
2

1

4

= 8

5
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 7. ( )a
dV

dt
  = −10

V

4

4
dV

dt
     = − −40 V , 4

dV

dt
    = −V 40 (3)

( )b 冮 1

  V − 40
 dV = − 1

4
 冮 dt

   ln 40(V − ) = −1

4
t c+

           V = = : = +100, t 0 ln 60 0 c

    ∴ ln 40(V − ) = − 1

4
 t + ln 60

ln
  ( )V − 40

60
= −

1

4
t

  V − 40

60
 = e

− 1
4
t

  V = 60e
−1

4
t   + 40 (7)

    (c) a s t → ∞ V → 40. (1)

       8. ( ) and are perpendiculara l m ⇒




0

1

−2



 ·




a

b

2



  = 0

    b − =4 0

  b = 4

          l mand intersect 2 1⇒ = + µa . .

        − +1 λ = −2 4+ ×µ . .

        3 2− λ = −5 2+ ×µ . .

        solving [B] and [C], 3 1λ = , µ =

     substitute in [A], 1a =

    ( ) point of intersection isb




2

2

−3





( )c




0

1

−2



 ·




1

2

2



 =
√

5
√

       9 cos , where angle betwθ θ =

      0 2 4 3+ − =
√

  5 cos θ

  θ = 73 ◦
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