
 
 

*jAn22ma0301* 
IB/G/Jan22/E6 MA03 

 

 For Examiner’s Use 

Question Mark 

1  

2  

3  

4  

5  

6  

7  

8  

9  

10  

11  

12  

13  

TOTAL  
 

 
 
 

 

Thursday 13 January  2022   07:00 GMT  Time allowed: 2 hours 30 minutes 
 
Materials 
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• Use black ink or black ball-point pen.  Pencil should only be used for drawing. 
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• Answer all questions. 
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Do not write 
outside the  

box Answer all questions in the spaces provided. 

1 (a)  Use Simpson’s rule with 5 ordinates (4 strips) to find an estimate for  e dx x−⌠

⌡

3
2

0

 

Give your answer to three decimal places. 
[4 marks]  

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 
Answer  
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Do not write 
outside the  

box 1 (b)  A curve is defined by the equation        = e xy x− ≥
2

for 0  

The curve intersects the line  = ( + )y x1 1
2

  at a single point where  =x  

 

1 (b) (i) Show that    lies between 0.5 and 0.6 
 [2 marks]  

 

  

  

  

  

 

1 (b) (ii) Show that the equation  e = ( + )x x− 2 1 1
2

  can be rearranged to  
( + )

x
x

 
 
 

= 2ln
1

 

[2 marks]  
 

  

  

  

  

 

1 (b) (iii) Use the iterative formula 

+ =
( + )n

n
x

x
 
 
 

1
2ln

1  

   with =x1 0.5   to find the values of  x x2 3and   
Give your answers to three decimal places. 

[2 marks]  
 

  

  

  

 
x =2   x =3   

 
10 
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Do not write 
outside the  

box 2 (a)  It is given that    = ( + ) cosy x x82 1 3  
 

Find  
d
d
y
x

 

 [2 marks]  
 

  

  

  

  

  

  

  

  

  

 

d
d
y
x
=  

 

 

2 (b)  It is given that  =
+

xy
x

−3

3
3 1
2 5

 

 

Show that  
( )

d =
d +

pxy
x x

2

232 5
  where  p  is a constant. 

[2 marks] 
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Do not write 
outside the  

box 
  

  

  

  

  

 

2 (c)  It is given that  = +xy x y y−2 22 1 3  

Find  
d
d
y
x

 

 [3 marks]  
 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 
d
d
y
x
=   

  

 
7 
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Do not write 
outside the  

box 3   The polynomial  f ( )x   is defined by  f ( ) = + + +x x ax bx3 28 6   where  a  and  b  are 
constants. 

When  f ( )x   is divided by  ( )x −2 1   the remainder is 6 

When  f ( )x   is divided by  ( )+x2 1   the remainder is 9 
 

3 (a) 
 

Find the value of  a   and the value of  b  
[4 marks]  

 

  

  

  

  

  

  

  

  

  

  

  

  

 
a =   b =   

 

3 (b)  Use the Factor Theorem to prove that  ( )+x2 3   is a factor of  f ( )x  
[1 mark]  
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Do not write 
outside the  

box 3 (c)  Simplify   
f ( )
+

x
x x −24 4 3

   giving your answer in the form  

( )
+ + qx p

x −
2

2 2 1
 

   where  p   and  q   are constants. 
[4 marks]  

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

Answer 
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Do not write 
outside the  

box 
4   The curve  1C   satisfies the differential equation  

d =
d
yy x
x

2 2  

 

The curve  2C   satisfies the differential equation  
d =
d
yy x
x

22   

 
Both curves pass through the point (2, 3) 

 

4 (a) 
 

Find an equation for  1C  
[2 marks]  

 

  

  

  

  

  

  

  

  

  

  

 

Answer 
 

 

4 (b) 
 

Find an equation for  2C  
[2 marks]  
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Do not write 
outside the  

box 
  

  

  

 

Answer 
 

 

4 (c)  
 
The acute angle between the tangents to  1C   and  2C   at the point  (2, 3)  is   
 
Find the exact value of  tan  

 [3 marks]  
 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

Answer 
 

  

 
7 
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Do not write 
outside the  

box 5 (a) (i) Express  cos sin−12 5   in the form  cos ( + )R   where  R > 0   and  
π

< <0
2

 

Give your value of    in radians to three significant figures. 
[3 marks]  

 

  

  

  

  

  

  

  

 
Answer  

 

5 (a) (ii) Hence solve the equation 

            cos( + ) sin ( + ) = π πx x x− − < <12 0.4 5 0.4 6.5 for  

   
giving all values of  x   to two decimal places. 

 [3 marks]  
 

  

  

  

  

  

  

  

  

  

 
Answer  
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Do not write 
outside the  

box 5 (b)  Solve the equation 

            cot = cosec +y y y° °− < <28 2 7 for 180 180  

   
giving all solutions to the nearest degree. 

[5 marks]  
 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 
Answer  
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Do not write 
outside the  

box 6 (a)  Describe the single geometrical transformation that maps the graph of  =y xln   
onto the graph of  = ( + ) +y xln 2 1 

[2 marks]  
 

  

  

 
6 (b)  The function  f  is defined by 

f ( ) = ( + ) +x xln 2 1     for     x > −2  
 

6 (b) (i) Find an expression for  f ( )x−1  
[3 marks]  

 

  

  

  

  

  

  

  

 
Answer  

 

6 (b) (ii) Describe the single geometrical transformation that maps the graph of  = f ( )y x  

onto the graph of  = f ( )y x−1  
[1 mark]  

 

  

 

6 (b) (iii) State the range of  f ( )x−1  
[1 mark]  

 

 
Answer  
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Do not write 
outside the  

box 6 (c)  A curve has equation   

= ( + ) +y xln 2 1     for     x > −2  
 

6 (c) (i) Sketch the graph of the curve.  
 
State, in an exact form, the coordinates of the points of intersection of the curve 
with the axes. 

[3 marks] 

  
 

  

  

 

6 (c) (ii) Find the equation of the tangent to the curve at the point where  =x −1 
[2 marks]  

 

  

  

  

  

  

 
Answer  

 
12 
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Do not write 
outside the  

box 
7 (a)  Use the substitution  = e +xu 4 1  to find the exact value of  d

e +x x
⌠

⌡

ln 2

4
0

1
1

 

 
Give your answer in the form  a bln   where  a   and  b   are constants. 

[8 marks]  
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Do not write 
outside the  

box 
  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

Answer 
 

 

7 (b) 
 

Find  e d
+ e

x

x x⌠
⌡

4

41 2
 

[2 marks]  
 

  

  

  

  

  

  

 

Answer 
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Do not write 
outside the  

box 8   A curve is defined by the parametric equations 

π π= sec       = tan           x a y b − < <and for
2 2

 

   where  a  and  b  are non-zero constants. 
 

8 (a)  Find a Cartesian equation of the curve. 
[2 marks]  

 

  

  

  

 

Answer 
 

 

8 (b)  Find the equation of the normal to the curve at the point  P  where  
π=
4

 

[5 marks]  
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Do not write 
outside the  

box 
  

  

  

  

  

  

  

  

  

 

Answer 
 

 

8 (c)  The normal to the curve at  P  intersects the coordinate axes at the points  A  and  B 

Find, in terms of  a   and  b , the exact value of the area of the triangle  OAB 
where  O  is the origin. 

 [3 marks]  
 

  

  

  

  

  

  

  

  

  

  

 

Answer 
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Do not write 
outside the  

box 9   The function  f   is defined by 

     f ( ) =x x− −24 3 for      x− ≤ ≤1 3  

 

9 (a) (i) Sketch the graph of = f ( )y x  
[3 marks] 

 

 

9 (a) (ii) Write down the range of  f  
[1 mark]  

 

  

  

 
Answer  
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Do not write 
outside the  

box 9 (a) (iii) Solve  f ( ) =x −2  
[2 marks]  

 

  

  

  

  

 
Answer  

 

9 (b)  The function  g   is defined by 

g( ) =           x x
x

≠
−
1

for 1
1

 

   
Solve  fg( ) =x −2   giving your answers in an exact form. 

[3 marks]  
 

  

  

  

  

  

  

  

  

  

  

  

  

 

Answer 
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Do not write 
outside the  

box 10 (a)  By writing  cos3  as  cos ( + )2   show that 

cos = cos cos−33 4 3  
   [3 marks] 
  

  

  

  

  

  

  

  

  

 

10 (b)  Use the result from part (a) and integration by parts to find 

cos dx x x⌠
⌡

3 2  

   [6 marks] 
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Do not write 
outside the  

box 
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

Answer 
 

  

 
9 
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Do not write 
outside the  

box 11 (a)  Express  
( )( )x x− − 2

12

2 1 2
  in the form  

( )
+ +A B C

x x x− − − 22 1 2 1 2
 

[4 marks]  
 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

Answer 
 

 

11 (b)  Find the binomial expansion of  ( )x −− 12   up to and including the term in  x2  
[1 mark] 

  

  

 

Answer 
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Do not write 
outside the  

box 11 (c)  Using your answers to parts (a) and (b) show that 

( )( )
= + +D Ex Fx

x x− −
2

2
12

2 1 2
 

   for small values of  x   stating the values of the constants  D,  E  and  F 
[5 marks]  

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 
Answer  
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Do not write 
outside the  

box 12   The point  A  has coordinates  (–2, –2, 3)     
 
 

The line  l   has equation  = +
−   
   
   
   − −   

r
2 3
3 4
1 5

  

 
 
Find the shortest distance from  A  to the line  l  

 [6 marks]  
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Do not write 
outside the  

box 
  

  

  

  

  

  

  

  

  

  

  

  

  

 
Answer  

 
 
 
 

Turn over for the next question 
  

 
6 
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Do not write 
outside the  

box 13   Bacteria is grown in a laboratory. 

The mass of bacteria  M , in milligrams, after  t   days, satisfies the equation 

=
+ ekt

AM
1 2

 

   
where  A   and  k   are non-zero constants. 
 
When  = =t M0, 10  

When  = =t M1, 15  
 

13 (a)  Find the value of  A   and the exact value of  k  
[3 marks]  

 

  

  

  

  

  

  

  

  

  

  

 
A =   k =   

 

13 (b)  Find the mass of bacteria after 5 days. 

Give your answer to the nearest milligram. 
[2 marks]  

 

  

  

 
Answer  
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Do not write 
outside the  

box 13 (c)  Find the value of  t   when the mass of bacteria is 18 milligrams. 

Give your answer in an exact form. 
[2 marks]  

 

  

  

  

  

  

  

 

Answer 
 

 

13 (d)  Find the rate of change of the mass of bacteria when  =t 4  

Give your answer in the form  
a c
b

ln   where  a,  b  and  c  are integers. 

 [3 marks]  
 

  

  

  

  

  

  

  

  

 

Answer 
 

 
END  OF  QUESTIONS
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Do not write 
outside the  

box 
 

There are no questions printed on this page 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DO  NOT  WRITE  ON  THIS  PAGE 
ANSWER  IN  THE  SPACES  PROVIDED 
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Question 
number 

Additional page, if required. 
Write the question numbers in the left-hand margin. 
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Do not write 
outside the  

box 
 

Question 
number 

Additional page, if required. 
Write the question numbers in the left-hand margin. 
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Question 
number 

Additional page, if required. 
Write the question numbers in the left-hand margin. 
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There are no questions printed on this page 
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