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EXERCISES [MAI 5.10-5.13] 

BASIC INTEGRALS - AREAS 

SOLUTIONS 

Compiled by: Christos Nikolaidis 

 

A.    Paper 1 questions (SHORT) 
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3. 3( ) 2f x x c   

 (0) 3 3f c    

 3( ) 2 3f x x   

 

4. (a) 3( ) 4f x x c    
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DEFINITE INTEGRALS 
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PROPERTIES OF DEFINITE INTEGRALS 
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AREAS 
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23. (a) At A,  x = 0.753       At B,  x = 2.45 

(b) Area 
45.2

753.0
dxy  

 (c) = 1.78 
 

24. 2.77 
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TRAPEZOIDAL RULE 

 

25. (a) 4 

(b) (i)  
0 2 1

1
[ 2 ]

2
h y y y 

1
1 [0 0 2 3] 3

2
        

 (ii)  
0 4 1 2 3

1
[ 2( )]

2
h y y y y y   

1 9 9 15
0.5 [0 0 2 ( 3 )] 3.75

2 4 4 4
           

 (iii)  
0 5 1 2 3 4

1
[ 2( )]

2
h y y y y y y      

        
1

0.4 [0 0 2 (1.92 2.88 2.88 1.92)] 3.84
2

           

26. (a) 

x  1 1.5 2 2.5 3 

( )f x  0 0.405 0.693 0.916 1.10 

(b) (i)  
0 2 1

1
[ 2 ]

2
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1
1 [0 1.10 2 0.693] 1.243

2
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0 4 1 2 3

1
[ 2( )]

2
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1

0.5 [0 1.10 2 (0.405 0.693 0.916)] 1.282
2

          

(c) Percentage error = 
1.282 (3ln 3 2)

100% 1.07%
3ln 3 2

 
 


 

 

 

B.    Paper 2 questions (LONG) 

 

27. (a) f (x)= 2x – 2 f (x) = x2 – 2x + c  

  When x = 3, f’ (x) = 0  0 = 9 – 6 + c    c= –3 

f(x)= x
2
 – 2x – 3 

  f (x)= 
3

3x
 – x

2
 – 3x + d 

 When x = 3, f(x)= –7 :    –7= 9 – 9 – 9 + d  d =  2 

  f (x) = 
3

3x
 – x

2
 – 3x + 2 

(b) f (0) = 2, f (–1) =  11/3,  f (1) = 1 + 2 – 3 = 0 

(c) f (–1) = 0  (– 1, 11/3)

 

 is a stationary point 

 

y
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–1, 3 2
3

2
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28. (a) f ′(2) = 0 

  6 – 2 + p = 0   4 + p = 0  p = –4 

(b) integration/:  f (x) = cxxx  4
2
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1 23
 

 substituting (2, 4) 
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(c) 
23

( ) 4 0
2

f x x x       2x   or 
4

3
x    

 Hence the x-coordinate of B is 
4

3
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29. (a) y = x(x – 4)
2 

 

  y = 0  x = 0 or x = 4 

 (b) y = x(x – 4)
2 

= x
3
– 8x

2
+16x 

  x

y

d

d
 = 3x

 2
 –16x +16   

 (c) 
x

y

d

d
 = 3x

 2
 –16x +16   

x

y

d

d
 = 0  x = 4 or x = 

3

4

 

  Using a table we see that  

  x = 
3

4
  is a maximum  y = 

27

256

 

Thus

   








27

256
,

3

4

   

(or (1.33, 9.48)  ) 

  x = 4  is a minimum  y = 0  Thus

 

  (4, 0).

 
 (d) 

x–intercepts

10

5

0
0 1 2 3 4 x

y

max pt.

pt. of inflexion

 

(e) (i) See diagram above 

(ii) 0 < y < 10 for 0  x  4 

So    
4

0

4

0

4

0

4

0
40d0d10dd0 xyxxyx  
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30. (a) x = –3, x = 0, x = 5 

(b) (i) f (x) = –3x2 + 4x + 15 

 –3x
2
 + 4x + 15 = 0   x = –

3

5
 or x = 3 

(ii) x = 3  f (3) =  –27 + 18 + 45 =36 

(c) (i) At x = 0, f (0) = 15  

Line through (0, 0) of gradient 15     y = 15x 

(ii) –x
3
 + 2x

2
 + 15x = 15x by GDC    x = 2 

(d) Area =115 (3 s.f.)   

 

31. (a) (i) f (x) = 1
2

3
 x

   
f (2) =  2,   gradient of the normal 
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2

1
4

4

3 2  xxx  3x
2
  2x  8 = 0  x =  33.1
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(ii) Area =  25.11
4

45
  (accept 11.3) 

 

32. (a) (i) f (x) = –x + 2       (ii)   f (0) = 2 

(b) y-intercept : At x = 0, y =  2.5 

 Gradient of tangent = f(0) = 2  gradient of normal = 
2
1  (= –0.5) 

 the normal is   y – 2.5 = –0.5 (x – 0)   (y = –0.5x + 2.5) 

(c) (i) EITHER solving –0.5x2 + 2x + 2.5 = –0.5x + 2.5   x = 0   or   x = 5  

 OR 

f x( )

y

x

g x( )

  

 Curves intersect at x = 0, x = 5 

(ii) Curve and normal intersect when x = 0   or   x = 5  

 Other point is when x = 5   y = –0.5(5) + 2.5 = 0 (so other point (5, 0) 

(d) (i) Area =  
5

0
d))()(( xxgxf

 
=  




5

0

2 5.25
2
1d)5.225.0(or xxx  

  (the second integral is the area of triangle) 

(ii)  A1 = 
4
25,

3
50

2 A
       

Area = 
12
125

4
25

3
50  (or 10.4 (3s.f.)  



       9 

33. (a) f (1) = 2 

f ′(x) = 4x,   f ′(1) = 4 

T:  y – 2 = 4(x –1)   y = 4x – 2 

(b) 4x – 2 = 0   x=
2

1
 

(c) METHOD 1 (using only integrals) 

 
(i) Area =     xxxfxx d24d2,

5.0

0

1

5.0

2  
 

 (ii)
 

  xxxx
x

xx 22d24,
3

2
d2

2
3

2    

Area = 






  1
2

1

12

1
22

3

2

12

1
 = 

6

1
 

 METHOD 2 (using integral and triangle) 

(i) Area =   xxf d
1

0 – area of triangle =   xxf ,
2

1
d

1

0
  

 (ii)  
3

2
d2

3
2 x

xx  

Area = 
2

1

3

2
  = 

6

1
 

34. (a) limits x = 0, x = 5 

area = 
5

0
d)( xxf

 
= 52.1 

(b) area is xxax
a

d)(
0  = 

a

xax

0

32

32








 =  

32

33
aa

  

  
32

33 aa
  = 52.1   a3 = 6 × 52.1  a = 6.79 

 

 


