
12

*S54438A01225*

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

6. 
f (x) = 

x
x

+
+

2

92

 (a) Show that

� f (x)d x = A ln(x2 + 9) + B arctan
x
3





  + c

  where c is an arbitrary constant and A and B are constants to be found.
(4)

 (b) Hence show that the mean value of f (x) over the interval [0, 3] is 

1

6
ln 2 + 

1

18
ʌ

(3)

 (c) Use the answer to part (b) to find the mean value, over the interval [0, 3], of 

f (x) + ln k

  where k is a positive constant, giving your answer in the form p + 
1

6
ln q,  

where p and q are constants and q is in terms of k.
(2)
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Question 6 continued
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(Total for Question 6 is 9 marks)
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��� 6KRZ�WKDW

( )( )2
0

8 12
d ln

2 3 1

x x k
x x

− =
+ +∫



� ZKHUH�k�LV�D�UDWLRQDO�QXPEHU�WR�EH�IRXQG�
���

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
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� �D�� 8VLQJ�D�VXEVWLWXWLRQ��WKDW�VKRXOG�EH�VWDWHG�FOHDUO\��VKRZ�WKDW

��I��x�Gx� �A�VLQK±���Bx����c
� � ZKHUH�c�LV�DQ�DUELWUDU\�FRQVWDQW�DQG�A�DQG�B�DUH�FRQVWDQWV�WR�EH�IRXQG�

���

� �E��+HQFH�ILQG��LQ�H[DFW�IRUP�LQ�WHUPV�RI�QDWXUDO�ORJDULWKPV��WKH�PHDQ�YDOXH�RI�I��x��RYHU�
WKH�LQWHUYDO�>����@�

���

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
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2.� �D�� ([SODLQ�ZK\� ( )1

1
d

2 5
x

x x +∫


��LV�DQ�LPSURSHU�LQWHJUDO�
(1)

� �E��3URYH�WKDW

( )
1

1

d ln

2 5

x a b
x x

=
+∫



  where a and b�DUH�UDWLRQDO�QXPEHUV�WR�EH�GHWHUPLQHG�
(6)
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5. (a)  y = taní� x

  Assuming the derivative of tan x , prove that

d

d

y
x x

=
+
1

1 2

(3)

f (࣠[࣠) = x taní���x

 (b) Show that
f d( ) tan tanx x Ax x Bx C x k∫ = + + +− −2 1 14 4

  where k is an arbitrary constant and A, B and C are constants to be determined.
(5)

� �F�� +HQFH�ILQG��LQ�H[DFW�IRUP��WKH�PHDQ�YDOXH�RI�I�௘x௘��RYHU�WKH�LQWHUYDO�� 0 3

4
,











(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

www.yesterdaysmathsexam.com



*P66796A01836*
18

 

 

5. (i) Evaluate the improper integral

2

1

1

2
e d

∞
−∫ x

x

(3)

 (ii) The air temperature, ș qC, on a particular day in London is modelled by the equation

ș = 8 – 5 sin 
12

π t 
    – cos 

6

π t 
              0 - t - 24

  where t is the number of hours after midnight.

  (a) Use calculus to show that the mean air temperature on this day is 8 qC, 
according to the model.

(3)

  Given that the actual mean air temperature recorded on this day was higher than 8 qC,

  (b) explain how the model could be refined.
(1)
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9. (a) Use a hyperbolic substitution and calculus to show that

x
x

x x x x k
2

2

2

1

1

2
1

−
= − +



 +∫ d arcosh

  where k is an arbitrary constant.
(6)

y

O x = 3

R

C

x

Figure 1

 Figure 1 shows a sketch of part of the curve C with equation

y = 
4

15
x arcosh x         x . 1

 The finite region R, shown shaded in Figure 1, is bounded by the curve C, the x-axis 
and the line with equation x = 3

 (b) Using algebraic integration and the result from part (a), show that the area of R is given by

1

15
17 3 2 2 6 2ln +( ) −





(5)
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5. The curve C has equation

y = arccos 1
2
x



 � � � � � � í��- x - 2

 (a) Show that C has no stationary points.
(3)

 The normal to C, at the point where  x = 1 , crosses the x-axis at the point A and crosses 
the y-axis at the point B.

 Given that O is the origin,

 (b) show that the area of the triangle OAB is 1
54

(p 3  + Tʌ + r 3 ʌ2)  where p, q and r 

  are integers to be determined.
(5)
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  

6.	 (a)	 Express as partial fractions

2 3 6

1 4

2

2

x x
x x

+ +
+( ) +( )

(3)

	 (b)	Hence, show that 

( )( ) ( )
2 2

2
0

2 3 6
d ln 2

1 4

x x x a bπ
x x

+ + = +
+ +∫

		  where a and b are constants to be determined.
(4)
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  

9.	 (i)	 (a)	 Explain why  cosh x x
0

∞

∫ d   is an improper integral.

(1)

		  (b)	 Show that  cosh x x
0

∞

∫ d   is divergent.

(3)

	 (ii)		 4 sinh x = p cosh x        where p is a real constant

		  Given that this equation has real solutions, determine the range of possible values 
for p

(2)
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  

5.	 (a)	 Given that

y = arcsin x –1  x  1

		  show that

d

d

y
x x

=
−

1

1
2

(3)

	 (b)		  f(x) = arcsin (ex) x  0

		  Prove that f(x) has no stationary points.
(3)
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4

  

2.	 (a)	 Write  x2 + 4x – 5  in the form  (x + p)2 + q  where p and q are integers.
(1)

	 (b)	 Hence use a standard integral from the formula book to find

1

4 5
2x x

x
� �� d

(2)

	 (c)	 Determine the mean value of the function 

f(x) = 
1

4 5
2x x� �

            3  x  13

		  giving your answer in the form  A ln B  where A and B are constants in 
simplest form.

(3)
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