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5. The curve C has equation

y = 5x4 – 24x3 + 42x2 – 32x + 11    x ∈ 

 (a) Find

  (i) d
d
y
x

  (ii) d
d

2

2

y
x (3)

 (b) (i) Verify that C has a stationary point at x = 1

  (ii) Show that this stationary point is a point of inflection, giving reasons for 
your answer.

(4)
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14. Given that

y = 
x

x
−

+
4

2
     x � 0

� VKRZ�WKDW�
d
d
y
x

 = 
A x
1

     x � 0

� ZKHUH�A�LV�D�FRQVWDQW�WR�EH�IRXQG�
(4)
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2. A curve C has equation

y   x2 � 2x � 24 x,    x � 0

 (a) Find (i) 
d
d
y
x

   (ii) 
d
d

2

2

y
x (3)

 (b) Verify that C has a stationary point when x   4
(2)

 (c) Determine the nature of this stationary point, giving a reason for your answer.
(2)
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5. Given that

3sin 3

2sin 2cos 4 4

θ π πy θ
θ θ

= −
+

< <
      

3sin 3

2sin 2cos 4 4

θ π πy θ
θ θ

= −
+

< <

 show that

                                               

d 3

d 1 sin 2 4 4

y A π πθ
θ θ

= −
+

< <
           

d 3

d 1 sin 2 4 4

y A π πθ
θ θ

= −
+

< <

 where A is a rational constant to be found.
(5)
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11.
1 11 6

3 1 2 3 1 2

2+ −
− −

≡ +
−

+
−

x x
x x

A B
x

C
x( )( ) ( ) ( )

 (a) Find the values of the constants A, B and C.
(4)

f (x)   1 11 6

3 1 2

2+ −
− −
x x

x x( )( )
   x � 3

 (b) Prove that f (x) is a decreasing function.
(3)
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��� ����������������������������������������������������� y x x
x

x= +
+

≠ −5 10

1
1

2

2
( )

� �D�� 6KRZ�WKDW�� d
d

y
x

A
x n=

+( )1
��ZKHUH�A�DQG�n�DUH�FRQVWDQWV�WR�EH�IRXQG�

���

� �E��+HQFH�GHGXFH�WKH�UDQJH�RI�YDOXHV�IRU�x�IRU�ZKLFK� d
d

y
x

< 0
���
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�����������������������������������������������������I �x�� ���H±����x�VLQ�x�� � � x�.��

� �D�� 6KRZ�WKDW�WKH�x�FRRUGLQDWHV�RI�WKH�WXUQLQJ�SRLQWV�RI�WKH�FXUYH�ZLWK�HTXDWLRQ�y� �I �x��
VDWLVI\�WKH�HTXDWLRQ�WDQ�x� ��

���

y

O x

)LJXUH��

� )LJXUH���VKRZV�D�VNHWFK�RI�SDUW�RI�WKH�FXUYH�ZLWK�HTXDWLRQ�y� �I �x��

� �E��6NHWFK�WKH�JUDSK�RI�H�DJDLQVW�t�ZKHUH

+�t�� �Ň��H±����t�VLQ�tŇ� � � t�.��

� � VKRZLQJ�WKH�ORQJ�WHUP�EHKDYLRXU�RI�WKLV�FXUYH�
���

� 7KH�IXQFWLRQ�+�t��LV�XVHG�WR�PRGHO�WKH�KHLJKW��LQ�PHWUHV��RI�D�EDOO�DERYH�WKH�JURXQG�
t�VHFRQGV�DIWHU�LW�KDV�EHHQ�NLFNHG�

� 8VLQJ�WKLV�PRGHO��ILQG

� �F�� WKH�PD[LPXP�KHLJKW�RI�WKH�EDOO�DERYH�WKH�JURXQG�EHWZHHQ�WKH�ILUVW�DQG�VHFRQG�ERXQFH�
���

� �G��([SODLQ�ZK\�WKLV�PRGHO�VKRXOG�QRW�EH�XVHG�WR�SUHGLFW�WKH�WLPH�RI�HDFK�ERXQFH�
���
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9.
y

xO

C

Figure 2

 Figure 2 shows a sketch of the curve C with equation  y = f (x)  where 

f (x) = 4(x2�í��)eí�x    x °��

� �D�� 6KRZ�WKDW��Iމ��x) = 8(2 + x�í�x2)eí�x
(3)

 (b) Hence find, in simplest form, the exact coordinates of the stationary points of C.
(3)

 The function g and the function h are defined by  

� J�x) = 2f (x)      x °��

� K�x) = 2f (x��í��� � � x .��

 (c) Find (i) the range of  g

    (ii) the range of  h
(3)
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13. The function g is defined by  

g (x) = 
3 7

2

ln( )

ln( )

x
x

−
−    x � 0   x z k

 where k is a constant.

 (a) Deduce the value of k. 
(1)

 (b) Prove that 

Jމ��x) � 0

  for all values of x in the domain of g.
(3)

 (c) Find the range of values of a for which 

g (a) � 0
(2)
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1.  f ( ) ,x x
x

=
+

2
32     x ���

 Find the set of values of x�IRU�ZKLFK�Iƍ�x) � 0

 You must show your working.

 �Solutions based entirely on graphical or numerical methods are not acceptable.)
(6)
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3. Given that 

cos2
1 sin 2

θy
θ

=
+

,
        

3
4 4
π πθ− < <

 show that

d
d 1 sin 2
y a
θ θ

=
+

,
      

3
4 4
π πθ− < <

 where a is a constant to be determined.
(4)
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8. The volume V of a spherical balloon is increasing at a constant rate of 250 cm3 s–1.
 Find the rate of increase of the radius of the balloon, in cm s–1, at the instant when the 

volume of the balloon is 12 000 cm3.
 Give your answer to 2 significant figures.

(5)
 [<RX�Pay�aVVXPH�WKaW�WKH�YROXPH�V�RI�a�VSKHUH�RI�UaGLXV�U�LV�JLYHQ�by�WKH

� ��IRUPXOa� 34 .
3

V πr= ]
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10. (a) Use the identity for sin(A + B) to prove that

sin2A {�2sin A�cos A
(2)

 (b) Show that 
d
dx [ln(tan( 12 x))] = cosecx

(4)

 A curve C�has the equation 

y = ln(tan( 12 x)) – 3sin x,   0 < x < ʌ

 (c) Find the x coordinates of the points on C where d
d
y
x

= 0

  Give your answers to 3 decimal places.
  (6ROuWLRQV�baVHG�HQWLUHOy�RQ�JUaSKLcaO�RU�QuPHULcaO�PHWKRGV�aUH�QRW�accHSWabOH�)

(6)
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11. 

Figure 2

 Figure 2 shows a sketch of part of the curve C�with equation

y = e
a–3x

 – 3e
–x

,  x � \

 where a is a constant and a�>�ln4

 The curve C has a turning point P and crosses the x�-axis at the point Q as shown in 

Figure 2.

 (a) Find, in terms of a, the coordinates of the point P.

(6)

 (b) Find, in terms of a, the x coordinate of the point Q.

(3)

 (c) Sketch the curve with equation 

y = ë
a–3x

 – 3e
–x

,̈  x � \,  a�>�ln 4

  Show on your sketch the exact coordinates, in terms of a, of the points at which the 

curve meets or cuts the coordinate axes.

(3)
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1. The curve C has equation

y x
x

= −
−

3 2

2 2( )
,  x � 2

 The point P on C has x coordinate 3

 Find an equation of the normal to C at the point P in the form ax + by + c = 0, where a, b 
and c are integers.

(6)
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6. (i) Given x = tan
2
 4y, 0 � y � 

8

π
, find 

d

d

y
x

 as a function of x.

  Write your answer in the form 

1

A x xp q( )
,

+
 where A, p and q are constants to 

be found.

(5)

 (ii) The volume V of a cube is increasing at a constant rate of 2 cm
3
 s

–1
.  Find the 

rate at which the length of the edge of the cube is increasing when the volume of 

the cube is 64 cm
3
.

(5)
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8. V

O t
Figure 1

 The value of Lin’s car is modelled by the formula

V = 18000e–0.2t + 4000e–0.1t + 1000,    t .�0

 where the value of the car is V pounds when the age of the car is t years.

 A sketch of t against V is shown in Figure 1.

 (a) State the range of V.
(2)

 According to this model,

 (b) find the rate at which the value of the car is decreasing when t = 10
  Give your answer in pounds per year.

(3)

 (c) Calculate the exact value of t when V = 15000
(4)
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3. y

xO

A

Figure 1

 Figure 1 shows a sketch of part of the curve with equation y = f (x), where

f(x) = (2x – 5)ex,      x � \

 The curve has a minimum turning point at A. 

 (a) Use calculus to find the exact coordinates of A.
(5)

 Given that the equation f(x) = k, where k is a constant, has exactly two roots, 

 (b) state the range of possible values of k.  
(2)

 (c) Sketch the curve with equation y = |f (x)|.

  Indicate clearly on your sketch the coordinates of the points at which the curve crosses 
or meets the axes.

(3)
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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4.                          g( ) ,x
x x x x

x x
x= + − + −

+ −
∈

4 3 2

2
7 8 48

12
> ,3 x \

 (a) Given that 

x x x x
x x

x A B
x

4 3 2

2
27 8 48

12 3
+ − + −

+ −
+ +

−
≡

  find the values of the constants A and B.
(4)

 (b) Hence, or otherwise, find the equation of the tangent to the curve with equation 
y = g(x) at the point where x = 4.  Give your answer in the form y = mx + c, where 
P�and c are constants to be determined.

(5)

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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6. (i) Differentiate y = 5x2 ln 3x,    x � 0
(2)

 (ii) Given that 
3,

sin cos 4 4
x π πy x

x x
= −

+
< <

  show that
d (1 )sin (1 )cos 3,
d 1 sin 2 4 4
y x x x x π πx
x x

+ + −= −
+

< <

(4)

___________________________________________________________________________
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