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0606/12/M/J/11

1 The figure shows the graph of a straight line with  1g y  plotted against x. The  straight line passes 
through the points A (5,3) and B (15,5).

A (5,3)

B (15,5)

x 

lg y 

O

 (i) Express  lg y  in terms of x. [3]

 (ii) Show that  y = a (10bx)  where a and b are to be found. [3]
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0606/21/M/J/11

2 The variables x and y are related so that when lg y is plotted against lg x a straight line graph 
passing through the points (4, 12) and (6, 17) is obtained.  

(4,12)

lg y

lg xO

(6,17)

 (i) Express y in terms of x, giving your answer in the form  y = axb.  [6]

 (ii) Find the value of x when y = 300. [2]
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0606/11/O/N/11

3 Variables t and N are such that when 1g N is plotted against 1g t, a straight line graph passing 
through the points (0.45, 1.2) and (1, 3.4) is obtained.

lg N

lg t

(0.45, 1.2)

(1, 3.4)

O

 (i) Express the equation of the straight line graph in the form 1g N = m 1g t + 1g c, where m and c 
are constants to be found. [4]

 (ii) Hence express N in terms of t. [1]
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4 Variables x and y are such that, when y2 is plotted against 2x, a straight line graph is obtained. 
This line has a gradient of 5 and passes through the point (16,81).

O

(16,81)

2 x

y 2

 (i) Express y2 in terms of 2x. [3]

 (ii) Find the value of x when y = 6. [3]
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5 The table shows experimental values of two variables x and y.

x 1 2 3 4 5

y 3.40 2.92 2.93 3.10 3.34

 It is known that x and y are related by the equation  y =  a
x

 + bx, where a and b are constants.

 (i) Complete the following table.

x x

y x

 
[1]

 (ii) On the grid on page 11 plot y x  against x x  and draw a straight line graph. [2]

 (iii) Use your graph to estimate the value of a and of b. [3]

 (iv) Estimate the value of y when x is 1.5. [1]
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2

1

2

3

4

5

6

7

8

O 4 6 8 10 12 x √ x

y √ x
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6 

(1,3)

O
(3,–1)

x

x
y

 The variables x and y are related in such a way that when 
 y
x is plotted against x a straight line is 

 obtained, as shown in the graph. The line passes through the points (1, 3) and (3, –1).

 (i) Express y in terms of x.  [4]

 (ii) Find the value of x and of y such that 
 y
x = – 9.  [2]

7

The table above shows experimental values of the variables x and y which are related by an equation of
the form   y = kxn,   where k and n are constants.

(i) Using graph paper, draw the graph of lg y against lg x. [3]

(ii) Use your graph to estimate the value of k and of n. [4]

x 10 100 1000 10 000

y 1900 250 31 4
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8 (a) The curve y = axn, where a and n are constants, passes through the points (2.25, 27), (4, 64) and
(6.25, p). Calculate the value of a, of n and of p. [5]

(b) The mass, m grams, of a radioactive substance is given by the formula m = m0e
–kt, where t is the

time in days after the mass was first recorded and m0 and k are constants.

The table below gives experimental values of t and m.

Plot ln m against t and use your graph to estimate the value of m0 and of k. [6]

t (days) 10

40.2 27.0 18.0 12.2 8.1

40 503020

m (grams)

The table above shows experimental values of the variables x and y. On graph paper draw the graph
of xy against x�2. [3]

Hence

(i) express y in terms of x, [4]

(ii) find the value of x for which . [2]x��� = ���45
y

x 2 3 4 5 6

y 9.2 8.8 9.4 10.4 11.6

The table shows experimental values of the variables x and y which are related by the equation
y # Ab�x, where A and b are constants.

(i) Use the data above in order to draw, on graph paper, the straight line graph of lg y against x,
using 1 cm for 1 unit of x and 10 cm for 1 unit of lg y. [2]

(ii) Use your graph to estimate the value of A and of b. [5]

(iii) On the same diagram, draw the straight line representing y # 2�x and hence find the value of
x for which Ab�x # 2�x. [3]

x 2 4 6 8 10

y 9.8 19.4 37.4 74.0 144.4

9

10
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11

The table below shows values of the variables x and y which are related by the equation y = ,
where a and b are constants.

(i) Using graph paper, plot y against xy and draw a straight line graph. [3]

(ii) Use your graph to estimate the value of a and of b. [4]

An alternative method for obtaining a straight line graph for the equation   y = is to plot x on
the vertical axis and on the horizontal axis.

(iii) Without drawing a second graph, use your values of a and b to estimate the gradient and the
intercept on the vertical axis of the graph of x plotted against . [3]1–y

1––y

a–––––
x + b

a–––––
x + b

x 0.1 0.4 1.0 2.0 3.0

y 8.0 6.0 4.0 2.6 1.9

12 The figure shows the graph of a straight line with  1g y  plotted against x. The  straight line passes 
through the points A (5,3) and B (15,5).

A (5,3)

B (15,5)

x 

lg y 

O

 (i) Express  lg y  in terms of x. [3]

 (ii) Show that  y = a (10bx)  where a and b are to be found. [3]

9

www.xtremepapers.net


0606/01/M/J/07

13
x 0.100 0.125 0.160 0.200 0.400

y 0.050 0.064 0.085 0.111 0.286

 The table above shows experimental values of the variables x and y.

 (i) On graph paper draw the graph of  1y   against  1x  . [3]

 Hence,

 (ii) express y in terms of x, [4]

 (iii) find the value of x for which y = 0.15. [2]

14 Variables x and y are such that, when e y is plotted against x2, a straight line graph passing through the 
points (0.2, 1) and (0.5, 1.6) is obtained.

 (i) Find the value of e y when x = 0. [2]

 (ii) Express y in terms of x. [3]

10
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15

O

y2

sec x

×

× (2.4, 1.6)

(1.3, 3.8)

 Variables x and y are such that, when y2 is plotted against sec x, a straight line graph passing through the 
points (2.4, 1.6) and (1.3, 3.8) is obtained.

 (i) Express y2 in terms of sec x. [3]

 (ii) Hence find the exact value of  cos x  when y = 2. [2]

16

O

y
––
x2

x3

×

×(7, 1)

(3, 9)

 The variables x and y are related so that, when 
y

––
x2  is plotted against x3, a straight line graph passing 

 through (3, 9) and (7, 1) is obtained. Express y in terms of x. [4]

11
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17 The variables x and y are related so that when lg y is plotted against lg x a straight line graph 
passing through the points (4, 12) and (6, 17) is obtained.  

(4,12)

lg y

lg xO

(6,17)

 (i) Express y in terms of x, giving your answer in the form  y = axb.  [6]

 (ii) Find the value of x when y = 300. [2]

http://www.xtremepapers.com
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18 In order that each of the equations

(i) y = abx,

(ii) y = Axk,

(iii) px + qy = xy,

where a, b, A, k, p and q are unknown constants, may be represented by a straight line, they each need
to be expressed in the form   Y = mX + c, where X and Y are each functions of x and/or y, and m and c
are constants. Copy the following table and insert in it an expression for Y, X, m and c for each case.

[7]

Y X m c

y = abx

y = Axk

px + qy = xy

13
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19

Variables x and y are related by the equation   yxn = a,   where a and n are constants. The table below shows
measured values of x and y.

(i) On graph paper plot lg y against lg x, using a scale of 2 cm to represent 0.1 on the lg x axis and 1 cm to
represent 0.1 on the lg y axis. Draw a straight line graph to represent the equation   yxn = a. [3]

(ii) Use your graph to estimate the value of a and of n. [4]

(iii) On the same diagram, draw the line representing the equation   y = x2 and hence find the value of x for
which   xn + 2 = a. [3]

x 1.5 2 2.5 3 3.5

y 7.3 3.5 2.0 1.3 0.9

11 The table shows experimental values of variables s and t.
 

t 5 15 30 70 100

s 1305 349 152 55 36

 

 (i) By plotting a suitable straight line graph, show that s and t are related by the equation
s = kt n,    where k and n are constants. [4]

 (ii) Use your graph to find the value of k and of n. [4]

14
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22  The variables x and y are related by the equation  y = 10–Abx, where A and b are constants. The table 
below shows values of x and y.

x   15 20 25 30 35 40

y 0.15 0.38 0.95 2.32 5.90 14.80

 (i) Draw a straight line graph of lg y against x, using a scale of 2 cm to represent 5 units on the x-axis 
and 2 cm to represent 0.5 units on the lg y  - axis. [2]

 (ii) Use your graph to estimate the value of A and of b. [4]

 (iii) Estimate the value of x when y = 10. [2]

 (iv) On the same diagram, draw the line representing   y5 = 10–x   and hence find the value of x 

  for which   10A – x
5 = bx. [3]

20 

x 2 4 6 8 10

y 14.4 10.8 11.2 12.6 14.4

 The table shows experimental values of two variables, x and y.

 (i) Using graph paper, plot xy against x2. [2]

 (ii) Use the graph of xy against x2 to express y in terms of x. [4]

 (iii) Find the value of y for which  y = 83––x . [3]

21 The table shows experimental values of two variables x and y.

x 2 4 6 8

y 2.25 0.81 0.47 0.33

 (i) Using graph paper, plot xy against 1x and draw a straight line graph. [3]

 (ii) Use your graph to express y in terms of x. [5]

 (iii) Estimate the value of x and of y for which  xy = 4. [3]

15
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23 Variables x and y are such that, when lny is plotted against lnx, a straight line graph passing through the 
points (2, 5.8) and (6, 3.8) is obtained.

1ny

1nxO

(2, 5.8)

(6, 3.8)

 (i) Find the value of lny when lnx = 0. [2]

 (ii) Given that y = Axb, find the value of A and of b. [5]

 

16
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24 Answer only one of the following two alternatives.

 EITHER 

 The table shows values of the variables v and p which are related by the equation p = a
v2 + b

v
 , where a 

and b are constants.

v 2 4 6 8

p 6.22 2.84 1.83 1.35

 (i) Using graph paper, plot v2 p on the y-axis against v on the x-axis and draw a straight line graph.
 [2]

 (ii) Use your graph to estimate the value of a and of b. [4]

 In another method of finding a and b from a straight line graph, 
1
v  is plotted along the x-axis. In this 

case, and without drawing a second graph,

 (iii) state the variable that should be plotted on the y-axis, [2]

 (iv) explain how the values of a and b could be obtained. [2]

 The table shows experimental values of two variables r and t.

t 2 8 24 54

r 22 134 560 1608

 (i) Using the y-axis for ln r and the x-axis for ln t, plot ln r against ln t to obtain a straight line graph.
 [2]

 (ii) Find the gradient and the intercept on the y-axis of this graph and express r in terms of t. [6]

 Another method of finding the relationship between r and t from a straight line graph is to plot lg r on 
the y-axis and lg t on the x-axis. Without drawing this second graph, find the value of the gradient and 
of the intercept on the y-axis for this graph. [2]

17

25
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1 Relative to an origin O, points A and B have position vectors  � 5
–6�  and   � 29

–13�  respectively.

 (i) Find a unit vector parallel to  AB . [3]

 The points A, B and C  lie on a straight line such that  2 AC  = 3 AB .

 (ii) Find the position vector of the point C. [4]

2 Relative to an origin O, the position vectors of the points A and B are i – 4j and 7i + 20j 
respectively.  The point C lies on AB and is such that 

→
AC  = 2

3
 
→
AB . Find the position vector of C 

and the magnitude of this vector. [5]

1



2

0606/21/M/J/11

3 A coastguard station receives a distress call from a ship which is travelling at 15 km h–1 on a 
bearing of 150°. A lifeboat leaves the coastguard station at 15 00 hours; at this time the ship is at a 
distance of 30 km on a bearing of 270°. The lifeboat travels in a straight line at constant speed and 
reaches the ship at 15 40 hours.  

 (i) Find the speed of the lifeboat. [5]

 (ii) Find the bearing on which the lifeboat travelled. [3]

4 To a cyclist travelling due south on a straight horizontal road at 7 ms�01, the wind appears to be
blowing from the north-east. Given that the wind has a constant speed of 12 ms�01, find the direction
from which the wind is blowing. [5]

5 The position vectors of the points A and B, relative to an origin O, are i 0 7j and 4i ! kj
respectively, where k is a scalar. The unit vector in the direction of {A|B is 0.6i ! 0.8j. Find the value
of k. [4]

0606/2/M/J/04

6 A plane flies due north from A to B, a distance of 1000 km, in a time of 2 hours. During this time a
steady wind, with a speed of 150 km h–1, is blowing from the south-east. Find 

(i) the speed of the plane in still air, [4]

(ii) the direction in which the plane must be headed. [2]

0606/01/M/J/06
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7

A X

B

P

b

a

O

 In the diagram OA  = a,  OB  = b and  AP  = 25 AB .

 (i) Given that OX  = μOP, where μ is a constant, express OX  in terms of μ, a and b. [3]

 (ii) Given also that AX  = λOB , where λ is a constant, use a vector method to find the value of μ 
and of λ. [5]

8 The position vectors of points A and B, relative to an origin O, are 6i 0 3j and 15i ! 9j respectively.

(i) Find the unit vector parallel to {A}B. [3]

The point C lies on AB such that {A}C # 2{C}B.

(ii) Find the position vector of C. [3]

0606/2/M/J/03
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9 Answer only one of the following two alternatives.

EITHER

O

B

X

T

A
S

 In the diagram above  ⎯→OA = a,  ⎯→OB = b,  ⎯→OS  = 35  ⎯→OA and  ⎯→OT  = 75
 ⎯→OB.

 (i) Given that  ⎯→AX  = l ⎯→AB , where l is a constant, express  ⎯→OX in terms of l, a and b. [2]

 (ii) Given that  ⎯→SX  = k ⎯→ST ,  where k is a constant, express  ⎯→OX in terms of k, a and b. [4]

 (iii) Hence evaluate l and k. [4]

O

C

D

R

Q

P

 In the diagram above  ⎯→OC = c and   ⎯→OD = d. The points P and Q lie on OC and OD produced 
respectively, so that OC : CP = 1 : 2 and OD : DQ = 2 : 1. The line CD is extended to R so that 
CD = DR.

 (i) Find, in terms of c and/or d, the vectors  ⎯→OP,  ⎯→OQ and  ⎯→OR. [5]

 (ii) Show that the points P, Q and R are collinear and find the ratio PQ : QR. [5]

0606/01/M/J/05

11 The position vectors of points A and B relative to an origin O are  –3i – j and  i + 2j respectively.  The

point C lies on AB and is such that AC
→

= AB
→

. Find the position vector of C and show that it is a unit

vector. [6]

3–
5

0606/01/M/J/05

10
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12 An aircraft, whose speed in still air is 350 kmh–1, flies in a straight line from A to B, a distance of 
480 km. There is a wind of 50 kmh–1 blowing from the north. The pilot sets a course of 130°.

 (i) Calculate the time taken to fly from A to B.  [5]

 (ii) Calculate the bearing of B from A.  [3]

16 The points P, Q and R are such that QR
→

= 4PQ
→

. Given that the position vectors of P and Q relative to an

origin O are and respectively, find the unit vector parallel to OR
→

. [5])9
20()6

7(

14 A plane flies from an airport to an airport B. The position vector of B relative to A is (1200 + 240 ) km,
where is a unit vector due east and is a unit vector due north. Because of the constant wind which is
blowing, the flight takes 4 hours. The velocity in still air of the plane is (250
speed of the wind and the bearing of the direction from which the wind is blowing. [6]

13 A plane flies from an airport to an airport B. The position vector of B relative to A is (1200 + 240 ) km,
where is a unit vector due east and is a unit vector due north. Because of the constant wind which is
blowing, the flight takes 4 hours. The velocity in still air of the plane is (250
speed of the wind and the bearing of the direction from which the wind is blowing. [6]

0606/1/M/J/03

15 A plane, whose speed in still air is 300km h–1, flies directly from X to Y. Given that Y is 720 km from X
on a bearing of 150° and that there is a constant wind of 120 km h–1 blowing towards the west, find the
time taken for the flight. [7]



0606/02/M/J/06

17 The points A and B are such that the unit vector in the direction of AB
→

is   0.28i + pj,   where p is a
positive constant.

(i) Find the value of p. [2]  

The position vectors of A and B, relative to an origin O, are   qi – 7j and   12i + 17j respectively.

(ii) Find the value of the constant q. [3]

18

A

BO
j

i

 The diagram shows a large rectangular television screen in which one corner is taken as the origin O 
and i and j are unit vectors along two of the edges. In a game, an alien spacecraft appears at the point 
A with position vector 12j cm and moves across the screen with velocity (40i + 15j) cm per second. A 
player fires a missile from a point B; the missile is fired 0.5 seconds after the spacecraft appears on the 
screen. The point B has position vector 46i cm and the velocity of the missile is (ki +30j) cm per second, 
where k is a constant. Given that the missile hits the spacecraft,

 (i) show that the spacecraft moved across the screen for 1.8 seconds before impact, [4]

 (ii) find the value of k. [3]

0606/01/M/J/07

19 The position vectors, relative to an origin O, of three points P, Q and R are i + 3j , 5i + 11j and 9i + 9j 
respectively.

 (i) By finding the magnitude of the vectors 
→
PR , 

→
RQ  and 

→
QP , show that angle PQR is 90°. [4]

 (ii) Find the unit vector parallel to 
→
PR . [2]

 (iii) Given that 
→
OQ = m

→
OP + n

→
OR , where m and n are constants, find the value of m and of n. [3]

0606/02/M/J/07

6
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20 In this question, i is a unit vector due east and j is a unit vector due north.

 At 0900 hours a ship sails from the point P with position vector (2i + 3j) km relative to an origin O. 
The ship sails north-east with a speed of 15 2  km h–1.

 (i) Find, in terms of i and j, the velocity of the ship. [2]

 (ii) Show that the ship will be at the point with position vector (24.5i + 25.5j) km at 1030 hours. [1]

 (iii) Find, in terms of i, j and t, the position of the ship t hours after leaving P. [2]

 At the same time as the ship leaves P, a submarine leaves the point Q with position vector  
(47i – 27j) km. The submarine proceeds with a speed of 25 km h–1 due north to meet the ship.  

 (iv) Find, in terms of i and j, the velocity of the ship relative to the submarine. [2]

 (v) Find the position vector of the point where the submarine meets the ship. [2]

21 Given that  OA  = �–17
25�  and  OB  = �4

5�, find

 (i) the unit vector parallel to AB,  [3]
 
 (ii) the vector OC, such that AC  = 3AB.  [2]

0606/13/M/J/10

22 In this question, �1
0� is a unit vector due east and �0

1� is a unit vector due north.

 A lighthouse has position vector �27
48� km relative to an origin O. A boat moves in such a way that its 

 position vector is given by �  4 + 8t
12 + 6t� km, where t is the time, in hours, after 1200.

 (i) Show that at 1400 the boat is 25 km from the lighthouse. [4]

 (ii) Find the length of time for which the boat is less than 25 km from the lighthouse. [4]

0606/21/M/J/10

7
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0606/12/M/J/11

23 Relative to an origin O, points A and B have position vectors  � 5
–6�  and   � 29

–13�  respectively.

 (i) Find a unit vector parallel to  AB . [3]

 The points A, B and C  lie on a straight line such that  2 AC  = 3 AB .

 (ii) Find the position vector of the point C. [4]

24 Relative to an origin O, the position vectors of the points A and B are i – 4j and 7i + 20j 
respectively.  The point C lies on AB and is such that 

→
AC  = 23 

→
AB . Find the position vector of C 

and the magnitude of this vector. [5]

http://www.xtremepapers.com


0606/21/M/J/11

9 

A coastguard station receives a distress call from a ship which is travelling at 15 km h–1 on a 
bearing of 150°. A lifeboat leaves the coastguard station at 15 00 hours; at this time the ship is at a 
distance of 30 km on a bearing of 270°. The lifeboat travels in a straight line at constant speed and 
reaches the ship at 15 40 hours.  

 (i) Find the speed of the lifeboat. [5]

 (ii) Find the bearing on which the lifeboat travelled. [3]

26 The diagram, which is not drawn to scale, shows a horizontal rectangular surface. One corner of the surface
is taken as the origin O and i and j are unit vectors along the edges of the surface.

A fly, F, starts at the point with position vector  (i + 12j) cm  and crawls across the surface with a velocity of
(3i + 2j) cm s–1.  At the instant that the fly starts crawling, a spider, S, at the point with position vector
(85i + 5j) cm,  sets off across the surface with a velocity of  (–5i + kj) cm s–1,  where k is a constant. Given
that the spider catches the fly, calculate the value of k. [6]

j

iO

0606/01/O/N/05

25
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0606/2/O/N/02

10

In the diagram, OA
→

= a, OB
→

= b, AM
→

= MB
→

and OP
→

= 13OB
→

.

(i) Express AP
→

and OM
→

in terms of a and b. [3]

(ii) Given that OQ
→

= �OM
→

, express OQ
→

in terms of �, a and b. [1]

(iii) Given that AQ
→

= �AP
→

, express OQ
→

in terms of �, a and b. [2]

(iv) Hence find the value of � and of �. [3]

A

O

B

P

Q

M

b

a

28 In this question, i is a unit vector due east and j is a unit vector due north.

A plane flies from P to Q. The velocity, in still air, of the plane is (280i 0 40j) km h�01 and there is a
constant wind blowing with velocity (50i 0 70j) km h�01. Find

(i) the bearing of Q from P, [4]

(ii) the time of flight, to the nearest minute, given that the distance PQ is 273 km. [2]

0606/1/O/N/03

29 The position vectors of points A, B and C, relative to an origin O, are i ! 9j, 5i 0 3j and k(i ! 3j)
respectively, where k is a constant. Given that C lies on the line AB, find the value of k. [4]

0606/1/O/N/04

30 A motor boat travels in a straight line across a river which flows at 3 ms–1 between straight parallel
banks 200 m apart. The motor boat, which has a top speed of 6 ms–1 in still water, travels directly from
a point A on one bank to a point B, 150 m downstream of A, on the opposite bank. Assuming that the
motor boat is travelling at top speed, find, to the nearest second, the time it takes to travel from A to B.

[7]
0606/02/O/N/04

27
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31

90 m
2 ms–1

A

B

  The diagram shows a river 90 m wide, flowing at 2 ms–1 between parallel banks. A ferry travels in a 
straight line from a point A to a point B directly opposite A. Given that the ferry takes exactly one 
minute to cross the river, find

 (i) the speed of the ferry in still water, [3]

 (ii) the angle to the bank at which the ferry must be steered. [2]

32

In the diagram  OP
→ 

= p,  OQ
→ 

= q,  PM
→ 

= PQ
→  

and  ON
→ 

= OQ
→

.

(i) Given that OX
→ 

= mOM
→

, express OX
→ 

in terms of m, p and q. [2]

(ii) Given that PX
→ 

= nPN
→

, express OX
→ 

in terms of n, p and q. [3]

(iii) Hence evaluate m and n. [2]

2–
5

1–
3

P

M

QO N

Xp

q

11
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33 The position vectors of points A and B, relative to an origin O, are  2i + 4j  and  6i + 10j  respectively.  
The position vector of C, relative to O, is   ki + 25j,   where k is a positive constant.

 (i) Find the value of k for which the length of BC is 25 units. [3]

 (ii) Find the value of k for which ABC is a straight line. [3]

34 Given that a = 5i – 12j and that b = pi + j, find

 (i) the unit vector in the direction of a, [2]

 (ii) the values of the constants p and q such that qa + b = 19i – 23j. [3]

35 In this question, i is a unit vector due east, and j is a unit vector due north.

 A plane flies from P to Q where 
→
PQ  = (960i + 400j) km. A constant wind is blowing with velocity 

(–60i + 60j) km h–1. Given that the plane takes 4 hours to travel from P to Q, find 

 (i) the velocity, in still air, of the plane, giving your answer in the form (ai + bj) km h–1, [4]

 (ii) the bearing, to the nearest degree, on which the plane must be directed. [2]

12
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36
Q

P

1.4 ms –1
48 m

 The diagram shows a river with parallel banks. The river is 48 m wide and is flowing with a speed of 
1.4 ms–1. A boat travels in a straight line from a point P on one bank to a point Q which is on the other 
bank directly opposite P. Given that the boat takes 10 seconds to cross the river, find

 (i) the speed of the boat in still water, [4]

 (ii) the angle to the bank at which the boat should be steered. [2]

37

B
X

Q

PAO

b

a

 In the diagram 
 ⎯→
OA = a, 

 ⎯→
OB = b, 

 ⎯→
OP = 2a and 

 ⎯→
OQ = 3b.

 (i) Given that 
 ⎯→
AX  = l

 ⎯→
AQ, express 

 ⎯→
OX in terms of l, a and b. [3]

 (ii) Given that 
 ⎯→
BX  = k

 ⎯→
BP ,  express 

 ⎯→
OX in terms of k, a and b. [3]

 (iii) Hence find the value of l and of k. [3]

13
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38 At 10 00 hours, a ship P leaves a point A with position vector    (– 4i + 8j)  km relative to an origin O, 
where i is a unit vector due East and j is a unit vector due North. The ship sails north-east with a speed 
of 10√2 km h–1. Find

 
 (i) the velocity vector of P, [2]
 
 (ii) the position vector of P at 12 00 hours. [2]

 At 12 00 hours, a second ship Q leaves a point B with position vector    (19i + 34j) km    travelling with 
velocity vector    (8i + 6j) km h–1.

 (iii) Find the velocity of P relative to Q. [2]

 (iv) Hence, or otherwise, find the time at which P and Q meet and the position vector of the point 
where this happens. [3]

© UCLES 2009
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39 A plane, whose speed in still air is 250 kmh–1, flies directly from A to B, where B is 500 km from A on 
a bearing of 060°. There is a constant wind of 80 kmh–1 blowing from the south. Find, to the nearest 
minute, the time taken for the flight. [7]
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0606/11/M/J/11

1 The curves y = x2 and 3y = –2x2 + 20x – 20 meet at the point A.

y

x

A

O

y = x2

3y = –2x2 + 20x – 20

 (i) Show that the x-coordinate of A is 2. [1]

 (ii) Show that the gradients of the two curves are equal at A. [3]

 (iii) Find the equation of the tangent to the curves at A. [1]
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2 A body moves in a straight line such that, t s after passing through a fixed point O, its 
displacement from O is s m. The velocity v ms–1 of the body is such that v = 5cos4t.

 (i) Write down the velocity of the body as it passes through O. [1]

 (ii) Find the value of t when the acceleration of the body is first equal to 10 ms–2. [4]

 

(iii) Find the value of s when t = 5. [4]

3 (a) A curve is such that dy
dx  = ae1–x – 3x2, where a is a constant. At the point (1, 4), the gradient 

of the curve is 2.

  (i) Find the value of a. [1]

  (ii) Find the equation of the curve. [5]

 (b) (i) Find �(7x + 8)
1
3dx. [2]

  (ii) Hence evaluate 
8

0
� (7x + 8)

1
3dx. [2]
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4 Answer only one of the following two alternatives.

EITHER

 The equation of a curve is y = (x – 1)(x2 – 6x + 2).

 (i) Find the x-coordinates of the stationary points on the curve and determine the nature of each 
of these stationary points. [6]

 (ii) Given that z = y2 and that z is increasing at the constant rate of 10 units per second, find the 
rate of change of y when x = 2. [2] 

 (iii) Hence find the rate of change of x when x = 2. [2]

 The diagram shows a cuboid with a rectangular base of sides x cm and 2x cm. The height of the 
cuboid is y cm and its volume is 72 cm3.

y cm

x cm
2x cm

 (i) Show that the surface area A cm2 of the cuboid is given by 

A = 4x2 + 216
x .

 [3]

 (ii) Given that x can vary, find the dimensions of the cuboid when A is a minimum. [4]

 (iii) Given that x increases from 2 to 2 + p, where p is small, find, in terms of p, the corresponding 
approximate change in A, stating whether this change is an increase or a decrease. [3]

6 Find the value of k for which the x-axis is a tangent to the curve

     y = x2 + (2k + 10)x + k 2 + 5. [3]

5
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7 Answer only one of the following two alternatives.

 EITHER

 The tangent to the curve  y = 3x3 + 2x2 – 5x + 1  at the point where  x = –1  meets the y-axis at the 
point A.

 (i) Find the coordinates of the point A. [3]

 The curve meets the y-axis at the point B. The normal to the curve at B meets the x-axis at the 
point C. The tangent to the curve at the point where  x = –1  and the normal to the curve at B meet 
at the point D.

 (ii) Find the area of the triangle ACD. [7]

   

R

Q

y y = x (x – 3)2

xO

P

 The diagram shows  the curve  y = x (x – 3)2 . The curve has a maximum at the point P and 
touches the x-axis at the point Q. The tangent at P and the normal at Q meet at the point R. Find 
the area of the shaded region PQR. [10]

8
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y

x

y = x sin x

Q

P

O

 The diagram shows part of the curve  y = x sin x  and the normal to the curve at the point 

 P �π2 , π
2� .  The curve passes through the point Q(π, 0).

 (i) Show that the normal to the curve at P passes through the point Q. [4]

 (ii) Given that d
dx

 (x cos x) = cos x – x sin x, find �x sin xdx. [3]

 (iii) Find the area of the shaded region. [5]

9 (i) Given that  y = sin 3x, find dy
dx

. [1]

 (ii) Hence find the approximate increase in y as x increases from π
9

 to π
9

 + p, where p is small.
   [2]

10 (i) Given that y = x 2x + 15, show that dy
dx

 = k(x + 5)–––––––
2x + 15

, where k is a constant to be found. [3]
   

 (ii) Hence find � x + 5–––––––
2x + 15

dx  and evaluate 
5

–3
� x + 5–––––––

2x + 15
dx.  [3]

11



6

0606/22/M/J/11

12 A particle moves in a straight line so that, t s after passing through a fixed point O, its velocity, 

 v ms–1, is given by v = 60–––––––
(3t + 4)2 .

 (i) Find the velocity of the particle as it passes through O. [1]

 (ii) Find the acceleration of the particle when t = 2. [3]

 (iii) Find an expression for the displacement of the particle from O, t s after it has passed 
through O.  [4]
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13 Answer only one of the following two alternatives.

 EITHER

 (a) Using an equilateral triangle of side 2 units, find the exact value of sin 60° and of cos 60°.
   [3]
 (b)

P

Q

x cm

60° 60°

x cm

y cm

S

R

  PQRS is a trapezium in which PQ = RS = x cm and QR = y cm.
  Angle QPS = angle RSP = 60° and QR is parallel to PS.

  (i) Given that the perimeter of the trapezium is 60 cm, express y in terms of x. [2]

  (ii) Given that the area of the trapezium is A cm2 , show that

        A =   3 (30x – x2)
2

 . [3]

  (iii) Given that x can vary, find the value of x for which A has a stationary value and 
determine the nature of this stationary value. [4]

   

r cm

h cm

          

For a sphere of radius r:

Volume = 
4
3 π r3

Surface area = 4π r2

 The diagram shows a solid object in the form of a cylinder of height h cm and radius r cm on top 
of a hemisphere of radius r cm. Given that the volume of the object is 2880 π cm3,

 (i) express h in terms of r, [2]

 (ii) show that the external surface area, A cm2, of the object is given by

        A = 53 π r2 + 5760π
r  .  [3]

 Given that r can vary,

 (iii) find the value of r for which A has a stationary value, [4]

 (iv) find this stationary value of A, leaving your answer in terms of π,  [2]

 (v) determine the nature of this stationary value. [1]

14



8

0606/11/O/N/11

15 A particle moves in a straight line such that its displacement, x m, from a fixed point O at time 
t s, is given by x = 3 + sin 2t, where t � 0.

 (i) Find the velocity of the particle when t = 0. [2]

 (ii) Find the value of t when the particle is first at rest. [2]

 (iii) Find the distance travelled by the particle before it first comes to rest. [2]

 (iv) Find the acceleration of the particle when t = 3π4 . [2]

16 (i) Given that y = x 2x + 15, show that dy
dx

 = k(x + 5)–––––––
2x + 15

, where k is a constant to be found. [3]
   

 (ii) Hence find � x + 5–––––––
2x + 15

dx  and evaluate 
5

–3
� x + 5–––––––

2x + 15
dx.  [3]
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17 (a) Find  �(ex + 1)2 dx  and hence evaluate  �2

0
(ex + 1)2 dx. [6]

 (b) A curve is such that 
dy
dx  = (4x +1)–

1
2 . Given that the curve passes through the point with 

  coordinates (2, 4.5), find the equation of the curve. [5]

18 A curve has equation y = (3x2 + 15)
2
3. Find the equation of the normal to the curve at the point 

where x = 2. [6]



19

0606/11/O/N/11

10 

Answer only one of the following two alternatives.

 EITHER

A B

GD

E F

C

θθ
θ

r cm

r cm

 The figure shows a sector ABC of a circle centre C, radius 2r cm, where angle ACB is 3θ radians. 
The points D, E, F and G lie on an arc of a circle centre C, radius r cm. The points D and G are 
the midpoints of CA and CB respectively. Angles DCE and FCG are each θ radians. The area of 
the shaded region is 5 cm2.

 (i) By first expressing θ in terms of r, show that the perimeter, P cm, of the shaded region is
  given by P = 4r + 8r . [6]

 (ii) Given that r can vary, show that the stationary value of P can be written in the form 
k 2 , where k is a constant to be found. [4]

 (iii) Determine the nature of this stationary value and find the value of θ for which it occurs. [2]

 

10 cm

r cm
θ
θO

A

B

DC

E

F

 The figure shows a sector OAB of a circle, centre O, radius 10 cm. Angle AOB = 2θ radians 
where 0 < θ < 

π
2. A circle centre C, radius r cm, touches the arc AB at the point D. The lines OA 

and OB are tangents to the circle at the points E and F respectively.

 (i) Write down, in terms of r, the length of OC. [1]

 (ii) Hence show that r = 
10 sin θ
1 + sin θ .  [2]

 (iii) Given that θ can vary, find 
dr
dθ when r = 

10
3 . [6]

 (iv) Given that r is increasing at 2 cms–1, find the rate at which θ is increasing when θ = 
π
6 . [3]

20
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21 (i) Show that 
�4 – x �2

x
 can be written in the form px

– 12 + q + rx
1
2, where p, q and r are

  integers to be found. [3]

 (ii) A curve is such that dy
dx = 

�4 – x �2

x
 for x > 0. Given that the curve passes through the

  point (9, 30), find the equation of the curve. [5]

22 (i) Given that y = x sin 4x, find dy
dx  . [3]

 (ii) Hence find � x cos 4x dx and evaluate 
0

π
8�  x cos 4x dx. [6]
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23 Answer only one of the following two alternatives.

EITHER

 A curve has equation y = e–x (Acos 2x + Bsin 2x). At the point (0, 4) on the curve, the gradient of 
the tangent is 6.

 (i) Find the value of A. [1]

 (ii) Show that B = 5. [5]

 (iii) Find the value of x, where 0 < x < π2 radians, for which y has a stationary value. [5]

 A curve has equation y = 
1n(x2 – 1)

x2 – 1 , for x > 1.

 (i) Show that dy
dx = k x(1 – 1n(x2 –1))

(x2 – 1)2 , where k is a constant to be found. [4]

 (ii) Hence find the approximate change in y when x increases from 5  to 5  + p, where  p is 
small. [2]

 (iii) Find, in terms of e, the coordinates of the stationary point on the curve. [5]

25 A curve has equation      y = 6 cos x2 + 4 sin x2 
, for 0 � x � 2π radians.

 (i) Find the x-coordinate of the stationary point on the curve.  [5]

 (ii) Determine the nature of this stationary point.  [2]

24
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26 (a) Differentiate tan (3x + 2) with respect to x.  [2]

 (b) Differentiate (√⎯x + 1)
2
3  with respect to x.  [3]

 (c) Differentiate 
ln (x3 – 1)

2x + 3  with respect to x.  [3]
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27 A particle moves in a straight line so that, t s after leaving a fixed point O, its velocity v ms–1 is 
given by v = 3e2t + 4t.

 (i) Find the initial velocity of the particle.  [1]

 (ii) Find the initial acceleration of the particle.  [3]

 (iii) Find the distance travelled by the particle in the third second.  [4]

28 Given that the straight line   y = 3x + c   is a tangent to the curve   y = x2 + 9x + k,   express k in 
terms of c. [4]

29 It is given that y # (x ! 1)(2x 0 3)�3�2.

(i) Show that can be written in the form and state the value of k. [4]

Hence

(ii) find, in terms of p, an approximate value of y when x # 6 ! p, where p is small, [3]

(iii) evaluate . [3]�6

2
x √2x − 3 d�x

kx√2x − 3
d�y
d�x

0606/2/M/J/04
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30 (i) Given that  y = 
1

x2 + 3  , show that  
dy
dx = 

kx
(x2 + 3)2 , where k is a constant to be found. [2]

 

(ii) Hence find  � 
6x

(x2 + 3)2 dx  and evaluate  �3

1

6x
(x2 + 3)2 dx. [3]

The diagram shows part of a curve, passing through the points (2, 3.5) and (5, 1.4). The gradient of

the curve at any point (x, y) is , where a is a positive constant.

(i) Show that a # 20 and obtain the equation of the curve. [5]

The diagram also shows lines perpendicular to the x-axis at x # 2, x # p and x # 5. Given that the
areas of the regions A and B are equal,

(ii) find the value of p. [5]

−���
a
x��3

y

xp 52

(2, 3.5)

(5, 1.4)

O

A B

31
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32 Answer only one of the following two alternatives.

 EITHER
y

xA

P (1,1n 2)
y =1n (x+1)  – 1n x

CO

B

D

 The diagram shows part of the curve   y = 1n (x +1) – 1n x. The tangent to the curve at the point 
P (1, 1n 2) meets the x-axis at A and the y-axis at B. The normal to the curve at P meets the 
x-axis at C and the y-axis at D.

 (i) Find, in terms of 1n 2, the coordinates of A, B, C and D. [8]

 (ii) Given that Area of triangle BPD
Area of triangle APC  = 1k, express k in terms of 1n 2. [3]

 

 A curve has equation   y = xex. The curve has a stationary point at P.

 (i) Find, in terms of e, the coordinates of P and determine the nature of this stationary point. [5]

 The normal to the curve at the point Q (1, e) meets the x-axis at R and the y-axis at S.

 (ii) Find, in terms of e, the area of triangle ORS, where O is the origin. [6]

33
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34 A particle travels in a straight line so that, t s after passing through a fixed point O, its velocity, 

v ms–1, is given by v = 12cos ( t
3).

 (i) Find the value of t when the velocity of the particle first equals 2 ms–1. [2]

 (ii) Find the acceleration of the particle when t = 3. [3]

 (iii) Find the distance of the particle from O when it first comes to instantaneous rest. [4]

35 A curve has the equation y # (ax ! 3) ln x, where x p 0 and a is a positive constant. The
normal to the curve at the point where the curve crosses the x-axis is parallel to the line 5y ! x # 2.
Find the value of a. [7]
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36
y

x
P
O

Q

y  =  x3  –  9x2  +  24x  +  2

 The diagram shows part of the curve y = x3 – 9x2 + 24x + 2 cutting the y-axis at the point P. The 
curve has a minimum point at Q.

 (i) Find the coordinates of the point Q. [4]

 (ii) Find the area of the region enclosed by the curve and the line PQ. [6]

37 A curve has gradient e4x + e–x at the point (x, y). Given that the curve passes through the point (0, 3),
find the equation of the curve. [4]

38 Given that , find

(i) an expression for ,

(ii) the x-coordinates of the stationary points.
[4]

d�y
d�x

y =
x −

x��2 + 5
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39 Answer only one of the following two alternatives.

 EITHER

O

y

x(1, 0) Q

P (e, 1)

y=ln x

 The diagram shows part of the curve y = ln x cutting the x-axis at the point (1, 0). The normal to 
the curve at the point P(e, 1) cuts the x-axis at the point Q.

 (i) Show that Q is the point �e + 1e 
, 0�  .  [4]

 (ii) Show that 
d
dx (x ln x) = 1 + ln x.  [1]

 (iii) Hence find �ln xdx and the area of the shaded region. [5]

y

xO B

A
(0,1)

y = e x cos x

(� , 0)2

 The diagram shows part of the curve y = ex cos x, cutting the x-axis at the point �π2 , 0� . The 

normal to the curve at the point A(0, 1) cuts the x-axis at the point B.

 (i) Find the coordinates of B.  [4]

 (ii) Show that 
d
dx [ex (cos x + sin x)] = 2ex cos x.  [2]

 (iii) Hence find �ex cos xdx and the area of the shaded region.  [4]

40
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41

The diagram shows a square PQRS of side 1 m. The points X and Y lie on PQ and QR respectively such
that PX = x m and QY = qx m, where q is a constant such that q > 1.

(i) Given that the area of triangle SXY is A m2, show that

A = 1
2(1 – x + qx2). [3]

(ii) Given that x can vary, show that QY = YR when A is a minimum and express the minimum value
of A in terms of q. [4]

42 Given that y = (x – 5) ,

(i) show that can be written in the form and state the value of k, [4]

(ii) find the approximate change in y as x decreases from 10 to 10 – p, where p is small, [2]

(iii) find the rate of change of x when x = 10, if y is changing at the rate of 3 units per second at this
instant. [2]

kx

x2 5+
dy
dx

2 5x +

S R

Y

qx m

x m QP X

1m

1m

43(i) Show that can be written in the form  and state the value of k. [4]

(ii) Hence evaluate ∫0

π–
4 dx. [3]2

1–  xsin

k
1 – sin x)cos x

1 – sin x(d
dx

44 A curve has the equation .

(i) Find the value of k for which . [2]

(ii) Find the equation of the normal to the curve at the point where the curve crosses the x-axis. [4]

A point (x, y) moves along the curve in such a way that the x-coordinate of the point is increasing at
a constant rate of 0.05 units per second.

(iii) Find the corresponding rate of change of the y-coordinate at the instant that y # 6. [3]

d�y
d�x

��� = ���
k

(x − 2)��2

y��� = ���
2x + 4
x − 2
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46

The diagram shows part of the curve y = x2 – 6x + 10 passing through the points P and Q. The curve
has a minimum point at P and the gradient of the line PQ is –2. Calculate the area of the shaded region.

[11]

A particle travels in a straight line, starting from rest at point A, passing through point B and coming to
rest again at point C. The particle takes 5 s to travel from A to B with constant acceleration. The motion
of the particle from B to C is such that its speed, v ms–1, t seconds after leaving A, is given by

v = (20 – t)3 for 5 � t � T.

(i) Find the speed of the particle at B and the value of T.

(ii) Find the acceleration of the particle when t = 14.

(iii) Sketch the velocity-time curve for 0 � t � T.

(iv) Calculate the distance AC.
[11]

1
225

y

Q

P

O x

y=x2– 6x+10

45 A curve has the equation y # xe�2x.

(i) Find the x-coordinate of the turning point of the curve. [4]

(ii) Find the value of k for which . [3]

(iii) Determine whether the turning point is a maximum or a minimum. [2]

d��2��y
d�x��2 ��� = ���ke��2x(1 + x)

21
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Answer only one of the following two alternatives.

EITHER

The diagram shows part of the curve y # 2 sin x ! 4 cos x, intersecting the y-axis at A and with
its maximum point at B. A line is drawn from A parallel to the x-axis and a line is drawn from B
parallel to the y-axis. Find the area of the shaded region. [11]

The diagram shows part of the curve , intersecting the y-axis at A. The tangent to the
curve at the point P(2, 3) intersects the y-axis at B. Find the area of the shaded region ABP. [11]

y��� = ���√1 + 4x

0606/1/M/J/03

B
y

A

y # 2 sin x ! 4 cos x

O x

B

y

A

O x

�y # 1! 4x

P(2, 3)

50 Express in the form , where a and b are integers. [6]a + b√2�8

�1
 �3√x + 2

√x � dx

22
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Answer only one of the following two alternatives.

EITHER

A particle moves in a straight line so that, t s after leaving a fixed point O, its velocity, v ms�01, is
given by .

(i) Find the acceleration of the particle when v # 8. [4]

(ii) Calculate, to the nearest metre, the displacement of the particle from O when t # 6. [4]

(iii) State the value which v approaches as t becomes very large. [1]

(iv) Sketch the velocity-time graph for the motion of the particle. [2]

(i) By considering sec θ as (cos θ)�01 show that . [2]

(ii) The diagram shows a straight road joining two points, P and Q, 10 km apart. A man is at point
A, where AP is perpendicular to PQ and AP is 2 km. The man wishes to reach Q as quickly as
possible and travels across country in a straight line to meet the road at point X, where angle
PAX # θ radians.

The man travels across country along AX at 3 km h�01 but on reaching the road he travels at
5 km h�01 along XQ. Given that he takes T hours to travel from A to Q, show that

[4]

(iii) Given that θ can vary, show that T has a stationary value when PX # 1.5 km. [5]

 T��� = ���2 sec θ
3

+ 2 − 2 tan θ
5

���.

d
d�θ

 (sec θ) =
sin θ

cos��2 θ

v��� = ���10(1 − e��−�12 ���t)

0606/2/M/J/04

A

P X Q

10 km

2 km
θ

53 A particle travels in a straight line so that, t seconds after passing a fixed point A on the line, its
acceleration, a ms–2, is given by   a = –2 – 2t.   It comes to rest at a point B when t = 4.

(i) Find the velocity of the particle at A. [4]

(ii) Find the distance AB. [3]

(iii) Sketch the velocity-time graph for the motion from A to B. [1]
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54 Answer only one of the following two alternatives.

EITHER

The diagram, which is not drawn to scale, shows part of the graph of   y = 8 – e2x,   crossing the y-axis
at A. The tangent to the curve at A crosses the x-axis at B. Find the area of the shaded region bounded
by the curve, the tangent and the x-axis. [10]

A piece of wire, of length 2 m, is divided into two pieces. One piece is bent to form a square of side x m
and the other is bent to form a circle of radius r m.

(i) Express r in terms of x and show that the total area, A m2, of the two shapes is given by

A = .
[4]

Given that x can vary, find

(ii) the stationary value of A, [4]

(iii) the nature of this stationary value. [2]

(π + 4)x2 – 4x + 1
–––––––––––––––π

y

xO

A

B

56 A curve has the equation   y = .

(i) Find an expression for   . [3]

(ii) Given that y is increasing at a rate of 0.2 units per second when x = – 0.5, find the corresponding
rate of change of x. [2]

dy–––
dx

8–––––
2x – 1
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58 (i) Differentiate   xln x – x with respect to x. [2]

(ii)

The diagram shows part of the graph of   y = ln x.   Use your result from part (i) to evaluate the
area of the shaded region bounded by the curve, the line x = 3 and the x –axis. [4]  

59 A curve has the equation   y = ,   for 0 < x < π. 

(i) Find and show that the x-coordinate of the stationary point satisfies   2 sin x – cos x = 0. [4]

(ii) Find the x-coordinate of the stationary point. [2] 

dy–––
dx

e2x
––––
sin x

y

xO

y = ln x

3

57 A curve has the equation   y = (x – 1)(2x – 3)8.   Find the gradient of the curve at the point where x = 2.
[4]

60 The line   y = 3x + k   is a tangent to the curve   x2 + xy + 16 = 0.

 (i) Find the possible values of k. [3]

 (ii) For each of these values of k, find the coordinates of the point of contact of the tangent with the 
curve. [2]

61 A curve is such that   
dy
dx = 2 cos �2x – π

2 �.   The curve passes through the point �π2 , 3�.
 (i) Find the equation of the curve. [4]

 (ii) Find the equation of the normal to the curve at the point where  x = 3π
4

. [4]
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62 A particle moves in a straight line, so that, t s after leaving a fixed point O, its velocity, v m s–1, is given
by

v = pt2 + qt + 4,

where p and q are constants. When t = 1 the acceleration of the particle is 8 m s–2. When t = 2 the
displacement of the particle from O is 22 m. Find the value of p and of q. [7]

63    (i) Given that   y = ,   show that   = . [5]

(ii)

The diagram shows part of the curve   y = .   Using the result given in part (i), find the  

area of the shaded region bounded by the curve, the x-axis and the lines x = and x = .   [3]
5π–––
4

3π–––
4

2–––––––
1 – sin x

y

xO

y = 2––––––
1 – sinx

3π–––
4

5π–––
4

1
–––––––
1 – sin x

dy
––
dx

1 + sin x
–––––––

cos x

64 (a) Differentiate   etan x with respect to x. [2] 

(b) Evaluate �
0

e1–2x dx. [4]  
1–
2
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65 A cuboid has a total surface area of 120 cm2.  Its base measures x cm by 2x cm and its height is h cm.

(i) Obtain an expression for h in terms of x. [2]

Given that the volume of the cuboid is V cm3,

(ii) show that   V = 40x – . [1]

Given that x can vary,

(iii) show that V has a stationary value when   h = . [4]4x––
3

4x3
–––
3

66 Find the equation of the normal to the curve   y = 2x + 4
x – 2

   at the point where x = 4. [5]

67 A curve has the equation   y x
x

= +
9

 .

 (i) Find expressions for   
dy
dx

   and   
d2y
dx2  . [4]

 (ii) Show that the curve has a stationary value when x = 9. [1]

 (iii) Find the nature of this stationary value. [2]

68 A particle, moving in a straight line, passes through a fixed point O with velocity 14 ms–1. The 
acceleration, a ms–2, of the particle, t seconds after passing through O, is given by   a = 2t – 9.   The 
particle subsequently comes to instantaneous rest, firstly at A and later at B. Find 

 (i) the acceleration of the particle at A and at B, [4]

 (ii) the greatest speed of the particle as it travels from A to B, [2]

 (iii) the distance AB. [4]
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69 Answer only one of the following two alternatives.

 EITHER
y

y = 3 sin x + 4 cos x

xO π
2

 The graph shows part of the curve   y = 3sin x + 4 cos x   for 0 � x � π
2

 radians.

 (i) Find the coordinates of the maximum point of the curve. [5]

 (ii) Find the area of the shaded region. [5]

y

y = 
(3x + 2)2

12

xO B

A

C

 The diagram, which is not drawn to scale, shows part of the curve   y = 12
(3x + 2)2

 ,   intersecting the 

y-axis at A. The tangent to the curve at A meets the x-axis at B. The point C lies on the curve and BC is 

parallel to the y-axis.

 (i) Find the x-coordinate of B. [4]

 (ii) Find the area of the shaded region. [6]

71 (i) Differentiate x2 ln x with respect to x. [2]

 (ii) Use your result to show that  �e

1
4x ln x dx = e2 + 1. [4]
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72 Answer only one of the following two alternatives.

 EITHER

 A curve has equation   y = (x2 – 3)e–x.

 (i) Find the coordinates of the points of intersection of the curve with the x-axis. [2]

 (ii) Find the coordinates of the stationary points of the curve. [5]

 (iii) Determine the nature of these stationary points. [3]

 A particle moves in a straight line such that its displacement, s m, from a fixed point O at a time t s, is 
given by

s = ln(t + 1)   for   0 � t � 3,

s = 12ln (t – 2) – ln(t + 1) + ln 16   for t > 3.

 Find

 (i) the initial velocity of the particle, [2]

 (ii) the velocity of the particle when t = 4, [2]

 (iii) the acceleration of the particle when t = 4, [2]

 (iv) the value of t when the particle is instantaneously at rest, [2]

 (v) the distance travelled by the particle in the 4th second. [2]

74 Differentiate with respect to x

 (i)   1 + x3 , [2]

 (ii) x2 cos 2x. [3]

75 (a)  Variables x and y are related by the equation  y = 5x + 2 – 4e–x.

  (i) Find 
dy
––
dx

 . [2]

  (ii) Hence find the approximate change in y when x increases from 0 to p, where p is small. [2]

 (b) A square of area A cm2 has a side of length x cm. Given that the area is increasing at a constant rate 
of 0.5 cm2 s–1, find the rate of increase of x when A = 9. [4]
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76
y

xO

P (x, y)

y = 4 2

x2

 The diagram shows part of the curve   y
x

=
4 2

2
.   The point P (x, y) lies on this curve.

 (i) Write down an expression, in terms of x, for (OP)2. [1]

 (ii) Denoting (OP)2 by S, find an expression for  dS
dx . [2]

 (iii) Find the value of x for which S has a stationary value and the corresponding value of OP. [3]

77 (a) Find

  (i) � 12
(2x – 1)4  dx, [2]

  (ii) �x(x –1)2dx. [3]

 (b) (i) Given that   y x x= − +2 5 4( ) ,   show that   d

d

y

x

x

x
=

+

+

3 1

4

( ) . [3]

  (ii) Hence find   � ( )x

x

+

+

1

4
dx. [2]

 The diagram shows the curve   y = 4x – x2,   which crosses the x-axis at the origin O and the point A. 
The tangent to the curve at the point (1, 3) crosses the x-axis at the point B.

 (i) Find the coordinates of A and of B. [5]

 (ii) Find the area of the shaded region. [5]
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79 Answer only one of the following two alternatives.

 EITHER

 A curve has equation  y = ln x–––
x2  , where x > 0.

 (i) Find the exact coordinates of the stationary point of the curve. [6]

 (ii) Show that  
d2y
–––
dx2

 can be written in the form  a ln x + b––––––––
x4

 ,  where a and b are integers. [3]

 (iii) Hence, or otherwise, determine the nature of the stationary point of the curve. [2]

 

  A curve is such that  
dy
––
dx

 = 6 cos �2x + 
π
–
2� for – 

π
–
4 � x � 5π––

4  . The curve passes through the point �π–4, 5�.
 Find

 (i) the equation of the curve, [4]

 (ii) the x-coordinates of the stationary points of the curve, [3]

 (iii) the equation of the normal to the curve at the point on the curve where  x = 3π––
4

. [4]
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81
y

xO

A

B

y = 6 – 

3

3–x

 The diagram shows part of the curve  y = 6 – 3–x   which passes through the point A where x = 3. The 
normal to the curve at the point A meets the x-axis at the point B. Find the coordinates of the point B.
 [5]

82 Given that a curve has equation  y = x2 + 64   x ,  find the coordinates of the point on the curve where  

 
d2y
–––
dx2

 = 0. [7]
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83 A particle moves in a straight line such that its displacement, x m, from a fixed point O on the line at 
time t seconds is given by  x = 12{1n (2t + 3)}.  Find

 (i) the value of t when the displacement of the particle from O is 48 m, [3]

 (ii) the velocity of the particle when t = 1, [3]

 (iii) the acceleration of the particle when t =1. [3]

84 Answer only one of the following two alternatives.

 EITHER

y

y = 5

xO

A

B      , 7

C

π––
4

 The diagram shows part of a curve for which  
dy
––
dx

 =  8 cos 2x.  The curve passes through the 

 point  B �π–4, 7�.  The line  y = 5  meets the curve at the points A and C.

 (i) Show that the curve has equation  y = 3 + 4 sin 2x. [3]

 (ii) Find the x-coordinate of the point A and of the point C. [4]

 (iii) Find the area of the shaded region. [5]

 

 A curve is such that  
dy
––
dx

 = 6e3x – 12.  The curve passes through the point (0, 1).

 (i) Find the equation of the curve. [4]

 (ii) Find the coordinates of the stationary point of the curve. [3]

 (iii) Determine the nature of the stationary point. [2]

 (iv) Find the coordinates of the point where the tangent to the curve at the point (0, 1) meets the 
x-axis. [3]
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y

O

P(1, 8)

y = x3 – 6x2 + 8x + 5

Q

x

 The diagram shows part of the curve  y = x3 – 6x2 + 8x + 5.  The tangent to the curve at the point P(1, 8) 
cuts the curve at the point Q.

 (i) Show that the x-coordinate of Q is 4.  [6]

 (ii) Find the area of the shaded region. [6]

86 Given that a curve has equation  y = x2 + 64   x ,  find the coordinates of the point on the curve where  

 
d2y
–––
dx2

 = 0. [7]

87 The volume V cm3 of a spherical ball of radius r cm is given by  V = 4–
3

 πr3.  Given that the radius is 
increasing at a constant rate of 1–π  cm s–1, find the rate at which the volume is increasing when V = 288π.
 [4]
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91

R Q(x, y)

PO

y = 12 – 2x

y

x

 The diagram shows part of the line  y = 12 – 2x.  The point Q (x, y) lies on this line and the points P and 
R lie on the coordinate axes such that OPQR is a rectangle.

 (i) Write down an expression, in terms of x, for the area A of the rectangle OPQR. [2]

 (ii) Given that x can vary, find the value of x for which A has a stationary value. [3]

 (iii) Find this stationary value of A and determine its nature. [2]

89 (i) Given that  y = 
x + 2–––––––––

(4x + 12)½ , show that  
dy
––
dx

 = 
k(x + 4)–––––––––

(4x + 12)
3/2,  where k is a constant to be found. [5]

 (ii) Hence evaluate  ∫
1

13 x + 4–––––––––
(4x + 12)

3/2  dx. [3]

90 A particle starts from rest and moves in a straight line so that, t seconds after leaving a fixed point O, its 
velocity, v ms–1, is given by

    v =  4 sin 2t.

 (i) Find the distance travelled by the particle before it first comes to instantaneous rest. [5]

 (ii) Find the acceleration of the particle when t = 3. [3]
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92 A body moves in a straight line such that, t s after passing through a fixed point O, its 
displacement from O is s m. The velocity v ms–1 of the body is such that v = 5cos4t.

 (i) Write down the velocity of the body as it passes through O. [1]

 (ii) Find the value of t when the acceleration of the body is first equal to 10 ms–2. [4]

 

(iii) Find the value of s when t = 5. [4]

93 (a) A curve is such that dy
dx  = ae1–x – 3x2, where a is a constant. At the point (1, 4), the gradient 

of the curve is 2.

  (i) Find the value of a. [1]

  (ii) Find the equation of the curve. [5]

 (b) (i) Find �(7x + 8)
1
3dx. [2]

  (ii) Hence evaluate 
8

0
� (7x + 8)

1
3dx. [2]
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94 Answer only one of the following two alternatives.

EITHER

 The equation of a curve is y = (x – 1)(x2 – 6x + 2).

 (i) Find the x-coordinates of the stationary points on the curve and determine the nature of each 
of these stationary points. [6]

 (ii) Given that z = y2 and that z is increasing at the constant rate of 10 units per second, find the 
rate of change of y when x = 2. [2] 

 (iii) Hence find the rate of change of x when x = 2. [2]

 The diagram shows a cuboid with a rectangular base of sides x cm and 2x cm. The height of the 
cuboid is y cm and its volume is 72 cm3.

y cm

x cm
2x cm

 (i) Show that the surface area A cm2 of the cuboid is given by 

A = 4x2 + 216
x .

 [3]

 (ii) Given that x can vary, find the dimensions of the cuboid when A is a minimum. [4]

 (iii) Given that x increases from 2 to 2 + p, where p is small, find, in terms of p, the corresponding 
approximate change in A, stating whether this change is an increase or a decrease. [3]
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96 Answer only one of the following two alternatives.

 EITHER

 The tangent to the curve  y = 3x3 + 2x2 – 5x + 1  at the point where  x = –1  meets the y-axis at the 
point A.

 (i) Find the coordinates of the point A. [3]

 The curve meets the y-axis at the point B. The normal to the curve at B meets the x-axis at the 
point C. The tangent to the curve at the point where  x = –1  and the normal to the curve at B meet 
at the point D.

 (ii) Find the area of the triangle ACD. [7]

   

R

Q

y y = x (x – 3)2

xO

P

 The diagram shows  the curve  y = x (x – 3)2 . The curve has a maximum at the point P and 
touches the x-axis at the point Q. The tangent at P and the normal at Q meet at the point R. Find 
the area of the shaded region PQR. [10]
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y

x

y = x sin x

Q

P

O

 The diagram shows part of the curve  y = x sin x  and the normal to the curve at the point 
 P �π2 , π2� .  The curve passes through the point Q(π, 0).

 (i) Show that the normal to the curve at P passes through the point Q. [4]

 (ii) Given that d
dx  (x cos x) = cos x – x sin x, find �x sin xdx. [3]

 (iii) Find the area of the shaded region. [5]

98 (i) Given that  y = sin 3x, find dy
dx. [1]

 (ii) Hence find the approximate increase in y as x increases from π9 to π9 + p, where p is small.
   [2]

99 (i) Given that y = x 2x + 15, show that dy
dx = k(x + 5)–––––––

2x + 15
, where k is a constant to be found. [3]

   

 (ii) Hence find � x + 5–––––––
2x + 15

dx  and evaluate 
5

–3� x + 5–––––––
2x + 15

dx.  [3]
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101 A particle moves in a straight line so that, t s after passing through a fixed point O, its velocity, 
 v ms–1, is given by v = 60–––––––

(3t + 4)2 .

 (i) Find the velocity of the particle as it passes through O. [1]

 (ii) Find the acceleration of the particle when t = 2. [3]

 (iii) Find an expression for the displacement of the particle from O, t s after it has passed 
through O.  [4]

102 (i) Differentiate x sin x with respect to x. [2]

(ii) Hence evaluate ∫0
π–
2

x cos x dx. [4]
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103 Answer only one of the following two alternatives.

 EITHER

 (a) Using an equilateral triangle of side 2 units, find the exact value of sin 60° and of cos 60°.
   [3]
 (b)

P

Q

x cm

60° 60°

x cm

y cm

S

R

  PQRS is a trapezium in which PQ = RS = x cm and QR = y cm.
  Angle QPS = angle RSP = 60° and QR is parallel to PS.

  (i) Given that the perimeter of the trapezium is 60 cm, express y in terms of x. [2]

  (ii) Given that the area of the trapezium is A cm2 , show that

        A =   3 (30x – x2)
2  . [3]

  (iii) Given that x can vary, find the value of x for which A has a stationary value and 
determine the nature of this stationary value. [4]

   

r cm

h cm

          

For a sphere of radius r:

Volume = 43 π r3

Surface area = 4π r2

 The diagram shows a solid object in the form of a cylinder of height h cm and radius r cm on top 
of a hemisphere of radius r cm. Given that the volume of the object is 2880 π cm3,

 (i) express h in terms of r, [2]

 (ii) show that the external surface area, A cm2, of the object is given by

        A = 53 π r2 + 5760π
r  .  [3]

 Given that r can vary,

 (iii) find the value of r for which A has a stationary value, [4]

 (iv) find this stationary value of A, leaving your answer in terms of π,  [2]

 (v) determine the nature of this stationary value. [1]
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106 A car moves on a straight road. As the driver passes a point A on the road with a speed of 20 ms–1, he
notices an accident ahead at a point B. He immediately applies the brakes and the car moves with an

acceleration of a ms–2, where a = – 6 and t s is the time after passing A. When t = 4, the car passes

the accident at B. The car then moves with a constant acceleration of 2 ms–2 until the original speed of
20 ms–1 is regained at a point C. Find

(i) the speed of the car at B, [4]

(ii) the distance AB, [3]

(iii) the time taken for the car to travel from B to C. [2]

Sketch the velocity-time graph for the journey from A to C. [2]

3t
2

105 A curve has the equation y # x�3 ln x, where x p 0.

(i) Find an expression for . [2]

Hence

(ii) calculate the value of ln x at the stationary point of the curve, [2]

(iii) find the approximate increase in y as x increases from e to e ! p, where p is small, [2]

(iv) find . [3]� ���x��2 ln x���d�x

d�y
d�x
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107 Answer only one of the following two alternatives.

EITHER

The diagram shows a greenhouse standing on a horizontal rectangular base. The vertical semicircular
ends and the curved roof are made from polythene sheeting. The radius of each semicircle is r m and
the length of the greenhouse is l m. Given that 120 m2 of polythene sheeting is used for the greenhouse,
express l in terms of r and show that the volume, V m3, of the greenhouse is given by

V = 60r – . [4]

Given that r can vary, find, to 2 decimal places, the value of r for which V has a stationary value. [3]

Find this value of V and determine whether it is a maximum or a minimum. [3]

The diagram shows part of the curve y = x2 ln x, crossing the x-axis at Q and having a minimum point
at P.

(i) Find the value of at Q. [4]

(ii) Show that the x-coordinate of P is . [3]

(iii) Find the value of at P. [3]
d2y
dx2

1
e

dy
dx

QO x

y

P

y = x2 ln x

πr3

2

l m

r m

109 Given that , find

(i) , [3]

(ii) the approximate change in y as x increases from 1 to 1 ! p, where p is small, [2]

(iii) the rate of change of x at the instant when x # 1, given that y is changing at the rate of
0.12 units per second at this instant. [2]

d�y
d�x

y��� = ��� ln x
2x + 3

108
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Answer only one of the following two alternatives.

EITHER

A piece of wire, 125 cm long, is bent to form the shape shown in the diagram. This shape encloses
a plane region, of area A cm�2, consisting of a semi-circle of radius r cm, a rectangle of length x cm

and an isosceles triangle having two equal sides of length cm.

(i) Express x in terms of r and hence show that . [6]

Given that r can vary,

(ii) calculate, to 1 decimal place, the value of r for which A has a maximum value. [4]

The diagram shows the cross-section of a hollow cone of height 30 cm and base radius 12 cm and a
solid cylinder of radius r cm and height h cm. Both stand on a horizontal surface with the cylinder
inside the cone. The upper circular edge of the cylinder is in contact with the cone.

(i) Express h in terms of r and hence show that the volume, V cm�3, of the cylinder is given by
. [4]

Given that r can vary,

(ii) find the volume of the largest cylinder which can stand inside the cone and show that, in this
case, the cylinder occupies of the volume of the cone. [6]

[The volume, V, of a cone of height H and radius R is given by .]V��� = ����13 ������πR��2��H

�49 ���

V��� = ���π(30r��2 − �52 ��r��3)

A��� = ���125r − πr��2

2
− 7r��2

4

5r
4

0606/1/O/N/03

r cm 

4
5r cm 4

5r cm

x cm

12 cm

30 cm

r cm
h cm
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A curve has the equation .

(i) Show that the exact value of the y-coordinate of the stationary point of the curve is . [4]

(ii) Determine whether the stationary point is a maximum or a minimum. [2]

(iii) Calculate the area enclosed by the curve, the x-axis and the lines x # 0 and x # 1. [4]

2√3

y = e���12 ���x + 3e��−�12 ���x

0606/1/O/N/04

The diagram shows part of the curve   y = 3sin 2x + 4cos x.

Find the area of the shaded region, bounded by the curve and the coordinate axes. [5]

y

xO π
2

A curve has the equation   y = 2x – 4
x + 3

 .

 (i) Obtain an expression for dy
dx

 and hence explain why the curve has no turning points. [3]

 The curve intersects the x-axis at the point P. The tangent to the curve at P meets the y-axis at the 
point Q.

 (ii) Find the area of the triangle POQ, where O is the origin. [5]
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115

A particle, travelling in a straight line, passes a fixed point O on the line with a speed of 0.5 ms–1. The
acceleration, a ms–2, of the particle, t s after passing O, is given by   a = 1.4 – 0.6t.

(i) Show that the particle comes instantaneously to rest when t = 5. [4]

(ii) Find the total distance travelled by the particle between t = 0 and t = 10. [6]

116 A particle starts from rest at a fixed point O and moves in a straight line towards a point A. The 
velocity,  v ms–1, of the particle, t seconds after leaving O, is given by   v = 6 – 6e–3t .   Given that the particle
reaches A when t = ln 2, find

(i) the acceleration of the particle at A, [3]

(ii) the distance OA. [4]

117 A curve has the equation   y = (x + 2) .

(i) Show that   = , where k is a constant, and state the value of k. [4]

(ii) Hence evaluate   �
2

5
dx. [4]

x −1

x

x −1

kxdy
–––
dx

x −1

118  (i) Given that   y = 1 + ln (2x – 3),   obtain an expression for  . [2]

(ii) Hence find, in terms of p, the approximate value of y when  x = 2 + p,  where p is small. [3]

dy
–––
dx

119 A curve is such that   = 6x – 2.   The gradient of the curve at the point (2, –9) is 3.

(i) Express y in terms of x. [5]

(ii) Show that the gradient of the curve is never less than – . [3]16––
3

d2y
––––
dx2
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120 Answer only one of the following two alternatives.

EITHER

The diagram, which is not drawn to scale, shows part of the curve   y = x2 – 10x + 24   cutting the x-axis at
Q(4, 0). The tangent to the curve at the point P on the curve meets the coordinate axes at S(0, 15) and at 
T (3.75, 0).

(i) Find the coordinates of P. [4] 

The normal to the curve at P meets the x-axis at R.

(ii) Find the coordinates of R. [2]

(iii) Calculate the area of the shaded region bounded by the x-axis, the line PR and the curve PQ. [5]

A curve has the equation   y = 2cos x – cos 2x,   where 0 < x � .

(i) Obtain expressions for   and . [4]

(ii) Given that  sin 2x may be expressed as  2sin x cos x,  find the x-coordinate of the stationary point of the
curve and determine the nature of this stationary point. [4]

(iii) Evaluate   ∫ y dx. [3]

d2y
––––
dx2

dy
–––
dx

π–
2

S (0, 15)

Q (4, 0)

P

R O T
(3.75, 0)

x

y

y = x2 – 10x + 24

π/2
π/3

122 The function f is defined for the domain  –3 � x � 3  by

f(x) = 9(x – 1
3)2 – 11.

 (i) Find the range of f. [3]

 (ii) State the coordinates and nature of the turning point of

  (a) the curve y = f(x),

  (b) the curve y =  � f(x) �.
 [4]
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123 

y

x

B

A O C

y = 4 – e–2 x

 The diagram shows part of the curve   y = 4 – e–2x   which crosses the axes at A and at B.

 (i) Find the coordinates of A and of B. [2]

 The normal to the curve at B meets the x-axis at C.

 (ii) Find the coordinates of C. [4]

 (iii) Show that the area of the shaded region is approximately 10.3 square units. [5]
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124  A curve has equation   y  =  x3 + ax + b,   where a and b are constants. The gradient of the curve at the 
point (2, 7) is 3. Find

 (i) the value of a and of b, [5]

 (ii) the coordinates of the other point on the curve where the gradient is 3. [2]

125 (a) Find the value of m for which the line   y = mx – 3   is a tangent to the curve   y = x + 
1
x
    and find 

the x-coordinate of the point at which this tangent touches the curve. [5]

 (b) Find the value of c and of d for which   {x : – 5 < x < 3}   is the solution set of   x2 + cx < d. [2]

127 The equation of a curve is   y x
x

=
−

e 2.

 (i) Show that   
d
d

e
y

x
x

x

= −( ) −1
2

2 2. [3]

 (ii) Find an expression for 
d2y
dx2

 
. [2]

 The curve has a stationary point at M.

 (iii) Find the coordinates of M. [2]

 (iv) Determine the nature of the stationary point at M. [2]

126 A curve is such that  dy
dx

 = 6
4x + 1

 ,  and (6, 20) is a point on the curve.

 (i) Find the equation of the curve. [4]

 A line with gradient – 1
2
 is a normal to the curve.

 (ii) Find the coordinates of the points at which this normal meets the coordinate axes. [4]
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128 Answer only one of the following two alternatives.

 EITHER

 A curve has the equation   y = xe2x.

 (i) Obtain expressions for  dy
dx

  and  d2y
dx2  . [5]

 (ii) Show that the y-coordinate of the stationary point of the curve is   – 1
2e

 . [3]

 (iii) Determine the nature of this stationary point. [2]

 (i) Show that   d
dx

 ( ln x–––
x2 ) = 

1 – 2 lnx–––––––
x3  . [3]

 (ii) Show that the y-coordinate of the stationary point of the curve  y = ln x–––
x2   is  1––

2e
 . [3]

 (iii) Use the result from part (i) to find   ∫ ( ln x–––
x3 ) dx. [4]

130 The two variables x and y are related by the equation   yx2 = 800.

 (i) Obtain an expression for   dy
dx

   in terms of x. [2]

 (ii) Hence find the approximate change in y as x increases from 10 to 10 + p, where p is small. [2]

131 A particle travels in a straight line so that, t s after passing through a fixed point O, its speed, v ms–1, is 

 given by   v = 8cos ( t–
2).

 (i) Find the acceleration of the particle when t = 1. [3]

 The particle first comes to instantaneous rest at the point P.

 (ii) Find the distance OP.  [4]
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132 
y

xO

M

X

 The diagram shows part of the curve   y = 4  x  – x.   The origin O lies on the curve and the curve 
intersects the positive x-axis at X. The maximum point of the curve is at M. Find 

 (i) the coordinates of X and of M, [5]

 (ii) the area of the shaded region. [4]

133 A curve is such that   
d2y

dx2
 = 4e–2x.   Given that 

dy

dx
 = 3 when x = 0 and that the curve passes through the 

point (2, e–4), find the equation of the curve. [6]
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134 Answer only one of the following two alternatives.

 EITHER

 A curve has equation   y = 
x2

x + 1
 .

 (i) Find the coordinates of the stationary points of the curve. [5]

 The normal to the curve at the point where x = 1 meets the x-axis at M. The tangent to the curve at the 
point where x = –2 meets the y-axis at N.

 (ii) Find the area of the triangle MNO, where O is the origin. [6]

 A curve has equation  y = ex – 2 – 2x + 6.

 (i) Find the coordinates of the stationary point of the curve and determine the nature of the stationary 
point. [6]

 The area of the region enclosed by the curve, the positive x-axis, the positive y-axis and the line x = 3 
is  k + e – e–2.

 (ii) Find the value of k. [5]

136 (i) Differentiate  x ln x  with respect to x. [2]

 (ii) Hence find   �ln x dx. [3]
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137
y

xO

y = x  − 8x  + 16x3 2

 The diagram shows part of the curve   y = x3 – 8x2 + 16x.

 (i) Show that the curve has a minimum point at (4, 0) and find the coordinates of the maximum 
point. [4]

 (ii) Find the area of the shaded region enclosed by the x-axis and the curve. [4]

A particle moves in a straight line so that t seconds after passing a fixed point O its acceleration, 
a ms–2, is given by   a = 4t – 12. Given that its speed at O is 16 ms–1, find

the values of t at which the particle is stationary, [5]

the distance the particle travels in the fifth second. [5]

139 The line    y = 5x – 3    is a tangent to the curve    y = kx2 – 3x + 5    at the point A. Find

 (i) the value of k, [3]

 (ii) the coordinates of A. [2]

140 (i)   Find   d–
dx (xe3x – e3x

–––
3 ) . [3]

 (ii) Hence find      ∫xe3xdx. [3]
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141 A curve has equation  y =
 

2x
x2 + 9   

.

 (i) Find the x-coordinate of each of the stationary points of the curve. [4]

 (ii) Given that x is increasing at the rate of 2 units per second, find the rate of increase of y when
x = 1. [3]

© UCLES 2009
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142  Two variables, x and y, are related by the equation

y = 6x2 + 32
x3  .

 (i) Obtain an expression for 
dy
dx . [2]

 (ii) Use your expression to f ind the approximate change in the value of y when x increases from 
2 to 2.04. [3]
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143 Answer only one of the following two alternatives.

 EITHER

 (i) State the amplitude of  1 + sin (x–
3). [1]

 (ii) State, in radians, the period of  1 + sin (x–
3). [1]

y

x

x
3

O

A B

y = 1.5

y = 1 + sin (–)

 The diagram shows the curve  y = 1 + sin (x–
3)  meeting the line y = 1.5 at points A and B. Find

 (iii) the x-coordinate of A and of B, [3]

 (iv) the area of the shaded region. [6]

 A particle moves in a straight line such that t s after passing through a fixed point O, its velocity,
v m s–1, is given by  v = k cos 4t,  where k is a positive constant. Find

 (i) the value of t when the particle is first instantaneously at rest, [1]

 (ii) an expression for the acceleration of the particle t s after passing through O. [2]

 Given that the acceleration of the particle is 12 m s–2 when t = 3π
8

 ,

 (iii) find the value of k. [2]

 Using your value for k,

 (iv) sketch the velocity-time curve for the particle for 0 � t � π, [2]

 (v) find the displacement of the particle from O when t = π
24

 . [4]

© UCLES 2009
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y

xt units

y = 27 – x2

P

Q
O

S

R

  The diagram shows part of the curve   y = 27 – x2.   The points P and S lie on this curve. The points Q 
and R lie on the x-axis and PQRS is a rectangle. The length of OQ is t units.

 (i) Find the length of PQ in terms of t and hence show that the area, A square units, of PQRS is given 
by 

    A = 54t – 2t 3. [2]

 (ii) Given that t can vary, find the value of t for which A has a stationary value. [3]

 (iii) Find this stationary value of A and determine its nature. [3]

  (i) 2sin x – 3cos x = 0, [3]
 
  (ii) 2sin2 y – 3cos y = 0. [5]

 (b)  Given that    0 � z � 3 radians,    find, correct to 2 decimal places, all the values of z for which 
sin(2z + 1) = 0.9.  [3]

www.xtremepapers.net

146 A curve has the equation  y = 2x sin x + π3.  The curve passes through the point P (π2, a).
 (i) Find, in terms of π, the value of a. [1]

 (ii) Using your value of a, find the equation of the normal to the curve at P. [5]
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147 Answer only one of the following two alternatives.

 EITHER

 The point P(0, 5) lies on the curve for which   
dy
dx = e

1
2

x
.  The point Q, with x-coordinate 2, also lies 

on the curve.   

 (i) Find, in terms of e, the y-coordinate of Q. [5]

 The tangents to the curve at the points P and Q intersect at the point R.  

 (ii) Find, in terms of e, the x-coordinate of R. [5]

    BO

A

CD

y

y = e      + 5

x

  x¹
²

  The diagram shows part of the curve y =  e
1
2

x
+ 5 crossing the y-axis at A. The normal to the curve 

at A meets the x-axis at B. 

 (i) Find the coordinates of B. [4]

  The line through B, parallel to the y-axis, meets the curve at C. The line through C, parallel to the
x-axis, meets the y-axis at D.  

 (ii) Find the area of the shaded region. [6]
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150

x cm

x cm

4x cm

A cm2

 The figure shows a rectangular metal block of length 4x cm, with a cross-section which is a square of 
side x cm and area A cm2. The block is heated and the area of the cross-section increases at a constant 
rate of 0.003 cm2s–1. Find

 (i)  dA
dx

 in terms of x, [1]

 (ii) the rate of increase of x when x = 5, [3]

 (iii) the rate of increase of the volume of the block when x = 5. [4]

149 (i) Find  � 1

1+ x
 dx. [2]

 (ii) Given that  y = 2x

1+ x
, show that  

dy
dx

 = A

1+ x
 + Bx

� 1+ x �3
, where A and B are to be found. [4]

 (iii) Hence find  � x
� 1+ x �3 

 dx and evaluate  �3

0

x
� 1+ x �3  dx. [4]
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151 Answer only one of the following two alternatives.

EITHER

 A curve is such that  
dy
dx

 = 4x2 – 9. The curve passes through the point (3, 1). 

 (i) Find the equation of the curve. [4]

 The curve has stationary points at A and B.

 (ii) Find the coordinates of A and of B. [3]

 (iii) Find the equation of the perpendicular bisector of the line AB. [4]

 A curve has the equation  y = Ae2x + Be–x where  x � 0. At the point where  x = 0,  y = 50 and  
dy
dx

 = – 20.

 (i) Show that A = 10 and find the value of B. [5]

 (ii) Using the values of A and B found in part (i), find the coordinates of the stationary point on the 
curve. [4]

 (iii) Determine the nature of the stationary point, giving a reason for your answer. [2]

153 A curve has the equation  y = 2x sin x + π3.  The curve passes through the point P (π2, a).
 (i) Find, in terms of π, the value of a. [1]

 (ii) Using your value of a, find the equation of the normal to the curve at P. [5]
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155

x cm

x cm

4x cm

A cm2

 The figure shows a rectangular metal block of length 4x cm, with a cross-section which is a square of 
side x cm and area A cm2. The block is heated and the area of the cross-section increases at a constant 
rate of 0.003 cm2s–1. Find

 (i)  dA
dx

 in terms of x, [1]

 (ii) the rate of increase of x when x = 5, [3]

 (iii) the rate of increase of the volume of the block when x = 5. [4]

154 (i) Find  � 1
1+ x

 dx. [2]

 (ii) Given that  y = 2x
1+ x

, show that  dy
dx  = A

1+ x
 + Bx

� 1+ x �3
, where A and B are to be found. [4]

 (iii) Hence find  � x
� 1+ x �3 

 dx and evaluate  �3

0

x
� 1+ x �3  dx. [4]
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156 Answer only one of the following two alternatives.

EITHER

 A curve is such that  dy
dx  = 4x2 – 9. The curve passes through the point (3, 1). 

 (i) Find the equation of the curve. [4]

 The curve has stationary points at A and B.

 (ii) Find the coordinates of A and of B. [3]

 (iii) Find the equation of the perpendicular bisector of the line AB. [4]

 A curve has the equation  y = Ae2x + Be–x where  x � 0. At the point where  x = 0,  y = 50 and  dy
dx  = – 20.

 (i) Show that A = 10 and find the value of B. [5]

 (ii) Using the values of A and B found in part (i), find the coordinates of the stationary point on the 
curve. [4]

 (iii) Determine the nature of the stationary point, giving a reason for your answer. [2]
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158 (a) Find  (x1
3 – 3)2 dx. [3]

 (b) (i) Given that  y = x x2 6+ , find  dy
dx . [3]

  (ii) Hence find  x2 + 3
x2 6+   dx. [2]

159 A particle travels in a straight line so that, t s after passing through a fixed point O, its displacement s m 
from O is given by s = ln(t2 + 1).

 (i) Find the value of t when s = 5. [2]

 (ii) Find the distance travelled by the particle during the third second. [2]

 (iii) Show that, when t = 2, the velocity of the particle is 0.8 ms–1. [2]

 (iv) Find the acceleration of the particle when t = 2. [3]
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160 Answer only one of the following two alternatives.

EITHER

A curve has the equation  y = A sin 2x + B cos 3x. The curve passes through the point with coordinates ( π 
12

, 3)
and has a gradient of  – 4 when  x = π 

3
.

 (i) Show that A = 4 and find the value of B. [6]

(ii) Given that, for  0  x  
π 
3, the curve lies above the x-axis, find the area of the region enclosed by the 

 curve, the y-axis and the line x = π 
3

. [5]

y

xO
B

y = 4x2 – 2x3

C
A

The diagram shows the curve y = 4x2 – 2x3. The point A lies on the curve and the x-coordinate of A is 1.  
The curve crosses the x-axis at the point B. The normal to the curve at the point A crosses the y-axis at the 
point C.
 
 (i) Show that the coordinates of C are (0, 2.5). [5]

 (ii) Find the area of the shaded region. [6]
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163

45 cm

60 cm

x cm

x cm

x cm

 A rectangular sheet of metal measures 60 cm by 45 cm. A scoop is made by cutting out squares, of side 
x cm, from two corners of the sheet and folding the remainder as shown.

 (i) Show that the volume, V cm3, of the scoop is given by

    V = 2700x – 165x2 + 2x3. [2]

 (ii) Given that x can vary, find the value of x for which V has a stationary value. [4]

A particle moves in a straight line so that, at time t s after passing a fixed point O, its velocity is v ms–1, 
where

v = 6t +  4 cos 2t.

Find

the velocity of the particle at the instant it passes O, [1]

the acceleration of the particle when t = 5, [4]

the greatest value of the acceleration, [1]

the distance travelled in the fifth second. [4]

 A particle moves in a straight line so that, at time t s after passing a fixed point O, its velocity is v ms–1, 
where

v = 6t + 4 cos 2t.

 Find

 (i) the velocity of the particle at the instant it passes O, [1]

 (ii) the acceleration of the particle when t = 5, [4]

 (iii) the greatest value of the acceleration, [1]

 (iv) the distance travelled in the fifth second. [4]

64

162

http://www.xtremepapers.net


0606/23/O/N/10

164 The two variables x and y are such that y = 10
(x + 4)3 .

 (i) Find an expression for 
dy
d x . [2]

 (ii) Hence find the approximate change in y as x increases from 6 to 6 + p, where p is small. [2]

165 Find the equation of the curve which passes through the point (4, 22) and for which 
dy
d x = 3x(x – 2).

  [4]

166 The equation of a curve is y = x2ex. The tangent to the curve at the point P(1, e) meets the y-axis at the 
point A. The normal to the curve at P meets the x-axis at the point B. Find the area of the triangle OAB, 
where O is the origin. [9]
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