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1 The polynomial x ax x b4 53 2+ + + , where a and b are constants, is denoted by ( )xp . It is given that 
( )x2 1+  is a factor of ( )xp . When ( )xp  is divided by ( )x 4-  the remainder is equal to 3 times the 
remainder when ( )xp  is divided by ( )x 2- .

 Find the values of a and b. [5]
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................

* 0000800000003 *
DO

 N
OT

 W
RI

TE
 IN

 TH
IS

 M
AR

GI
N 

    
    

    
    

 D
O 

NO
T W

RI
TE

 IN
 TH

IS
 M

AR
GI

N 
    

    
    

    
 D

O 
NO

T W
RI

TE
 IN

 TH
IS

 M
AR

GI
N 

    
    

    
    

 D
O 

NO
T W

RI
TE

 IN
 TH

IS
 M

AR
GI

N 
    

    
    

    
 D

O 
NO

T W
RI

TE
 IN

 TH
IS

 M
AR

GI
N

Kambrid
ge Math & Physics

kambridgemp.com



4

9709/31/O/N/24© UCLES 2024

2 Find the exact value of ln x xx 3 d
1

3 2y . Give your answer in the form lna b c+ , where a and c are rational 
and b is an integer. [5]
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3 The equation of a curve is ( )ln x y x y3 2+ = .
 Find the gradient of the curve at the point ( , )1 0 . [4]
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4 (a) Show that sec tan tan1 24 4 2/i i i- + . [3]
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 (b) Hence or otherwise solve the equation sec tan tan sec2 2 2 2 24 4 2 2a a a a- =  for ° °0 1801 1a .
 [5]
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5 (a) By sketching a suitable pair of graphs, show that the equation ( )ln x2 1e . x0 2+ = +-  has only one 
root. [2]

 (b) Show by calculation that this root lies between 7 and 9. [2]
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 (c) Use the iterative formula
exp 2 ex 1.

n
x

1
0 2 n= + -+

-` j

  to determine the root correct to 2 decimal places. Give the result of each iteration to 4 decimal 
places.

  [exp(x) is an alternative notation for ex .] [3]
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6

xO 4
3 r

y

M

R

 The diagram shows the curve ( )sin siny x x2 1 2= + , for rx0 4
3G G , and its minimum point M. The 

shaded region bounded by the curve that lies above the x-axis and the x-axis itself is denoted by R.
 (a) Given that the x-coordinate of M lies in the interval r rx2

1
4
31 1 , find the exact coordinates 

of M. [4]
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 (b) Find the exact area of the region R. [4]
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7
 Let ( ) ( ) ( )x x x

x x
1 2 2
5 8 5f 2

2
= + +

+ + .

 (a) Express ( )xf  in partial fractions. [5]
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 (b) Hence find the coefficient of x3  in the expansion of ( )xf . [4]
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8 (a) Given that z y1 i= +  and that y is a real number, express z
1  in the form a bi+ , where a and b are 

functions of y. [2]
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 (b) Show that a b2
1

4
12 2- + =b l , where a and b are the functions of y found in part (a). [3]
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 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................

 (c) On a single Argand diagram, sketch the loci given by the equations ( )Re z 1=  and z 2
1

2
1- = , 

where z is a complex number. [3]

 (d) The complex number z is such that ( )Re z 1= . Use your answer to part (b) to give a geometrical 
description of the locus of z

1 . [1]
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9 The position vector of point A relative to the origin O is i j kOA .8 5 6= - +
 The line l passes through A and is parallel to the vector i j k2 4 .+ +
 (a) State a vector equation for l. [2]
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 (b) The position vector of point B relative to the origin O is i j kOB t t t4 3 ,=- + +  where t is a constant. 
The line l also passes through B.

  Find the value of t. [3]
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 (c) The line m has vector equation r i j k i j k( )a5 2 3n= + - +- + . The acute angle between the 
directions of l and m is i , where cos 6

1i = .
  Find the possible values of a. [5]
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10

h m

4 m

 A large cylindrical tank is used to store water. The base of the tank is a circle of radius 4 metres. At time 
t minutes, the depth of the water in the tank is h metres. There is a tap at the bottom of the tank. When 
the tap is open, water flows out of the tank at a rate proportional to the square root of the volume of 
water in the tank.

 (a) Show that t
h hd

d m=- , where m  is a positive constant. [4]
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 (b) At time t 0=  the tap is opened. It is given that h 4=  when t 0=  and that .h 2 25=  when .t 20=
  Solve the differential equation to obtain an expression for t in terms of h, and hence find the time 

taken to empty the tank. [6]
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