
This document has 20 pages. Any blank pages are indicated.

 [Turn over

Cambridge International AS & A Level

*
2

9
8

7
5

7
4

4
6

3
*

MATHEMATICS 9709/31
Paper 3 Pure Mathematics 3 October/November 2025
 1 hour 50 minutes
You must answer on the question paper.
You will need: List of formulae (MF19)
INSTRUCTIONS ● Answer all questions. ● Use a black or dark blue pen. You may use an HB pencil for any diagrams or graphs. ● Write your name, centre number and candidate number in the boxes at the top of the page. ● Write your answer to each question in the space provided. ● Do not use an erasable pen or correction fluid. ● Do not write on any bar codes. ● If additional space is needed, you should use the lined page at the end of this booklet; the question number or numbers must be clearly shown. ● You should use a calculator where appropriate. ● You must show all necessary working clearly; no marks will be given for unsupported answers from a calculator. ● Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place for angles in degrees, unless a different level of accuracy is specified in the question.

INFORMATION ● The total mark for this paper is 75. ● The number of marks for each question or part question is shown in brackets [ ].

DC (CJ/CGW) 343355/3© UCLES 2025

* 0000800000001 * DFD



2

9709/31/O/N/25© UCLES 2025

1 Find the exact value of ln x x3 d1
2y . Give your answer in the form lna b+ , where a and b are integers. [4]
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2 (a) Show that the equation ( ) ( )log logx x2 1 2 3 1 24 4+ = - -  can be written as a quadratic equation in x. [3]
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 (b) Hence solve the equation ( ) ( )log logx x2 1 2 3 1 24 4+ = - - . [2]
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3 (a) Express ( ) cossin x x3 2 45°+ +  in the form ( )cosR x a- , where R 02  and ° °0 901 1a . [4]
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 (b) Hence solve the equation ( °)sin cos3 2 3 45 3 4i i+ + =-  for ° °0 1801 1i . [4]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................

* 0000800000005 *
DO

 NO
T W

RIT
E IN

 TH
IS M

AR
GIN

     
     

     
   D

O N
OT

 WR
ITE

 IN 
TH

IS M
AR

GIN
     

     
     

   D
O N

OT
 WR

ITE
 IN 

TH
IS M

AR
GIN

     
     

     
   D

O N
OT

 WR
ITE

 IN 
TH

IS M
AR

GIN
     

     
     

   D
O N

OT
 WR

ITE
 IN 

TH
IS M

AR
GIN

DFD



6

9709/31/O/N/25© UCLES 2025

4
y

O

M
xr41

 The diagram shows the graph of e cosy x4sin x2=  for rx0 41G G , and its maximum point M.
 Find the x-coordinate of M. [5]
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5 Im

Re0−1 1 32

− 2i

− 3i

− 4i

− i

 The shaded region on the Argand diagram shows points representing complex numbers z defined by two inequalities. The shaded region is bounded by a circle and a line parallel to the imaginary axis. The boundaries of the region are included in the shaded region.
 (a) Find two inequalities in terms of z that define the shaded region. [3]
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 (b) Calculate the least value of arg z for points in this region. [3]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................

* 0000800000009 *
DO

 NO
T W

RIT
E IN

 TH
IS M

AR
GIN

     
     

     
   D

O N
OT

 WR
ITE

 IN 
TH

IS M
AR

GIN
     

     
     

   D
O N

OT
 WR

ITE
 IN 

TH
IS M

AR
GIN

     
     

     
   D

O N
OT

 WR
ITE

 IN 
TH

IS M
AR

GIN
     

     
     

   D
O N

OT
 WR

ITE
 IN 

TH
IS M

AR
GIN

DFD



10

9709/31/O/N/25© UCLES 2025

6 Solve the quadratic equation ( )i iw w2 4 2 02+ + + - = . Give your answers in the form x yi+ , where x and y are real. [5]
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7 The parametric equations of a curve are 
( ),lnx t t y t t2 1 2 12= - + = + .

 Obtain a simplified expression for xydd  in terms of t. [5]
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8 The variables x and y satisfy the differential equation
,x xy kx1 dd e y2 2+ =` j

 where k is a constant. It is given that y 0=  when x 0=  and that y 21=-  when x 1= . 
 Solve the differential equation and find the exact value of y when x 3= . [8]
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9 (a) By sketching a suitable pair of graphs, show that the equation
sec x2 ex=-

  has only one root in the interval rx0 211 1 . [2]

 (b) Show by calculation that this root lies between 0.9 and 1. [2]
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 (c) Show that if a sequence of values given by the iterative formula
cosx en x1 21 1 n= -+ - -` j

  converges, then it converges to the root of the equation in part (a). [1]
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 (d) Use the iterative formula given in part (c) to calculate x correct to 3 decimal places. Give the result of each iteration to 5 decimal places. [3]
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10 Let ( ) ( )f x x x
x x
3 2

2 11
2

3= + +
+ -

` j .
 (a) Express ( )f x  in partial fractions. [6]
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 (b) Hence obtain the expansion of ( )f x  in ascending powers of x, up to and including the term in x2 . [5]
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11 With respect to the origin O, the points A, B, C and D have position vectors given by 

, ,OA OB OC ODand153
041

131
354= = = - = -f f f fp p p p.

 The line m passes through the points A and B.
 (a) Find a vector equation for m. [2]
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 (b) Find the position vector of the point of intersection of m and the line passing through the points C and D. [4]
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 (c)  Find the position vector of the foot of the perpendicular from C to m. [4]
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1 (a) Sketch the graph of y x a3= + , where a is a positive constant. [1]

 (b) Hence or otherwise solve the inequality x a a x3 22+ - . [2]
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2 Solve the equation 3 2 4 3x x1 2 3# #=+ - . Give your answer correct to 3 significant figures. [4]
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3 Im

O
P

i
3 Re2

 The shaded region in the Argand diagram, bounded by a line and a circle, represents the complex numbers z satisfying
Re z 2G  and ( )iz 3 2G- + .

 The point P shown on the diagram is one of the points of intersection of the line and the circle.
 (a) Find the complex number represented by the point P. Give your answer in the form ix y+ , where x and y are real and exact. [2]
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 (b) Find the greatest value of arg z  for points in the shaded region. [3]
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4 Find the exact value of dtanx x x1
0
1 -y . [6]

 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................

* 0000800000005 *
DO

 NO
T W

RIT
E IN

 TH
IS M

AR
GIN

     
     

     
   D

O N
OT

 WR
ITE

 IN
 TH

IS M
AR

GIN
     

     
     

   D
O N

OT
 WR

ITE
 IN

 TH
IS M

AR
GIN

     
     

     
   D

O N
OT

 WR
ITE

 IN
 TH

IS M
AR

GIN
     

     
     

   D
O N

OT
 WR

ITE
 IN

 TH
IS M

AR
GIN

DFD



6

9709/32/O/N/25© UCLES 2025

5 (a) It is given that ( ) ( ) ( )f gx x a x2= - , where ( )f x  and ( )g x  are polynomials.
  Show that ( )x a-  is a factor of ( )xf l . [2]
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 (b) It is given that ( )x 3 2-  is a factor of x x px q2 43 2- + + , where p and q are constants.
  Find the values of p and q. [5]
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6 (a) By sketching a suitable pair of graphs, show that the equation cot sinx x2 2 2 1= -  has exactly one 
root in the interval rx0 211 1 . [2]

 (b) Show by calculation that the root is in the interval . .x0 4 0 61 1 . [2]
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 (c) Use the iterative formula tan sinx x21 2 2 11
n n1 1= -+ - e o to calculate the root correct to 2 decimal 

places. Give the result of each iteration to 4 decimal places. [3]
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7 The equation of a curve is y x y x2 3 163 2 3- - = .

 (a) Show that y
y x

x xy
2

2d
2 2

2= -
+

xd . [4]
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 (b) Hence find the coordinates of the points on the curve at which the normal is parallel to the y-axis.  [4]
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8 (a) Prove the identity sin sin cosx x4 4 2 3/ cosx x-` j. [3]
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 (b) Hence find the exact value of .cosr 3
0

4
1

dsinx x x4y  [5]
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9 Let ( ) ( ) ( )f x x a x ax ax a2 34 62 2= + ++ + , where a is a positive constant.

 (a) Express ( )f x  in partial fractions. [5]
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 (b) Hence find the exact value of ( )f dx xa
a

-y . Give your answer in the form ( )lna p q+ , where p and q 
are rational. [4]
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10

h cm

50 cm
50 cm

 The diagram shows a tank for holding water. The tank is in the shape of a cube of side 50 cm. At time t seconds, the depth of water in the tank is h cm. Water is poured into the tank at a rate of cm s5000 3 1- . Water pours out of the tank through a hole in the bottom at a rate proportional to h2 .
 When h = 20, the depth of the water is increasing at a rate of . cms0 4 1- .
 (a) Show that th h250500dd

2= - . [4]
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 (b) Given that h = 0 when t = 0, find the time taken for the depth of the water in the tank to reach 20 cm. [5]
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11
B

M

A
O

C

 Relative to the origin O, the position vectors of the points A, B and C are
i jOA 4 2= - , i j kOB 2 8 4= + + , and i kOC 2 6=- + .

 The midpoint of AB is M, as shown in the diagram.
 (a) Find the vectors BM  and MC . [2]
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 (b) Calculate the exact value of the cosine of angle CMB. [3]
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 (c) Hence or otherwise find the exact area of triangle ABC. [4]
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Additional page
If you use the following page to complete the answer to any question, the question number must be clearly shown.
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1 Solve the inequality x x3 2 3 2 11+ - . [4]
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2 Find the quotient and the remainder when x x3 24 2-  is divided by x 1+ . [3]
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3 Solve the equation 2 5
3x x3 4 =- . Give your answer in the form lnln nm , where m and n are integers. [4]
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4 On an Argand diagram shade the region whose points represent complex numbers z which satisfy both the inequalities z 2 3i G+  and z z2 2 4i iG+ - + . [5]
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5 (a) Show that cos sin sin sinx x x x4 2 1 8 62 4 2/+ - - . [4]
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 (b) Hence solve the equation cos sinx x4 2 1 02+ - =  for ° °x180 180G G- . [4]
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6 Find the exact value of sinx x x2 dr 2
0

61y . [6]
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7 Solve the equation z zz25 20 8 0i i*- - + + = . Give your answers in the form x yi+ , where x and y are 
real. [6]
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8 The curve with equation lny x5e x5= -  has a stationary point at x = p.
 (a) Show that p satisfies the equation ln p p5 51= . [3]
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 (b) By sketching a suitable pair of graphs, show that the equation in part (a) has only one root. [2]
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 (c) Show by calculation that . .p0 2 0 61 1 . [2]
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 (d) It is given that the equation in part (a) can be written in the form expp p51 51= e o, where exp (x) 
denotes ex .

  Use an iterative formula based on this rearrangement to calculate p correct to 2 decimal places. Give the result of each iteration to 4 decimal places. [3]
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9 The line l1  passes through the point (3, 1, -6) and is parallel to the vector i j k2 4+ + .
 The line l2  passes through the point (-1, 3, -6) and is perpendicular to the vector i j k3 2- + .  The direction vector for l2  has no component in the x-direction.
 (a) Write down a vector equation for l1  and find a vector equation for l2 . [3]
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 (b) Calculate the acute angle between l1  and l2 . [3]
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 (c) Find the position vector of the point of intersection of l1  and l2 . [3]
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10 (a) Express y1 9
2

2-  in partial fractions. [2]
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 (b) The variables x and y satisfy the differential equation
cos x x

y y2 3 1 9d
d2 2= - ,

  and y 0=  when rx 121= .
  Solve the differential equation and obtain an expression for y in terms of x. [6]
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11 y

x

M

O
41 r- 41 r

 The diagram shows the graph of sec tany x x3 22= +  for r rx41 41G G- , and its minimum point M.
 (a) Find the x-coordinate of M. [6]
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 ............................................................................................................................................................
 ............................................................................................................................................................
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 ............................................................................................................................................................
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 ............................................................................................................................................................
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 ............................................................................................................................................................

 (b) Using the substitution tanu x3 2= + , find the exact value of the area of the region bounded by the 
curve, the x-axis and the lines rx 41=-  and rx 41= . [6]
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1 (a) Sketch the graph of .y x3 6= -  [1]

 (b) Solve the inequality .x x5 3 3 61- -  [3]
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2 On a sketch of an Argand diagram, shade the region which represents complex numbers z satisfying 
both the inequalities z 1 3 2i G- -  and .z 4H  [4]
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3 The variables x and y satisfy the equation Ay bx= , where A and b are constants.
 (a) Show that the graph of ln y against x is a straight line. [2]
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 (b) When . , .lnx y3 4 0 86= =  and when . , .lnx y5 7 2 56= = .
  Find the value of A and the value of b. Give your answers correct to 2 significant figures. [3]
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4 The equation of a curve is .ln ln lnx y y x2 2 62 2- + =` j

 Find the exact value of the gradient of the curve at the point (2, 3). Give your answer in simplified 
form. [5]
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................

* 0000800000005 *
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

DFD



6

9709/35/O/N/25© UCLES 2025

5 Find the complex numbers, z, which satisfy the equation
* .zz z5 2 10 0i i+ + - =

 Give your answers in the form x yi+ , where x and y are real. [5]
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6 A curve has equation .sin
tany x

x
5 2= +

 (a) Express x
y

d
d  as a simplified fraction in terms of .sin x  [4]
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 (b) Show that the curve has no stationary points. [2]
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7 (a) Use the substitution u x 32= -  to show that

( ) ,x x u
u u4 2 3d d

a

b
2

3

7

12
= +

x 3-y y
  where a and b are values to be found. [4]
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 (b) Hence, find the exact value of .x x4 d2
3

7

12

x 3-y  [4]
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8 (a) Express rsin sin23 3 6
1i i+ -b l  in the form ( )sinR i a+ , where R 02  and r0 2

11 1a . Give 
the exact value of R and state the value of a correct to 3 decimal places. [5]
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 (b) Hence, solve the equation r r.sin sinx x x3 3 2 2 2 6 0for6
1 1 1+ - =b l  [4]
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9 The equations of two lines are given by

: ( ) ( ),
: ( ) ( ) .

l
l a

r i j k i j k
r i j k i j k

2 4 2 3
3 5 2 3

1
2 n

m= + + + + -
= - + + + +

 (a) Find the value of a for which l1  is perpendicular to l2 . [2]
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 (b) Find the value of a for which l1  and l2  intersect. [4]
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 (c) Find the values of a for which the acute angle between l1  and l2  is equal to .cos 1
14
5- b l  [4]
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10 The constant a is such that .x x 6e dxa

0
2
1 =y

 (a) Show that .a 2 e a2
1= + -  [5]
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 (b) Verify by calculation that a lies between 2.2 and 2.4. [2]
 ...................................................................................................................................................
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 (c) Use an iterative formula based on the equation in part (a) to determine a correct to 2 decimal 
places. Give the result of each iteration to 4 decimal places. [3]
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11 A fungal disease is affecting some of the trees in a forest. The fraction of the trees affected after t years 
is denoted by x. The rate of increase of x is proportional to the product of the fraction of the trees 
affected and the fraction of the trees not affected.

 (a) Explain why, after t years, ( )t
x kx x1d

d = - , where k is a constant. [1]
 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 (b) When the disease is first detected, one quarter of the trees are affected.
  Two years later, one third of the trees are affected.
  Solve the differential equation to find the number of years from the time when the disease is first 

detected until the time when three quarters of the trees are affected. Give your answer correct to 
the nearest year. [8]
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Additional page
If you use the following page to complete the answer to any question, the question number must be clearly 
shown.
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