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1 Find the set of values of the constant k for which the quadratic equation
( )kx k x3 8 3 02 + + + =

 has two distinct real roots. [4]
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2 A geometric progression has first term a and common ratio cos i , where r0 211 1i . It is given that
 the second term is 8 and the fifth term is 81 .
 (a) Find the value of i . Give your answer correct to 3 significant figures. [3]
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 (b) Find the exact value of the sum to infinity. [2]
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3 In the expansion of
( )px x xp3 5 3 4+ - +b l ,

 the coefficient of x4  is 216.
 Find the value of the positive constant p. [5]
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4 (a) Express x x1 6 2- -  in the form ( )a x b 2- + , where a and b are constants. [3]
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 (b) The graph of y x2=  is transformed to the graph of y x x1 6 2= - -  by a reflection followed by a 
translation of m

ne o. Give details of the reflection and determine the values of m and n. [3]
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5 (a) Show that tan cos
cos1 1 24 4

2/i i
i- - . [3]
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 (b) Hence solve the equation ( )cos tan 1 72 4i i - =  for ° °0 1801 1i . [4]
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6 Functions f and g are defined by
 ( ) ( )x x 3 12f 2= + -  for x 0H ,
 ( )x x2 5g = -  for x R! .
 (a) State the range of f. [1]
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 (b) Find an expression for ( )xf 1- . [2]
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 (c) Solve the equation ( )x 69gf = . [4]
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7

A B

O
r cmr cm rad32 r

 The diagram shows a sector of a circle with centre O and radius r cm. The shaded region is bounded by the chord AB and the arc AB. The size of angle AOB is r32  radians.
 (a) Show that the area of the shaded region is approximately . r0 614 2  cm2 . [2]
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 It is given that the radius of the circle is increasing at a rate of .0 4 cm s 1- .
 (b) (i) Find the rate of increase of the area of the shaded region at the instant when r 20= .   Give your answer correct to 2 significant figures. [3]
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  (ii) Find the rate of increase of the length of the arc AB. Give your answer correct to 2 significant figures. [3]
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8

O 9

y

x

P
23

 The diagram shows the curve with equation y x21=  and the point P with coordinates ,9 23b l. The
 shaded region is bounded by the curve and the lines x 0=  and y 23= .
 (a) Find the area of the shaded region. [3]

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

* 0000800000010 *

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



11

9709/11/O/N/25© UCLES 2025 [Turn over

 (b) The shaded region is rotated through 360° about the y-axis.
  Find the exact volume of the solid produced. [4]
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9 An arithmetic progression has first term 2 and common difference d. The sum of the first n terms is denoted by Sn .
 (a) It is given that ( )S 12 - , S4 , S9  are the first three terms of a second arithmetic progression.
  Find the value of d. [4]
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 (b) Hence find the difference between the values of the 15th terms of the two arithmetic progressions. [4]
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10 A circle has equation x y y4 21 02 2+ + - =  and a straight line has equation x y2 8 0+ - = . The line intersects the circle at two points.
 (a) Find the coordinates of these two points of intersection. [4]
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 (b) The circle has centre C and the two points of intersection are denoted by A and B.
  Find the area of the triangle ABC. [3]
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11 A curve passes through the point P (4, 3) and is such that
8 10

( )x x2 32 2= - -
yd
xd .

 (a) Find the equation of the normal to the curve at P. Give your answer in the form y mx c= + . [3]
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 (b) Find the rate of change of the gradient of the curve when x 4= . [3]
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 (c) Given that the curve also passes through the point (-1, q), find the value of q. [5]
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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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............................................................................................................................................................................
............................................................................................................................................................................
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1 (a) Express x x9 36 82 - +  in the form ( )p x q r2+ + , where p, q and r are constants. [2]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................

 (b) Hence find the set of values of the constant k for which the equation x x k9 36 82 - + =  has no 
real roots. [1]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................

 (c) Find the exact roots of the equation x x9 36 8 152 - + =- . [2]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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2 Find the term independent of x in the expansion of x x2 32 6-b l . [3]
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
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 ....................................................................................................................................................................
 ....................................................................................................................................................................
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 ....................................................................................................................................................................
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 ....................................................................................................................................................................
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3 (a) The graph of ( )y xf=  is transformed to the graph of ( )y x3 2f= + .
  Describe fully the two transformations which have been combined to give the resulting graph. 

 [3]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................

 (b) A different graph has equation ( )y xg= . This graph is stretched by scale factor 3 in the y-direction 
and then reflected in the y-axis.

  Write down the equation of the transformed graph in terms of the function g. [2]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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4 The equation of a curve is such that x
y kx x

2
d
d 3

2= +  , where k is a constant. The curve passes through the 

point S (2, 20) and the gradient of the curve at S is 2
65 .

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

 (b) The coordinates of a point T on the curve are (1, t).
  Find the value of t. [5]

 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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5

O

y

xa b

 The equation of a curve is y x x4 2
1= - . The curve has a maximum point when x a=  and crosses the 

x-axis at the point with coordinates (b, 0), where b 02 . The shaded region is bounded by the curve, the 
line x a=  and the x-axis (see diagram).

 (a) Find the value of a. [3]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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 ............................................................................................................................................................
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 (b) Find the exact area of the shaded region. [5]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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 ............................................................................................................................................................
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6 (a) Sketch the graph of siny x3 2= +  for rx0 2G G . [2]

0

y

xr2
1 r2

3 rr 2

 (b) Determine the number of solutions in the interval rx0 2G G  of each of the following equations.
  (i) sin x x3 2+ =  [1]

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

  (ii) sin x x3 2 5+ = -  [1]
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
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 (c) Solve the equation sin cosx x3 2 5 12+ = -  for rx0 2G G . [5]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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 ............................................................................................................................................................
 ............................................................................................................................................................
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 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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7 The coordinates of the points P and Q are (1, 1) and (7, 11) respectively. The line segment PQ forms a 
diameter of a circle.

 (a) Find the equation of the circle. [4]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................

 (b) Find the equation of the tangent to the circle at the point Q. [3]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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 (c) The other point on the circle with x-coordinate 7 is R.
  Find the coordinates of the point of intersection of the tangent at Q with the tangent at R. [4]

 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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8 The first three terms of a geometric progression are a, b and c respectively, where a, b and c are positive 
constants. The first three terms of an arithmetic progression are a, b and -3c respectively.

 (a) Show that a ac c10 9 02 2- + = . [3]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................

 It is now given that a 9=  and c takes the smaller of its two possible values.
 (b) (i) Find the sum to infinity of the geometric progression. [5]

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

* 0000800000012 *

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



13

9709/12/O/N/25© UCLES 2025 [Turn over

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

  (ii) Find the sum of the first 20 terms of the arithmetic progression. [3]
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
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9 The function f is defined by ( ) ( ) ( )x x x3 6
4

3 6
1f 2 3= - + -  for x 22 .

 (a) Find an expression for ( )xf l  and hence determine whether f is an increasing function, a decreasing 
function or neither. [4]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................

 (b) State whether f 1-  exists. Give a reason for your answer. [1]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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 The function g is defined by ( )x x4 3g = -  for x a2 .
 (c) Find the range of g in terms of the constant a. [1]

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

 (d) Find the set of values of a for which the composite function fg exists. [2]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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10

C
A

B

D

r
s

s

s

r
r

 The diagram shows a circle with centre A and radius r passing through points B, C and D. A larger 
circle of radius s has centre C and passes through B and D. The length BD is also s.

 (a) Show that s r3= . [2]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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 (b) Find an expression for the area of the shaded region. Give your answer in the form ra b r2+` j , 
where a and b are constants to be found. [7]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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 ............................................................................................................................................................
 ............................................................................................................................................................
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 ............................................................................................................................................................
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 ............................................................................................................................................................
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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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............................................................................................................................................................................
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1 (a) Expand x2 2
1 6-b l  in ascending powers of x up to and including the term in x3 . [3]

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

 (b) Hence find the coefficient of x3  in the expansion of x x x3 2 23
2
1 6- + -` bj l . [2] 

 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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 ............................................................................................................................................................
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 ............................................................................................................................................................
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2 (a) Solve the equation ( )tan x5 31
4
1 r- =-- . [2]

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

 (b) Solve the equation cos sin5 4 42i i= +  for r r22
1 G Gi . [4]

 ............................................................................................................................................................
 ............................................................................................................................................................
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 ............................................................................................................................................................
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3 The equation of a curve is ( )y xf= , where ( ) ( )x x x 2f 2
1 23

2= - . The following points lie on the curve. 
Non-exact values of the y -coordinates are given correct to 6 decimal places.

A(8, 72),  B(8.001, k),  C(8.01, 72.300388),  D(8.1, 75.038882)
 (a) Find the value of k. Give your answer correct to 6 decimal places. [1]

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

 The table below shows the gradients of the chords AB and AC, given correct to 4 decimal places.

Chord AB AC AD
Gradient of chord 30.0039 30.0388

 (b) Find the gradient of the chord AD. Give your answer correct to 4 decimal places. [1]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................

 (c) State what the values in the table suggest about the value of ( )8f l . [1]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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4 The first, second and third terms of a progression are 20, k and k 5-  respectively.
 (a) Given that the progression is arithmetic, find the 30th term. [2]

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

 (b) Given instead that the progression is geometric, find the sum to infinity. [4]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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5

P Q

O

θ       
4 cm 4 cm

  rad   

X

3 cm4

 The diagram shows part of a circle with centre O and radius 4 cm. The chord PQ is of length 4 3cm
and angle POQ i=  radians. The point X lies on the circle.

 (a) Find the exact value of i. [2]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................

 (b) Find the exact area of the segment PXQ. [3] 
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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6 y

0 x

6

4

2

– 2
– 1 1 2 3 4 5

– 4
– 6
– 8

=y x3

y = f(x)

 The diagram shows the graphs of y x3=  and ( )y xf= . The graph of y x3=  is transformed to the graph 
of ( )y xf=  by a sequence of transformations.

 (a) Describe fully a suitable sequence of transformations. Make clear the order in which the 
transformations are applied. [5]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................

 (b) You are given that ( ) ( )x a x b cf 3= + + .
  State the values of the constants a, b and c. [3]

 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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7 The function g is defined by ( )x ax 3
2

2
1g = - +  for x a

32 , where a is a positive constant.

 Find ( )xg 1-   and hence verify that if a 6=  then ( ) ( )x xg g1 /- . [4]
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
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 ....................................................................................................................................................................
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8 The points (6, 1) and ( , )2 7-  lie at the opposite ends of a diameter of a circle.  
 (a) Find the equation of the circle. [3]

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

 (b) There are two tangents to the circle which have gradient 2
1- .

  Find the exact values of the x-coordinates of the points at which these tangents touch the circle. 
 [5]
 ............................................................................................................................................................
 ............................................................................................................................................................
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 ............................................................................................................................................................
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 ............................................................................................................................................................
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 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................

* 0000800000009 *
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



10

9709/13/O/N/25© UCLES 2025

9
y

O x

 The diagram shows part of the curve with equation y x x2
1 4= +  and the line .y 4 5= .

 Find the exact volume of the solid formed when the shaded region is rotated through 360° about the 
x-axis. [8]
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
 ....................................................................................................................................................................
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 ....................................................................................................................................................................
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10 A function f is defined by ( )x px x q4f 2= + +  for x R! , where p and q are constants.
 (a) It is given that p 2=  and q 10= .
  (i) Express ( )xf  in the form ( )a x b c2+ + , where a, b and c are constants. [3]

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

  (ii) State the range of f. [1]
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
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 (b) It is given instead that q 5=-  and the roots of ( )x 0f =  are 5m and m9- , where m is a constant.
  Find the values of p and m. [5]

 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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11 The equation of a curve is y x x3 8
8

1
6= - - - .

 (a) Find the coordinates of the point at which the tangent to the curve at the point (3, 5) intersects the 
line y x8=- . [6]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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 (b) (i) Find the x-coordinates of each of the stationary points of the curve. [3]
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................

  (ii) Find x
y

d
d

2
2

 and hence determine the nature of each of the stationary points. [4]

 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
 ....................................................................................................................................................
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1 A circle has centre (2, 6) and radius 10.

 (a) State the equation of the circle. [2]

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

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

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

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

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

 (b) The circle passes through the point (8, k).

  Find the two possible values of k. [3]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ............................................................................................................................................................
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 ............................................................................................................................................................
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4

2 A geometric progression has first term 3 4 2+  and second term 5 2- .

 (a) Find the common ratio of the geometric progression. Give your answer in the form p2 + , where 
p is an integer to be found. [3]

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

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

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

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

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

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

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

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

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

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

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

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

 (b) Find the sum to infinity of the geometric progression. [2]

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

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

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

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

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

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

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

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

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

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

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

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

 ............................................................................................................................................................
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3 (a) Express x x4 10 62 + +  in the form ( )a x b c2+ + , where a, b and c are rational constants to be 
determined. [2]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 (b) The curve with equation y x x4 10 62= + +  and the line y k=  have exactly one point of 
intersection.

  Using your answer to part (a) or otherwise, state the value of the constant k. [1]

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

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

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

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

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

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

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

 ............................................................................................................................................................
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6

4

rad
3
1

r

r cm

r cm

O

A B

C

 The diagram shows the design for a company’s new logo. The sector of the circle, centre O, has radius 
r  cm. The acute angle  rAOC

3
1=  radians. The quadrilateral OABC is a rhombus.

 (a) Find an expression for the perimeter of the design. Give your answer in terms of r and r. [2]

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

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

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

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

 (b) It is now given that the perimeter of the design is 200 cm.

  Find the area of the design. Give your answer to 3 significant figures. [5]

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

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

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

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

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

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

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

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

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

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

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

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

 ............................................................................................................................................................
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5 Solve the equation

  x
x

28 0
273

3
- + = . [3]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ....................................................................................................................................................................
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8

6 (a) Show that the equation

    sin
ntan si

6
1 4

i
i i

+ =

  can be written in the form

    coscos6 2 02
i i- - = . [3]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ............................................................................................................................................................
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 ............................................................................................................................................................
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 (b) Hence, solve the equation

    sin
ntan si

6
1 4

i
i i

+ =

  for ° °0 036G Gi . [4]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ............................................................................................................................................................
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7
r cm

h cm

 A manufacturer wishes to design an open cylindrical tank, as shown in the diagram. The tank will have 
a base but no top. The outside of the tank will have a fixed surface area of 600r cm2. The radius r cm 
and height h cm of the tank can vary.

 (a) Show that the volume, V cm3, of the tank is given by

r ( )
V

r r

2

600 2

=
-

.
   [3]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ............................................................................................................................................................
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 (b) Find the exact value of r which corresponds to the maximum value of V. [3]

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

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

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

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

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

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

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

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

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

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

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

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

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

 (c) Hence, find the maximum value of V. [2]

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

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

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

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

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

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

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

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

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

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

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

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

 ............................................................................................................................................................
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aO 2a x

y

 The diagram shows the curve with equation y x6 5= + . The shaded region is bounded by the curve, 
the x-axis and the lines x a=  and x a2= , where a is a positive constant.

 The shaded region is rotated through 360° about the x-axis to form a solid. The solid has volume, V, 
such that rV 46H .

 (a) Show that a a9 5 46 02 H+ - . [4]

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

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

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

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

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

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

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

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

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

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

 (b) Find the range of possible values of a. [3]

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

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

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

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

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

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

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

 ............................................................................................................................................................
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9 In the expansion of ( )p qx 4+ , the coefficient of x is equal to the coefficient of x 2. The constants p and q 
are both positive.

 (a) Find the ratio p : q. Give your answer in its simplest form. [3]

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

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

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

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

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

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

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

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

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

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

 (b) It is given that the coefficient of x 3 is 486.

  Find the values of p and q. [4]

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

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

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

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

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

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

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

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

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

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

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

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

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

 ............................................................................................................................................................
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10 The function f is defined by

( )f x
x

3
2

7
= +

-

 for x 22 .

 (a) It is given that ( )f a 4= .

  Find the value of a. [2]

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

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

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

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

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

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

 (b) Find an expression for ( )f x1–  and state the domain of f 1– . [4]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ............................................................................................................................................................
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 (c) The function g is defined by

( )g x
x

x
2 3
1 4

=
-

+

  for x
2
32 .

  Show that ( )fg x kx/ , where k is a constant to be determined. [3]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ............................................................................................................................................................
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O x

y

P

 The diagram shows the curve with equation y x x4 2 3= -  and the tangent to the curve at the point P. 
The point P has x-coordinate 3.

 (a) Find the equation of the tangent to the curve at the point P. Give your answer in the form 
y mx c= + . [5]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ............................................................................................................................................................
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 (b) The shaded region is bounded by the curve, the x-axis and the tangent to the curve at P.

  Find the exact area of the shaded region. [6]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 The graph of y x x4 2 3= -  is transformed by a stretch of scale factor 
3
1  in the x-direction. The point Q is 

the image of P under this transformation. The transformed shaded region is bounded by the transformed 
curve, the x-axis and the tangent to the transformed curve at Q.

 (c) (i) Find the equation of the transformed curve in the form y mx nx2 3= + , where m and n are 
integers to be found. [1]

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

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

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

 (c) (ii) State the coordinates of Q and the area of the transformed shaded region. [2]

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

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

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

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