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1 Solve the equation sin sin6 1 2i i= +  for ° °180 1801 1i- . [4]
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2  The equation of a curve is such that ( )x
y x x4 2 5 9d

d 3 2
1= - - . The curve passes through the point 

A ,4 2
11-b l.

 (a) Find the gradient of the normal to the curve at the point A. [2]
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 (b) Find the equation of the curve. [4]
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3 The third term of a geometric progression is 18 and the sum of the first three terms is 26. It is given that 
the common ratio is negative.

 (a) Find the tenth term of the progression. Give your answer correct to 3 significant figures. [5]
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 (b) Find the exact value of the sum to infinity of the progression. [2]
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4

O

y

x

 The diagram shows the curve with equation y x x5 202
3= -  and the line with equation y x 16= - .

 The x-coordinates of the points of intersection of the curve and line are 1 and 16.
 Find the area of the shaded region between the curve and the line. [5]
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5 (a) Find the first three terms, in ascending powers of x, in the expansion of each of the following 
expressions.

  (i) ( )px2 5-  [2]
 ....................................................................................................................................................
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  (ii) x1 2
1 4-b l  [2]

 ....................................................................................................................................................
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 (b) Given that the coefficient of x2  in the expansion of ( )px x2 15
2
1 4- -b l  is 93, find the possible 

values of the constant p. [3]
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6 The equation of a curve is x kxy2 2 02 - + =  and the equation of a line is y px 3= + , where k and p are 
constants.

 (a) Given that k 2=  and p 11= , find the coordinates of the points of intersection of the curve and the 
line. [4]
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 (b) Given instead that p 4= , find the set of values of k for which the curve and the line do not 
intersect. [5]
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7 The equation of a curve is y x x4 9 82
2= + - .

 (a) A point P is moving along the curve in such a way that its y-coordinate is decreasing at 5 units per 
second.

  Find the rate at which the x-coordinate of point P is changing when x 2= . [4]
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 (b) Find the coordinates of the stationary points of the curve and determine their nature. [5]
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8 The circle with equation x y x y6 10 27 02 2+ - + - =  intersects the line x 2=-  at the points P and Q. 
 Find the area of the triangle formed by the tangents to the circle at P and Q, and the line x 2=- . [8]
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9 

B

C

Ar cm

r cm

a rad

 The diagram shows a sector ABC of a circle with centre A and radius r cm. The angle BAC is a radians, 
where r0 2

11 1a .
 (a) It is given that the area of the triangle ABC is cm4 2  and the area of the sector ABC is cm8 2a .
  Find the exact area of the shaded segment. [4]
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 (b) It is given instead that the length of the chord BC is cmr2
1  but the area of the triangle ABC is still 

cm4 2 .
  Find the area of the shaded segment. Give your answer correct to 3 significant figures. [4]
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10 The functions f and g are defined by
( )x xf =                      x 0for H ,
( )x x x3 2 5 2g for H= + - - .

 (a) Describe fully a sequence of transformations which transforms the graph of ( )y xf=  to the graph 
of ( )y xg= . You should make clear the order in which the transformations are applied. [5]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................

y

xO

 The diagram shows the graph of ( )y xg= . 
 (b) On the diagram sketch the graph of ( )y xg 1= -  together with any relevant mirror line. [2]
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 (c) Find an expression for ( )xg 1- . [2]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
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 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................

 (d) State the range of g 1- . [1]
 ............................................................................................................................................................
 ............................................................................................................................................................

 The function h is defined by
( )x x x2 for 0h H= - .

 (e) Find the value of ( )4g h1- . [1]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................

 (f) Explain why the composite function hg 1-  cannot be formed. [1]
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 ............................................................................................................................................................
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Additional page
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1

x0

y

– 2

– 4

– 6

– 8

– 4 – 2 42

xg( )y =

8 12106

2

4

6

xf( )y =

 The diagram shows the graphs with equations ( )y xf=  and ( )y xg= .
 Describe fully a sequence of two transformations which transforms the graph of ( )y xf=  to the graph of ( )y xg= . Make clear the order in which the transformations should be applied. [4]
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2 Find the coordinates of the points of intersection of the curve and the line with equations
 xy y2 5 242+ =  and x y2 4 0+ + = . [4]
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3 The coefficient of x7  in the expansion of px p x42 5+e o  is 1280. 
 Find the value of the constant p. [4]
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4 A point P is moving along the curve with equation y ax x1232= -  in such a way that the x-coordinate of P is increasing at a constant rate of 5 units per second. 
 (a) Find the rate at which the y-coordinate of P is changing when x 9= . Give your answer in terms of the constant a. [3]
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 (b) Given that the curve has a minimum point when x 41= , find the value of a. [2]
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5 The equation of a curve is cosy x4 2 3= +  for x0 2G G r.
 (a) State the greatest and least possible values of y. [2]
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 (b) Sketch the curve. [2]

21 rO

y

xr 2r23 rr r

 (c) Hence determine the number of solutions of the equation cos x x4 2 3 2 1+ = -  for x0 2G G r. [1]
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6

O

y

x

P

 The diagram shows the curve with equation ( )y x5 4
9

21
= +  and the line y x6 3= - . The line and the 

curve intersect at the point P which has y-coordinate 3.
 Find the area of the shaded region. [6]

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

* 0000800000007 *
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



8

9709/12/M/J/25© UCLES 2025

7 (a) Prove the identity tan
tan sin

cos
cos cos

3
7

1 4
7

2 2
2/i

i
i

i i i
-
+

-
+ . [3] 
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 (b) Hence solve the equation cos
sin cos cos

1 4
7 5
2

2
i

i i i
-

+ = tan i  for ° °0 180G Gi . [4]
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8 

O

y

xA B
C

 The diagram shows the circle with equation x y x y14 8 36 02 2+ - + + =  and the line y 2=- . The line intersects the circle at the points A and B. The centre of the circle is C.
 (a) Find the coordinates of A, B and C. [3] 
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 (b) Find the angle ACB in radians. Give your answer correct to 3 significant figures. [2]
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 (c) The chord AB divides the circle into two segments. 
  Find the area of the larger segment. [4] 
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9 The equation of a curve is such that x
y

x
24

d
d

2
2

3=- . It is given that the curve has a stationary point  
at ( , )2 19- .

 (a) Find an expression for x
y

d
d . [3] 
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 (b) Find the x-coordinate of the other stationary point of the curve, and determine the nature of this stationary point. [2]
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 (c) Find the equation of the curve. [3]
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 (d) Find the equation of the normal to the curve at the point where x
y

49d
d =-  and x is positive. Express 

your answer in the form px qy r 0+ + = , where p, q and r are integers. [4]
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10 (a) The first, second and third terms of an arithmetic progression are 4k, k2  and 8k respectively, where k is a non-zero constant. 
  (i) Find the value of k. [2]
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  (ii) Find the sum of the first 20 terms of the progression. [3]
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 (b)  The fourth and sixth terms of a geometric progression are 36 and 6 respectively. The common ratio of the progression is positive.
  Find the sum to infinity of the progression. Give your answer in the form b

a
c- , where a, b and c 

are integers. [5]
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11 (a) Express x x4 22 + +  in the form ( )x a b2+ + , where a and b are integers. [2]
 ............................................................................................................................................................
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 ............................................................................................................................................................
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 The functions f and g are defined as follows.
( )x x x4 2f 2= + +   for x 2G-
( )x x 4g =- -      for x 2H-

 (b) (i) Find an expression for ( )xf 1- . [3]
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  (ii) Find an expression for ( ) ( )xgf 1- . [4]
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Additional page
If you use the following page to complete the answer to any question, the question number must be clearly shown.
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1 A curve has equation y x x2 12
2= + .

 Find the equation of the tangent to the curve at the point (-2, -1). Give your answer in the form y mx c= + . [4]
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2 The first two terms of a geometric progression are
sin4 2 i ,   sin8 3 i ,

 where i  is an angle such that r0 611 1i .
 Given that the sum to infinity of the progression is 21 , find the value of i . Give your answer in the form 

sin k1- , where k is a rational number. [4]
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3 Given that ( )x
a x4 3 2 12d21

3
- + =e oy , find the value of the constant a. [4]
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4 (a) Find the first three terms in the expansion of x2 23
5-b l  in ascending powers of x. [3]
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 (b) Use your answer to part (a), with a suitable value of x, to find an approximation to .1 9855 . [3]
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5 Solve the equation
sin tan cos4 1 5i i i= +

 for ° °180 1801 1i- . [6]
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6 An arithmetic progression has first term a and common difference 2. The N th term is 55 and the sum of the first 3N terms is 5760.
 Find the values of N and a. [6]
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7 A curve is such that x
y x x3 10 8d

d 2= + - .
 (a) Find the set of values of x for which y decreases as x increases. [3]
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 (b) It is given that the maximum point of the curve has y-coordinate 27.
  Find the equation of the curve. [4]
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8 A B

D CF

E

12 cm

12 cm

 The diagram shows a square ABCD where each side has length 12 cm. Points E and F lie on the sides 
BC and CD respectively and are such that BE BC31=  and CDF D31= . The arc EF is part of a circle 
with centre A. The shaded region is bounded by the arc EF and the line segments EC and FC.

 (a) Show that the size of angle EAF is 0.9273 radians, correct to 4 significant figures. [2]
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 (b) Find the perimeter of the shaded region. [3]
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 (c) Find the area of the shaded region. [3]
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9 Three points P, Q and R have coordinates P (-13, 5), Q (5, 1) and R (2, k), where k is a constant. It is given that the angle PRQ is a right angle.
 (a) Show that one of the possible values of k is 10, and find the other possible value. [4]
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 (b) It is now given that k 10= . A circle passes through the points P, Q and R.
  Find the equation of the tangent to the circle at R. Give your answer in the form ax by c 0+ + = , where a, b and c are integers. [5]
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10 A curve C has equation y x x2 59 2 5= - + - .
 (a) Find the coordinates of the two stationary points. [4]
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 (b) Find x
y

d
d

2
2  and hence determine the nature of each stationary point. [3]
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 (c) The curve C is transformed to the curve C1  using a translation of 3
7

-e o followed by reflection in 
the x-axis.

  (i) State the coordinates of the maximum point of C1 . [1]
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  (ii) Find the equation of C1  in the form y bx ca dx e= + + + , where a, b, c, d and e are integers. [3]
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11 The function f is defined by ( )x x ax a4f 2= + +  for x R! , where a is a constant.
 The function g is such that ( )x x2 4g 31 = --  for x R! .
 (a) Given that the range of f is ( )x 33f H - , find the possible values of a. [4]
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 (b) Given instead that ( )0 96fgg = , find the value of a. [6]
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1 The equation of a curve is such that ( )x
y x x12 2 5 8d

d 2= - + . It is given that the curve passes through the 
point (2, 4).

 Find an equation of the curve. [4]
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2 In the expansion of ( ) ( )ax x3 65 4+ + - , the coefficient of x2  is six times the coefficient of x.

 Find the possible values of the constant a. [5]
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3 (a) Use completing the square to find the exact solutions of the equation x x4 4 1 02 - - = . [2]
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 (b) Hence solve the equation tan tan4 4 1i i= +  for ° °0 1801 1i . [3]
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4

O

y

x2

y x
x
12
2= -

 The diagram shows part of the curve y x
x
12
2= - . The shaded region is bounded by the curve, the line 

x 2=  and the x-axis.

 Find the volume formed when the shaded region is rotated through 360° about the x-axis, giving your 
answer correct to 2 decimal places. [5]
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5
D

A BC5 cm 5 cm

 The diagram shows a sector ABD of a circle with centre A and radius 10 cm. The perpendicular bisector 
of AB passes through D.

 (a) Find the perimeter of the shaded region BCD, giving your answer correct to 1 decimal place. [4]
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 (b) Find the area of the shaded region BCD, giving your answer correct to 1 decimal place. [2]
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6 Each year, on her birthday, Ananya receives some money from each of her parents.

 On Ananya’s first birthday, her father gives her $10. Every subsequent year, her father gives her $5 
more than he gave her the previous year.

 On Ananya’s first birthday, her mother also gives her $10. Every subsequent year, her mother gives her 
20% more than she gave her the previous year.

 (a) Show that on Ananya’s eleventh birthday she receives more from her mother than from her father.
 [3]
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 (b) Find the total amount of money Ananya receives up to and including her eighteenth birthday. [5]
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7 In the parallelogram ABCD, the coordinates of A are (3, 7), the coordinates of B are (6, p) and the 
coordinates of D are (1, p). It is given that the gradient of AB is 3

2- .

 (a) Find the value of p. [2]
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 (b) Find the coordinates of C. [2]
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 (c) Find the area of the triangle formed by the perpendicular bisector of AB and the x- and y-axes. [5]
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8 The equation of a curve is y x ax bx 53 2= + + + . The curve has a stationary point at (1, 9).

 (a) Find the values of the constants a and b. [5]
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 (b) Find the coordinates of the other stationary point. [3]
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 ............................................................................................................................................................

 (c) A point P is moving along part of the curve in such a way that the y-coordinate of P is increasing 
at a constant rate of 6 units per second.

  Find the rate at which the x-coordinate of P is increasing when x 5= . [3]
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9 Functions f and g are defined as follows.

( )
( ) ( )

cos
cos

x x x
x x x

0
3 2 2

f for
g for

G G
G G

r
r r r

=
= - +

 (a) Describe fully the transformations that have been combined to transform the graph of ( )y xf=  to 
the graph of ( )y xg= . [4]

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

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

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

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

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

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

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

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

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

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

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

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

 (b) On the given axes, sketch the graphs of ( )y xf=  and ( )y xg= . [4]

y

xO r 2r
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 (c) Find g f1
3
1 r- ` j. [4]

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

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

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

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

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

 (d) Explain why the composite function fg cannot be formed. [1]
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10 The equation of a circle is x y x y4 8 12 02 2+ + - - = .

 (a) Find an equation of the tangent to the circle at the point (2, 8), giving your answer in the form 
ax by c 0+ + = . [4]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ............................................................................................................................................................
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 (b) Given that the line x y k3+ =  does not intersect the circle, show that k k20 220 02 2- - . [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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