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1. Question | 9709 Feb-March 2016 P1 V2 Q1 2

1 (i) Find the coefficients of x4 and x5 in the expansion of �1 − 2x�5. [2]

(ii) It is given that, when �1 + px��1 − 2x�5 is expanded, there is no term in x5. Find the value of the

constant p. [2]

2 A curve for which
dy

dx
= 3x2 −

2

x3
passes through �−1, 3�. Find the equation of the curve. [4]

3 The 12th term of an arithmetic progression is 17 and the sum of the first 31 terms is 1023. Find the

31st term. [5]

4 (a) Solve the equation sin−1�3x� = −1
3
0, giving the solution in an exact form. [2]

(b) Solve, by factorising, the equation 2 cos1 sin1 − 2 cos1 − sin 1 + 1 = 0 for 0 ≤ 1 ≤ 0. [4]

5 Two points have coordinates A �5, 7� and B �9, −1�.

(i) Find the equation of the perpendicular bisector of AB. [3]

The line through C �1, 2� parallel to AB meets the perpendicular bisector of AB at the point X.

(ii) Find, by calculation, the distance BX. [5]

6 A vacuum flask (for keeping drinks hot) is modelled as a closed cylinder in which the internal radius

is r cm and the internal height is h cm. The volume of the flask is 1000 cm3. A flask is most efficient

when the total internal surface area, A cm2, is a minimum.

(i) Show that A = 20r2 +
2000

r
. [3]

(ii) Given that r can vary, find the value of r, correct to 1 decimal place, for which A has a stationary

value and verify that the flask is most efficient when r takes this value. [5]
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1 (i) Find the coefficients of x4 and x5 in the expansion of �1 − 2x�5. [2]

(ii) It is given that, when �1 + px��1 − 2x�5 is expanded, there is no term in x5. Find the value of the

constant p. [2]

2 A curve for which
dy

dx
= 3x2 −

2

x3
passes through �−1, 3�. Find the equation of the curve. [4]

3 The 12th term of an arithmetic progression is 17 and the sum of the first 31 terms is 1023. Find the

31st term. [5]

4 (a) Solve the equation sin−1�3x� = −1
3
0, giving the solution in an exact form. [2]

(b) Solve, by factorising, the equation 2 cos1 sin1 − 2 cos1 − sin 1 + 1 = 0 for 0 ≤ 1 ≤ 0. [4]

5 Two points have coordinates A �5, 7� and B �9, −1�.

(i) Find the equation of the perpendicular bisector of AB. [3]

The line through C �1, 2� parallel to AB meets the perpendicular bisector of AB at the point X.

(ii) Find, by calculation, the distance BX. [5]

6 A vacuum flask (for keeping drinks hot) is modelled as a closed cylinder in which the internal radius

is r cm and the internal height is h cm. The volume of the flask is 1000 cm3. A flask is most efficient

when the total internal surface area, A cm2, is a minimum.

(i) Show that A = 20r2 +
2000

r
. [3]

(ii) Given that r can vary, find the value of r, correct to 1 decimal place, for which A has a stationary

value and verify that the flask is most efficient when r takes this value. [5]
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1 Find the term independent of x in the expansion of

@
x −

3

2x

A6
. [3]

2 Solve the equation 3 sin21 = 4 cos1 − 1 for 0Å ≤ 1 ≤ 360Å. [4]

3

x

y

O

1

2 x =
12

y2
− 2

The diagram shows part of the curve x =
12

y2
− 2. The shaded region is bounded by the curve, the

y-axis and the lines y = 1 and y = 2. Showing all necessary working, find the volume, in terms of 0,

when this shaded region is rotated through 360Å about the y-axis. [5]

4 A curve is such that
dy

dx
= 2 − 8�3x + 4�−

1
2 .

(i) A point P moves along the curve in such a way that the x-coordinate is increasing at a constant

rate of 0.3 units per second. Find the rate of change of the y-coordinate as P crosses the y-axis.

[2]

The curve intersects the y-axis where y =
4
3
.

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

5

ym

xm

A farmer divides a rectangular piece of land into 8 equal-sized rectangular sheep pens as shown in the

diagram. Each sheep pen measures xm by ym and is fully enclosed by metal fencing. The farmer

uses 480m of fencing.

(i) Show that the total area of land used for the sheep pens, Am2, is given by

A = 384x − 9.6x2. [3]

(ii) Given that x and y can vary, find the dimensions of each sheep pen for which the value of A is a

maximum. (There is no need to verify that the value of A is a maximum.) [3]
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6 (a) Find the values of the constantm for which the line y=mx is a tangent to the curve y = 2x2 − 4x+ 8.

[3]

(b) The function f is defined for x ∈ > by f�x� = x2 + ax + b, where a and b are constants. The

solutions of the equation f�x� = 0 are x = 1 and x = 9. Find

(i) the values of a and b, [2]

(ii) the coordinates of the vertex of the curve y = f�x�. [2]

7

1
OA

B

C
D

r

r

In the diagram, AOB is a quarter circle with centre O and radius r. The point C lies on the arc AB

and the point D lies on OB. The line CD is parallel to AO and angle AOC = 1 radians.

(i) Express the perimeter of the shaded region in terms of r, 1 and 0. [4]

(ii) For the case where r = 5 cm and 1 = 0.6, find the area of the shaded region. [3]

8 A curve has equation y = 3x −
4

x
and passes through the points A �1, −1� and B �4, 11�. At each of

the points C and D on the curve, the tangent is parallel to AB. Find the equation of the perpendicular

bisector of CD. [7]

9 (a) The first term of a geometric progression in which all the terms are positive is 50. The third term

is 32. Find the sum to infinity of the progression. [3]

(b) The first three terms of an arithmetic progression are 2 sin x, 3 cos x and �sin x + 2 cos x�
respectively, where x is an acute angle.

(i) Show that tan x =
4
3
. [3]

(ii) Find the sum of the first twenty terms of the progression. [3]

[Questions 10 and 11 are printed on the next page.]
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2

1 Functions f and g are defined by

f : x  → 10 − 3x, x ∈ >,
g : x  → 10

3 − 2x
, x ∈ >, x ≠ 3

2
.

Solve the equation ff�x� = gf�2�. [3]

2 A curve is such that
dy

dx
= 8

�5 − 2x�2
. Given that the curve passes through �2, 7�, find the equation of

the curve. [4]

3 Relative to an origin O, the position vectors of points A and B are given by

−−→
OA = 2i − 5j − 2k and

−−→
OB = 4i − 4j + 2k.

The point C is such that
−−→
AB = −−→

BC. Find the unit vector in the direction of
−−→
OC. [4]

4 Find the term that is independent of x in the expansion of

(i)

@
x − 2

x

A6
, [2]

(ii)

@
2 + 3

x2

A @
x − 2

x

A6
. [4]

5

1

3
0

1

CB

A

Mx x

In the diagram, triangle ABC is right-angled at C and M is the mid-point of BC. It is given that

angle ABC = 1
3
0 radians and angle BAM = 1 radians. Denoting the lengths of BM andMC by x,

(i) find AM in terms of x, [3]

(ii) show that 1 = 1
6
0 − tan−1

@
1

2ï3
A
. [2]
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6

! rad

O

P
T

Qr cm

The diagram shows a circle with radius r cm and centre O. The line PT is the tangent to the circle

at P and angle POT = ! radians. The line OT meets the circle at Q.

(i) Express the perimeter of the shaded region PQT in terms of r and !. [3]

(ii) In the case where ! = 1
3
0 and r = 10, find the area of the shaded region correct to 2 significant

figures. [3]

7 (i) Prove the identity
1 + cos1
1 − cos1 − 1 − cos1

1 + cos1 � 4

sin1 tan1 . [4]

(ii) Hence solve, for 0Å < 1 < 360Å, the equation
sin 1

@
1 + cos1
1 − cos1 − 1 − cos1

1 + cos1
A
= 3. [3]

8 Three points have coordinates A �0, 7�, B �8, 3� and C �3k, k�. Find the value of the constant k for

which

(i) C lies on the line that passes through A and B, [4]

(ii) C lies on the perpendicular bisector of AB. [4]

9 A water tank holds 2000 litres when full. A small hole in the base is gradually getting bigger so that

each day a greater amount of water is lost.

(i) On the first day after filling, 10 litres of water are lost and this increases by 2 litres each day.

(a) How many litres will be lost on the 30th day after filling? [2]

(b) The tank becomes empty during the nth day after filling. Find the value of n. [3]

(ii) Assume instead that 10 litres of water are lost on the first day and that the amount of water lost

increases by 10% on each succeeding day. Find what percentage of the original 2000 litres is

left in the tank at the end of the 30th day after filling. [4]

[Questions 10 and 11 are printed on the next page.]
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1 Find the coefficient of x in the expansion of

@
1

x
+ 3x2

A5
. [3]

2

x

y

O

y = �x3 + 1�
1

2

2

P �2, 3�

The diagram shows part of the curve y = �x3 + 1�
1
2 and the point P �2, 3� lying on the curve. Find,

showing all necessary working, the volume obtained when the shaded region is rotated through 360Å

about the x-axis. [4]

3 A curve is such that
dy

dx
= 6x2 +

k

x3
and passes through the point P �1, 9�. The gradient of the curve

at P is 2.

(i) Find the value of the constant k. [1]

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

4 The 1st, 3rd and 13th terms of an arithmetic progression are also the 1st, 2nd and 3rd terms respectively

of a geometric progression. The first term of each progression is 3. Find the common difference of

the arithmetic progression and the common ratio of the geometric progression. [5]

5 A curve has equation y = 8x + �2x − 1�−1. Find the values of x at which the curve has a stationary

point and determine the nature of each stationary point, justifying your answers. [7]
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2

1 Find the coefficient of x in the expansion of

@
1

x
+ 3x2

A5
. [3]

2

x

y

O

y = �x3 + 1�
1

2

2

P �2, 3�

The diagram shows part of the curve y = �x3 + 1�
1
2 and the point P �2, 3� lying on the curve. Find,

showing all necessary working, the volume obtained when the shaded region is rotated through 360Å

about the x-axis. [4]

3 A curve is such that
dy

dx
= 6x2 +

k

x3
and passes through the point P �1, 9�. The gradient of the curve

at P is 2.

(i) Find the value of the constant k. [1]

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

4 The 1st, 3rd and 13th terms of an arithmetic progression are also the 1st, 2nd and 3rd terms respectively

of a geometric progression. The first term of each progression is 3. Find the common difference of

the arithmetic progression and the common ratio of the geometric progression. [5]

5 A curve has equation y = 8x + �2x − 1�−1. Find the values of x at which the curve has a stationary

point and determine the nature of each stationary point, justifying your answers. [7]
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1 (i) Express x2 + 6x + 2 in the form �x + a�2 + b, where a and b are constants. [2]

(ii) Hence, or otherwise, find the set of values of x for which x2 + 6x + 2 > 9. [2]

2 Find the term independent of x in the expansion of

@
2x +

1

2x3

A8
. [4]

3

! radO

A

B

C

D

r

r

In the diagram OCA and ODB are radii of a circle with centre O and radius 2r cm. Angle

AOB = ! radians. CD and AB are arcs of circles with centreO and radii r cm and 2r cm respectively.

The perimeter of the shaded region ABDC is 4.4r cm.

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

(ii) It is given that the area of the shaded region is 30 cm2. Find the value of r. [3]

4 C is the mid-point of the line joining A �14, −7� to B �−6, 3�. The line through C perpendicular to AB

crosses the y-axis at D.

(i) Find the equation of the line CD, giving your answer in the form y = mx + c. [4]

(ii) Find the distance AD. [2]

5 The sum of the 1st and 2nd terms of a geometric progression is 50 and the sum of the 2nd and 3rd

terms is 30. Find the sum to infinity. [6]

6 (i) Show that cos4x � 1 − 2 sin2x + sin4x. [1]

(ii) Hence, or otherwise, solve the equation 8 sin4x + cos4x = 2 cos2x for 0Å ≤ x ≤ 360Å. [5]

© UCLES 2016 9709/11/O/N/16

10. Question | 9709 Oct-Nov 2016 P1 V1 Q5

2

1 (i) Express x2 + 6x + 2 in the form �x + a�2 + b, where a and b are constants. [2]

(ii) Hence, or otherwise, find the set of values of x for which x2 + 6x + 2 > 9. [2]

2 Find the term independent of x in the expansion of

@
2x +

1

2x3

A8
. [4]

3

! radO

A

B

C

D

r

r

In the diagram OCA and ODB are radii of a circle with centre O and radius 2r cm. Angle

AOB = ! radians. CD and AB are arcs of circles with centreO and radii r cm and 2r cm respectively.

The perimeter of the shaded region ABDC is 4.4r cm.

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

(ii) It is given that the area of the shaded region is 30 cm2. Find the value of r. [3]

4 C is the mid-point of the line joining A �14, −7� to B �−6, 3�. The line through C perpendicular to AB

crosses the y-axis at D.

(i) Find the equation of the line CD, giving your answer in the form y = mx + c. [4]

(ii) Find the distance AD. [2]

5 The sum of the 1st and 2nd terms of a geometric progression is 50 and the sum of the 2nd and 3rd

terms is 30. Find the sum to infinity. [6]

6 (i) Show that cos4x � 1 − 2 sin2x + sin4x. [1]

(ii) Hence, or otherwise, solve the equation 8 sin4x + cos4x = 2 cos2x for 0Å ≤ x ≤ 360Å. [5]
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2

1 A curve is such that
dy

dx
=

8��4x + 1� . The point �2, 5� lies on the curve. Find the equation of the

curve. [4]

2 (i) Express the equation sin 2x + 3 cos 2x = 3�sin 2x − cos 2x� in the form tan 2x = k, where k is a

constant. [2]

(ii) Hence solve the equation for −90Å ≤ x ≤ 90Å. [3]

3 A curve has equation y = 2x2 − 6x + 5.

(i) Find the set of values of x for which y > 13. [3]

(ii) Find the value of the constant k for which the line y = 2x + k is a tangent to the curve. [3]

4 In the expansion of �3 − 2x�
0
1 +

x

2

1n
, the coefficient of x is 7. Find the value of the constant n and

hence find the coefficient of x2. [6]

5 The line
x

a
+
y

b
= 1, where a and b are positive constants, intersects the x- and y-axes at the points A

and B respectively. The mid-point of AB lies on the line 2x + y = 10 and the distance AB = 10. Find

the values of a and b. [6]

6

1.2 radOA

B

C

D

10
cm

The diagram shows a metal plate ABCD made from two parts. The part BCD is a semicircle. The

part DAB is a segment of a circle with centre O and radius 10 cm. Angle BOD is 1.2 radians.

(i) Show that the radius of the semicircle is 5.646 cm, correct to 3 decimal places. [2]

(ii) Find the perimeter of the metal plate. [3]

(iii) Find the area of the metal plate. [3]
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3

7 The equation of a curve is y = 2 +
3

2x − 1
.

(i) Obtain an expression for
dy

dx
. [2]

(ii) Explain why the curve has no stationary points. [1]

At the point P on the curve, x = 2.

(iii) Show that the normal to the curve at P passes through the origin. [4]

(iv) A point moves along the curve in such a way that its x-coordinate is decreasing at a constant

rate of 0.06 units per second. Find the rate of change of the y-coordinate as the point passes

through P. [2]

8 (a) A cyclist completes a long-distance charity event across Africa. The total distance is 3050 km.

He starts the event on May 1st and cycles 200 km on that day. On each subsequent day he

reduces the distance cycled by 5 km.

(i) How far will he travel on May 15th? [2]

(ii) On what date will he finish the event? [3]

(b) A geometric progression is such that the third term is 8 times the sixth term, and the sum of the

first six terms is 311
2
. Find

(i) the first term of the progression, [4]

(ii) the sum to infinity of the progression. [1]

9 Relative to an origin O, the position vectors of the points A, B and C are given by

−−→
OA =

`
2

−2

−1

a
,

−−→
OB =

`
−2

3

6

a
and

−−→
OC =

`
2

6

5

a
.

(i) Use a scalar product to find angle AOB. [4]

(ii) Find the vector which is in the same direction as
−−→
AC and of magnitude 15 units. [3]

(iii) Find the value of the constant p for which p
−−→
OA +

−−→
OC is perpendicular to

−−→
OB. [3]

10 A function f is defined by f : x  → 5 − 2 sin 2x for 0 ≤ x ≤ 0.

(i) Find the range of f. [2]

(ii) Sketch the graph of y = f�x�. [2]

(iii) Solve the equation f�x� = 6, giving answers in terms of 0. [3]

The function g is defined by g : x  → 5 − 2 sin 2x for 0 ≤ x ≤ k, where k is a constant.

(iv) State the largest value of k for which g has an inverse. [1]

(v) For this value of k, find an expression for g−1�x�. [3]
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2

1 Find the set of values of k for which the curve y = kx2 − 3x and the line y = x − k do not meet. [3]

2 The coefficient of x3 in the expansion of �1 − 3x�6 + �1 + ax�5 is 100. Find the value of the constant a.

[4]

3 Showing all necessary working, solve the equation 6 sin2 x − 5 cos2 x = 2 sin2 x + cos2 x for

0Å ≤ x ≤ 360Å. [4]

4 The function f is such that f�x� = x3 − 3x2 − 9x + 2 for x > n, where n is an integer. It is given that f is

an increasing function. Find the least possible value of n. [4]

5

1.8 rad

O

A

B

C

D

E
6 cm

The diagram shows a major arc AB of a circle with centre O and radius 6 cm. Points C and D on OA

and OB respectively are such that the line AB is a tangent at E to the arc CED of a smaller circle also

with centre O. Angle COD = 1.8 radians.

(i) Show that the radius of the arc CED is 3.73 cm, correct to 3 significant figures. [2]

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

6 Three points, A, B and C, are such that B is the mid-point of AC. The coordinates of A are �2, m� and

the coordinates of B are �n, −6�, where m and n are constants.

(i) Find the coordinates of C in terms of m and n. [2]

The line y = x + 1 passes through C and is perpendicular to AB.

(ii) Find the values of m and n. [5]
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3

7

A B

C

D

The diagram shows a triangular pyramid ABCD. It is given that

−−→
AB = 3i + j + k,

−−→
AC = i − 2j − k and

−−→
AD = i + 4j − 7k.

(i) Verify, showing all necessary working, that each of the angles DAB, DAC and CAB is 90Å. [3]

(ii) Find the exact value of the area of the triangle ABC, and hence find the exact value of the volume

of the pyramid. [4]

[The volume V of a pyramid of base area A and vertical height h is given by V = 1
3
Ah.]

8 (i) Express 4x2 + 12x + 10 in the form �ax + b�2 + c, where a, b and c are constants. [3]

(ii) Functions f and g are both defined for x > 0. It is given that f�x�= x2 + 1 and fg�x�= 4x2 + 12x+ 10.

Find g�x�. [1]

(iii) Find �fg�−1�x� and give the domain of �fg�−1. [4]

9 (a) Two convergent geometric progressions, P and Q, have the same sum to infinity. The first and

second terms of P are 6 and 6r respectively. The first and second terms of Q are 12 and −12r

respectively. Find the value of the common sum to infinity. [3]

(b) The first term of an arithmetic progression is cos 1 and the second term is cos1 + sin21, where

0 ≤ 1 ≤ 0. The sum of the first 13 terms is 52. Find the possible values of 1. [5]

[Questions 10 and 11 are printed on the next page.]
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15. Question | 9709 Feb-March 2017 P1 V2 Q2
3

2 In the expansion of

@
1

ax
+ 2ax2

A5
, the coefficient of x is 5. Find the value of the constant a. [4]
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16. Question | 9709 May-June 2017 P1 V1 Q1 2

1 The coefficients of x2 and x3 in the expansion of �3 − 2x�6 are a and b respectively. Find the value of
a

b
. [4]
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17. Question part 1/2 | 9709 May-June 2017 P1 V1 Q4 6

4 (a) An arithmetic progression has a first term of 32, a 5th term of 22 and a last term of −28. Find the
sum of all the terms in the progression. [4]
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17. Question part 2/2 | 9709 May-June 2017 P1 V1 Q4
7

(b) Each year a school allocates a sum of money for the library. The amount allocated each year
increases by 2.5% of the amount allocated the previous year. In 2005 the school allocated $2000.
Find the total amount allocated in the years 2005 to 2014 inclusive. [3]
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18. Question | 9709 May-June 2017 P1 V2 Q1
2

1 (i) Find the coefficient of x in the expansion of

@
2x −

1

x

A5
. [2]
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(ii) Hence find the coefficient of x in the expansion of �1 + 3x2�
@
2x −

1

x

A5
. [4]
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19. Question part 1/2 | 9709 May-June 2017 P1 V2 Q7 12

7 (a) The first two terms of an arithmetic progression are 16 and 24. Find the least number of terms of

the progression which must be taken for their sum to exceed 20 000. [4]
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19. Question part 2/2 | 9709 May-June 2017 P1 V2 Q7
13

(b) A geometric progression has a first term of 6 and a sum to infinity of 18. A new geometric

progression is formed by squaring each of the terms of the original progression. Find the sum to

infinity of the new progression. [4]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

© UCLES 2017 9709/12/M/J/17 [Turn over



9709 Mathematics Paper 1 - Series
Topical questions | 152 questions

20. Question | 9709 May-June 2017 P1 V3 Q1 2

1 The coefficients of x and x2 in the expansion of �2 + ax�7 are equal. Find the value of the non-zero

constant a. [3]
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21. Question | 9709 May-June 2017 P1 V3 Q2 3

2 The common ratio of a geometric progression is r. The first term of the progression is �r2 − 3r + 2�
and the sum to infinity is S.

(i) Show that S = 2 − r. [2]
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(ii) Find the set of possible values that S can take. [2]
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22. Question part 1/2 | 9709 Oct-Nov 2017 P1 V1 Q3 4

3 (a) A geometric progression has first term 3a and common ratio r. A second geometric progression

has first term a and common ratio −2r. The two progressions have the same sum to infinity.

Find the value of r. [3]
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22. Question part 2/2 | 9709 Oct-Nov 2017 P1 V1 Q3
5

(b) The first two terms of an arithmetic progression are 15 and 19 respectively. The first two terms

of a second arithmetic progression are 420 and 415 respectively. The two progressions have the

same sum of the first n terms. Find the value of n. [3]
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23. Question | 9709 Oct-Nov 2017 P1 V2 Q1
2

1 Find the term independent of x in the expansion of

@
2x −

1

4x2

A9
. [4]
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24. Question part 1/2 | 9709 Oct-Nov 2017 P1 V2 Q3 4

3 (a) Each year, the value of a certain rare stamp increases by 5% of its value at the beginning of the
year. A collector bought the stamp for $10 000 at the beginning of 2005. Find its value at the
beginning of 2015 correct to the nearest $100. [2]
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24. Question part 2/2 | 9709 Oct-Nov 2017 P1 V2 Q3
5

(b) The sum of the first n terms of an arithmetic progression is 1
2
n�3n + 7�. Find the 1st term and the

common difference of the progression. [4]
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25. Question | 9709 Oct-Nov 2017 P1 V3 Q1 2

1 An arithmetic progression has first term −12 and common difference 6. The sum of the first n terms

exceeds 3000. Calculate the least possible value of n. [4]
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26. Question | 9709 Oct-Nov 2017 P1 V3 Q3
4

3 (i) Find the term independent of x in the expansion of

@
2

x
− 3x

A6
. [2]
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(ii) Find the value of a for which there is no term independent of x in the expansion of

�1 + ax2�
@
2

x
− 3x

A6
. [3]
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27. Question | 9709 Feb-March 2018 P1 V2 Q2 3

2 (i) Find the coefficients of x2 and x3 in the expansion of �1 − 2x�7. [3]
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(ii) Hence find the coefficient of x3 in the expansion of �2 + 5x��1 − 2x�7. [2]
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28. Question | 9709 Feb-March 2018 P1 V2 Q3 4

3 On a certain day, the height of a young bamboo plant was found to be 40 cm. After exactly one day its

height was found to be 41.2 cm. Two different models are used to predict its height exactly 60 days

after it was first measured.

³ Model A assumes that the daily amount of growth continues to be constant at the amount found

for the first day.

³ Model B assumes that the daily percentage rate of growth continues to be constant at the

percentage rate of growth found for the first day.

(i) Using model A, find the predicted height in cm of the bamboo plant exactly 60 days after it was

first measured. [2]

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

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

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

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

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

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

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

(ii) Using model B, find the predicted height in cm of the bamboo plant exactly 60 days after it was

first measured. [3]
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29. Question | 9709 May-June 2018 P1 V1 Q1 3

1 (i) Find the first three terms in the expansion, in ascending powers of x, of �1 − 2x�5. [2]

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

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

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

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

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

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

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

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

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

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

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

(ii) Given that the coefficient of x2 in the expansion of �1 + ax + 2x2��1 − 2x�5 is 12, find the value of
the constant a. [3]
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30. Question part 1/2 | 9709 May-June 2018 P1 V1 Q8 14

8 (a) A geometric progression has a second term of 12 and a sum to infinity of 54. Find the possible

values of the first term of the progression. [4]
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30. Question part 2/2 | 9709 May-June 2018 P1 V1 Q8
15

(b) The nth term of a progression is p + qn, where p and q are constants, and S
n
is the sum of the

first n terms.

(i) Find an expression, in terms of p, q and n, for S
n
. [3]
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(ii) Given that S
4
= 40 and S

6
= 72, find the values of p and q. [2]
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31. Question | 9709 May-June 2018 P1 V2 Q1
2

1 The coefficient of x2 in the expansion of
0
2 +

x

2

16
+ �a + x�5 is 330. Find the value of the constant a.

[5]
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32. Question | 9709 May-June 2018 P1 V2 Q3 4

3 A company producing salt from sea water changed to a new process. The amount of salt obtained

each week increased by 2% of the amount obtained in the preceding week. It is given that in the first

week after the change the company obtained 8000 kg of salt.

(i) Find the amount of salt obtained in the 12th week after the change. [3]
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(ii) Find the total amount of salt obtained in the first 12 weeks after the change. [2]
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33. Question | 9709 May-June 2018 P1 V3 Q2
3

2 Find the coefficient of
1

x
in the expansion of

@
x −

2

x

A5
. [3]
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34. Question | 9709 May-June 2018 P1 V3 Q3 4

3 The common ratio of a geometric progression is 0.99. Express the sum of the first 100 terms as a

percentage of the sum to infinity, giving your answer correct to 2 significant figures. [5]
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35. Question | 9709 Oct-Nov 2018 P1 V1 Q4 5

4 The first term of a series is 6 and the second term is 2.

(i) For the case where the series is an arithmetic progression, find the sum of the first 80 terms. [3]
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(ii) For the case where the series is a geometric progression, find the sum to infinity. [2]
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36. Question part 1/2 | 9709 Oct-Nov 2018 P1 V2 Q1
2

1 Find the coefficient of
1

x2
in the expansion of

@
3x + 2

3x2

A7
. [4]
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36. Question part 2/2 | 9709 Oct-Nov 2018 P1 V2 Q1
3

2 Showing all necessary working, find Ô 4

1

@�
x + 2�

x

A
dx. [4]
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37. Question part 1/2 | 9709 Oct-Nov 2018 P1 V2 Q5 6

5 The first three terms of an arithmetic progression are 4, x and y respectively. The first three terms of

a geometric progression are x, y and 18 respectively. It is given that both x and y are positive.

(i) Find the value of x and the value of y. [4]
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37. Question part 2/2 | 9709 Oct-Nov 2018 P1 V2 Q5
7

(ii) Find the fourth term of each progression. [3]
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38. Question | 9709 Oct-Nov 2018 P1 V3 Q1
2

1 Find the coefficient of
1

x3
in the expansion of

@
x −

2

x

A7
. [3]
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39. Question | 9709 Oct-Nov 2018 P1 V3 Q5 7

5 In an arithmetic progression the first term is a and the common difference is 3. The nth term is 94

and the sum of the first n terms is 1420. Find n and a. [6]
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40. Question | 9709 Feb-March 2019 P1 V2 Q1 3

1 The coefficient of x3 in the expansion of �1 − px�5 is −2160. Find the value of the constant p. [3]
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41. Question part 1/2 | 9709 Feb-March 2019 P1 V2 Q6 10

6 (i) The first and second terms of a geometric progression are p and 2p respectively, where p is a

positive constant. The sum of the first n terms is greater than 1000p. Show that 2n > 1001. [2]
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41. Question part 2/2 | 9709 Feb-March 2019 P1 V2 Q6
11

(ii) In another case, p and 2p are the first and second terms respectively of an arithmetic progression.

The nth term is 336 and the sum of the first n terms is 7224. Write down two equations in n and

p and hence find the values of n and p. [5]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

© UCLES 2019 9709/12/F/M/19 [Turn over



9709 Mathematics Paper 1 - Series
Topical questions | 152 questions

42. Question | 9709 May-June 2019 P1 V1 Q1
3

1 The term independent of x in the expansion of

@
2x +

k

x

A6
, where k is a constant, is 540.

(i) Find the value of k. [3]
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(ii) For this value of k, find the coefficient of x2 in the expansion. [2]
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43. Question part 1/2 | 9709 May-June 2019 P1 V1 Q8 14

8 (a) The third and fourth terms of a geometric progression are 48 and 32 respectively. Find the sum

to infinity of the progression. [3]
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43. Question part 2/2 | 9709 May-June 2019 P1 V1 Q8
15

(b) Two schemes are proposed for increasing the amount of household waste that is recycled each

week.

Scheme A is to increase the amount of waste recycled each month by 0.16 tonnes.

Scheme B is to increase the amount of waste recycled each month by 6% of the amount

recycled in the previous month.

The proposal is to operate the scheme for a period of 24 months. The amount recycled in the

first month is 2.5 tonnes.

For each scheme, find the total amount of waste that would be recycled over the 24-month period.

[5]
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Scheme B .......................................................................................................................................
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44. Question | 9709 May-June 2019 P1 V2 Q1
2

1 Find the coefficient of x in the expansion of

@
2

x
− 3x

A5
. [3]
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45. Question part 1/2 | 9709 May-June 2019 P1 V2 Q10 14

10 (a) In an arithmetic progression, the sum of the first ten terms is equal to the sum of the next five

terms. The first term is a.

(i) Show that the common difference of the progression is 1
3
a. [4]
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(ii) Given that the tenth term is 36 more than the fourth term, find the value of a. [2]
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45. Question part 2/2 | 9709 May-June 2019 P1 V2 Q10
15

(b) The sum to infinity of a geometric progression is 9 times the sum of the first four terms. Given

that the first term is 12, find the value of the fifth term. [4]
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46. Question | 9709 May-June 2019 P1 V3 Q2
3

2 (i) In the binomial expansion of

@
2x −

1

2x

A5
, the first three terms are 32x5 − 40x3 + 20x. Find the

remaining three terms of the expansion. [3]
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(ii) Hence find the coefficient of x in the expansion of
�
1 + 4x2

�@
2x −

1

2x

A5
. [2]
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47. Question part 1/2 | 9709 May-June 2019 P1 V3 Q5 6

5 Two heavyweight boxers decide that they would be more successful if they competed in a lower

weight class. For each boxer this would require a total weight loss of 13 kg. At the end of week 1

they have each recorded a weight loss of 1 kg and they both find that in each of the following weeks

their weight loss is slightly less than the week before.

Boxer A’s weight loss in week 2 is 0.98 kg. It is given that his weekly weight loss follows an arithmetic

progression.

(i) Write down an expression for his total weight loss after x weeks. [1]
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(ii) He reaches his 13 kg target during week n. Use your answer to part (i) to find the value of n. [2]
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47. Question part 2/2 | 9709 May-June 2019 P1 V3 Q5
7

Boxer B’s weight loss in week 2 is 0.92 kg and it is given that his weekly weight loss follows a

geometric progression.

(iii) Calculate his total weight loss after 20 weeks and show that he can never reach his target. [4]
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48. Question | 9709 Oct-Nov 2019 P1 V1 Q1
2

1 Find the term independent of x in the expansion of

@
2x +

1

4x2

A6
. [3]
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49. Question | 9709 Oct-Nov 2019 P1 V1 Q4 5

4 A runner who is training for a long-distance race plans to run increasing distances each day for 21 days.

She will run x km on day 1, and on each subsequent day she will increase the distance by 10% of the

previous day’s distance. On day 21 she will run 20 km.

(i) Find the distance she must run on day 1 in order to achieve this. Give your answer in km correct

to 1 decimal place. [3]
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(ii) Find the total distance she runs over the 21 days. [2]
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50. Question | 9709 Oct-Nov 2019 P1 V2 Q1
3

1 The coefficient of x2 in the expansion of �4 + ax�
@
1 + x

2

A6
is 3. Find the value of the constant a. [4]
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51. Question part 1/2 | 9709 Oct-Nov 2019 P1 V2 Q8 14

8 (a) Over a 21-day period an athlete prepares for a marathon by increasing the distance she runs each

day by 1.2 km. On the first day she runs 13 km.

(i) Find the distance she runs on the last day of the 21-day period. [1]
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(ii) Find the total distance she runs in the 21-day period. [2]
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51. Question part 2/2 | 9709 Oct-Nov 2019 P1 V2 Q8
15

(b) The first, second and third terms of a geometric progression are x, x − 3 and x − 5 respectively.

(i) Find the value of x. [2]
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(ii) Find the fourth term of the progression. [2]
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(iii) Find the sum to infinity of the progression. [2]
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52. Question | 9709 Oct-Nov 2019 P1 V3 Q1 2

1 (i) Expand �1 + y�6 in ascending powers of y as far as the term in y2. [1]
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(ii) In the expansion of
�
1 + �px − 2x2�

�6
the coefficient of x2 is 48. Find the value of the positive

constant p. [3]
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53. Question part 1/2 | 9709 Oct-Nov 2019 P1 V3 Q9 14

9 The first, second and third terms of a geometric progression are 3k, 5k − 6 and 6k − 4, respectively.

(i) Show that k satisfies the equation 7k2 − 48k + 36 = 0. [2]
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(ii) Find, showing all necessary working, the exact values of the common ratio corresponding to

each of the possible values of k. [4]
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53. Question part 2/2 | 9709 Oct-Nov 2019 P1 V3 Q9
15
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(iii) One of these ratios gives a progression which is convergent. Find the sum to infinity. [2]
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54. Question | 9709 Feb-March 2020 P1 V2 Q6
7

6 The coefficient of
1

x
in the expansion of

@
2x +

a

x2

A5
is 720.

(a) Find the possible values of the constant a. [3]
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(b) Hence find the coefficient of
1

x7
in the expansion. [2]
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55. Question | 9709 Feb-March 2020 P1 V2 Q8 9

8 A woman’s basic salary for her first year with a particular company is $30 000 and at the end of the
year she also gets a bonus of $600.

(a) For her first year, express her bonus as a percentage of her basic salary. [1]
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At the end of each complete year, the woman’s basic salary will increase by 3% and her bonus will
increase by $100.

(b) Express the bonus she will be paid at the end of her 24th year as a percentage of the basic salary
paid during that year. [5]
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56. Question | 9709 May-June 2020 P1 V1 Q1 2

1 The sum of the first nine terms of an arithmetic progression is 117. The sum of the next four terms
is 91.

Find the first term and the common difference of the progression. [4]
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57. Question | 9709 May-June 2020 P1 V1 Q2
3

2 The coefficient of
1

x
in the expansion of

@
kx +

1

x

A5
+

@
1 −

2

x

A8
is 74.

Find the value of the positive constant k. [5]
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58. Question | 9709 May-June 2020 P1 V1 Q3 4

3 Each year the selling price of a diamond necklace increases by 5% of the price the year before. The
selling price of the necklace in the year 2000 was $36 000.

(a) Write down an expression for the selling price of the necklace n years later and hence find the
selling price in 2008. [3]
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(b) The company that makes the necklace only sells one each year. Find the total amount of money
obtained in the ten-year period starting in the year 2000. [2]
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59. Question | 9709 May-June 2020 P1 V2 Q1
2

1 (a) Find the coefficient of x2 in the expansion of

@
x −

2

x

A6
. [2]
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(b) Find the coefficient of x2 in the expansion of �2 + 3x2�
@
x −

2

x

A6
. [3]
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60. Question | 9709 May-June 2020 P1 V2 Q4 5

4 The nth term of an arithmetic progression is 1
2
�3n − 15�.

Find the value of n for which the sum of the first n terms is 84. [5]
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61. Question | 9709 May-June 2020 P1 V3 Q4 5

4 (a) Expand �1 + a�5 in ascending powers of a up to and including the term in a3. [1]
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(b) Hence expand �1 + �x + x2��5 in ascending powers of x up to and including the term in x3,

simplifying your answer. [3]
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62. Question part 1/2 | 9709 May-June 2020 P1 V3 Q8 12

8 The first term of a progression is sin21, where 0 < 1 <
1
2
π. The second term of the progression is

sin21 cos21.

(a) Given that the progression is geometric, find the sum to infinity. [3]
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62. Question part 2/2 | 9709 May-June 2020 P1 V3 Q8
13

It is now given instead that the progression is arithmetic.

(b) (i) Find the common difference of the progression in terms of sin1. [3]
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(ii) Find the sum of the first 16 terms when 1 =
1
3
π. [3]
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63. Question | 9709 Oct-Nov 2020 P1 V1 Q5
6

5 In the expansion of
0
2x2 +

a

x

16
, the coefficients of x6 and x3 are equal.

(a) Find the value of the non-zero constant a. [4]
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(b) Find the coefficient of x6 in the expansion of �1 − x3�
0
2x2 +

a

x

16
. [1]
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64. Question part 1/2 | 9709 Oct-Nov 2020 P1 V1 Q8 10

8 A geometric progression has first term a, common ratio r and sum to infinity S. A second geometric

progression has first term a, common ratio R and sum to infinity 2S.

(a) Show that r = 2R − 1. [3]
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64. Question part 2/2 | 9709 Oct-Nov 2020 P1 V1 Q8
11

It is now given that the 3rd term of the first progression is equal to the 2nd term of the second

progression.

(b) Express S in terms of a. [4]
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65. Question | 9709 Oct-Nov 2020 P1 V2 Q1 3

1 The coefficient of x3 in the expansion of �1 + kx��1 − 2x�5 is 20.

Find the value of the constant k. [4]
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66. Question | 9709 Oct-Nov 2020 P1 V2 Q2 4

2 The first, second and third terms of a geometric progression are 2p + 6, −2p and p + 2 respectively,

where p is positive.

Find the sum to infinity of the progression. [5]
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67. Question | 9709 Oct-Nov 2020 P1 V2 Q4 6

4 The sum, S
n
, of the first n terms of an arithmetic progression is given by

S
n
= n2 + 4n.

The kth term in the progression is greater than 200.

Find the smallest possible value of k. [5]
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68. Question | 9709 Oct-Nov 2020 P1 V3 Q5 6

5 In the expansion of �a + bx�7, where a and b are non-zero constants, the coefficients of x, x2 and x4

are the first, second and third terms respectively of a geometric progression.

Find the value of
a

b
. [5]
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69. Question part 1/2 | 9709 Oct-Nov 2020 P1 V3 Q7
8

7 The first and second terms of an arithmetic progression are
1

cos21 and − tan21
cos21 , respectively, where

0 < 1 < 1
2
π.

(a) Show that the common difference is − 1

cos41 . [4]
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69. Question part 2/2 | 9709 Oct-Nov 2020 P1 V3 Q7
9

(b) Find the exact value of the 13th term when 1 = 1
6
π. [3]
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70. Question | 9709 Feb-March 2021 P1 V2 Q1 3

1 (a) Find the first three terms in the expansion, in ascending powers of x, of �1 + x�5. [1]
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(b) Find the first three terms in the expansion, in ascending powers of x, of �1 − 2x�6. [2]
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(c) Hence find the coefficient of x2 in the expansion of �1 + x�5�1 − 2x�6. [2]
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71. Question part 1/2 | 9709 Feb-March 2021 P1 V2 Q9 14

9 The first term of a progression is cos1, where 0 < 1 < 1
2
π.

(a) For the case where the progression is geometric, the sum to infinity is
1

cos 1
.

(i) Show that the second term is cos 1 sin21. [3]
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(ii) Find the sum of the first 12 terms when 1 =
1
3
π, giving your answer correct to 4 significant

figures. [2]
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71. Question part 2/2 | 9709 Feb-March 2021 P1 V2 Q9
15

(b) For the case where the progression is arithmetic, the first two terms are again cos1 and cos 1 sin21

respectively.

Find the 85th term when 1 =
1
3
π. [4]
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72. Question | 9709 May-June 2021 P1 V1 Q2 3

2 The sum of the first 20 terms of an arithmetic progression is 405 and the sum of the first 40 terms

is 1410.

Find the 60th term of the progression. [5]
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73. Question | 9709 May-June 2021 P1 V1 Q3 4

3 (a) Find the first three terms in the expansion of �3 − 2x�5 in ascending powers of x. [3]
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(b) Hence find the coefficient of x2 in the expansion of �4 + x�2�3 − 2x�5. [3]
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74. Question | 9709 May-June 2021 P1 V1 Q5 6

5 The fifth, sixth and seventh terms of a geometric progression are 8k, −12 and 2k respectively.

Given that k is negative, find the sum to infinity of the progression. [4]
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75. Question | 9709 May-June 2021 P1 V2 Q4
5

4 The coefficient of x in the expansion of

@
4x +

10

x

A3
is p. The coefficient of

1

x
in the expansion of

@
2x +

k

x2

A5
is q.

Given that p = 6q, find the possible values of k. [5]
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76. Question | 9709 May-June 2021 P1 V2 Q8 9

8 The first, second and third terms of an arithmetic progression are a, 3
2
a and b respectively, where

a and b are positive constants. The first, second and third terms of a geometric progression are

a, 18 and b + 3 respectively.

(a) Find the values of a and b. [5]
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(b) Find the sum of the first 20 terms of the arithmetic progression. [3]
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77. Question | 9709 May-June 2021 P1 V3 Q7 9

7 (a) Write down the first four terms of the expansion, in ascending powers of x, of �a − x�6. [2]
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(b) Given that the coefficient of x2 in the expansion of

@
1 +

2

ax

A
�a − x�6 is −20, find in exact form

the possible values of the constant a. [5]
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78. Question part 1/2 | 9709 May-June 2021 P1 V3 Q9 12

9 (a) A geometric progression is such that the second term is equal to 24% of the sum to infinity.

Find the possible values of the common ratio. [3]
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78. Question part 2/2 | 9709 May-June 2021 P1 V3 Q9
13

(b) An arithmetic progression P has first term a and common difference d. An arithmetic progression

Q has first term 2�a + 1� and common difference �d + 1�. It is given that

5th term of P

12th term of Q
=
1

3
and

Sum of first 5 terms of P

Sum of first 5 terms of Q
=
2

3
.

Find the value of a and the value of d. [6]
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79. Question | 9709 Oct-Nov 2021 P1 V1 Q1
3

1 (a) Expand

@
1 − 1

2x

A2
. [1]

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

(b) Find the first four terms in the expansion, in ascending powers of x, of �1 + 2x�6. [2]
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........................................................................................................................................................

(c) Hence find the coefficient of x in the expansion of

@
1 − 1

2x

A2
�1 + 2x�6. [2]
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80. Question | 9709 Oct-Nov 2021 P1 V1 Q4 6

4 The first term of an arithmetic progression is a and the common difference is −4. The first term

of a geometric progression is 5a and the common ratio is −1
4
. The sum to infinity of the geometric

progression is equal to the sum of the first eight terms of the arithmetic progression.

(a) Find the value of a. [4]
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The kth term of the arithmetic progression is zero.

(b) Find the value of k. [2]
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81. Question | 9709 Oct-Nov 2021 P1 V2 Q5 6

5 The first, third and fifth terms of an arithmetic progression are 2 cos x, −6
�
3 sin x and 10 cos x

respectively, where 1
2
π < x < π.

(a) Find the exact value of x. [3]
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(b) Hence find the exact sum of the first 25 terms of the progression. [3]
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82. Question | 9709 Oct-Nov 2021 P1 V2 Q6 7

6 The second term of a geometric progression is 54 and the sum to infinity of the progression is 243.

The common ratio is greater than 1
2
.

Find the tenth term, giving your answer in exact form. [5]
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83. Question part 1/2 | 9709 Oct-Nov 2021 P1 V2 Q8 10

8 (a) It is given that in the expansion of �4 + 2x��2 − ax�5, the coefficient of x2 is −15.

Find the possible values of a. [4]
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83. Question part 2/2 | 9709 Oct-Nov 2021 P1 V2 Q8
11

(b) It is given instead that in the expansion of �4 + 2x��2 − ax�5, the coefficient of x2 is k. It is also

given that there is only one value of a which leads to this value of k.

Find the values of k and a. [4]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

© UCLES 2021 9709/12/O/N/21 [Turn over



9709 Mathematics Paper 1 - Series
Topical questions | 152 questions

84. Question | 9709 Oct-Nov 2021 P1 V3 Q2 3

2 (a) Find the first three terms, in ascending powers of x, in the expansion of �1 + ax�6. [1]

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

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

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

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

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

(b) Given that the coefficient of x2 in the expansion of �1 − 3x��1 + ax�6 is −3, find the possible values
of the constant a. [4]
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85. Question | 9709 Oct-Nov 2021 P1 V3 Q4 5

4 The first term of an arithmetic progression is 84 and the common difference is −3.

(a) Find the smallest value of n for which the nth term is negative. [2]
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It is given that the sum of the first 2k terms of this progression is equal to the sum of the first k terms.

(b) Find the value of k. [3]
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86. Question | 9709 Feb-March 2022 P1 V2 Q3 5

3 Find the term independent of x in each of the following expansions.

(a)

@
3x +

2

x2

A6
[3]
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........................................................................................................................................................
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........................................................................................................................................................

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

(b)

@
3x +

2

x2

A6
�1 − x3� [3]
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87. Question | 9709 Feb-March 2022 P1 V2 Q4 6

4 The first term of a geometric progression and the first term of an arithmetic progression are both equal

to a.

The third term of the geometric progression is equal to the second term of the arithmetic progression.

The fifth term of the geometric progression is equal to the sixth term of the arithmetic progression.

Given that the terms are all positive and not all equal, find the sum of the first twenty terms of the

arithmetic progression in terms of a. [6]
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88. Question part 1/2 | 9709 May-June 2022 P1 V1 Q2 3

2 The thirteenth term of an arithmetic progression is 12 and the sum of the first 30 terms is −15.

Find the sum of the first 50 terms of the progression. [5]
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88. Question part 2/2 | 9709 May-June 2022 P1 V1 Q2
4

3 The coefficient of x4 in the expansion of

P
2x2 +

k2

x

Q5
is a. The coefficient of x2 in the expansion of

�2kx − 1�4 is b.

(a) Find a and b in terms of the constant k. [3]
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89. Question part 1/2 | 9709 May-June 2022 P1 V1 Q3
4

3 The coefficient of x4 in the expansion of

P
2x2 +

k2

x

Q5
is a. The coefficient of x2 in the expansion of

�2kx − 1�4 is b.

(a) Find a and b in terms of the constant k. [3]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

© UCLES 2022 9709/11/M/J/22



9709 Mathematics Paper 1 - Series
Topical questions | 152 questions

89. Question part 2/2 | 9709 May-June 2022 P1 V1 Q3
5

(b) Given that a + b = 216, find the possible values of k. [3]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

© UCLES 2022 9709/11/M/J/22 [Turn over



9709 Mathematics Paper 1 - Series
Topical questions | 152 questions

90. Question | 9709 May-June 2022 P1 V2 Q1 2

1 The coefficient of x4 in the expansion of �3 + x�5 is equal to the coefficient of x2 in the expansion of@
2x +

a

x

A6
.

Find the value of the positive constant a. [4]
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91. Question | 9709 May-June 2022 P1 V2 Q2 3

2 The second and third terms of a geometric progression are 10 and 8 respectively.

Find the sum to infinity. [4]
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92. Question | 9709 May-June 2022 P1 V2 Q4 5

4 The first, second and third terms of an arithmetic progression are k, 6k and k + 6 respectively.

(a) Find the value of the constant k. [2]
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(b) Find the sum of the first 30 terms of the progression. [3]
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93. Question | 9709 May-June 2022 P1 V3 Q1
3

1 The coefficient of x3 in the expansion of

@
p + 1

p
x

A4
is 144.

Find the possible values of the constant p. [4]
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94. Question | 9709 May-June 2022 P1 V3 Q3 5

3 An arithmetic progression has first term 4 and common difference d. The sum of the first n terms of

the progression is 5863.

(a) Show that �n − 1�d = 11726

n
− 8. [1]
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(b) Given that the nth term is 139, find the values of n and d, giving the value of d as a fraction. [4]
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95. Question | 9709 Oct-Nov 2022 P1 V1 Q4
5

4 The coefficient of x2 in the expansion of

@
1 +

2

p
x

A5
+ �1 + px�6 is 70.

Find the possible values of the constant p. [6]
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96. Question part 1/2 | 9709 Oct-Nov 2022 P1 V1 Q7 10

7 A tool for putting fence posts into the ground is called a ‘post-rammer’. The distances in millimetres

that the post sinks into the ground on each impact of the post-rammer follow a geometric progression.

The first three impacts cause the post to sink into the ground by 50mm, 40mmand 32mm respectively.

(a) Verify that the 9th impact is the first in which the post sinks less than 10mm into the ground.

[3]
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96. Question part 2/2 | 9709 Oct-Nov 2022 P1 V1 Q7
11

(b) Find, to the nearest millimetre, the total depth of the post in the ground after 20 impacts. [2]
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(c) Find the greatest total depth in the ground which could theoretically be achieved. [2]
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97. Question | 9709 Oct-Nov 2022 P1 V2 Q2 4

2 The first, second and third terms of an arithmetic progression are a, 2a and a2 respectively, where a

is a positive constant.

Find the sum of the first 50 terms of the progression. [5]
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98. Question | 9709 Oct-Nov 2022 P1 V2 Q4 6

4 A geometric progression is such that the third term is 1764 and the sum of the second and third terms

is 3444.

Find the 50th term. [4]
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99. Question | 9709 Oct-Nov 2022 P1 V3 Q3 4

3 (a) Find the first three terms in ascending powers of x of the expansion of �1 + 2x�5. [2]

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

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

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

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

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

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

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

(b) Find the first three terms in ascending powers of x of the expansion of �1 − 3x�4. [2]
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(c) Hence find the coefficient of x2 in the expansion of �1 + 2x�5�1 − 3x�4. [2]
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100. Question part 1/2 | 9709 Oct-Nov 2022 P1 V3 Q9 12

9 The first term of a geometric progression is 216 and the fourth term is 64.

(a) Find the sum to infinity of the progression. [3]
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100. Question part 2/2 | 9709 Oct-Nov 2022 P1 V3 Q9
13

The second term of the geometric progression is equal to the second term of an arithmetic progression.

The third term of the geometric progression is equal to the fifth term of the same arithmetic progression.

(b) Find the sum of the first 21 terms of the arithmetic progression. [6]
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101. Question | 9709 Feb-March 2023 P1 V2 Q4 5

4 The circumference round the trunk of a large tree is measured and found to be 5.00m. After one year

the circumference is measured again and found to be 5.02m.

(a) Given that the circumferences at yearly intervals form an arithmetic progression, find the

circumference 20 years after the first measurement. [2]
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........................................................................................................................................................
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........................................................................................................................................................

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

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

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

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

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

(b) Given instead that the circumferences at yearly intervals form a geometric progression, find the

circumference 20 years after the first measurement. [3]
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102. Question | 9709 Feb-March 2023 P1 V2 Q6
7

6 In the expansion of

@
x

a
+

a

x2

A7
, it is given that

the coefficient of x4

the coefficient of x
= 3.

Find the possible values of the constant a. [6]
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103. Question | 9709 May-June 2023 P1 V1 Q2 3

2 (a) Find the first three terms in the expansion, in ascending powers of x, of �2 + 3x�4. [2]

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

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

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

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

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

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

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

(b) Find the first three terms in the expansion, in ascending powers of x, of �1 − 2x�5. [2]

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

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

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

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

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

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

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

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

(c) Hence find the coefficient of x2 in the expansion of �2 + 3x�4�1 − 2x�5. [2]
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104. Question part 1/2 | 9709 May-June 2023 P1 V1 Q6
7

6 The first three terms of an arithmetic progression are
p2

6
, 2p − 6 and p.

(a) Given that the common difference of the progression is not zero, find the value of p. [3]
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........................................................................................................................................................

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

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

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

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

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

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

(b) Using this value, find the sum to infinity of the geometric progression with first two terms

p2

6
and 2p − 6. [2]
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104. Question part 2/2 | 9709 May-June 2023 P1 V1 Q6
8
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105. Question | 9709 May-June 2023 P1 V2 Q2 3

2 The coefficient of x4 in the expansion of �x + a�6 is p and the coefficient of x2 in the expansion of

�ax + 3�4 is q. It is given that p + q = 276.

Find the possible values of the constant a. [4]
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106. Question part 1/2 | 9709 May-June 2023 P1 V2 Q9 12

9 The second term of a geometric progression is 16 and the sum to infinity is 100.

(a) Find the two possible values of the first term. [4]
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106. Question part 2/2 | 9709 May-June 2023 P1 V2 Q9
13

(b) Show that the nth term of one of the two possible geometric progressions is equal to

4n−2 multiplied by the nth term of the other geometric progression. [4]
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107. Question | 9709 May-June 2023 P1 V3 Q3
4

3 (a) Give the complete expansion of

@
x +

2

x

A5
. [2]
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........................................................................................................................................................

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

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

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

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

(b) In the expansion of �a + bx2�
@
x +

2

x

A5
, the coefficient of x is zero and the coefficient of

1

x
is 80.

Find the values of the constants a and b. [4]
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108. Question part 1/2 | 9709 May-June 2023 P1 V3 Q8
10

8 A progression has first term a and second term
a2

a + 2
, where a is a positive constant.

(a) For the case where the progression is geometric and the sum to infinity is 264, find the value

of a. [5]
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108. Question part 2/2 | 9709 May-June 2023 P1 V3 Q8
11

(b) For the case where the progression is arithmetic and a = 6, determine the least value of n required

for the sum of the first n terms to be less than −480. [5]
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109. Question | 9709 Oct-Nov 2023 P1 V1 Q1 3

1 (a) Expand �1 + 3x�6 in ascending powers of x up to, and including, the term in x2. [2]
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........................................................................................................................................................

(b) Hence find the coefficient of x2 in the expansion of �1 − 7x + x2��1 + 3x�6. [2]
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110. Question | 9709 Oct-Nov 2023 P1 V1 Q7 11

7 The sum of the first two terms of a geometric progression is 15 and the sum to infinity is 125
7
. The

common ratio of the progression is negative.

Find the third term of the progression. [7]
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111. Question | 9709 Oct-Nov 2023 P1 V2 Q1 2

1 The coefficient of x3 in the expansion of �3 + 2ax�5 is six times the coefficient of x2 in the expansion

of �2 + ax�6.

Find the value of the constant a. [4]
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112. Question part 1/2 | 9709 Oct-Nov 2023 P1 V2 Q5 6

5 The first, second and third terms of a geometric progression are sin 1, cos 1 and 2 − sin 1 respectively,

where 1 radians is an acute angle.

(a) Find the value of 1. [3]
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112. Question part 2/2 | 9709 Oct-Nov 2023 P1 V2 Q5
7

(b) Using this value of 1, find the sum of the first 10 terms of the progression. Give the answer in

the form
b

�
c − 1

, where b and c are integers to be found. [3]
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113. Question | 9709 Oct-Nov 2023 P1 V3 Q4 6

4 (a) Expand the following in ascending powers of x up to and including the term in x2.

(i) �1 + 2x�5. [1]

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

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

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

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

(ii) �1 − ax�6, where a is a constant. [2]

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

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

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

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

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

In the expansion of �1 + 2x�5�1 − ax�6, the coefficient of x2 is −5.

(b) Find the possible values of a. [4]
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114. Question | 9709 Oct-Nov 2023 P1 V3 Q5 7

5 The first, second and third terms of a geometric progression are 2p + 6, 5p and 8p + 2 respectively.

(a) Find the possible values of the constant p. [3]
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........................................................................................................................................................

(b) One of the values of p found in (a) is a negative fraction.

Use this value of p to find the sum to infinity of this progression. [4]
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115. Question | 9709 Feb-March 2024 P1 V2 Q6 7

9709/12/F/M/24© UCLES 2024 [Turn over

6 It is given that the coefficient of x3  in the expansion of

( ) ( )ax ax2 54+ -

 is 432.

 Find the value of the constant a. [5]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ....................................................................................................................................................................
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116. Question | 9709 Feb-March 2024 P1 V2 Q8 9
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8 (a) An arithmetic progression is such that its first term is 6 and its tenth term is 19.5 .

  Find the sum of the first 100 terms of this arithmetic progression. [4]

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

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

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

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

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

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

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

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

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

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

 (b) A geometric progression a1 , a2 , a3 , ... is such that a 241 =  and the common ratio is 2
1 .

  The sum to infinity of this geometric progression is denoted by S . The sum to infinity of the 
even-numbered terms (i.e. a2 , a4 , a6 , ...) is denoted by SE .

  Find the values of S  and SE . [4]

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

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

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

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

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

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

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

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

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

 ............................................................................................................................................................
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117. Question | 9709 May-June 2024 P1 V1 Q3 4

9709/11/M/J/24© UCLES 2024

3 The coefficient of x3  in the expansion of ( )ax3 6+  is 160.

 (a) Find the value of the constant a. [2]

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

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

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

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

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

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

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

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

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

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

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

 (b) Hence find the coefficient of x3  in the expansion of ( ) ( )ax x3 1 26+ - . [3]

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

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

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

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

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

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

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

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

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

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

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

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

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

 ............................................................................................................................................................
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118. Question part 1/2 | 9709 May-June 2024 P1 V1 Q8 10

9709/11/M/J/24© UCLES 2024

8 (a) The first three terms of an arithmetic progression are , p25 4 1-  and p13- , where p is a constant. 

  Find the value of the tenth term of the progression. [4]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ............................................................................................................................................................
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118. Question part 2/2 | 9709 May-June 2024 P1 V1 Q8
11

9709/11/M/J/24© UCLES 2024 [Turn over

 (b) The first three terms of a geometric progression are , q25 4 1-  and q13- , where q is a positive 
constant.

 
  Find the sum to infinity of the progression.  [4]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ............................................................................................................................................................
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1 The coefficient of x2  in the expansion of ( )x1 4 6-  is 12 times the coefficient of x2  in the expansion of  
( )ax2 5+ .

 Find the value of the positive constant a. [3]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ....................................................................................................................................................................
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120. Question | 9709 May-June 2024 P1 V2 Q2 4

9709/12/M/J/24© UCLES 2024

2 The curve y x2=  is transformed to the curve ( )y x4 3 82= - - .

 Describe fully a sequence of transformations that have been combined, making clear the order in which 
the transformations have been applied. [5]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ....................................................................................................................................................................
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121. Question part 1/2 | 9709 May-June 2024 P1 V2 Q5 8

9709/12/M/J/24© UCLES 2024

5 The first and second terms of an arithmetic progression are tani  and sini  respectively, where 
r0 2
11 1i .

 (a) Given that r4
1

i = , find the exact sum of the first 40 terms of the progression. [4]

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

 ............................................................................................................................................................
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 ............................................................................................................................................................
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 The first and second terms of a geometric progression are tani  and sini  respectively, where 
r0 2
11 1i .

 (b) (i) Find the sum to infinity of the progression in terms of i . [2] 
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  (ii) Given that r3
1

i = , find the sum of the first 10 terms of the progression. Give your answer 

correct to 3 significant figures. [3]
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1 Find the coefficient of x2  in the expansion of

    )( ( )x x2 5 1 3 10
- + . [4]
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7 The first term of an arithmetic progression is 1.5 and the sum of the first ten terms is 127.5 .

 (a) Find the common difference. [2]
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 (b) Find the sum of all the terms of the arithmetic progression whose values are between 25 and 100.
 [5]
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8 A circle with equation x y x y6 2 15 0
2 2
+ - + - =  meets the y-axis at the points A and B. The tangents to 

the circle at A and B meet at the point P.

 Find the coordinates of P. [8]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

* 0019656641010 *

D
O

 N
O

T
 W

R
IT

E
 I

N
 T

H
IS

 M
A

R
G

IN
  

  
  

  
  

  
  

  
  

D
O

 N
O

T
 W

R
IT

E
 I

N
 T

H
IS

 M
A

R
G

IN
  

  
  

  
  

  
  

  
  

D
O

 N
O

T
 W

R
IT

E
 I

N
 T

H
IS

 M
A

R
G

IN
  

  
  

  
  

  
  

  
  

D
O

 N
O

T
 W

R
IT

E
 I

N
 T

H
IS

 M
A

R
G

IN
  

  
  

  
  

  
  

  
  

D
O

 N
O

T
 W

R
IT

E
 I

N
 T

H
IS

 M
A

R
G

IN



9709 Mathematics Paper 1 - Series
Topical questions | 152 questions

124. Question part 1/3 | 9709 May-June 2024 P1 V3 Q10 14

9709/13/M/J/24© UCLES 2024

10 The geometric progression , , ,a a a
1 2 3

 … has first term 2 and common ratio r where r 02 . 

 It is given that a a7 8
2

9

5 3
+ = .

 (a) Find the value of r. [3]
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 (b) Find the sum of the first 20 terms of the geometric progression. Give your answer correct to 
4 significant figures. [2]
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 (c) Find the sum to infinity of the progression , , ,a a a
2 5 8

 … . [3]
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11 The function f is defined by ( )f x x x10 6 2
= + -  for x Rd .

 (a) By completing the square, find the range of f. [3]
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1 In the expansion of kx x
2 4+b l , where k is a positive constant, the term independent of x is equal to 150.

 Find the value of k and hence determine the coefficient of x2  in the expansion. [4]
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10 An arithmetic progression has first term 5 and common difference d, where d 02 . The second, fifth 
and eleventh terms of the arithmetic progression, in that order, are the first three terms of a geometric 
progression.

 (a) Find the value of d. [3]
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 (b) The sum of the first 77 terms of the arithmetic progression is denoted by S77 . The sum of the first 
10 terms of the geometric progression is denoted by G10 .

  Find the value of S G77 10- . [5]
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2 The first term of an arithmetic progression is -20 and the common difference is 5.
 (a) Find the sum of the first 20 terms of the progression. [2]
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 It is given that the sum of the first 2k terms is 10 times the sum of the first k terms.
 (b) Find the value of k. [3]
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4 Find the term independent of x in the expansion of each of the following:

 (a) x x
3
2

6+e o  [2]
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 ............................................................................................................................................................

 (b) ( )x x x4 5 33 2
6- +e o . [4]
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1 An arithmetic progression has fourth term 15 and eighth term 25.
 
 Find the 30th term of the progression. [3]
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3 (a) Find the coefficients of x3  and x4  in the expansion of ( )ax3 5- , where a is a constant. Give your 
answers in terms of a. [3]
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 (b) Given that the coefficient of x4  in the expansion of ( ) ( )ax ax7 3 5+ -  is 240, find the positive 
value of a. [3]
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131. Question | 9709 Oct-Nov 2024 P1 V3 Q6 7

9709/13/O/N/24© UCLES 2024 [Turn over

6 The first term of a convergent geometric progression is 10. The sum of the first 4 terms of the 

progression is p and the sum of the first 8 terms of the progression is q. It is given that p
q 17

=
16

 .

 Find the two possible values of the sum to infinity. [5]
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132. Question | 9709 Feb-March 2025 P1 V2 Q3
4

9709/12/F/M/25© UCLES 2025

3 (a) Find the complete expansion of x x2 3 4-b l . [4]
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 (b) Hence determine the coefficient of x2  in the expansion of x x x5 2 32 4+ -` bj l . [2]
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133. Question | 9709 Feb-March 2025 P1 V2 Q5 6

9709/12/F/M/25© UCLES 2025

5 An arithmetic progression has first term 5 and common difference 6.
 For this progression, find the sum of all the terms that lie between 150 and 400. [6]
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134. Question part 1/2 | 9709 Feb-March 2025 P1 V2 Q8 10

9709/12/F/M/25© UCLES 2025

8 A geometric progression is such that its second term is 120-  and its sum to infinity is 160.
 (a) Find the common ratio. [4]
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 (b) The first nine terms of the progression are now removed.
  Find the sum to infinity of the remaining terms of the progression. [3]
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134. Question part 2/2 | 9709 Feb-March 2025 P1 V2 Q8 11

9709/12/F/M/25© UCLES 2025 [Turn over

9 A curve is such that x
y

x x
6 5

d
d

2
2

4 3= - . It is given that the curve has a stationary point at , 921b l.

 (a) Use the expression for  x
y

d
d

2
2   to determine whether the stationary point is a maximum or a 

minimum point. [2]
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 (b) Find the equation of the curve. [7]
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135. Question | 9709 May-June 2025 P1 V1 Q3 5

9709/11/M/J/25© UCLES 2025 [Turn over

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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136. Question | 9709 May-June 2025 P1 V1 Q5 7

9709/11/M/J/25© UCLES 2025 [Turn over

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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137. Question | 9709 May-June 2025 P1 V2 Q3

4

9709/12/M/J/25© UCLES 2025

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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138. Question part 1/2 | 9709 May-June 2025 P1 V2 Q10 14

9709/12/M/J/25© UCLES 2025

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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138. Question part 2/2 | 9709 May-June 2025 P1 V2 Q10 15

9709/12/M/J/25© UCLES 2025 [Turn over

 (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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139. Question part 1/2 | 9709 May-June 2025 P1 V3 Q2 3

9709/13/M/J/25© UCLES 2025 [Turn over

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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139. Question part 2/2 | 9709 May-June 2025 P1 V3 Q2 4

9709/13/M/J/25© UCLES 2025

3 Given that ( )x
a x4 3 2 12d21

3
- + =e oy , find the value of the constant a. [4]
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140. Question | 9709 May-June 2025 P1 V3 Q4
5

9709/13/M/J/25© UCLES 2025 [Turn over

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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141. Question | 9709 May-June 2025 P1 V3 Q6 7

9709/13/M/J/25© UCLES 2025 [Turn over

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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142. Question | 9709 May-June 2025 P1 V5 Q2 3

9709/15/M/J/25© UCLES 2025 [Turn over

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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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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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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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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2 Find the term independent of x in the expansion of x x2 32 6-b l . [3]
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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]
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 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]
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  (ii) Find the sum of the first 20 terms of the arithmetic progression. [3]
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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]
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 (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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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]
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 (b) Given instead that the progression is geometric, find the sum to infinity. [4]
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................
 ............................................................................................................................................................

* 0000800000005 *

DO
 N

OT
 W

RI
TE

 IN
 TH

IS
 M

AR
GI

N 
    

    
    

    
 D

O 
NO

T W
RI

TE
 IN

 TH
IS

 M
AR

GI
N 

    
    

    
    

 D
O 

NO
T W

RI
TE

 IN
 TH

IS
 M

AR
GI

N 
    

    
    

    
 D

O 
NO

T W
RI

TE
 IN

 TH
IS

 M
AR

GI
N 

    
    

    
    

 D
O 

NO
T W

RI
TE

 IN
 TH

IS
 M

AR
GI

N

DFD



9709 Mathematics Paper 1 - Series
Topical questions | 152 questions

151. Question | 9709 Oct-Nov 2025 P1 V5 Q2

9709/15/O/N/25© UCLES 2025

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

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

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

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

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

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

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

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

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

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

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

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

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

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

* 0000800000004 *

D
O

 N
O

T
 W

R
IT

E
 I

N
 T

H
IS

 M
A

R
G

IN
  

  
  

  
  

  
  

  
  

D
O

 N
O

T
 W

R
IT

E
 I

N
 T

H
IS

 M
A

R
G

IN
  

  
  

  
  

  
  

  
  

D
O

 N
O

T
 W

R
IT

E
 I

N
 T

H
IS

 M
A

R
G

IN
  

  
  

  
  

  
  

  
  

D
O

 N
O

T
 W

R
IT

E
 I

N
 T

H
IS

 M
A

R
G

IN
  

  
  

  
  

  
  

  
  

D
O

 N
O

T
 W

R
IT

E
 I

N
 T

H
IS

 M
A

R
G

IN

DFD



9709 Mathematics Paper 1 - Series
Topical questions | 152 questions

152. Question | 9709 Oct-Nov 2025 P1 V5 Q9

9709/15/O/N/25© UCLES 2025

13

[Turn over

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

  Find the values of p and q. [4]
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