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1 (a) Express x> — 8x+ 11 in the form (x + p)? + g where p and g are constants. 2]
(b) Hence find the exact solutions of the equation 2 —-8x+11=1. [2]
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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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5
3 The coefficient of x* in the expansion of (2x2 + k;) is a. The coefficient of x? in the expansion of

(2kx - 1)*is b.
{(a) Find a and & in terms of the constant k. [3]
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(b) Given that a + b = 216, find the possible values of k. [3]
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3 2
sin” @ sin“ @ 2 2
4 a) Prove the identity — - - = —tan~ 8(1 + sin” 0). 4
@ ysm6—~1 I+sing@ ( ) (4]
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(b) Hence solve the equation
sin> @ sin’ @
sin@-1 1 +sinf@
for0 < 8 < 2x. [2]

= tan” 8(1 — sin” Q)
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The diagram shows a sector ABC of a circle with centre A and radius ». The line BD is perpendicular
to AC. Angle CARB is 8 radians.

(a) Given that 6 = %n, find the exact area of BCD in terms of r. 31
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(b) Given instead that the length of BD is g r, find the exact perimeter of BCD in terms of r.  [4]
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6  The function f is defined as follows:

x4
f(x) = — forx>2.
2 +4
(a) Find an expression for f -1 (x). [3]
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{(b) Show that1 — can be expressed as and hence state the range of f. [4]
244 x2+4
X+ +
{c) Explain why the composite function ff cannot be formed. [1]

........................................................................................................................................................
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y=%x+l

P

o

1
The diagram shows the curve with equation y = (3x — 2)? and the line y = %x + 1. The curve and the
line intersect at points A and B.

(a) Find the coordinates of A and B. 4]
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a; (b) Hence find the area of the region enclosed between the curve and the line. [3]
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8 (a) The curve y = sinx is transformed to the curve y = 4 sin(%x —30°).

Describe fully a sequence of transformations that have been combined, making clear the order

in which the transformations are applied. [5]

© UCLES 2022 9709/11/M/¥22



15

(b) Find the exact solutions of the equation 4 sin( %x - 30“) = 24/2 for 0° € x < 360° [3]
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9  The equation of a circle is x% + y* + 6x — 2y — 26 = 0.

(a) Find the coordinates of the centre of the circle and the radius. Hence find the coordinates of the

lowest point on the circle. (4]
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(b) Find the set of values of the constant k for which the line with equation y = kx — 5 intersects the
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2

d 4 .
10 The equation of a curve is such that d_x% =6x% — =3 The curve has a stationary point at (1, %)
{a) Determine the nature of the stationary point at (——1, %) [1]
;L( (b) Find the equation of the curve. [5]
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%{ (¢) Show that the curve has no other stationary points. [3]

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

,j (d) A point A is moving along the curve and the y-coordinate of A is increasing at a rate of 5 units
' per second.

Find the rate of increase of the x-coordinate of A at the point where x = 1. [3]
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2

1  Solve the equation 4 sin 8 + tan 8 = 0 for 0° < 6 < 180°. 31

................... T T L L Ll rr o r T T T LT L L LT T R P P PP T P P PP PP
T L LR T T P R L T T T T P P N LT T T T LT PP P ) b a e kb A AL LAAA AL AAAL ALl idA b A a b aat s
.......... D T T LT L R T R P R PP

.................................................................................................... e
O T P X L LTI LI beaswsstisanavstunsnnnmass NNseemEmANEssmSEsrENTAaEsiNNNERRATIaRATrRNraATIIRRaTaRS e
................................................................ TR L L L L L T TR T T T I TR EE I LT TS
P T L L L L I L T T L T r T T T  C TR T T T PR T PR wasasasannnnen aatssssasuresssTENTEETI AN RT R
........................ PR T L L L LI T T D R e L L L L LT P T T PP
................................................................ B L L R T R P LT T P TR T PP R PP P PP T e )
....................... BT T LT R L L T L T T T T T T T R L L L LT T LT LT PR PP P
................................................... T T L L L T T NN Ir Ty
............... e AR AR N RN A NN SN TN A NN NN AT AT AN T IIA AT IITITI AT IIITRN YT TI ARSI ARSI IR ATy
...................................................................... TP
....... B T T LT T T T T T T T TR R T R T R P P T Y
.................................................. e e m e A e A kR ek B AR e kA S A A aSIAS SRR seE NS ssRTaaas SR
T T T T T T T T T T T T T T T T P R T T T PP R TP trranranaan B S
.............. e T T T LI LT LT T T P B P R LI
T T T T T T T T T P T L L LT CerasimNsEeEataANNTaraTIaaaaaRRarasraannannT
.......... T T T L L L L R L R LTI LTS
T T T T N L R L L T T T T LT E R T T LRI L srnnannmnaean P O T T I T Ty
................ e L L LT L LRI T T R P P e T PR PP
................................................................................................ NN NN NENs NNt AT ANt AN AR AR n
.............................................................................................. ek ndehmdh b kAt AL hAd b kb A AL he AL baad AR saades
........................................................ P R L L L T T T T R D L LLLLLL TR TR T Ry

© UCLES 2023 9709/11/M/1/23



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)°. 2]
(¢) Hence find the coefficient of x? in the expansion of (2 + 3x)*(1 — 2x)°. [2]

........................................................................................................................................................
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2
y = g(x)
/ y =f(x)
-8 -6 / —4 -2 0 2 4 6~
~4
-6

The diagram shows graphs with equations y = f{x} and y = g{x).

Describe fully a sequence of two transformations which transforms the graph of y = f(x) to y = g(x).
(4]

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

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

© UCLES 2023 9709/11/M/J/23



8cm

The diagram shows a sector ABC of a circle with centre A and radius 8 cm. The area of the sector is

%ncmz. The point D lies on the arc BC.
Find the perimeter of the segment BCD. [4]

................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
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5 The line with equation y = kx — k, where k is a positive constant, is a tangent to the curve with equation

1
Y 2x
Find, in either order, the value of k and the coordinates of the point where the tangent meets the curve.
{51

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

................................................................................................................................................................
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6  The first three terms of an arithmetic progression are ‘26-, 2p —6andp.

(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

2
‘% and 2p — 6. 2]

........................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
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7 A curve has equation y = 2 + 3 sin %x for 0 <x <4n

(a) State greatest and least values of y. [2]
(b) Sketch the curve. 21
y
A
T T T T
0 T 2n 3n 4x

(c) State the number of solutions of the equation

2+3sin%x=5—2x

.......................................................................................................................................................
.......................................................................................................................................................
........................................................................................................................................................
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8 The functions f and g are defined as follows, where @ and b are constants.

f(x)=1+ 2a forx>a
x—a
gx)=bx—-2forxeR
(a) Given that {(7) = % and gf(5) = 4, find the values of @ and b. (4]

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

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

........................................................................................................................................................
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........................................................................................................................................................
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For the rest of this question, you should use the value of 2 which you found in (a).

(b) Find the domain of f~1. [1]
(c) Find an expression for £ (x). [3]

........................................................................................................................................................
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’k 9  Water is poured into a tank at a constant rate of S500cm? per second. The depth of water in the tank,
t seconds after filling starts, is Acm. When the depth of water in the tank is Acm, the volume, Vem?,
of water in the tank is given by the formula V = $(25 + h)® — 82300,

(a) Find the rate at which A is increasing at the instant when 2 = 10cm. [3]

........................................................................................................................................................
.......................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
--------------------------------------------------------------------------------------------------------------------------------------------------------
......................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
.......................................................................................................................................................
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;;' (b) At another instant, the rate at which # is increasing is 0.075 cm per second.

Find the value of V at this instant. [3]
.................
........................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
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..................................................................................................................................
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>

o

The diagram shows part of the curve with equationy = and parts of the linesx=1andy = 1.

4
(2%~ 1)
The curve passes through the points A (1, 4) and B, (%, 1).

(a) Find the exact volume generated when the shaded region is rotated through 360° about the x-axis.
[5]

.......................................................................................................................................................
........................................................................................................................................................
.......................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
........................................................................................................................................................
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(b) A triangle is formed from the tangent to the curve at B, the normal to the curve at B and the

Xx-axis.
Find the area of this triangle. [6]
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. d . -
11 The equation of a curve is such that d_i = 6x* — 30x + 6a, where a is a positive constant. The curve

has a stationary point at (a, —15).
(a) Find the value of a. 2]

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

........................................................................................................................................................
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3 (e) Find the equation of the curve. [31
’ﬂ/ (d) Find the coordinates of any other stationary points on the curve. 2]
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12

e

The diagram shows a circle P with centre {0, 2} and radius 10 and the tangent to the circle at the
point A with coordinates (6, 10). It also shows a second circle  with centre at the point where this
tangent meets the y-axis and with radius %\/g .

(a) Write down the equation of circle P. [11

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

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

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

........................................................................................................................................................
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(¢) Find the equation of circle Q and hence verify that the y-coordinates of both of the points of
intersection of the two circles are 11. {31

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

B a4 A e b AN E e A A SR A AN E A A A AR A AR AR AE A E Rl dA A b et b bbb LA bhddd bbby FEETeeS T s

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

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

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

(d) Find the coordinates of the points of intersection of the tangent and circle Q, giving the answers
in surd form. [3]

........................................................................................................................................................
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2

1 (a) Express 3y2 —12y—15 in the form 3 (y+a)? + b, where a and b are constants. [2]
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The diagram shows two curves. One curve has equation y = sinx and the other curve has
equation y = f(x).

(a) In order to transform the curve y = sinx to the curve y = f(x), the curve y = sinx is first reflected
in the x-axis.

Describe fully a sequence of two further transformations which are required. 4
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4

The coefficient of x> in the expansion of (3+ax)® is 160.

(a) Find the value of the constant a. [2]
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4  The equation of a curve is y = f(x), where f(x} = (2x—1)v3x—2 —2. The following points lie on the
curve. Non-exact values have been given correct to 5 decimal places.

A(2,4), B(2.0001,%), C(2.001,4.00625), D(2.01,4.06261), E(2.1,4.63566), F(3,11.22876)

(a) Find the value of k. Give your answer correct to 5 decimal places. [1]

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

The table shows the gradients of the chords AB, AC, AD and AF.

Chord AB AC AD AE AF

Gradient of 62501 | 62511 | 6.2608 7.2288

chord
(b) Find the gradient of the chord AE. Give your answer correct to 4 decimal places. 1]
(¢) Deduce the value of £'(2) using the values in the table. [1]
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sin®x—cosx— 1 3]

(a) Prove the identity I Foosx = cosx.
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. 2
. sin“x—cosx—1_1 o o
(b) Hence solve the equation 5T 2c0sr 4 for 0° < x < 360°. [31
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The function f is defined by f(x) = -25 +4 for x < 0. The diagram shows the graph of y = f(x).
x

(@) On this diagram, sketch the graph of y = ' (x). Show any relevant mirror line. [2]
(b) Find an expression for £~ (x). [3]
(¢) Solve the equation f(x) =4.5 . [1]
(@) Explain why the equation £~ (x) = £(x) has no solution. 1]

............................................................................................................................................................
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O rad ]
4 15cm O 10cm D

In the diagram, 40D and BC are two parallel straight lines. Arc AB is part of a circle with centre O
and radius 15cm. Angle BOA = 0 radians. Arc CD is part of a circle with centre O and radius 10cm.
Angle COD = %ﬂ radians.

(a) Show that 6 = 0.7297, correct to 4 decimal places. [1]

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

(b) Find the perimeter and the area of the shape ABCD. Give your answers correct to 3 significant
figures. [A
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10
8 (a) The first three terms of an arithmetic progression are 25,4p—1 and 13 —p, where p is a constant.

Find the value of the tenth term of the progression. [4]
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(b) The first three terms of a geometric progression are 25,49 —1 and 13 —g, where g is a positive

constant.
Find the sum to infinity of the progression. [4]
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(LD

wY

The diagram shows part of the curve with equation y = ”"'““'I_T and the lines x =2.4 and y = 1. The
(5x—4)3
curve intersects the line y = 1 at the point (1, 1).

Find the exact volume of the solid generated when the shaded region is rotated through 360° about the
x-axis. [6]
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10 The equation of a circle is (x—3)%+»? = 18. The line with equation y = mx+c passes through the
point (0,— 9) and is a tangent to the circle.

Find the two possible values of m and, for each value of m, find the coordinates of the point at which
the tangent touches the circle. [8]
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11

Y

A function is defined by f(x} = i3 _3 +2 for x # 0. The graph of y = f(x) is shown in the diagram.
X x
(a) Find the set of values of x for which f(x) is decreasing. [5]

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

© UCLES 2024 9709/11/M/1124



17

(b) A triangle is bounded by the y-axis, the normal to the curve at the point where x = 1 and the
tangent to the curve at the point where x =—1.

Find the area of the triangle. Give your answer correct to 3 significant figures. [8]
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Additional page

If you use the following page to complete the answer to any question, the question number must be clearly
shown.
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