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1 E d|ll1-— 1
(@) Expan ( Zx) [1]
(b) Find the first four terms in the expansion, in ascending powers of x, of (1 + 2x)°. [2]
2
(¢) Hence find the coefficient of x in the expansion of (1 - —) (1 +2x)°. [2]
X
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4
A curve has equation y = kx* + 2x — k and a line has equation y = kx — 2, where k is a constant.

Find the set of values of k for which the curve and line do not intersect. [5]
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3 Solve, by factorising, the equation

6cosOtanO—3cosO+4tan6 -2 =0,
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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 —%. 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]

The kth term of the arithmetic progression is zero.

(b) Find the value of k. [2]
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12

10

8 y=acos(bx) +c

-4

The diagram shows part of the graph of y = a cos(bx) + c.

(a) Find the values of the positive integers a, b and c. [3]

(b) For these values of a, b and c, use the given diagram to determine the number of solutions in the
interval O < x < 2= for each of the following equations.

(i) acos(bx)+c= gx [1]
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A 6cm B

The diagram shows a metal plate ABC in which the sides are the straight line AB and the arcs AC
and BC. The line AB has length 6 cm. The arc AC is part of a circle with centre B and radius 6 cm,
and the arc BC is part of a circle with centre A and radius 6 cm.

(a) Find the perimeter of the plate, giving your answer in terms of 7. [3]
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(b) Find the area of the plate, giving your answer in terms of & and v/3. [4]
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10
A circle with centre (5, 2) passes through the point (7, 5).

(a) Find an equation of the circle. [2]

The line y = 5x — 10 intersects the circle at A and B.

(b) Find the exact length of the chord AB. [7]
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8 (a) Express —3x% + 12x + 2 in the form =3(x - a)2 + b, where a and b are constants. [2]

The one-one function f is defined by f : x — —3x? + 12x + 2 for x < k.

(b) State the largest possible value of the constant k. [1]

It is now given that k = —1.

(c¢) State the range of f. [1]
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(d) Find an expression for f~!(x). [3]

The result of translating the graph of y = f(x) by ( _? ) is the graph of y = g(x).

(e) Express g(x) in the form px” + gx + r, where p, ¢ and r are constants. [3]
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. .. . ! 2 4
A curve has equation y = f(x), and it is given that f'(x) = 2x" -7 - —.
X

(a) Given that f(1) = —
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(b) Find the coordinates of the stationary points on the curve. [5]
(¢) Find f"(x). [1]
(d) Hence, or otherwise, determine the nature of each of the stationary points. [2]
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(o]

10 (a) Findj — dx. (4]
1 (Bx-2)2

(0]

1
The diagram shows the curve with equation y = ————. The shaded region is bounded by the

(3x—2)2
curve, the x-axis and the lines x = 1 and x = 2. The shaded region is rotated through 360° about the
X-axis.

(b) Find the volume of revolution. [4]
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The normal to the curve at the point (1, 1) crosses the y-axis at the point A.

(¢) Find the y-coordinate of A. [4]
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Solve the equation 2cos 0 =7 —

3 for —90° < 6 < 90°. (4]
cos 0

© UCLES 2021 9709/12/0/N/21



3
2 The graph of y = f(x) is transformed to the graph of y = f(2x) — 3.

(a) Describe fully the two single transformations that have been combined to give the resulting
transformation. [3]

The point P (5, 6) lies on the transformed curve y = f(2x) — 3.

(b) State the coordinates of the corresponding point on the original curve y = f(x). [2]
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The function f is defined as follows:

f(x) = x+3 for x > 1.
x-1
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4 A curve is such that — = ———— . The curve passes through the point (2, 52).
dx ~ (3x+2) P gh the point (2, 53)
Find the equation of the curve. [4]
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5 The first, third and fifth terms of an arithmetic progression are 2 cosx, —6+/3 sinx and 10 cos x
respectively, where lp<x<nm

2
(a) Find the exact value of x. [3]
(b) Hence find the exact sum of the first 25 terms of the progression. [3]
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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 %

Find the tenth term, giving your answer in exact form. [5]
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In the diagram the lengths of AB and AC are both 15 cm. The point P is the foot of the perpendicular

from C to AB. The length CP = 9cm. An arc of a circle with centre B passes through C and meets
AB at Q.

(a) Show that angle ABC = 1.25 radians, correct to 3 significant figures. [2]
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(b) Calculate the area of the shaded region which is bounded by the arc CQ and the lines CP and
PO. [4]
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(a) Itis given that in the expansion of (4 + 2x)(2 — ax)°, the coefficient of x? is —15.

Find the possible values of a. (4]

© UCLES 2021 9709/12/0/N/21



11

(b) Itis given instead that in the expansion of (4 + 2x)(2 — ax)°, the coefficient of x? is k. It is also
given that there is only one value of @ which leads to this value of k.

Find the values of k and a. (4]
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9  The volume V m? of a large circular mound of iron ore of radius 7 m is modelled by the equation

3 .
V= %(r - %) — 1 for r > 2. Tron ore is added to the mound at a constant rate of 1.5 m? per second.

(a) Find the rate at which the radius of the mound is increasing at the instant when the radius is 5.5 m.

[3]
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(b) Find the volume of the mound at the instant when the radius is increasing at 0.1 m per second.

[3]
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. . ,» k
10 The function f is defined by f(x) = x* + — + 2 for x > 0.
x

(a) Given that the curve with equation y = f(x) has a stationary point when x = 2, find k. [3]
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(b) Determine the nature of the stationary point. [2]

(¢) Given that this is the only stationary point of the curve, find the range of f. [2]
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11
y
A 1 7 1
y=sx+ 5 —
2 10 (x— 2)%
A3, %)
2
The diagram shows the line x = %, part of the curve y = %x + 17—0 - - and the normal to the curve
(x—2)3

at the point A (3, g)
(a) Find the x-coordinate of the point where the normal to the curve meets the x-axis. [5]
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(b) Find the area of the shaded region, giving your answer correct to 2 decimal places. [6]
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P <

\
/ L
0]

The diagram shows the circle with equation x> + y> — 6x + 4y — 27 = 0 and the tangent to the circle at
the point P (5, 4).

(a) The tangent to the circle at P meets the x-axis at A and the y-axis at B.
Find the area of triangle OAB, where O is the origin. [5]
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(b) Points Q and R also lie on the circle, such that POR is an equilateral triangle.

Find the exact area of triangle POR. [3]
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1  The graph of y = f(x) is transformed to the graph of y = 3 — f(x).
Describe fully, in the correct order, the two transformations that have been combined. [4]
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2 (a) Find the first three terms, in ascending powers of x, in the expansion of (1 + ax)®. [1]

(b) Given that the coefficient of x? in the expansion of (1 — 3x)(1 + ax)® is —3, find the possible values
of the constant a. [4]
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4

(a) Express 5y? — 30y + 50 in the form 5(y + a)? + b, where a and b are constants. [2]

(b) The function f is defined by f(x) = x> — 10x> + 50x for x € R.

Determine whether f is an increasing function, a decreasing function or neither. [3]
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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]

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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11cm

A

In the diagram, X and Y are points on the line AB such that BX = 9cm and AY = 11 cm. Arc BC is
part of a circle with centre X and radius 9 cm, where CX is perpendicular to AB. Arc AC is part of a
circle with centre Y and radius 11 cm.

(a) Show that angle XY C = 0.9582 radians, correct to 4 significant figures. [1]
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(b) Find the perimeter of ABC. [6]
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y
A
>
> x
y = f(x)
The diagram shows the graph of y = f(x).
(a) On this diagram sketch the graph of y = f~!(x). [1]
It is now given that f(x) = — ' where -2 < x <2,
V4 - x?
(b) Find an expression for f~!(x). [4]
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The function g is defined by g(x) = 2x for —a < x < a, where a is a constant.

(¢) State the maximum possible value of a for which fg can be formed. [1]
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. tanx+cosx .
(a) Show that the equation P— = k, where k is a constant, can be expressed as
anx — Ccosx

(k+ 1)sin®x + (k- 1)sinx— (k+ 1) = 0. [4]
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t +
(b) Hence solve the equation WX T COSX 4 for 0° < x < 360°. [4]
tanx — cosx
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P <

(0]

1 1 . .
The diagram shows the curves with equations y=x 2 andy = % —x2. The curves intersect at the points

A(4.2)andB(4, 1).

(a) Find the area of the region between the two curves. [6]
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1
(b) The normal to the curve y = x 2 at the point (1, 1) intersects the y-axis at the point (0, p).

Find the value of p. (4]
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9  The line y = 2x + 5 intersects the circle with equation x* + y> = 20 at A and B.

(a) Find the coordinates of A and B in surd form and hence find the exact length of the chord AB.
[7]
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A straight line through the point (10, 0) with gradient m is a tangent to the circle.

(b) Find the two possible values of m. [5]
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10 A curve has equation y = f(x) and it is given that
£'(x) = (L + k)2 = (1+ 02,
where k is a constant. The curve has a minimum point at x = 2.

(a) Find f”(x) in terms of k and x, and hence find the set of possible values of k. [3]

It is now given that k = =3 and the minimum point is at (2, 3%).
(b) Find f(x). [4]
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