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d 2
2 A curve for which ay = 3x% - — passes through (=1, 3). Find the equation of the curve. [4]
X
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The diagram shows part of the curve y = ]1—6(3x — 1)2, which touches the x-axis at the point P. The
point Q (3, 4) lies on the curve and the tangent to the curve at Q crosses the x-axis at R.

(i) State the x-coordinate of P. [1]

Showing all necessary working, find by calculation
(ii) the x-coordinate of R, [5]

(iii) the area of the shaded region POR. [6]
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The diagram shows part of the curve x = — — 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 r,
when this shaded region is rotated through 360° about the y-axis. [5]

4. Question | 9709 May-June 2016 P1 V2 Q2
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2 A curve is such that & _ —
dx (5-2x)

the curve. [4]

. Given that the curve passes through (2, 7), find the equation of

5. Question | 9709 May-June 2016 P1 V3 Q2
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The diagram shows part of the curve y = (x” + 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 360°
about the x-axis. [4]
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d k
3 A curve is such that ay = 6x% + — and passes through the point P (1, 9). The gradient of the curve
x

at P is 2.
(i) Find the value of the constant k. [1]
(ii) Find the equation of the curve. [4]

7. Question | 9709 Oct-Nov 2016 P1 V1 Q7
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The diagram shows parts of the curves y = (2x — 1)? and y?> = 1 — 2x, intersecting at points A and B.
(i) State the coordinates of A. [1]

(ii) Find, showing all necessary working, the area of the shaded region. [6]

8. Question | 9709 Oct-Nov 2016 P1 V1 Q10

1 1
10 A curve has equation y = f(x) and it is given that f’(x) = 3x2 — 2x 2. The point A is the only point on
the curve at which the gradient is —1.

(i) Find the x-coordinate of A. [3]

(ii) Given that the curve also passes through the point (4, 10), find the y-coordinate of A, giving your
answer as a fraction. [6]

9. Question | 9709 Oct-Nov 2016 P1 V2 Q1

d 8
1 A curve is such that d__i') = m

curve. [4]

The point (2, 5) lies on the curve. Find the equation of the
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A

The diagram shows the curve y = f(x) defined for x > 0. The curve has a minimum point at A and

crosses the x-axis at B and C. Itis given that ay = 2x — — and that the curve passes through the point

189 ;
(4. 5¢)
(i) Find the x-coordinate of A. [2]
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[Question 10 (iv) is printed on the next page.]
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(iv) Find, showing all necessary working, the area of the shaded region. [4]
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d
7 A curve for which ay =7 — x* — 6x passes through the point (3, —10).
(i) Find the equation of the curve. [3]
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(ii) Express 7 — x> — 6x in the form a — (x+ b)z, where a and b are constants. [2]
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6

o

4
The diagram shows the straight line x + y = 5 intersecting the curve y = — at the points A (1, 4) and
X

B (4, 1). Find, showing all necessary working, the volume obtained when the shaded region is rotated
through 360° about the x-axis. [7]
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Fig. 1 shows part of the curve y = x> — 1 and the line y = &, where % is a constant.

(i) The shaded region is rotated through 360° about the y-axis. Show that the volume of
revolution, V, is given by V = n(%hz +h). [3]
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(b)

Fig.2

Fig. 2 shows a cross-section of a bowl containing water. When the height of the water level is
hcm, the volume, V cm?, of water is given by V = 7r(%h2 + h). Water is poured into the bowl

at a constant rate of 2cm? s~!. Find the rate, in cms™!, at which the height of the water level is
increasing when the height of the water level is 3 cm. [4]
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11 The function f is defined for x > 0. It is given that f has a minimum value when x = 2 and that
1
f(x) = (4x+1)2.

(i) Find f'(x). (3]

It is now given that f”(0), f/(0) and f(0) are the first three terms respectively of an arithmetic
progression.

(ii) Find the value of f(0). [3]
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(iii) Find f(x), and hence find the minimum value of f. [5]
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10

=

The diagram shows part of the curve y = %(x4 — 1), defined for x > 0.

(i) Find, showing all necessary working, the area of the shaded region. [3]

(ii) Find, showing all necessary working, the volume obtained when the shaded region is rotated
through 360° about the x-axis. [4]
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(iii) Find, showing all necessary working, the volume obtained when the shaded region is rotated
through 360° about the y-axis. [5]
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The diagram shows part of the curve y = 4/(5x — 1) and the normal to the curve at the point P (2, 3).
This normal meets the x-axis at Q.

(i) Find the equation of the normal at P. (4]
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(ii) Find, showing all necessary working, the area of the shaded region. [7]
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The diagram shows parts of the graphs of y = 3 — 2x and y = 4 — 34/x intersecting at points A and B.

(i) Find by calculation the x-coordinates of A and B. [3]
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(ii) Find, showing all necessary working, the area of the shaded region. [5]
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d _1
1 A curve passes through the point (4, —6) and has an equation for which ay =Xx 2 - 3. Find the

equation of the curve. [4]
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The diagram shows part of the curve y = 1 — 2x — (1 — 2x)? intersecting the x-axis at the origin O and
atA (%, O). The line AB intersects the y-axis at B and has equation y = 1 — 2x.

(i) Show that AB is the tangent to the curve at A. [4]
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1
(ii) Show that the area of the shaded region can be expressed as Jz (1- 2)c)3 dx [2]
0
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d 12
3 A curve is such that & —————. The point (1, 1) lies on the curve. Find the coordinates of the
dx  (2x+1)

point at which the curve intersects the x-axis. [6]
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d
9 A curve is such that ay =4/(4x+ 1) and (2, 5) is a point on the curve.

(i) Find the equation of the curve. (4]
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(ii) A point P moves along the curve in such a way that the y-coordinate is increasing at a constant
rate of 0.06 units per second. Find the rate of change of the x-coordinate when P passes through
(2, 5). (2]

d d
(iii) Show that a X ay is constant. [2]
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The diagram shows part of the curve y = 5 + —. The line y = 4 intersects the curve at the points P
X

and Q.

(i) Show that the tangents to the curve at P and Q meet at a point on the line y = x. [6]



9709 Mathematics Paper 1 - Integration

Topical questions | 91 questions

22. Question part 2/3 | 9709 May-June 2018 P1 V2 Q11

(ii) Find, showing all necessary working, the volume obtained when the shaded region is rotated
through 360° about the x-axis. Give your answer in terms of x. [6]
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4 A curve with equation y = f(x) passes through the point A (3, 1) and crosses the y-axis at B. Itis given
1
that f’(x) = (3x — 1) 3. Find the y-coordinate of B. [6]
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The diagram shows part of the curve with equation y = k(x> — 7x? + 12x) for some constant k. The
curve intersects the line y = x at the origin O and at the point A (2, 2).

(i) Find the value of k. [1]
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(iii) Find, showing all necessary working, the area of the shaded region. [5]
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2 Showing all necessary working, find J (\/x + —) dx. [4]
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d
8 A curve passes through (0, 11) and has an equation for which ay = ax? + bx — 4, where a and b are
constants.

(i) Find the equation of the curve in terms of a and b. [3]
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(ii) It is now given that the curve has a stationary point at (2, 3). Find the values of a and b. [5]
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1
The diagram shows part of the curve y = 2(3x — 1) 3 and the lines x = % and x = 3. The curve and the

line x = % intersect at the point A.

(i) Find, showing all necessary working, the volume obtained when the shaded region is rotated
through 360° about the x-axis. [5]
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(ii) Find the equation of the normal to the curve at A, giving your answer in the form y = mx + c.

(5]
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2 A curve with equation y = f(x) passes through the points (0, 2) and (3, —1). It is given that
f’(x) = kx* — 2x, where k is a constant. Find the value of k. [5]
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dA
10 A curve for which dx)z) = 2x — 5 has a stationary point at (3, 6).

(i) Find the equation of the curve. [6]
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(ii) Find the x-coordinate of the other stationary point on the curve. [1]
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o

The diagram shows part of the curve y = and a point P (2, 1) lying on the curve. The

3
V(1 +4x)
normal to the curve at P intersects the x-axis at Q.

(i) Show that the x-coordinate of Q is %. [5]
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(ii) Find, showing all necessary working, the area of the shaded region. [6]
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Additional Page

If you use the following lined page to complete the answer(s) to any question(s), the question number(s)
must be clearly shown.
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1
The diagram shows part of the curve with equation y = (3x + 4)2 and the tangent to the curve at the
point A. The x-coordinate of A is 4.

(i) Find the equation of the tangent to the curve at A. [5]
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(ii) Find, showing all necessary working, the area of the shaded region. [5]

[Question 10 (iii) is printed on the next page.]
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(iii) A point is moving along the curve. At the point P the y-coordinate is increasing at half the rate
at which the x-coordinate is increasing. Find the x-coordinate of P. [3]
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Additional Page

If you use the following lined page to complete the answer(s) to any question(s), the question number(s)
must be clearly shown.
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d 1
9 A curve for which Ey = (5x — 1)2 — 2 passes through the point (2, 3).
(i) Find the equation of the curve. [4]
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2
(i) Find %. 2]

(iii) Find the coordinates of the stationary point on the curve and, showing all necessary working,
determine the nature of this stationary point. [4]
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11

!

The diagram shows a shaded region bounded by the y-axis, the line y = —1 and the part of the curve
y = x% + 4x + 3 for which x > —2.

(i) Express y = x> + 4x + 3 in the form y = (x + a)® + b, where a and b are constants. Hence, for
Xx = -2, express x in terms of y. [4]
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(ii) Hence, showing all necessary working, find the volume obtained when the shaded region is
rotated through 360° about the y-axis. [6]
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d k

3 A curve is such that ay = \/_ where k is a constant. The points P (1, —1) and Q (4, 4) lie on the
x

curve. Find the equation of the curve. [4]
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11

)

A(2, 3)

T—y=(x-1)2+2

The diagram shows part of the curve y = (x — 1)™2 + 2, and the lines x = 1 and x = 3. The point A on
the curve has coordinates (2, 3). The normal to the curve at A crosses the line x = 1 at B.

(i) Show that the normal AB has equation y = %x + 2.
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(ii) Find, showing all necessary working, the volume of revolution obtained when the shaded region
is rotated through 360° about the x-axis. [8]
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3

y=x’+1

o

The diagram shows part of the curve with equation y = x> + 1. The shaded region enclosed by the
curve, the y-axis and the line y = 5 is rotated through 360° about the y-axis.

Find the volume obtained. [4]
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11
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8
y_x+2

1) » X

The diagram shows part of the curve y = and the line 2y + x = 8, intersecting at points A and B.

The point C lies on the curve and the tangent to the curve at C is parallel to AB.

(a) Find, by calculation, the coordinates of A, B and C. [6]
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(b) Find the volume generated when the shaded region, bounded by the curve and the line, is rotated
through 360° about the x-axis. [6]
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Additional Page
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8

(1, 6)

(3,2)
(1,2) 6
x

o

6
The diagram shows part of the curve y = —. The points (1, 6) and (3, 2) lie on the curve. The shaded
x

region is bounded by the curve and the lines y =2 and x = 1.

(a) Find the volume generated when the shaded region is rotated through 360° about the y-axis. [5]
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(b) The tangent to the curve at a point X is parallel to the line y + 2x = 0. Show that X lies on the
line y = 2x. (3]
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d 1 _1
2 The equation of a curve is such that ay = 3x2 — 3x 2. Tt is given that the point (4, 7) lies on the curve.

Find the equation of the curve. (4]



9709 Mathematics Paper 1 - Integration

Topical questions | 91 questions

40. Question part 1/3 | 9709 May-June 2020 P1 V3 Q11

11

y
A
A
| y=x> —2bx* + b*x
|
.
0 Cll A » X

The diagram shows part of the curve with equation y = x> — 2bx? + b%x and the line OA, where A is
the maximum point on the curve. The x-coordinate of A is a and the curve has a minimum point at
(b, 0), where a and b are positive constants.

(a) Show that b = 3a. (4]
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(b) Show that the area of the shaded region between the line and the curve is ka*, where k is a fraction
to be found. [7]
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41. Question | 9709 Oct-Nov 2020 P1 V1 Q2

d
2 The equation of a curve is such that 2 5
dx (x-23)

+ x. It is given that the curve passes through the

point (2, 7).

Find the equation of the curve. (4]
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42. Question | 9709 Oct-Nov 2020 P1 V3 Q2

2 The function f is defined by f(x) = for x > -2.

(x+ 2)?

(a) Find Loo f(x) dx. [3]

d
(b) The equation of a curve is such that ay = f(x). Itis given that the point (-1, —1) lies on the

curve.

Find the equation of the curve. [2]
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43. Question | 9709 May-June 2021 P1 V1 Q1

dy

3 .
1  The equation of a curve is such that il +32x°. Itis given that the curve passes through the point

(3. 4). ’

Find the equation of the curve.
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44. Question part 1/2 | 9709 May-June 2021 P1 V2 Q9

9

P <

0 5

The diagram shows part of the curve with equation y* = x — 2 and the lines x = 5 and y = 1. The
shaded region enclosed by the curve and the lines is rotated through 360° about the x-axis.

Find the volume obtained. [6]
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d
11 The gradient of a curve is given by ay = 6(3x — 5) — kx?, where k is a constant. The curve has a

stationary point at (2, —3.5).

(a) Find the value of k. [2]
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8
1 A curve with equation y = f(x) is such that f'(x) = 6x* — Z It is given that the curve passes through

the point (2, 7).
Find f(x). [3]



9709 Mathematics Paper 1 - Integration

Topical questions | 91 questions

47. Question part 1/2 | 9709 Oct-Nov 2021 P1 V1 Q9

4
9 A curve has equation y = f(x), and it is given that f'(x) = 2x> -7 — -
x

(a) Given that f(1) = find f(x). [4]

-1
3’
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47. Question part 2/2 | 9709 Oct-Nov 2021 P1 V1 Q9

(b) Find the coordinates of the stationary points on the curve. [5]
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48. Question part 1/3 | 9709 Oct-Nov 2021 P1 V1 Q10

10 (a) FindJ ;dx [4]

L (Bx-2)

P <

(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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48. Question part 2/3 | 9709 Oct-Nov 2021 P1 V1 Q10

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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49. Question | 9709 Oct-Nov 2021 P1 V2 Q4

d 8
4 A curve is such that Y

— . The curve passes through the point (2, 52).
dx  (3x+2)? P 8 point (2. 53)

Find the equation of the curve. (4]
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8

P <

(0]

_1 1 . .
The diagram shows the curves with equations y=x 2andy = % —x2. The curves intersect at the points

A(4.2)and B(4, §).

(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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51. Question | 9709 Feb-March 2022 P1 V2 Q1

11
1 A curve with equation y = f(x) is such that f’(x) = 2x 3 — x3. It is given that f(8) = 5.

Find f(x). [4]
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7

y=%x+1

P <

(0]

1
The diagram shows the curve with equation y = (3x — 2)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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52. Question part 2/2 | 9709 May-June 2022 P1 V1 Q7

(b) Hence find the area of the region enclosed between the curve and the line. [5]
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53. Question part 1/3 | 9709 May-June 2022 P1 V1 Q10
d“ 4 . )
Y — 622 — . The curve has a stationary point at (-1, %)

dx? x

10 The equation of a curve is such that

(a) Determine the nature of the stationary point at (—1, %) [1]
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(¢) Show that the curve has no other stationary points. [3]

(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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54. Question | 9709 May-June 2022 P1 V2 Q3

d 1 1
3  The equation of a curve is such that ay =3(4x —7)2 —4x 2. Ttis given that the curve passes through

the point (4, %)
Find the equation of the curve. (4]
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6
y y=2x+2

<
Il
|9,
=
=

o

1
The diagram shows the curve with equation y = 5x2 and the line with equation y = 2x + 2.

Find the exact area of the shaded region which is bounded by the line and the curve. [5]
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55. Question part 2/2 | 9709 May-June 2022 P1 V2 Q6
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10 The function f is defined by f(x) = (4x +2)72 for x > —%.

(a) Find Jw f(x) dx. [4]
1
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A point is moving along the curve y = f(x) in such a way that, as it passes through the point A, its
y-coordinate is decreasing at the rate of k units per second and its x-coordinate is increasing at the
rate of k units per second.

(b) Find the coordinates of A. [6]
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57. Question | 9709 Oct-Nov 2022 P1 V1 Q2

d _
2 The equation of a curve is such that ay = 12(%)6 -1) * Ttis given that the curve passes through the

point P (6, 4).
(a) Find the equation of the tangent to the curve at P. [2]
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58. Question part 1/2 | 9709 Oct-Nov 2022 P1 V2 Q8

dy _

1 1
8 The equation of a curve is such that T 3x2 — 3x 2. The curve passes through the point (3, 5).

(a) Find the equation of the curve. (4]
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58. Question part 2/2 | 9709 Oct-Nov 2022 P1 V2 Q8

(b) Find the x-coordinate of the stationary point. [2]
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59. Question part 1/3 | 9709 Oct-Nov 2022 P1 V2 Q11

11 (a) Find the coordinates of the minimum point of the curve y = %xz - 12x + 18. [3]
y
A
3 3
y= 18 — §x2

y= %xz— 12x + 18

1) \ » X

5
The diagram shows the curves with equations y = ?sz —12x+ 18 and y = 18 — %x%

intersect at the points (0, 18) and (4, 6).

The curves

(b) Find the area of the shaded region. [5]
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59. Question part 2/3 | 9709 Oct-Nov 2022 P1 V2 Q11

3. . .
(¢) A point P is moving along the curve y = 18 — %xz in such a way that the x-coordinate of P is
increasing at a constant rate of 2 units per second.

Find the rate at which the y-coordinate of P is changing when x = 4. [3]
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60. Question part 1/2 | 9709 Oct-Nov 2022 P1 V3 Q10

10
y
A
y=2x-1
A
i
|
|
[ » X
o D
B x2+y2:2

The diagram shows the circle x> + y> = 2 and the straight line y = 2x — 1 intersecting at the points A
and B. The point D on the x-axis is such that AD is perpendicular to the x-axis.

(a) Find the coordinates of A. [4]
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(b) Find the volume of revolution when the shaded region is rotated through 360° about the x-axis.
Give your answer in the form g(b\/E —d), where a, b, ¢ and d are integers. [4]
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61. Question part 1/2 | 9709 Feb-March 2023 P1 V2 Q10

d -1
10 At the point (4, —1) on a curve, the gradient of the curve is —%. It is given that ay =x 2+ k, where k

1s a constant.
(a) Show that k = -2. [1]



9709 Mathematics Paper 1 - Integration

Topical questions | 91 questions

61. Question part 2/2 | 9709 Feb-March 2023 P1 V2 Q10

(¢) Find the coordinates of the stationary point. [3]
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62. Question part 1/3 | 9709 Feb-March 2023 P1 V2 Q11

11
y
A
A(S,2)
0 » X
B(2,-1)
x=y>+1

The diagram shows the curve with equation x = y? + 1. The points A (5, 2) and B (2, —1) lie on the
curve.

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

(b) Find the volume of revolution when the region between the curve and the line AB is rotated
through 360° about the y-axis. [9]
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62. Question part 2/3 | 9709 Feb-March 2023 P1 V2 Q11
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63. Question part 1/2 | 9709 May-June 2023 P1 V1 Q10

10
Yy
A
A1, 4)
4
YT a1y
I —\B (3. 1)
|
:L
0 i » X

4
The diagram shows part of the curve with equation y = W and parts of the linesx=1andy =1.
x —
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
X-axis.

Find the area of this triangle. [6]
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64. Question | 9709 May-June 2023 P1 V2 Q1

d
1  The equation of a curve is such that ay = TR for x > 3. The curve passes through the point
x —
(4,5).

Find the equation of the curve. [3]
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5

)

> X
[0 4\

1 3
The diagram shows the curve with equation y = 10x2 — %xi for x > 0. The curve meets the x-axis at
the points (0, 0) and (4, 0).

Find the area of the shaded region. [4]
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66. Question part 1/2 | 9709 May-June 2023 P1 V3 Q9
2

9 A curve which passes through (0, 3) has equation y = f(x). Itis given that f'(x) = 1 — G
x —_—

(a) Find the equation of the curve. (4]
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66. Question part 2/2 | 9709 May-June 2023 P1 V3 Q9

The tangent to the curve at (0, 3) intersects the curve again at one other point, P.

(b) Show that the x-coordinate of P satisfies the equation (2x + 1)(x — 1)> =1 =0. [4]
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67. Question part 1/2 | 9709 Oct-Nov 2023 P1 V1 Q8

8

P <

y=(2x-3)2+1

y=2(2x - 3)*

o

The diagram shows the curves with equations y = 2(2x — 3)* and y = (2x — 3)? + 1 meeting at points
A and B.

(a) By using the substitution # = 2x — 3 find, by calculation, the coordinates of A and B. [4]
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67. Question part 2/2 | 9709 Oct-Nov 2023 P1 V1 Q8

(b) Find the exact area of the shaded region. [5]
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d 72
3  The equation of a curve is such that ay =1x4 —; - The curve passes through the point P (2, 8).

2 X
(a) Find the equation of the normal to the curve at P. [2]
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9

o

L 1 1
The diagram shows curves with equations y = 2x2 + 13x 2 and y = 3x 2 4+ 12. The curves intersect at
points A and B.

(a) Find the coordinates of A and B. (4]
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(b) Hence find the area of the shaded region. [5]
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70. Question | 9709 Oct-Nov 2023 P1 V3 Q1

1 .
x —3x 2. Itis given that the curve

d
1 A curve is such that its gradient at a point (x, y) is given by ay

passes through the point (4, 1).

Find the equation of the curve. (4]
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71. Question part 1/3 | 9709 Oct-Nov 2023 P1 V3 Q11

11
y
A
P . 2
=X
/ iy (2x—1)°
Q
R
>
) 1 2 *
. . . 2 .
The diagram shows part of the curve with equation y = x + W The lines x = 1 and x = 2
x f—

intersect the curve at P and Q respectively and R is the stationary point on the curve.

(a) Verity that the x-coordinate of R is % and find the y-coordinate of R. [4]
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(b) Find the exact value of the area of the shaded region. [6]
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72. Question | 9709 Feb-March 2024 P1 V2 Q1

* 2
= dx. [3]

3 X

1  Find the exact value of
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73. Question | 9709 Feb-March 2024 P1 V2 Q3

d
d—fc = 3(4x+5)2. It is given that the points (1,9) and (5, a) lie on the curve.

Find the value of a. [5]

3 A curve is such that
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74. Question part 1/2 | 9709 May-June 2024 P1 V1 Q9

9
yA \
: @)
'
o 24 X

The diagram shows part of the curve with equation y = % 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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. . dy —20
6 A curve passes through the point (i, — 3) and is such that — = ———— .
p g p 5 dx (5x—3) 2

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

(b) The curve is transformed by a stretch in the x-direction with scale factor % followed by a translation
¢ 2
of{10):
Find the equation of the new curve. [3]
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9

(0] 1 3

The diagram shows the curve with equation y =V 2x° +10.

(a) Find the equation of the tangent to the curve at the point where x = 3. Give your answer in the
form ax+ by +c = 0 where a, b and c are integers. [5]
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LR -

(b) The region shaded in the diagram is enclosed by the curve and the straight lines x = 1, x = 3 and
y=0.

Find the volume of the solid obtained when the shaded region is rotated through 360° about the
X-axis. (3]
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b _
o=

(a) Find the x-coordinate of the point on the curve at which the gradient is 171 [3]

5  The equation of a curve is such that 4x—3/x+1.
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78. Question part 1/2 | 9709 Oct-Nov 2024 P1 V2 Q7

7 (a) By expressing —2x% +8x+ 11 in the form —a(x— b)2 +c¢, where a, b and ¢ are positive integers,
find the coordinates of the vertex of the graph with equation y =—2x% +8x+11. [3]
(b)
A
>
— ) x

The diagram shows part of the curve with equation y =—2x +8x+ 11 and the line with equation
y=8x+9.

Find the area of the shaded region.
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9

A

y=x3—3x+3

y= 2x° —4x* +3

0

The diagram shows the curves with equations y = x* —3x+3 and y= 2x° —4x? +3.

(a) Find the x-coordinates of the points of intersection of the curves. [3]
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79. Question part 2/2 | 9709 Oct-Nov 2024 P1 V3 Q9

A O A OO OO N
(b) Find the area of the shaded region. [4]
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80. Question | 9709 Feb-March 2025 P1 V2 Q9

pa

d
9 A curve is such that —)2/ = % - % It is given that the curve has a stationary point at (l 9).
dx™ x7 x
42

(a) Use the expression for —)2; to determine whether the stationary point is a maximum or a
dx

minimum point. [2]
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81. Question part 1/2 | 9709 Feb-March 2025 P1 V2 Q10

10

)

The diagram shows the curve with equation

y=4Gx+4)1—2x—6
for values of x such that 0 < x < 7. The tangent to the curve at the point P (7,0) meets the y-axis at the
point Q. Region 4 is bounded by the curve and the two axes. Region B is bounded by the curve, the line
segment PQ and the y-axis.

(a) Find the area of region 4. [4]
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| WO O
(b) Find the area of region B. [5]
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4
’ Z
0 >x

The diagram shows the curve with equation y = Sx% —20x and the line with equation y = x—16.
The x-coordinates of the points of intersection of the curve and line are 1 and 16.

Find the area of the shaded region between the curve and the line. [5]
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The diagram shows the curve with equation y = L{ and the line y = 6 —3x. The line and the
(5x+4)2
curve intersect at the point P which has y-coordinate 3.

Find the area of the shaded region. [6]
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3 Given that J (ﬁ + 2) dx = 12, find the value of the constant a. [4]
A\
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d
1  The equation of a curve is such that ay = 12(2x—5)* + 8x. It is given that the curve passes through the
point (2, 4).

Find an equation of the curve. [4]
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86. Question | 9709 May-June 2025 P1 V5 Q4

4
y
A y:xz—i
/ g
0 7 2 >x

The diagram shows part of the curve y = x*— Lz The shaded region is bounded by the curve, the line
x = 2 and the x-axis. X

Find the volume formed when the shaded region is rotated through 360° about the x-axis, giving your
answer correct to 2 decimal places. [5]
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The diagram shows the curve with equation y = %\/} and the point P with coordinates <9, %) The
shaded region is bounded by the curve and the lines x = 0 and y = %

(a) Find the area of the shaded region. [3]
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(b) The shaded region is rotated through 360° about the y-axis.

Find the exact volume of the solid produced. [4]
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The equation of a curve is y = 4x2 —x. The curve has a maximum point when x = a and crosses the
x-axis at the point with coordinates (b, 0), where b > 0. The shaded region is bounded by the curve, the
line x = a and the x-axis (see diagram).

(a) Find the value of a. [3]
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(b) Find the exact area of the shaded region. [5]



9709 Mathematics Paper 1 - Integration

Topical questions | 91 questions

89. Question part 1/2 | 9709 Oct-Nov 2025 P1 V3 Q9

0

The diagram shows part of the curve with equation y = %x+% and the line y = 4.5.

Find the exact volume of the solid formed when the shaded region is rotated through 360° about the
X-axis. [8]



9709 Mathematics Paper 1 - Integration

Topical questions | 91 questions

89. Question part 2/2 | 9709 Oct-Nov 2025 P1 V3 Q9



9709 Mathematics Paper 1 - Integration

Topical questions | 91 questions

90. Question | 9709 Oct-Nov 2025 P1 V5 Q8

/
/

0 a 2a *

The diagram shows the curve with equation y = v6x+5. The shaded region is bounded by the curve,
the x-axis and the lines x = a and x = 2a, where a is a positive constant.

The shaded region is rotated through 360° about the x-axis to form a solid. The solid has volume, V,
such that V' = 467t.

(a) Show that 9a* +5a—46 > 0. [4]
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The diagram shows the curve with equation y = 4x* —x* and the tangent to the curve at the point P.

The point P has x-coordinate 3.

(a) Find the equation of the tangent to the curve at the point P. Give your answer in the form

y=mx+c.

[5]
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(b) The shaded region is bounded by the curve, the x-axis and the tangent to the curve at P.

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

The graph of y = 4x* —x* is transformed by a stretch of scale factor % in the x-direction. The point Q is
the image of P under this transformation. The transformed shaded region is bounded by the transformed
curve, the x-axis and the tangent to the transformed curve at Q.

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



