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Topical questions | 121 questions
1. Question | 9709 Feb-March 2016 P1 V2 Q6

6 A vacuum flask (for keeping drinks hot) is modelled as a closed cylinder in which the internal radius
is ¥ cm and the internal height is #cm. The volume of the flask is 1000 cm?>. A flask is most efficient
when the total internal surface area, A cm?, is a minimum.

(i) Show that A = 2772 + @. [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]

2. Question | 9709 May-June 2016 P1 V1 Q4
. dy _1
4 A curve is such that el 2-83x+4) 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 = %.

(ii) Find the equation of the curve. (4]
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3. Question | 9709 May-June 2016 P1 V1 Q5

5

- XM -

ym

A farmer divides a rectangular piece of land into 8 equal-sized rectangular sheep pens as shown in the
diagram. Each sheep pen measures x m by ym and is fully enclosed by metal fencing. The farmer
uses 480 m of fencing.

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

A = 384x — 9.6x°. [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]

4. Question | 9709 May-June 2016 P1 V2 Q10

10

P

8
y=—+2x

(0]

8
The diagram shows the part of the curve y = — + 2x for x > 0, and the minimum point M.
X
(i) Find ions for 2, 4 dJ 2 dx [5]
ind expressions for ——, — an .

(ii) Find the coordinates of M and determine the coordinates and nature of the stationary point on
the part of the curve for which x < 0. [5]

(iii) Find the volume obtained when the region bounded by the curve, the x-axis and the lines x = 1
and x = 2 is rotated through 360° about the x-axis. [2]
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5. Question | 9709 May-June 2016 P1 V3 Q5

5 A curve has equation y = 8x + (2x — 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]

6. Question | 9709 May-June 2016 P1 V3 Q7

3

7  The point P (x, y) is moving along the curve y = x> — 13—0x5 + 5x in such a way that the rate of change
of y is constant. Find the values of x at the points at which the rate of change of x is equal to half the
rate of change of y. [7]
7. Question | 9709 Oct-Nov 2016 P1 V1 Q11
1 9
11 The point P (3, 5) lies on the curve y = —— — ——.
x—1 x-5

(i) Find the x-coordinate of the point where the normal to the curve at P intersects the x-axis. [5]

(ii) Find the x-coordinate of each of the stationary points on the curve and determine the nature of
each stationary point, justifying your answers. [6]
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8. Question | 9709 Oct-Nov 2016 P1 V2 Q7

7  The equation of acurveisy =2 +

2x—1°
(i) Obtain an expression for % [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]

9. Question | 9709 Oct-Nov 2016 P1 V3 Q10

) d 2 .1 _3 . ... . .
10 A curve is such that d—i = Zx 2+ ax 2, where a is a positive constant. The point A (a?, 3) lies on the
a
curve. Find, in terms of a,
(i) the equation of the tangent to the curve at A, simplifying your answer, [3]

(ii) the equation of the curve. [4]
It is now given that B (16, 8) also lies on the curve.

(iii) Find the value of a and, using this value, find the distance AB. [5]
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10. Question | 9709 Oct-Nov 2016 P1 V3 Q11

11 A curve has equation y = (kx — 3)™! + (kx — 3), where k is a non-zero constant.

(i) Find the x-coordinates of the stationary points in terms of k, and determine the nature of each
stationary point, justifying your answers. [7]

(ii)

P <

d

The diagram shows part of the curve for the case when k = 1. Showing all necessary working,
find the volume obtained when the region between the curve, the x-axis, the y-axis and the line
x = 2, shown shaded in the diagram, is rotated through 360° about the x-axis. [5]
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11. Question part 1/2 | 9709 Feb-March 2017 P1 V2 Q3

3

The diagram shows a water container in the form of an inverted pyramid, which is such that when the
height of the water level is 4 cm the surface of the water is a square of side %h cm.

(i) Express the volume of water in the container in terms of /. [1]

[The volume of a pyramid having a base area A and vertical height /4 is %Ah.]
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11. Question part 2/2 | 9709 Feb-March 2017 P1 V2 Q3

Water is steadily dripping into the container at a constant rate of 20 cm? per minute.

(ii) Find the rate, in cm per minute, at which the water level is rising when the height of the water
level is 10 cm. (4]
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12. Question part 1/2 | 9709 Feb-March 2017 P1 V2 Q7

[S][S3]

7  The function f is defined for x > 0 by f(x) = (4x + 1)2.

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

The first, second and third terms of a geometric progression are respectively f(2), f'(2) and kf”(2).

(ii) Find the value of the constant k. [5]
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12. Question part 2/2 | 9709 Feb-March 2017 P1 V2 Q7
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13. Question part 1/2 | 9709 Feb-March 2017 P1 V2 Q9
9  The point A (2, 2) lies on the curve y = x> — 2x + 2.

(i) Find the equation of the tangent to the curve at A. [3]

The normal to the curve at A intersects the curve again at B.

(ii) Find the coordinates of B. (4]
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13. Question part 2/2 | 9709 Feb-March 2017 P1 V2 Q9

The tangents at A and B intersect each other at C.

(iii) Find the coordinates of C. (4]
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14. Question part 1/2 | 9709 May-June 2017 P1 V1 Q6

6  The horizontal base of a solid prism is an equilateral triangle of side x cm. The sides of the prism are
vertical. The height of the prism is 4 cm and the volume of the prism is 2000 cm®.
(i) Express & in terms of x and show that the total surface area of the prism, A cm?, is given by

¥3 2 24000
2 V3

A= x_l. [3]
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14. Question part 2/2 | 9709 May-June 2017 P1 V1 Q6

(ii) Given that x can vary, find the value of x for which A has a stationary value. [3]
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15. Question part 1/2 | 9709 May-June 2017 P1 V1 Q10

10
y
A ~ 4
Y5 5
7
[ 1 >
) 4
The diagram shows part of the curve y = 53y
- 3x

(i) Find the equation of the normal to the curve at the point where x = 1 in the form y = mx + c,
where m and c are constants. [5]
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15. Question part 2/2 | 9709 May-June 2017 P1 V1 Q10

The shaded region is bounded by the curve, the coordinate axes and the line x = 1.

(ii) Find, showing all necessary working, the volume obtained when this shaded region is rotated
through 360° about the x-axis. [5]
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16. Question part 1/2 | 9709 May-June 2017 P1 V2 Q5

12
5 A curve has equationy = 3 + T
—-X

(i) Find the equation of the tangent to the curve at the point where the curve crosses the x-axis. [5]
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16. Question part 2/2 | 9709 May-June 2017 P1 V2 Q5

(ii) A point moves along the curve in such a way that the x-coordinate is increasing at a constant rate
of 0.04 units per second. Find the rate of change of the y-coordinate when x = 4. [2]
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17. Question part 1/2 | 9709 May-June 2017 P1 V2 Q9
9  The equation of a curve is y = 8y/x — 2x.

(i) Find the coordinates of the stationary point of the curve. [3]

(ii) Find an expression for J)Z) and hence, or otherwise, determine the nature of the stationary point.
(2]
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17. Question part 2/2 | 9709 May-June 2017 P1 V2 Q9

(iii) Find the values of x at which the line y = 6 meets the curve. [3]
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18. Question part 1/2 | 9709 May-June 2017 P1 V3 Q6

6 The line 3y +x = 25 is a normal to the curve y = x*> — 5x + k. Find the value of the constant k. [6]
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18. Question part 2/2 | 9709 May-June 2017 P1 V3 Q6
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3 1
1 A curve has equation y = 2x2 — 3x — 4x2 + 4. Find the equation of the tangent to the curve at the point
(4, 0). [4]
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20. Question part 1/2 | 9709 Oct-Nov 2017 P1 V1 Q4

4  Machines in a factory make cardboard cones of base radius ¥ cm and vertical height 4 cm. The volume,

V em?, of such a cone is given by V = %nrzh. The machines produce cones for which i + r = 18.

(i) Show that V = 6mr* — %nr3. [1]

(ii) Given that r can vary, find the non-zero value of r for which V has a stationary value and show
that the stationary value is a maximum. [4]
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20. Question part 2/2 | 9709 Oct-Nov 2017 P1 V1 Q4
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21. Question part 1/2 | 9709 Oct-Nov 2017 P1 V2 Q8

d
8 A curve is such that ay =—x?+5x—4.

(i) Find the x-coordinate of each of the stationary points of the curve. [2]
d?y
(ii) Obtain an expression for 2 and hence or otherwise find the nature of each of the stationary

points. [3]
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21. Question part 2/2 | 9709 Oct-Nov 2017 P1 V2 Q8
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22. Question | 9709 Oct-Nov 2017 P1 V3 Q4

3
4  The function f is such that f(x) = (2x — 1)2 — 6x for % < x < k, where k is a constant. Find the largest

value of k for which f is a decreasing function. [5]
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10 A curve has equation y = f(x) and it is given that f'(x) = ax® + bx, where a and b are positive constants.

(i) Find, in terms of a and b, the non-zero value of x for which the curve has a stationary point and
determine, showing all necessary working, the nature of the stationary point. [3]
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23. Question part 2/2 | 9709 Oct-Nov 2017 P1 V3 Q10

(ii) Itis now given that the curve has a stationary point at (—2, —3) and that the gradient of the curve
atx = 11is 9. Find f(x). [6]
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24. Question part 1/2 | 9709 Oct-Nov 2017 P1 V3 Q11

11
y
A
y=(x-1)°
B(5,2)
- X
O  A(l,0)

1
The diagram shows the curve y = (x — 1)2 and points A (1, 0) and B (5, 2) lying on the curve.
(i) Find the equation of the line AB, giving your answer in the form y = mx + c. [2]

(ii) Find, showing all necessary working, the equation of the tangent to the curve which is parallel to
AB. (5]
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24. Question part 2/2 | 9709 Oct-Nov 2017 P1 V3 Q11

(iii) Find the perpendicular distance between the line AB and the tangent parallel to AB. Give your
answer correct to 2 decimal places. [3]



9709 Mathematics Paper 1 - Differentiation

Topical questions | 121 questions
25. Question part 1/2 | 9709 Feb-March 2018 P1 V2 Q8

3
8 A curve has equation y = %xz —4x2 + 8x.

(i) Find the x-coordinates of the stationary points. [5]
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25. Question part 2/2 | 9709 Feb-March 2018 P1 V2 Q8

d2y

(ii) Find R [1]
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26. Question | 9709 May-June 2018 P1 V1 Q2

2 A point is moving along the curve y = 2x + — in such a way that the x-coordinate is increasing at a
X

constant rate of 0.02 units per second. Find the rate of change of the y-coordinate when x = 1.  [4]
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10 The curve with equation y = x> — 2x? + 5x passes through the origin.

(i) Show that the curve has no stationary points. [3]

(ii) Denoting the gradient of the curve by m, find the stationary value of m and determine its nature.

(5]
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(iii) Showing all necessary working, find the area of the region enclosed by the curve, the x-axis and
the line x = 6. [4]
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27. Question part 3/3 | 9709 May-June 2018 P1 V1 Q10

Additional Page
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must be clearly shown.
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8 (i) The tangent to the curve y = x> — 9x? + 24x — 12 at a point A is parallel to the line y = 2 — 3x.
Find the equation of the tangent at A. [6]
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28. Question part 2/2 | 9709 May-June 2018 P1 V3 Q8

(ii) The function f is defined by f(x) = x> — 9x + 24x — 12 for x > k, where k is a constant. Find the
smallest value of k for f to be an increasing function. [2]
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29. Question part 1/3 | 9709 May-June 2018 P1 V3 Q11

11
y
A
y=(x+1)?+(x+1)"
x=1
A
0 1 » X

The diagram shows part of the curve y = (x + 1)? + (x + 1)™! and the line x = 1. The point A is the
minimum point on the curve.

(i) Show that the x-coordinate of A satisfies the equation 2(x + 1)* = 1 and find the exact value of

2

d
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29. Question part 2/3 | 9709 May-June 2018 P1 V3 Q11

(ii) Find, showing all necessary working, the volume obtained when the shaded region is rotated
through 360° about the x-axis. [6]
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30. Question part 1/2 | 9709 Oct-Nov 2018 P1 V1 Q6

. . . . d .
6 A curve has a stationary point at (3, 9%) and has an equation for which ay = ax® + a®x, where a is a
non-zero constant.

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



9709 Mathematics Paper 1 - Differentiation

Topical questions | 121 questions

30. Question part 2/2 | 9709 Oct-Nov 2018 P1 V1 Q6
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10 A curve has equation y = %(4% —3)~!. The point A on the curve has coordinates (1, %)

(i) (a) Find and simplify the equation of the normal through A. [5]
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31. Question part 2/2 | 9709 Oct-Nov 2018 P1 V1 Q10

(b) Find the x-coordinate of the point where this normal meets the curve again. [3]

(ii) A point is moving along the curve in such a way that as it passes through A its x-coordinate is
decreasing at the rate of 0.3 units per second. Find the rate of change of its y-coordinate at A.

(2]
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32. Question | 9709 Oct-Nov 2018 P1 V2 Q3

3
y
A y=5x
[0) R
P
y=x(9-x?)
o > X

The diagram shows part of the curve y = x(9 — x?) and the line y = 5x, intersecting at the origin O and
the point R. Point P lies on the line y = 5x between O and R and the x-coordinate of P is ¢. Point O
lies on the curve and PQ is parallel to the y-axis.

(i) Express the length of PQ in terms of ¢, simplifying your answer. [2]
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33. Question part 1/3 | 9709 Oct-Nov 2018 P1 V2 Q11

11

P <

y=3y@x+1)-2x

(0]

The diagram shows part of the curve y = 34/(4x + 1) — 2x. The curve crosses the y-axis at A and the
stationary point on the curve is M.

d
(i) Obtain expressions for ay and Jy dx. [5]
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33. Question part 2/3 | 9709 Oct-Nov 2018 P1 V2 Q11

(ii) Find the coordinates of M. [3]
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34. Question | 9709 Oct-Nov 2018 P1 V3 Q2

2 The function f is defined by f(x) = x° + 2x> — 4x + 7 for x > —2. Determine, showing all necessary
working, whether f is an increasing function, a decreasing function or neither. [4]
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35. Question part 1/2 | 9709 Feb-March 2019 P1 V2 Q4

4 A curve has equation y = (2x — 1)™! + 2x.

o o dy dzy
(i) Find i and 2 [3]
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35. Question part 2/2 | 9709 Feb-March 2019 P1 V2 Q4

(ii) Find the x-coordinates of the stationary points and, showing all necessary working, determine
the nature of each stationary point. [4]
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36. Question part 1/2 | 9709 Feb-March 2019 P1 V2 Q9

9
y =V )

P <

(0] 3

The diagram shows part of the curve with equation y = /(x> + x?). The shaded region is bounded by
the curve, the x-axis and the line x = 3.

(i) 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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36. Question part 2/2 | 9709 Feb-March 2019 P1 V2 Q9

(ii) P is the point on the curve with x-coordinate 3. Find the y-coordinate of the point where the
normal to the curve at P crosses the y-axis. [6]
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37. Question part 1/3 | 9709 Feb-March 2019 P1 V2 Q10

10
y
A
y= 4x%
0 P X

1
The diagram shows the curve with equation y = 4x2.

(i) The straight line with equation y = x + 3 intersects the curve at points A and B. Find the length
of AB. (6]
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37. Question part 2/3 | 9709 Feb-March 2019 P1 V2 Q10

(ii) The tangent to the curve at a point 7 is parallel to AB. Find the coordinates of 7. [3]

(iiif) Find the coordinates of the point of intersection of the normal to the curve at 7" with the line AB.

(3]



9709 Mathematics Paper 1 - Differentiation

Topical questions | 121 questions

37. Question part 3/3 | 9709 Feb-March 2019 P1 V2 Q10

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.

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every reasonable
effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the publisher will
be pleased to make amends at the earliest possible opportunity.

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge Assessment
International Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download at
www.cambridgeinternational.org after the live examination series.

Cambridge Assessment International Education is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of the University of
Cambridge Local Examinations Syndicate (UCLES), which itself is a department of the University of Cambridge.



9709 Mathematics Paper 1 - Differentiation

Topical questions | 121 questions
38. Question | 9709 May-June 2019 P1 V1 Q2

2 The line 4y = x + ¢, where ¢ is a constant, is a tangent to the curve y* = x + 3 at the point P on the
curve.

(i) Find the value of c. [3]
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39. Question | 9709 May-June 2019 P1 V2 Q3

dy 3

3 A curve is such that it The point P (2, 9) lies on the curve.

4
Xz.

(i) A point moves on the curve in such a way that the x-coordinate is decreasing at a constant rate
of 0.05 units per second. Find the rate of change of the y-coordinate when the point is at P. [2]
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40. Question part 1/2 | 9709 May-June 2019 P1 V2 Q9

9  The curve C| has equation y = x* —4x + 7. The curve C, has equation y? = 4x + k, where k is a
constant. The tangent to C, at the point where x = 3 is also the tangent to C, at the point P. Find the
value of k and the coordinates of P. [8]
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40. Question part 2/2 | 9709 May-June 2019 P1 V2 Q9
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41. Question part 1/3 | 9709 May-June 2019 P1 V2 Q11

11
y
A
M =J@x+1)+ 2
n Y= Jax+ 1)
0 » X
. 9 . .
The diagram shows part of the curve y = /(4x + 1) + m and the minimum point M.

d
(i) Find expressions for ay and J‘y dx. [6]
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(ii) Find the coordinates of M. [3]

The shaded region is bounded by the curve, the y-axis and the line through M parallel to the x-axis.

(iii) Find, showing all necessary working, the area of the shaded region. [3]
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42. Question part 1/2 | 9709 May-June 2019 P1 V3 Q8

d
8 A curve is such that ay = 3x? + ax + b. The curve has stationary points at (-1, 2) and (3, k). Find

the values of the constants a, b and k. [8]
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2 Anincreasing function, f, is defined for x > n, where 7 is an integer. It is given that f'(x) = x> — 6x + 8.
Find the least possible value of n. [3]
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3 Theliney = ax + b is a tangent to the curve y = 2x> — 5x*> — 3x + ¢ at the point (2, 6). Find the values
of the constants a, b and c. [5]
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5

15cm hcm

The diagram shows a solid cone which has a slant height of 15 cm and a vertical height of /& cm.

(i) Show that the volume, V cm?, of the cone is given by V = %n(225h - ). [2]

[The volume of a cone of radius r and vertical height 7 is %nrzh.]
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(ii) Given that & can vary, find the value of 4 for which V has a stationary value. Determine, showing
all necessary working, the nature of this stationary value. [5]
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10
y
A y=l-o—2
(2x+1)2
~.B
0 A » X
. 4 . .
The diagram shows part of the curve y = 1 — W The curve intersects the x-axis at A. The
X +

normal to the curve at A intersects the y-axis at B.

d
(i) Obtain expressions for d_ic) and Jy dx. (4]
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(ii) Find the coordinates of B. (4]
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3 The equation of a curve is y = x> + x> — 8x + 7. The curve has no stationary points in the interval
a < x < b. Find the least possible value of a and the greatest possible value of b. [4]
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5

X cm

2xcm

4xcm

The dimensions of a cuboid are x cm, 2x cm and 4x cm, as shown in the diagram.

(i) Show that the surface area S cm? and the volume V cm? are connected by the relation
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(i) When the volume of the cuboid is 1000 cm? the surface area is increasing at 2 cm?s~!. Find the
rate of increase of the volume at this instant. [4]
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(S]C

8 A function f is defined for x > % and is such that f'(x) = 3(2x - 1) - 6.

(i) Find the set of values of x for which f is decreasing. [4]
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(ii) Itis now given that f(1) = —3. Find f(x). [4]
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50. Question | 9709 Feb-March 2020 P1 V2 Q1

1  The function f is defined by f(x) = +x? for x < —1.

3x+2

Determine whether f is an increasing function, a decreasing function or neither. [3]
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4 A curve has equation y = x> — 2x — 3. A point is moving along the curve in such a way that at P the
y-coordinate is increasing at 4 units per second and the x-coordinate is increasing at 6 units per second.

Find the x-coordinate of P. [4]
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52. Question part 1/2 | 9709 Feb-March 2020 P1 V2 Q10

=

d
10 The gradient of a curve at the point (x, y) is given by ay = 2(x + 3)2 — x. The curve has a stationary

point at (a, 14), where a is a positive constant.

(a) Find the value of a. [3]
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52. Question part 2/2 | 9709 Feb-March 2020 P1 V2 Q10

(¢) Find the equation of the curve. (4]
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9  The equation of a curve is y = (3 — 2x)> + 24x.

d d?
(a) Find expressions for ay and E)z) (4]
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53. Question part 2/2 | 9709 May-June 2020 P1 V1 Q9

(b) Find the coordinates of each of the stationary points on the curve. [3]
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54. Question | 9709 May-June 2020 P1 V2 Q3

3 A weather balloon in the shape of a sphere is being inflated by a pump. The volume of the balloon is
increasing at a constant rate of 600 cm? per second. The balloon was empty at the start of pumping.

(a) Find the radius of the balloon after 30 seconds. [2]
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10 The equation of a curve is y = 54x — (2x — 7)°.

d d?
(a) Find ay and aﬁ [4]
(b) Find the coordinates of each of the stationary points on the curve. [3]
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6 A point P is moving along a curve in such a way that the x-coordinate of P is increasing at a constant

1
rate of 2 units per minute. The equation of the curve is y = (5x — 1)2.

(a) Find the rate at which the y-coordinate is increasing when x = 1. [4]
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(b) Find the value of x when the y-coordinate is increasing at % units per minute. [3]
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3  Airis being pumped into a balloon in the shape of a sphere so that its volume is increasing at a constant

rate of 50 cm3s7!.

Find the rate at which the radius of the balloon is increasing when the radius is 10 cm. [3]
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6  The equation of a curve is y = 2 + V25 — x°.

Find the coordinates of the point on the curve at which the gradient is %. [5]
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12

1
The diagram shows a curve with equation y = 4x2 — 2x for x > 0, and a straight line with equation
y = 3 — x. The curve crosses the x-axis at A (4, 0) and crosses the straight line at B and C.

(a) Find, by calculation, the x-coordinates of B and C. [4]
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(¢) Find the area of the shaded region. [6]
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_1 _3
7  The point (4, 7) lies on the curve y = f(x) and it is given that f'(x) = 6x 2 — 4x 2.

(a) A point moves along the curve in such a way that the x-coordinate is increasing at a constant rate
of 0.12 units per second.

Find the rate of increase of the y-coordinate when x = 4. [3]
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61. Question part 1/2 | 9709 Oct-Nov 2020 P1 V2 Q10

10
y
A
>
0 M *
The diagram shows part of the curve y = m — x and its minimum point M, which lies on the
- 2x

X-axis.

) ) dy dzy
(a) Find expressions for e @ and J‘ ydx. [6]
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(b) Find, by calculation, the x-coordinate of M. [2]
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62. Question part 1/2 | 9709 Oct-Nov 2020 P1 V3 Q8

for x > —1.

8 Th ti f isy=2x+1+
e equation of a curve is y = 2x o1 >

., dy d?y
(a) Find P and @
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(b) Find the coordinates of the stationary point and determine the nature of the stationary point. [5]
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63. Question part 1/2 | 9709 Oct-Nov 2020 P1 V3 Q10

1 1

. I | . .
10 A curve has equation y = %xz +x 2+ 2 where x > 0 and k is a positive constant.

(a) Itis given that when x = -, the gradient of the curve is 3.

1
4’
Find the value of k. [4]
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k2

(b) Itis given instead that
12
4

Find the value of k. [5]
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64. Question part 1/2 | 9709 Feb-March 2021 P1 V2 Q6

d 6
6 A curve is such that ay = (3—2)3 and A (1, —3) lies on the curve. A point is moving along the curve
x —

and at A the y-coordinate of the point is increasing at 3 units per second.

(a) Find the rate of increase at A of the x-coordinate of the point. [3]
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(b) Find the equation of the curve. (4]
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11

!

A/
» X

_1 _3 .
The diagram shows the curve with equation y = 9(x 2 —4x72). The curve crosses the x-axis at the
point A.

(a) Find the x-coordinate of A. [2]
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(¢) Find the x-coordinate of the maximum point of the curve. [2]
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11 The equation of a curve is y = 2v3x +4 — x.

(a) Find the equation of the normal to the curve at the point (4, 4), giving your answer in the form
y=mx+c. [5]



9709 Mathematics Paper 1 - Differentiation

Topical questions | 121 questions
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(¢) Determine the nature of the stationary point. [2]

(d) Find the exact area of the region bounded by the curve, the x-axis and the lines x = 0 and x = 4.

(4]
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3  The equation of a curve is y = (x — 3)vx + 1 + 3. The following points lie on the curve. Non-exact
values are rounded to 4 decimal places.

A (2, k) B (2.9, 2.8025) C (2.99, 2.9800) D (2.999, 2.9980) E (3, 3)
(a) Find k, giving your answer correct to 4 decimal places. [1]

The gradients of BE, CE and DE, rounded to 4 decimal places, are 1.9748, 1.9975 and 1.9997
respectively.

(¢) State, giving a reason for your answer, what the values of the four gradients suggest about the
gradient of the curve at the point E. [2]
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11

o

4k

Blo
o
8]

1 _1 . .\
The diagram shows part of the curve with equation y = x2 + k’x 2, where k is a positive constant.

(a) Find the coordinates of the minimum point of the curve, giving your answer in terms of k.  [4]
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The tangent at the point on the curve where x = 4k intersects the y-axis at P.

(b) Find the y-coordinate of P in terms of k. [4]

The shaded region is bounded by the curve, the x-axis and the lines x = %kz and x = 4k>.

(¢) Find the area of the shaded region in terms of k. [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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9  The volume V m? of a large circular mound of iron ore of radius m is modelled by the equation

V= %(r - %)3 — 1 for r > 2. Iron 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.

(31
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69. Question part 2/2 | 9709 Oct-Nov 2021 P1 V2 Q9

(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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70. Question part 1/2 | 9709 Oct-Nov 2021 P1 V2 Q10

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]
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71. Question part 1/2 | 9709 Oct-Nov 2021 P1 V2 Q11

11
y
A 1 7
Yy=3X+ 15 —
2 10 (x— 2)%
A(3,9)
» X
o 5
[ 13
+ 17—0 — - and the normal to the curve
(x—2)3

The diagram shows the line x = 3, part of the curve y = 5x

. 6
at the point A (3, 3)-
(a) Find the x-coordinate of the point where the normal to the curve meets the x-axis.
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3 (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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10 A curve has equation y = f(x) and it is given that
£/(x) = (x+ k) = (1 + k)2,
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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11 It is given that a curve has equation y = k(3x — k)~! + 3x, where k is a constant.

(a) Find, in terms of k, the values of x at which there is a stationary point. [4]
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The function f has a stationary value at x = a and is defined by
f(x)=4Bx-4)""+3x forx> %

(b) Find the value of a and determine the nature of the stationary value. [3]

(c¢) The function g is defined by g(x) = —(3x + 1)~ + 3x for x > 0.

Determine, making your reasoning clear, whether g is an increasing function, a decreasing
function or neither. [2]
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1
9  The equation of acurveisy =3x+ 1 —-4(3x + 1)2 for x > —%.
d%y

d
(a) Find Ey and 5. 3]
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(b) Find the coordinates of the stationary point of the curve and determine its nature. [4]
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8

N B(16,5)

(0]

1 1
The diagram shows the curve with equation y = x2 + 4x 2. The line y = 5 intersects the curve at the
points A (1, 5) and B (16, 5).

(a) Find the equation of the tangent to the curve at the point A. [4]
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(b) Calculate the area of the shaded region. [4]



9709 Mathematics Paper 1 - Differentiation

Topical questions | 121 questions
77. Question part 1/3 | 9709 May-June 2022 P1 V3 Q11

11 The point P lies on the line with equation y = mx + ¢, where m and c are positive constants. A curve
has equation y = ——. There is a single point P on the curve such that the straight line is a tangent to
X

the curve at P.

(a) Find the coordinates of P, giving the y-coordinate in terms of m. [6]
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The normal to the curve at P intersects the curve again at the point Q.

(b) Find the coordinates of Q in terms of m. [4]
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1 . . .
3 A curve has equation y = ax2 — 2x, where x > 0 and a is a constant. The curve has a stationary point
at the point P, which has x-coordinate 9.

Find the y-coordinate of P. [5]
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3
8  The function f is defined by f(x) =2 — )

for x > % where p is a constant.

(a) Find f’(x) and hence determine whether f is an increasing function, a decreasing function or
neither. [3]
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(b) Express f~!(x) in the form p_
a cx-

, where a, b, ¢ and d are integers. [4]
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10

o

1
Curves with equations y = 2x2 + 1 and y = %xz —x + 1 intersect at A (0, 1) and B (4, 5), as shown in
the diagram.

(a) Find the area of the region between the two curves. [5]
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The acute angle between the two tangents at B is denoted by «°, and the scales on the axes are the
same.

(b) Find o. (5]
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4

A large industrial water tank is such that, when the depth of the water in the tank is x metres, the
volume V'm? of water in the tank is given by V =243 — %(9 — x)>. Water is being pumped into the
tank at a constant rate of 3.6 m? per hour.

Find the rate of increase of the depth of the water when the depth is 4m, giving your answer in
cm per minute. [5]
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-3
7  The curve y = f(x) is such that f'(x) = ——.
(x+2)
(a) The tangent at a point on the curve where x = a has gradient —%.

Find the possible values of a. (4]
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(b) Find f(x) given that the curve passes through the point (-1, 5). [3]
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3 A curve has equation y = &(3)6 + 1)? and a point is moving along the curve.

Find the x-coordinate of the point on the curve at which the x- and y-coordinates are increasing at the
same rate. [4]



9709 Mathematics Paper 1 - Differentiation

Topical questions | 121 questions
84. Question | 9709 May-June 2023 P1 V1 Q5

5  The line with equation y = kx — k, where k is a positive constant, is a tangent to the curve with equation
1

2x

Find, in either order, the value of k and the coordinates of the point where the tangent meets the curve.

(5]
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9  Water is poured into a tank at a constant rate of 500cm? per second. The depth of water in the tank,
t seconds after filling starts, is #cm. When the depth of water in the tank is 4 cm, the volume, V cm?,
of water in the tank is given by the formula V = ‘3—‘(25 +h) - 623&.

(a) Find the rate at which 4 is increasing at the instant when 4 = 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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. . d . .
11 The equation of a curve is such that ay = 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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(¢) Find the equation of the curve. [3]
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11 The equation of a curve is

y=kvdx+1—-x+35,
where k is a positive constant.
d
(a) Find = [2]

dx
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(¢) Given that k = 10.5, find the equation of the normal to the curve at the point where the tangent
to the curve makes an angle of tan~'(2) with the positive x-axis. [4]
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10

)

y:9x—(2x+1)%

B(74,3%)

0/ \ » X

The diagram shows the points A (13, 51) and B (74, 31) lying on the curve with equation

3
y=9x—(2x+1)2.
(a) Find the coordinates of the maximum point of the curve. [4]
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(b) Verify that the line AB is the normal to the curve at A. [3]
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3

The diagram shows a cubical closed container made of a thin elastic material which is filled with water
and frozen. During the freezing process the length, xcm, of each edge of the container increases at
the constant rate of 0.01 cm per minute. The volume of the container at time ¢ minutes is Vcm®.

Find the rate of increase of V when x = 20. [3]
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d“y

10 A curve has a stationary point at (2, —10) and is such that 2 = 6x.

(a) Find j—)yc. (3]
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(¢) Find the coordinates of the other stationary point and determine its nature. [3]
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5
10 The equation of a curve is y = f(x), where f(x) = (4x — 3)3 — 23—0x.

(a) Find the x-coordinates of the stationary points of the curve and determine their nature. [6]
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9

1
A curve has equation y = 2x2 — 1.

(a) Find the equation of the normal to the curve at the point A (4, 3), giving your answer in the form
y=mx+c. [3]

1
A point is moving along the curve y = 2x2 — 1 in such a way that at A the rate of increase of the

x-coordinate is 3cms™!.

(b) Find the rate of increase of the y-coordinate at A. [2]

At A the moving point suddenly changes direction and speed, and moves down the normal in such a

way that the rate of decrease of the y-coordinate is constant at 5cms™!.

(¢) As the point moves down the normal, find the rate of change of its x-coordinate. [3]
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3

20 =5’

Find the equation of the normal to the curve at the point (2,1), giving your answer in the form
ax+by+c =0, where a, b and c are integers. [6]

5  Acurve has the equation y =
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11
A

4 B
ol N >

M

2 1
The diagram shows the curve with equation y =2x 3—3x 3+1 for x > 0. The curve crosses the
x-axis at points 4 and B and has a minimum point M.

(a) Find the exact coordinates of M. [4]
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(b) Find the area of the region bounded by the curve and the line segment AB. [7]
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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,k), C(2.001,4.00625), D(2.01,4.06261), E(2.1,4.63566), F(3,11.22876)

(a) Find the value of £. 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]
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11

o/

A function is defined by f(x) = i3 —
X

= |w

+2 for x # 0. The graph of y = f(x) is shown in the diagram.

(a) Find the set of values of x for which f(x) is decreasing. [5]
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(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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6  The curve with equation y = 2x—8x2 has a minimum point at 4 and intersects the positive x-axis at B.

(a) Find the coordinates of 4 and B. [4]
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(b)

The diagram shows the curve with equation y = 2x—8x% and the line AB. It is given that the

equation of AB is y = 2x; 32.

Find the area of the shaded region between the curve and the line. [5]
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9 A function fis such that f’(x) = 6(2x—3)? —6x for x € R.

(a) Determine the set of values of x for which f(x) is decreasing. [4]



9709 Mathematics Paper 1 - Differentiation

Topical questions | 121 questions

98. Question part 2/2 | 9709 May-June 2024 P1 V2 Q9

(b) Given that f(1) =—1, find f(x). [4]
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3
10 The equation of a curve is y = (5—2x)2 +5 for x < %

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

Find the rate at which the x-coordinate of point P is increasing when y = 32. [4]
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(b) Point 4 on the curve has y-coordinate 32. Point B on the curve is such that the gradient of the curve
at Bis —3.

Find the equation of the perpendicular bisector of AB. Give your answer in the form
ax+by+c =0, where a, b and ¢ are integers. [6]
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5  The equation of a curve is y = 2x* — % +3.
(a) Find the coordinates of the stationary point. [3]
(b) Determine the nature of the stationary point. [2]

(¢) For positive values of x, determine whether the curve shows a function that is increasing,
decreasing or neither. Give a reason for your answer. [2]
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a . .
2  Thecurve y = x*— < has a stationary point at (=3, b).

Find the values of the constants a and b. [4]
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7
A

.

|
|
|
|
|
|
@) 7 X
2

12
V2x+1

The diagram shows part of the curve with equation y = . The point 4 on the curve has
coordinates (%, 6).

(a) Find the equation of the tangent to the curve at 4. Give your answer in the form y = mx+c. [4]
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(b) Find the area of the region bounded by the curve and the lines x =0, x = % and y =0. [4]
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9  The equation of a curve is y = 4+ 5x+ 6x* —3x°.

(a) Find the set of values of x for which y decreases as x increases. [4]
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(b) Itis given that y = 9x+£ is a tangent to the curve.

Find the value of the constant %. [4]
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3  Theequationofacurveis y = 2x* —3. Two points 4 and B with x-coordinates 2 and (2 + /) respectively
lie on the curve.

(a) Find and simplify an expression for the gradient of the chord 4B in terms of 4. [3]
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10 A function f with domain x > 0 is such that f'(x) = 8(2x— 3)% - IOx%. It is given that the curve with
equation y = f(x) passes through the point (1, 0).

(a) Find the equation of the normal to the curve at the point (1, 0). [3]



9709 Mathematics Paper 1 - Differentiation

Topical questions | 121 questions

105. Question part 2/3 | 9709 Oct-Nov 2024 P1 V2 Q10

It is given that the equation f'(x) = 0 can be expressed in the form
125x° — 128x+192 = 0.

(¢) Determine, making your reasoning clear, whether f'is an increasing function, a decreasing function
or neither. [3]
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1
11 The equation of a curve is y = kx? —4x* +2, where k is a constant.

d d?
(a) Find ay and g); in terms of £.

(b) Itis given that k = 2.

Find the coordinates of the stationary point and determine its nature.
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(c) Points 4 and B on the curve have x-coordinates 0.25 and 1 respectively. For a different value of £,
the tangents to the curve at the points 4 and B meet at a point with x-coordinate 0.6.

Find this value of . [6]
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2
A
M
P
0 >

The diagram shows the curve with equation y = 2x* — % + 3. The curve crosses the x-axis at the point

P(1,0) and M is a minimum point.
(a) Find the gradient of the curve at P. [2]
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2 The equation of a curve is such that % =4(2x—5)° - 9x2. The curve passes through the point
4 (4, — %)
(a) Find the gradient of the normal to the curve at the point A4. [2]
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. . .2.9
7  The equation of a curve is y = 4x +?—8.

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

Find the rate at which the x-coordinate of point P is changing when x = 2. [4]
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(b) Find the coordinates of the stationary points of the curve and determine their nature. [5]
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3
4  Apoint P is moving along the curve with equation y = ax? — 12x in such a way that the x-coordinate of
P is increasing at a constant rate of 5 units per second.

(a) Find the rate at which the y-coordinate of P is changing when x = 9. Give your answer in terms of
the constant a. [3]

(b) Given that the curve has a minimum point when x = %, find the value of a. [2]
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z

d
9 The equation of a curve is such that a); 2—%. It is given that the curve has a stationary point
X
at (—=2,19).

d
(a) Find an expression for ay [3]

(b) Find the x-coordinate of the other stationary point of the curve, and determine the nature of this
stationary point. [2]
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(¢) Find the equation of the curve. (3]

. : . d . ..
(d) Find the equation of the normal to the curve at the point where ay = —% and x is positive. Express

your answer in the form px+qy+r = 0, where p, ¢ and r are integers. [4]
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1  Acurve has equation y = 2x+ %
X

Find the equation of the tangent to the curve at the point (—2, —1). Give your answer in the form
y=mx+c. [4]
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dy

7 A curve is such that P 3x2 +10x—8.

(a) Find the set of values of x for which y decreases as x increases. [3]

(b) It is given that the maximum point of the curve has y-coordinate 27.

Find the equation of the curve. [4]
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+2x—5.

10 A curve C has equation y = 2x9— 5

(a) Find the coordinates of the two stationary points. [4]
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-3
(¢) The curve C is transformed to the curve C, using a translation of ( 7) followed by reflection in

the x-axis.

(i) State the coordinates of the maximum point of C, . [1]

+dx+e, where a, b, ¢, d and e are integers.

(3]

.. . . . _a
(ii) Find the equation of C, in the form y = It e
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8 The equation of a curve is y = x* +ax® +bx+5. The curve has a stationary point at (1, 9).

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

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

Find the rate at which the x-coordinate of P is increasing when x = 5. [3]
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dy_ 8 10

e 2 (2x—3)%
(a) Find the equation of the normal to the curve at P. Give your answer in the form y = mx+c. [3]
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(¢) Given that the curve also passes through the point (=1, ¢), find the value of g. [5]
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d
4  The equation of a curve is such that ay =k’ + % , where £k is a constant. The curve passes through the
X
point S (2, 20) and the gradient of the curve at S is 62—5
(a) Find the value of £. [1]

(b) The coordinates of a point 7 on the curve are (1, 7).

Find the value of 7. [5]
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4 1

>+ 3 for x > 2.
(B3x—06) (3x—16)

9  The function fis defined by f(x) =

(a) Find an expression for f'(x) and hence determine whether f is an increasing function, a decreasing
function or neither. [4]
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The function g is defined by g(x) = 4x—3 for x > a.

(¢) Find the range of g in terms of the constant a. [1]
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3  The equation of a curve is y = f(x), where f(x) = %x%(x—2)2. The following points lie on the curve.
Non-exact values of the y-coordinates are given correct to 6 decimal places.

A(8,72), B(8.001, k), C(8.01,72.300388), D(8.1,75.038882)

(a) Find the value of k. Give your answer correct to 6 decimal places. [1]

The table below shows the gradients of the chords 4B and AC, given correct to 4 decimal places.

Chord AB AC AD

Gradient of chord 30.0039 30.0388

(b) Find the gradient of the chord 4D. Give your answer correct to 4 decimal places. [1]
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11 The equation of a curve is y = 3x8_ i—

(a) Find the coordinates of the point at which the tangent to the curve at the point (3, 5) intersects the
line y =—8x. [6]
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(b) (i) Find the x-coordinates of each of the stationary points of the curve. [3]
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hcm

7

A manufacturer wishes to design an open cylindrical tank, as shown in the diagram. The tank will have
a base but no top. The outside of the tank will have a fixed surface area of 6007 cm?. The radius 7cm
and height 4 cm of the tank can vary.

(a) Show that the volume, ¥cm?, of the tank is given by

. nr(6020 ) .
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(b) Find the exact value of » which corresponds to the maximum value of V. [3]



