9709 Mathematics Paper 3 - Differentiation

Topical questions | 106 questions

1. Question | 9709 Feb-March 2016 P3 V2 Q6

6 A curve has equation

sinylnx =x—2siny,

for —%TC SYS %n.
w o L dy.
(i) Find P in terms of x and y. [5]

(i) Hence find the exact x-coordinate of the point on the curve at which the tangent is parallel to the
X-axis. [3]

2. Question | 9709 May-June 2016 P3 V1 Q5

S  The curve with equation y = sinx cos 2x has one stationary point in the interval 0 < x < %n. Find the

x-coordinate of this point, giving your answer correct to 3 significant figures. [6]

3. Question | 9709 May-June 2016 P3 V1 Q7

7  The equation of a curve is x> — 3x%y +y° = 3.

. dy x%-2xy
(l) Show that a = m [4]
(ii) Find the coordinates of the points on the curve where the tangent is parallel to the x-axis. [5]

4. Question | 9709 May-June 2016 P3 V2 Q4

4  The curve with equation y = has two stationary points. Find the exact values of the coordinates

Inx)~
x

of these points. [6]
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5. Question | 9709 May-June 2016 P3 V3 Q4
4  The parametric equations of a curve are
X =1+ cost, y =In(1 +sin?),
1

_1 1
where ST <1< 3.

d
(i) Show that ay = sect, [5]

(i) Hence find the x-coordinates of the points on the curve at which the gradient is equal to 3. Give
your answers correct to 3 significant figures. [3]

6. Question | 9709 Oct-Nov 2016 P3 V1 Q4

4  The equation of a curve is xy(x — 6y) = 9a>, where a is a non-zero constant. Show that there is only
one point on the curve at which the tangent is parallel to the x-axis, and find the coordinates of this
point. [7]

7. Question | 9709 Oct-Nov 2016 P3 V2 Q4

4  The equation of a curve is xy(x — 6y) = 9a>, where a is a non-zero constant. Show that there is only
one point on the curve at which the tangent is parallel to the x-axis, and find the coordinates of this
point. [7]

8. Question | 9709 Oct-Nov 2016 P3 V2 Q7

7

P <

%) 2\ P X

1
The diagram shows part of the curve y = (2x — x?)e2" and its maximum point M.
(i) Find the exact x-coordinate of M. [4]

(ii) Find the exact value of the area of the shaded region bounded by the curve and the positive x-axis.

[5]

9. Question | 9709 Oct-Nov 2016 P3 V3 Q2

. ) sin x . . .o
2 Theequationofacurveisy = , for —m < x < m. Show that the gradient of the curve is positive

1+ cosx
for all x in the given interval. (4]
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10. Question part 1/2 | 9709 Feb-March 2017 P3 V2 Q5

5  The curve with equation y = e”*" tan x, where a is a positive constant, has only one point in the interval
O0<x< %n at which the tangent is parallel to the x-axis. Find the value of a and state the exact value
of the x-coordinate of this point. [71
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10. Question part 2/2 | 9709 Feb-March 2017 P3 V2 Q5
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11. Question part 1/2 | 9709 May-June 2017 P3 V1 Q4

4  The parametric equations of a curve are
x=Incosf, y=360-tano,

where 0 < 6 < 57.

1
2

d
(i) Express ay in terms of tan 6. [5]
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11. Question part 2/2 | 9709 May-June 2017 P3 V1 Q4

(ii) Find the exact y-coordinate of the point on the curve at which the gradient of the normal is equal
to 1. (3]
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12. Question part 1/2 | 9709 May-June 2017 P3 V2 Q4

4  The parametric equations of a curve are

x=r+1, y=4r+In(2t-1).

(i) Express % in terms of 7. [3]
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12. Question part 2/2 | 9709 May-June 2017 P3 V2 Q4

(ii) Find the equation of the normal to the curve at the point where t = 1. Give your answer in the
form ax + by + ¢ = 0. (3]
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13. Question part 1/2 | 9709 May-June 2017 P3 V3 Q5

5 A curve has equation y = %ln(l +3cos?x) for 0 < x < %n.

d
(i) Express ay in terms of tanx. (4]
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13. Question part 2/2 | 9709 May-June 2017 P3 V3 Q5

(ii) Hence find the x-coordinate of the point on the curve where the gradient is —1. Give your answer
correct to 3 significant figures. [2]
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14. Question part 1/2 | 9709 Oct-Nov 2017 P3 V1 Q5
5  The equation of a curve is 2x* + xy* + y* = 10.

d 8x® +y3
(i) Show that & —%.
dx 3xy” + 4y
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14. Question part 2/2 | 9709 Oct-Nov 2017 P3 V1 Q5

(i) Hence show that there are two points on the curve at which the tangent is parallel to the x-axis
and find the coordinates of these points. [4]
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15. Question part 1/2 | 9709 Oct-Nov 2017 P3 V1 Q9

9

P <

(0 2

1
The diagram shows the curve y = (1 + x*)e 2" for x > 0. The shaded region R is enclosed by the curve,
the x-axis and the lines x = 0 and x = 2.

(i) Find the exact values of the x-coordinates of the stationary points of the curve. [4]
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15. Question part 2/2 | 9709 Oct-Nov 2017 P3 V1 Q9

42
(ii) Show that the exact value of the area of Ris 18 — —. [5]
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16. Question part 1/2 | 9709 Oct-Nov 2017 P3 V2 Q4

. . 2 —sinx . o .
4  The curve with equation y = ——— has one stationary point in the interval —%n <x< %n
cosx

(i) Find the exact coordinates of this point. [5]
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16. Question part 2/2 | 9709 Oct-Nov 2017 P3 V2 Q4

(ii) Determine whether this point is a maximum or a minimum point. [2]
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17. Question part 1/2 | 9709 Oct-Nov 2017 P3 V2 Q6
6  The equation of a curve is x*y — 3xy’ = 2a*, where a is a non-zero constant.

. dy 3x%y-3y°
(1) Show that d—z = # [4]
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17. Question part 2/2 | 9709 Oct-Nov 2017 P3 V2 Q6

(i) Hence show that there are only two points on the curve at which the tangent is parallel to the
x-axis and find the coordinates of these points. [4]
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18. Question part 1/2 | 9709 Oct-Nov 2017 P3 V3 Q5
5  The equation of a curve is 2x* + xy* + y* = 10.

d 8x® +y3
(i) Show that & —%.
dx 3xy” + 4y
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18. Question part 2/2 | 9709 Oct-Nov 2017 P3 V3 Q5

(i) Hence show that there are two points on the curve at which the tangent is parallel to the x-axis
and find the coordinates of these points. [4]
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19. Question part 1/2 | 9709 Feb-March 2018 P3 V2 Q5

5  The parametric equations of a curve are

x=2t+sin2¢, y=1-2cos?2t,

1

1
27'L'<l<2717.

for —

d
(i) Show that ay —2tant. [5]
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19. Question part 2/2 | 9709 Feb-March 2018 P3 V2 Q5

(ii) Hence find the x-coordinate of the point on the curve at which the gradient of the normal is 2.
Give your answer correct to 3 significant figures. [2]
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20. Question | 9709 May-June 2018 P3 V1 Q3
X

3 A curve has equation y =

T Find the x-coordinates of the stationary points of the curve in the
tan 5x
2

interval O < x < m. Give your answers correct to 3 decimal places. [6]
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21. Question part 1/2 | 9709 May-June 2018 P3 V2 Q5

5  The equation of a curve is x*(x + 3y) — y* = 3.

. dy x*+2xy
(1) Show that a = )}27
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21. Question part 2/2 | 9709 May-June 2018 P3 V2 Q5

(ii) Hence find the exact coordinates of the two points on the curve at which the gradient of the
normal is 1. [4]
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22. Question part 1/2 | 9709 May-June 2018 P3 V2 Q8

8

P <

Vs .

/0

1
The diagram shows the curve y = (x + 1)e 3" and its maximum point M.

(i) Find the x-coordinate of M. (4]
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22. Question part 2/2 | 9709 May-June 2018 P3 V2 Q8

(ii) Find the area of the shaded region enclosed by the curve and the axes, giving your answer in
terms of e. [5]
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23. Question part 1/2 | 9709 May-June 2018 P3 V3 Q4

. . Inx . .
4  The curve with equation y = Iix has a stationary point at x = p.
X

3
(i) Show that p satisfies the equation Inx =1 + —. [3]
X
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23. Question part 2/2 | 9709 May-June 2018 P3 V3 Q4

(ii) By sketching suitable graphs, show that the equation in part (i) has only one root. [2]

L L . . . 3+x . .
(iii) It is given that the equation in part (i) can be written in the form x = T Use an iterative
nx

formula based on this rearrangement to determine the value of p correct to 2 decimal places.
Give the result of each iteration to 4 decimal places. [3]
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24. Question part 1/2 | 9709 May-June 2018 P3 V3 Q8

8  The equation of a curve is 2x° — y> — 3xy? = 24>, where a is a non-zero constant.

. dy 2x*-y?
Show that = = ———. 4
(i) Show tha &~ 21 on (4]
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24. Question part 2/2 | 9709 May-June 2018 P3 V3 Q8

(ii) Find the coordinates of the two points on the curve at which the tangent is parallel to the y-axis.

(5]
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25. Question part 1/2 | 9709 Oct-Nov 2018 P3 V1 Q4

4  The parametric equations of a curve are
x=2sinO+sin20, y=2cos6+cos?20,

where 0 < 6 < 7.

d
(i) Obtain an expression for ay in terms of 0. [3]
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25. Question part 2/2 | 9709 Oct-Nov 2018 P3 V1 Q4

(ii) Hence find the exact coordinates of the point on the curve at which the tangent is parallel to the
y-axis. [4]
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26. Question part 1/2 | 9709 Oct-Nov 2018 P3 V2 Q5

5 The equation of a curve is y = xIn(8 — x). The gradient of the curve is equal to 1 at only one point,
when x = a.

(i) Show that a satisfies the equation x = 8 — ———. [3]
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26. Question part 2/2 | 9709 Oct-Nov 2018 P3 V2 Q5

(ii) Verify by calculation that a lies between 2.9 and 3.1. [2]

(iii) Use an iterative formula based on the equation in part (i) to determine a correct to 2 decimal
places. Give the result of each iteration to 4 decimal places. [3]
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27. Question part 1/2 | 9709 Oct-Nov 2018 P3 V2 Q7

) 3cosx
7 A curve has equation y = ———, for —%n <x< %n.
2+ sinx

(i) Find the exact coordinates of the stationary point of the curve.



9709 Mathematics Paper 3 - Differentiation

Topical questions | 106 questions

27. Question part 2/2 | 9709 Oct-Nov 2018 P3 V2 Q7

a
. . 3cosx . .
(ii) The constant a is such that J‘ T &= 1. Find the value of a, giving your answer correct
sinx
0

to 3 significant figures. [4]



9709 Mathematics Paper 3 - Differentiation

Topical questions | 106 questions
28. Question part 1/2 | 9709 Oct-Nov 2018 P3 V3 Q4

4  The parametric equations of a curve are
x=2sinO+sin20, y=2cos6+cos?20,

where 0 < 6 < 7.

d
(i) Obtain an expression for ay in terms of 0. [3]
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28. Question part 2/2 | 9709 Oct-Nov 2018 P3 V3 Q4

(ii) Hence find the exact coordinates of the point on the curve at which the tangent is parallel to the
y-axis. [4]
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29. Question | 9709 Feb-March 2019 P3 V2 Q5

5  The variables x and y satisfy the relation siny = tan x, where —%n <y< %n. Show that

dy 1

dx ~ cosxy/(cos2x)’ 151
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30. Question | 9709 May-June 2019 P3 V1 Q3

3 Find the gradient of the curve x> + 3xy? — y°> = 1 at the point with coordinates (1, 3). [4]
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31. Question part 1/2 | 9709 May-June 2019 P3 V1 Q7

7

y

A
|
1 |

o a 4 >
1
The diagram shows the curves y = 4 cos %x andy = T for 0 < x < 4. When x = q, the tangents to

the curves are perpendicular.

(i) Show that a = 4 — 4/(2sin }a). [4]
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31. Question part 2/2 | 9709 May-June 2019 P3 V1 Q7

(ii) Verify by calculation that a lies between 2 and 3. [2]

(iii) Use an iterative formula based on the equation in part (i) to determine a correct to 3 decimal
places. Give the result of each iteration to 5 decimal places. [3]
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32. Question | 9709 May-June 2019 P3 V2 Q4

4  Find the exact coordinates of the point on the curve y = at which the gradient of the tangent

X
1+Inx
is equal to %. [7]
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33. Question part 1/2 | 9709 May-June 2019 P3 V3 Q4

1+e™
—_x,forx>0.
(V]

4  The equation of a curve is y = 1

d
(i) Show that ay is always negative. [3]
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33. Question part 2/2 | 9709 May-June 2019 P3 V3 Q4

(i) The gradient of the curve is equal to —1 when x = a. Show that a satisfies the equation
e — 4e% + 1 = 0. Hence find the exact value of a. [4]
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34. Question part 1/2 | 9709 May-June 2019 P3 V3 Q7

7 Thecurvey= sin(x + %n) cos x has two stationary points in the interval 0 < x < 7.
dy
i) Find —. 2
() Find -~ (2]

(ii) By considering the formula for cos(A + B), show that, at the stationary points on the curve,

cos(2x + %n) =0. [2]
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34. Question part 2/2 | 9709 May-June 2019 P3 V3 Q7

(iii) Hence find the exact x-coordinates of the stationary points. [3]
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35. Question | 9709 Oct-Nov 2019 P3 V1 Q3

3  The parametric equations of a curve are

x=2t+sin2t, y=In(l-cos2t).

d
Show that ay = cosec 2t. [5]
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36. Question part 1/2 | 9709 Oct-Nov 2019 P3 V1 Q5

5  The curve with equation y = e >* In(x — 1) has a stationary point when x = p.

(i) Show that p satisfies the equation x = 1 + exp( 5 , where exp(x) denotes e*. [3]

=
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36. Question part 2/2 | 9709 Oct-Nov 2019 P3 V1 Q5

(ii) Verify by calculation that p lies between 2.2 and 2.6. [2]

(iii) Use an iterative formula based on the equation in part (i) to determine p correct to 2 decimal
places. Give the result of each iteration to 4 decimal places. [3]
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37. Question | 9709 Oct-Nov 2019 P3 V2 Q2

—4LX

d
has a stationary point in the interval —1 < x < 1. Find ay and

e
2 The curve with equation y = 2

-Xx
hence find the x-coordinate of this stationary point, giving the answer correct to 3 decimal places.

[5]
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38. Question part 1/2 | 9709 Oct-Nov 2019 P3 V2 Q5

5  The equation of a curve is 2x%y — xy*> = @>, where a is a positive constant. Show that there is only one
point on the curve at which the tangent is parallel to the x-axis and find the y-coordinate of this point.

(7]
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38. Question part 2/2 | 9709 Oct-Nov 2019 P3 V2 Q5
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39. Question part 1/2 | 9709 Feb-March 2020 P3 V2 Q7
7  The equation of a curve is x° + 3xy* — y* = 5.

dy x*+y?
(a) Show that a = m [4]
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39. Question part 2/2 | 9709 Feb-March 2020 P3 V2 Q7

(b) Find the coordinates of the points on the curve where the tangent is parallel to the y-axis. [5]
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40. Question | 9709 May-June 2020 P3 V1 Q4
4  The curve with equation y = e**(sinx + 3 cos x) has a stationary point in the interval 0 < x < T.

(a) Find the x-coordinate of this point, giving your answer correct to 2 decimal places. [4]
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41. Question part 1/2 | 9709 May-June 2020 P3 V1 Q7

COS X
7 Let f(X) = m

(a) Show that f’(x) < O for all x in the interval —%n <x< %n. [4]
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41. Question part 2/2 | 9709 May-June 2020 P3 V1 Q7

in

(b) Find J‘z f(x) dx. Give your answer in a simplified exact form. [4]

1
i
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42. Question | 9709 May-June 2020 P3 V2 Q4

4 A curve has equation y = cos x sin 2x.

Find the x-coordinate of the stationary point in the interval 0 < x < %n, giving your answer correct to
3 significant figures. [6]
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43. Question | 9709 May-June 2020 P3 V3 Q4

4  The equation of a curve is y = xtan™! (%x)

(b) The tangent to the curve at the point where x = 2 meets the y-axis at the point with coordinates
(0, p).

Find p. [3]
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44. Question | 9709 Oct-Nov 2020 P3 V1 Q3

3  The parametric equations of a curve are
x=3-cos20, y=20+sin20,

for0<6<%n.

dy
Show that — = cot 6. 5
ow that = = co [5]
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45. Question part 1/2 | 9709 Oct-Nov 2020 P3 V1 Q10

10

!

M

1
The diagram shows the curve y = (2 — x)e 2", and its minimum point M.

(a) Find the exact coordinates of M. [5]
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45. Question part 2/2 | 9709 Oct-Nov 2020 P3 V1 Q10

(b) Find the area of the shaded region bounded by the curve and the axes. Give your answer in terms
of e. [5]
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46. Question part 1/2 | 9709 Oct-Nov 2020 P3 V2 Q5

5

P <

o

The diagram shows the curve with parametric equations

x=tan0, y= cos? 0,

_1 1
for ST < 0< ST

(a) Show that the gradient of the curve at the point with parameter 0 is —2 sin 6 cos> 0. [3]
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46. Question part 2/2 | 9709 Oct-Nov 2020 P3 V2 Q5

The gradient of the curve has its maximum value at the point P.

(b) Find the exact value of the x-coordinate of P. [4]
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47. Question part 1/3 | 9709 Oct-Nov 2020 P3 V2 Q10

10
y
A

/;r\
» X

i
la

|
|
|
|
|
M

The diagram shows the curve y = yx cosx, for 0 < x < %n, and its minimum point M, where x = a.
The shaded region between the curve and the x-axis is denoted by R.

1
(a) Show that a satisfies the equation tana = 2q" [3]
a

1
(b) The sequence of values given by the iterative formula a, | =7 + tan~! ( o ), with initial value

a,

X, = 3, converges to a.

Use this formula to determine a correct to 2 decimal places. Give the result of each iteration to
4 decimal places. [3]
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47. Question part 2/3 | 9709 Oct-Nov 2020 P3 V2 Q10

(¢) Find the volume of the solid obtained when the region R is rotated completely about the x-axis.
Give your answer in terms of 7. [6]
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47. Question part 3/3 | 9709 Oct-Nov 2020 P3 V2 Q10
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48. Question | 9709 Oct-Nov 2020 P3 V3 Q3

3  The parametric equations of a curve are
x=3-cos20, y=20+sin20,

for0<6<%n.

dy
Show that — = cot 6. 5
ow that = = co [5]
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49. Question part 1/2 | 9709 Oct-Nov 2020 P3 V3 Q10

10

!

M

1
The diagram shows the curve y = (2 — x)e 2", and its minimum point M.

(a) Find the exact coordinates of M. [5]
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49. Question part 2/2 | 9709 Oct-Nov 2020 P3 V3 Q10

(b) Find the area of the shaded region bounded by the curve and the axes. Give your answer in terms
of e. [5]
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50. Question part 1/2 | 9709 May-June 2021 P3 V1 Q6

6  The parametric equations of a curve are

t

x =1n(2 + 31), y

(a) Show that the gradient of the curve is always positive.

T 2431
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50. Question part 2/2 | 9709 May-June 2021 P3 V1 Q6



9709 Mathematics Paper 3 - Differentiation

Topical questions | 106 questions

51. Question part 1/3 | 9709 May-June 2021 P3 V1 Q7

7
y
A
M
|
|
|
|
|
0 a » X
tan™!
The diagram shows the curve y = s and its maximum point M where x = a.
X

(a) Show that a satisfies the equation

a:tan( 2a2)' (4]
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51. Question part 2/3 | 9709 May-June 2021 P3 V1 Q7

(b) Verify by calculation that a lies between 1.3 and 1.5. [2]

(¢) Use an iterative formula based on the equation in part (a) to determine a correct to 2 decimal
places. Give the result of each iteration to 4 decimal places. [3]
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51. Question part 3/3 | 9709 May-June 2021 P3 V1 Q7

1
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52. Question part 1/2 | 9709 May-June 2021 P3 V1 Q9
. . -2 . .
9 The equation of a curve is y = x 3 Inx for x > 0. The curve has one stationary point.

(a) Find the exact coordinates of the stationary point. [5]
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52. Question part 2/2 | 9709 May-June 2021 P3 V1 Q9

8
(b) Show that L ydx=181n2-09. [5]
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53. Question part 1/2 | 9709 May-June 2021 P3 V2 Q8

8  The equation of a curve is y = e > tan®x for —%n <x< %n.

Find the x-coordinates of the stationary points of the curve. Give your answers correct to 3 decimal
places where appropriate. [8]
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53. Question part 2/2 | 9709 May-June 2021 P3 V2 Q8
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54. Question | 9709 May-June 2021 P3 V3 Q3

3  The parametric equations of a curve are
x=t+In(t+2), y=(t-1)e%,

where t > -2.

d
(a) Express d_z in terms of #, simplifying your answer. [5]
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3 The curve with equation y = xe'~>* has one stationary point.

(a) Find the coordinates of this point. (4]
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9  The equation of a curve is ye>* — y?e* = 2.

dy 2ye* -y’
h hat — = ——. 4
(a) Show that pI— [4]



9709 Mathematics Paper 3 - Differentiation

Topical questions | 106 questions

56. Question part 2/3 | 9709 Oct-Nov 2021 P3 V2 Q9

(b) Find the exact coordinates of the point on the curve where the tangent is parallel to the y-axis.

(4]
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11 The equation of a curve is y = y/tanx, for 0 < x < 1x.

2
dy . . dy 1
(a) Express P in terms of tan x, and verify that P =1 when x = 7T [4]

P <

O| a 7T 5T
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(c) Use the iterative formula

-1(1 2 3
a,,, =tan (5(1 —tan“a, —tan an))

to determine a correct to 2 decimal places, giving the result of each iteration to 4 decimal places.

(3]
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58. Question part 1/2 | 9709 Oct-Nov 2021 P3 V3 Q7

7  The equation of a curve is In(x + y) = x — 2y.

dy x+y-—-1
Show that — = ————.
(@) Show that 4 = 5 5y +1
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(b) Find the coordinates of the point on the curve where the tangent is parallel to the x-axis. [3]
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1

9 Let f(X) = m

(a) Find the x-coordinate of the stationary point of the curve with equation y = f(x). [4]
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4
(b) Using the substitution u = 4/x, show that J f(x)dx = %ln 5. [6]
0
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4  The parametric equations of a curve are

x=1-cos9, y=cos@—%c0329.

d
Show that = = —2sin’(19). [5]
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8  The equation of a curve is x> + y> + 2xy + 8 = 0.

d
(a) Express ay in terms of x and y. (4]
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The tangent to the curve at the point where x = 0 and the tangent at the point where y = O intersect at
the acute angle o.

(b) Find the exact value of tan a. [5]
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10

P <

SFkF————- == —

The curve y = x+/sin x has one stationary point in the interval 0 < x < n, where x = a (see diagram).

(a) Show thattana = —5a. (4]

=
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(b) Verify by calculation that a lies between 2 and 2.5. [2]

(¢) Show that if a sequence of values in the interval 0 < x < m given by the iterative formula

X ., =n—tan"! (%xn) converges, then it converges to a, the root of the equation in part (a). [2]

(d) Use the iterative formula given in part (c) to determine a correct to 2 decimal places. Give the
result of each iteration to 4 decimal places. [3]
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4  The equation of a curve is y = cos’xv/sinx. It is given that the curve has one stationary point in the

interval 0 < x < %n.

Find the x-coordinate of this stationary point, giving your answer correct to 3 significant figures. [6]
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64. Question part 1/2 | 9709 May-June 2022 P3 V2 Q7

7  The equation of a curve is x° + 3x?y — y* = 3.

dy x*+2xy
(a) Show that a = )}27



9709 Mathematics Paper 3 - Differentiation

Topical questions | 106 questions

64. Question part 2/2 | 9709 May-June 2022 P3 V2 Q7

(b) Find the coordinates of the points on the curve where the tangent is parallel to the x-axis. [5]
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4  The curve y = e tan x has two stationary points in the interval 0 < x < 1r.

1
2

2

. . d . . . . _
(a) Obtain an expression for d_z and show it can be written in the form sec?x(a + b sin 2x)e™**, where

a and b are constants. [4]
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65. Question part 2/2 | 9709 May-June 2022 P3 V3 Q4

(b) Hence find the exact x-coordinates of the two stationary points. [3]
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. . 1
6  The parametric equations of a curve are x = cost’ y =Intant, where 0 <t < %n.
cos

dy cost
(a) Show that i [5]




9709 Mathematics Paper 3 - Differentiation

Topical questions | 106 questions
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(b) Find the equation of the tangent to the curve at the point where y = 0. [3]



9709 Mathematics Paper 3 - Differentiation

Topical questions | 106 questions

67. Question part 1/2 | 9709 Oct-Nov 2022 P3 V1 Q7

. . X
7  The equation of a curve is y = ———, for 0 < x

0082x

curve has gradient equal to 12.

3
(a) Show that a = cos™! (\/ B

cosa+2asina)

1

2

n. At the point where x = a, the tangent to the

(3]



9709 Mathematics Paper 3 - Differentiation

Topical questions | 106 questions
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(b) Verify by calculation that a lies between 0.9 and 1. [2]

(¢) Use an iterative formula based on the equation in part (a) to determine a correct to 2 decimal
places. Give the result of each iteration to 4 decimal places. [3]
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9

P <

M

_1
The diagram shows part of the curve y = (3 — x)e 3" for x > 0, and its minimum point M.

(a) Find the exact coordinates of M. [5]
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68. Question part 2/2 | 9709 Oct-Nov 2022 P3 V1 Q9

(b) Find the area of the shaded region bounded by the curve and the axes, giving your answer in
terms of e. [5]
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69. Question | 9709 Oct-Nov 2022 P3 V2 Q3

3  The equation of a curve is y = sinx sin 2x. The curve has a stationary point in the interval 0 < x < %n.

Find the x-coordinate of this point, giving your answer correct to 3 significant figures. [6]
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4  The parametric equations of a curve are
x =2t —tant, y = In(sin 2¢),

f0r0<t<%n.

dy
Show that — = cotz. 5
ow that = = co [5]
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5  The parametric equations of a curve are

x = e, y=1+1+3.

dy -2t
Show that — = . 3
(a) ow tha e [3]
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1
(b) Hence show that the normal to the curve, where t = —1, passes through the point (0, 3 - 3 )
e
[3]
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72. Question part 1/2 | 9709 Feb-March 2023 P3 V2 Q8

8

P <

N
\

\

=

The diagram shows the curve y = x> Inx, for x > 0, and its minimum point M

(a) Find the exact coordinates of M.
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(b) Find the exact area of the shaded region bounded by the curve, the x-axis and the line x = % [5]
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5  The equation of a curve is X’y — ay® = 4a°, where a is a non-zero constant.

dy 2xy
(a) Show that a = m [4]
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(b) Hence find the coordinates of the points where the tangent to the curve is parallel to the y-axis.

(4]
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74. Question part 1/2 | 9709 May-June 2023 P3 V2 Q7

7  The equation of a curve is 3x% + 4xy + 3y* = 5.

dy 3x+2y
Show that — = — .
(@) Show that 40 == 3y
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74. Question part 2/2 | 9709 May-June 2023 P3 V2 Q7

(b) Hence find the exact coordinates of the two points on the curve at which the tangent is parallel
toy+2x=0. [5]
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75. Question | 9709 May-June 2023 P3 V3 Q4

4  The parametric equations of a curve are

cos 6
x—m, y—9+2COSQ.

Show that %y = (2 —sin 0)>. (5]
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76. Question | 9709 Oct-Nov 2023 P3 V1 Q1

xL
) 1-3x
is equal to 8. [5]

1  Find the exact coordinates of the points on the curve y = at which the gradient of the tangent
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77. Question | 9709 Oct-Nov 2023 P3 V1 Q6

6  The parametric equations of a curve are
X =41+3, y=Int,

for t > 0.

d
(a) Obtain a simplified expression for ay in terms of t. [3]

is =2. [3]



9709 Mathematics Paper 3 - Differentiation

Topical questions | 106 questions
78. Question | 9709 Oct-Nov 2023 P3 V2 Q2
2 The parametric equations of a curve are
_ 2 _ 2
x = (Int)%, y=e ",

for t > 0.

Find the gradient of the curve at the point where ¢ = e, simplifying your answer. [4]
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79. Question | 9709 Oct-Nov 2023 P3 V3 Q5

5  Find the exact coordinates of the stationary points of the curve y = 2 [6]
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80. Question part 1/2 | 9709 Oct-Nov 2023 P3 V3 Q7

7  The equation of a curve is x° + y? + 3x° + 3y = 4.

dy 3x% + 6x
h 2z T
(a) Show that T3 [3]
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80. Question part 2/2 | 9709 Oct-Nov 2023 P3 V3 Q7

(b) Hence find the coordinates of the points on the curve at which the tangent is parallel to the x-axis.

(5]
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10

P <

The diagram shows the curve y = x cos 2x, for x = 0.

(a) Find the equation of the tangent to the curve at the point where x = 57. [4]

=
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81. Question part 2/2 | 9709 Oct-Nov 2023 P3 V3 Q10

(b) Find the exact area of the shaded region shown in the diagram, bounded by the curve and the
x-axis. [5]
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6 The equation of a curve is 2y* +3xy +x = x°.

dy 2x—3y—1
(a) Show that a = W [4]
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(b) Hence show that the curve does not have a tangent that is parallel to the x-axis. [3]
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83. Question part 1/2 | 9709 May-June 2024 P3 V1 Q5

sinx
5  The equation of a curve is y = ——— for 0 < x < 27.
cos“x

&

Find o

and hence find the x-coordinates of the stationary points of the curve. [7]



9709 Mathematics Paper 3 - Differentiation

Topical questions | 106 questions

83. Question part 2/2 | 9709 May-June 2024 P3 V1 Q5
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4  The equation of a curve is ye** +y’e* = 6.

Find the gradient of the curve at the point where y = 1. [6]
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85. Question part 1/2 | 9709 May-June 2024 P3 V2 Q6

6

The diagram shows the curve y = xe™**, where a is a positive constant, and its maximum point M.

(a) Find the exact coordinates of M. [4]
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85. Question part 2/2 | 9709 May-June 2024 P3 V2 Q6

2
(b) Find the exact value of f “xe ™ dx. [5]
0
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2 Find the exact coordinates of the stationary point of the curve y = e**sin2x for 0 < x < %TE. [5]
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86. Question part 2/2 | 9709 May-June 2024 P3 V3 Q2
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87. Question | 9709 Oct-Nov 2024 P3 V1 Q3
3 The equation of a curve is In(x +y) = 3x2y.

Find the gradient of the curve at the point (1,0). [4]
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88. Question part 1/2 | 9709 Oct-Nov 2024 P3 V1 Q6

6

A

T !
o \./3 X

M T

The diagram shows the curve y = sin2x(1+sin2x), for 0 <x < %n, and its minimum point M. The
shaded region bounded by the curve that lies above the x-axis and the x-axis itself is denoted by R.

(a) Given that the x-coordinate of M lies in the interval %n <x < %n, find the exact coordinates
of M. [4]
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{00 RO R R
(b) Find the exact area of the region R. [4]
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8 The parametric equations of a curve are
x= tan22t, y = cos2t,
for 0 <r< in.
dy

(a) Show that I 2—%005321‘. [4]
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(b) Hence find the equation of the normal to the curve at the point where ¢ = %n. Give your answer in
the form y = mx+c. (4]
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90. Question part 1/3 | 9709 Oct-Nov 2024 P3 V2 Q11

2elx

11 Letf(x)=——"—"7"—.
) e —3e"+2

(a) Find f'(x) and hence find the exact coordinates of the stationary point of the curve with
equation y = f(x). [5]
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(LT R LT T R TR
1

n5
(b) Use the substitution u = ¢* and partial fractions to find the exact value of f(x)dx.
In3

Give your answer in the form Ina, where a is a rational number in its simplest form. 9]
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91. Question part 1/2 | 9709 Oct-Nov 2024 P3 V3 Q7

7  The parametric equations of a curve are
x =3sin2¢, y=tant+cots,

for 0 < ¢ < %TE.
-2
3sin’2¢’

d
(a) Show that Y _
dx
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(b) Find the equation of the normal to the curve at the point where 7 = in. Give your answer in the
form py+gx+r = 0, where p, g and r are integers. (3]
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2 The equation of a curve is xy2 +1In <x+2y> =1.

Find the gradient of the curve at the point where x = 0. [5]
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0

The diagram shows the curve y = x°cos2x for 0 <x < %n. The curve has a maximum point at M,
where x = p.
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| WO O
(b) Show by calculation that 0.5 < p < 0.7. [2]

(¢) Use an iterative formula based on the equation in part (a) to calculate p correct to 3 decimal
places. Give the result of each iteration to 5 decimal places. [3]
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94. Question part 1/2 | 9709 May-June 2025 P3 V1 Q4

4  The parametric equations of a curve are
tant

x=e", y:3tan2t.

Find the equation of the tangent to the curve at the point (e, 3). Give your answer in the form y = mx+c,
where m and ¢ are exact. [6]
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94. Question part 2/2 | 9709 May-June 2025 P3 V1 Q4
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11
Yy
M
!
Ol c'l 1' X
ETC

The diagram shows the curve y = cosxvsin2x for 0 < x < %n. The curve has a maximum point at M,
where x = a.

(a) Find the exact value of a. [6]
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(b) The region enclosed between the x-axis and the curve is rotated through 27 radians about the
X-axis.

Find the exact volume of the solid generated. [5]



9709 Mathematics Paper 3 - Differentiation

Topical questions | 106 questions

95. Question part 3/3 | 9709 May-June 2025 P3 V1 Q11

| N OO OO
Additional page

If you use the following page to complete the answer to any question, the question number 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 Cambridge Assessment. Cambridge Assessment is the brand name of the University of Cambridge
Local Examinations Syndicate (UCLES), which is a department of the University of Cambridge.



9709 Mathematics Paper 3 - Differentiation

Topical questions | 106 questions
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11

>
1
0 En X
The diagram shows the graph of y = 5sin2x cos’x for 0 <x < %TE and its maximum point M.

(a) Find the exact x-coordinate of M. [6]
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| N O O T
(b) By using the substitution # = cosx, find the area of the region bounded by the curve, the x-axis

between x = 0 and x = %n, and the line x = %n. [5]
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5  The equation of a curve is xy+ yze_x =4,

d_y: y2 _yex
xe* +2y

(a) Show that
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4  Find the exact coordinates of the stationary point of the curve with equation y = 3x° Inx*, for x > 0.

(3]
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99. Question part 1/2 | 9709 May-June 2025 P3 V5 Q6

6  The parametric equations of a curve are

x=2
cos 3¢

and y = tan3¢,
for 0 <7< 2m.

d
(a) Show that ay can be written as A cosec 3¢, where A4 is a constant to be found. [5]
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(b) Find an equation of the normal to the curve at the point where ¢ = %n. Give your answer in the
form y = mx+c, where the constants m and c¢ are exact. [4]
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7  The equation of a curve is y = tan ! (4x).

(a) Find the exact values of x when the gradient of the curve is %. [3]
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0.25
(b) Find the exact value of J;) ydx. [5]
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4

sin 2x

The diagram shows the graph of y =¢ cos4x for 0 S x < %n, and its maximum point M.

Find the x-coordinate of M. [5]
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7  The parametric equations of a curve are

x=~A-InQi+1), y= ﬁ

d
Obtain a simplified expression for ay in terms of z. [5]
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7  The equation of a curve is Zy3 —3xzy—x3 =16.

2
+2
(a) Show that % =T [4]
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| 0N OO O
(b) Hence find the coordinates of the points on the curve at which the normal is parallel to the y-axis.

[4]
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4
The diagram shows the graph of y = sec’xv/3 +2tanx for —%n <X < %n, and its minimum point M.

(a) Find the x-coordinate of M. [6]
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(b) Using the substitution # = 3 +2tanx, find the exact value of the area of the region bounded by the

curve, the x-axis and the lines x I—%TE and x = %n. [6]
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4  The equation of a curve is x*In 2y—yln<2 +x2> = In6.

Find the exact value of the gradient of the curve at the point (2, 3). Give your answer in simplified
form. [5]
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tanx

6 A curve has equation y = ST osnt

d
(a) Express L asa simplified fraction in terms of sinx.

dx



