Differentiation and integration — 2023 Additional Math 0606

1. Nov/2023/Paper_0606/11/No.7
A curve has equation y = f(x), where f(x) = (2x+1)(3x—2)".

(a) Show that f'(x) can be written in the form 2(3x —2)(px+¢q), where p and g are integers. [3]

(b) Hence find the coordinates of the stationary points on the curvg. \é a [2]




(c) On the axes below, sketch the graph of y = f(x), stating the intercepts with the coordinate axes.
[3]

YA

9 )

(d) Find the values of & such that the equatior@ E; has 3 distinct solutions. [2]
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2. Nov/2023/Paper_0606/11/No.10

. d
(a) Giventhat y= 3x—42 , show that Ey can be written in the form A;C +B —,
- (x—4)"v3x -2
where 4 and B are integers to be found. [5]

(b) Hence find, in terms of /4, the Qate change in y when x increases from 3 to 3 + &, where &
is small. Q% [3]
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3. Nov/2023/Paper_0606/12/No.12

vV5x—2
x—=3

A curve has equation y =

(a) Explain why the curve does not exist when x < %

—(4x+B)

d
(b) Show that d—i can be written in the form

2(x=3)2V3x—2~

(1]

where 4 and B are positive integers.

[3]




4. Nov/2023/Paper_0606/13/No.6
The polynomial q(x) is given by q(x) =—%(2x —1)(x+3)%

(a) Find the x-coordinates of the stationary points on the curve y = q(x). [4]

<

(b) On the axes, sketch the graph of y = q(x) stating the intercepts ordinate axes. [3]
L/

~Y




(¢) Find the values of & such that ¢ (x) = k has exactly one solution. [3]




5. Nov/2023/Paper_0606/13/No.9

1
5x+2)3 d —(Ax+B
%, show that a}’ can be written in the form ( xz )
_ (x—1) 3(5x+2) 1 (x—1)°
B are integers. [5]

Given that y = , Where 4 and




6. Nov/2023/Paper_0606/21/No.3

(2) Find f(4x+5—2x1+3)dx. [31

0\£ }
3

(b) Hence find the exact value of f (4x +5-— Zx; implifying your answer. [3]
1

C
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7. Nov/2023/Paper_0606/21/No.7

A particle moves in a straight line. At time 7 seconds after passing through a fixed point O, its velocity,
vms ™', is given by v = 10sin2/—6cos2s.

(a) Find an expression for the acceleration of the particle. [2]
(b) Find the acceleration when 7 = % [1]

(¢) Find the first time at which the acceleration is zero. 0\ [3]
(d) Find the displaceme article between 7 = % and 7 = % [4]

&
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8. Nov/2023/Paper_0606/22/No.5

(a) Find the equation of the normal to the curve y = X —=7x*+12x—5 atthe point (1, 1). [5]

L/

O\

(b) Find the x-coordinates of the two points
in the form x = @+ Vb where a and b ar

Q’f’Qlé

rmal cuts the curve again. Give your answers

[3]

¥

*
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9. Nov/2023/Paper_0606/22/No.6

3 2
Find the exact value of f @dx. [6]
2

11



10. Nov/2023/Paper_0606/22/No.7

A particle 1s travelling in a straight line. Its displacement, s metres, from the origin at time 7 seconds 1s
givenby s=1.5¢" +2¢* —1.

1

2

(a) Find expressions for the velocity, vms™ ', and acceleration, ams™ -, of the particle. [3]

(b) Find the time, 7 seconds, when the particle 1s at rest. [4]

(¢) Find the acceleration of the particle at time 7" seconds. [2]

12



11. Nov/2023/Paper_0606/22/No.8

A curve has equation y = xsin2x.

(a) Find %’. [2]

(b) Find the equation of the tangent to the curve at x = % [3]

13



(c) Use your answer to part (a) to {find the exact value of jEZxcos 2xdx. [5]
0

14



12. Nov/2023/Paper_0606/23/No.4

Find the exact value of f (x 1) [6]

15



13. Nov/2023/Paper_0606/23/No.5
The curved surface area of a cylinder with radius  and height % 1s 27trh.
A closed cylinder has radius 7cm and volume 1000 cm®.

20r00 cmz . [3]

(a) Show that the total surface area of the cylinder is 2mr* +

<
&
O

(b) Find the value of » which makes this area . You should show that your value of r gives
a minimum for this area. C [5]

Q”Q@

&

*
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14. Nov/2023/Paper_0606/23/No.6

A particle travels in a straight line. Its displacement, s metres, from the origin, at time 7 seconds, where
t> 2 isgivenby s=In(4r —5)—1.

(a) Find expressions for the velocity, vms ™', and acceleration, ams %, of the particle. (4]

(b) Find the time when the particle is at rest. 0\ [3]
¥
Mg
(¢) Find the acceleration at this time. [2]

17



15. Nov/2023/Paper_0606/23/No.9

A curve has equation y = xe™.

d
(a) Find d—i. 2]

(b) Find the equation of the normal to the curve at x = 1. Qe [4]

18



2
(¢) Use your answer to part (a) to find the exact value of f 2xe* dx.
0

16. March/2023/Paper_0606/12/No.2 0
A curve has equation y = (5—x)(x+ 2)°. é
L
(a) Find the x-coordinates of the stationary points on the curve. * [4]

O
cﬁ‘<°

Q’er

(b) On the axes below, sketch the graph of y = (5—x)(x+ 2)2, stating the coordinates of the points
where the curve meets the axes. [3]

19

[5]






(¢) Find the values of k for which the equation &= (5—x)(x+2) 2 has one distinct root only. [3]

21



17. March/2023/Paper_0606/12/No.6

26
3 2

_2
Given that {"(x) =(5x+2) °, f'(6)= % and f(6) = find an expression for f(x). [8]

22



18. March/2023/Paper_0606/12/No.8
A

The diagram shows part of the curve y =2-— ﬁ and the s

traig
intersects the x-axis at point 4 and the line at point B. The lin \
the area of the shaded region 4BC, giving your answer in the

numbers.

23

!y =09—2x. The curve

s the x-axis at point C. Find

In g, where p and g are rational

[11]
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19. March/2023/Paper_0606/22/No.4

2 2
_ sec”S5x—tan"Sx
cosec Sx

Show that y = asinbx, where a and b are integers, and hence find the value of f? ydx. [4]
0

24



20. March/2023/Paper_0606/22/No.7

2
(a) Vanables x and y are such that y= % . Use differentiation to find the approximate
change in y as x increases from % to % +h, where / 1s small. [5]

25



) B x+1D(x—4)
(b) Giventhat y= —(x 35 [4]

show that y——— —(Zx—z) can be written as

1
(x—3) de 3

26



21. March/2023/Paper_0606/22/No.10

A particle P moves in a straight line such that, 7 seconds after passing a fixed point O, its acceleration,
ams ™, is given by

a =6t for 0 < <3,

3
18 fri.

When 7 = 1, the velocity of P is 2ms ™! and its displacement from O is —4m.

(a) (i) Find the velocity of P when ¢ = 3. [3]

(i) Find the displacement of when ¢ = 3. [3]

Q

A

*

27



(b) Find an expression in terms of 7 for the displacement of P from O when f = 3. [4]

28



22. March/2023/Paper_0606/22/No.11

i
2
the point B. Find the exact area of triangle 045, where O is the origin. [9]

The normal to the curve y =sin(4x—m) at the point A(a, 0), where + < a < 1, meets the y-axis at

29



23. June/2023/Paper_0606/11/No.4

10f-----------=-=

i

\

o

The diagram shows the velocity—time graph for a particle trave»iné ght line with velocity,
ms~

vms™', at time 7 seconds. When = 30 the velocity of the p

800 metres in 45 seconds.

(a) Find the value of V.

2
0&0
%

¥

%
(b) TFifd the a 1on of the particle when 7 = 35.

30

' The particle travels

[2]

[2]



24. June/2023/Paper_0606/11/No.8

1
—4)3
A curve has the equation y = (32);7_'_1)
(a) Show that % = Ax+B where 4 and B are integers to be found. [5]

Qx+1)2@x—4)F

(b) Find the coordinat

¥

*

tionary point on the curve. [2]

31



25. June/2023/Paper_0606/11/No.10

It is given that y = (3x+ 1)2InGx+1).

(a) Find %. 3]

(b) Hence find f(3x+ In(3x+1)dx. [4]

Q”Q’b

0:.?‘ )

32



26. June/2023/Paper_0606/12/No.9

A

S

o

L/
The diagram shows part of the curve y = 3+ ﬁ and. th Xne 3y = 2x+6. Find the area of

the shaded region, giving your answer in exact form. [10]

<
3
@Q@o
Q

33
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27. June/2023/Paper_0606/13/No.9

In this question lengths are in centimetres and time is in seconds.

A particle P moves in a straight line such that its displacement s, from a fixed point at a time /, 1s given
by s=3(+2)(t—4)> for0<1<5.

(a) Find the values of ¢ for which the velocity, v, of P 1s zero. [4]

0\£ >
(b) On the axes below, sketch the displacement-time graph Qting the intercepts with the axes.
[3]

1 %

&

\
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(¢) On the axes below, sketch the velocity—time graph of P, stating the intercepts with the axes.  [2]

\
A
0 5t
0\6 >
(d) (i) Find an expression for the acceleration of P at tim [1]

(ii) Hence, on the axes below, sketch %e!eration—time graph of P, stating the intercepts with

the axes. Q [2]
accelerationJ \ Q@

£

*

\J
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28. June/2023/Paper_0606/21/No.5

The volume, V, of a sphere of radius 7 is given by V' = %mﬁ.

The volume of a sphere is increasing at a constant rate of 24 cm®s ™. Find the rate of increase of the
radius when the radius is 6 cm. [4]

37



29. June/2023/Paper_0606/21/No.7
(a)

The diagram shows the curve y = 6x—x* for 0 < d the line y = x. Find the area of the

Q’°°
Q’b

“

*
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(b) () Find f ((2;;16)3 +cosx)dx.




30. June/2023/Paper_0606/21/No.11

The line with eqzuation x+3y =k, where k is a positive constant, is a tangent to the curve with
equation x’+y®+2y—9 =0. Find the value of k and hence find the coordinates of the point where
the line touches the curve. [9]

40



31. June/2023/Paper_0606/22/No.2

A curve has equation y = 32x% + # where x # 0.
X

(a) Find the coordinates of the stationary points of the curve. [5]

(b) These stationary points have t Qture. Use the second derivative test to determine whether
they are maximum point 1 points. [3]

A

*
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32. June/2023/Paper_0606/22/No.4

Variables x and y are related by the equation y=2+tan(l —x) where 0 <x < % Given that x 1s

increasing at a constant rate of 0.04 radians per second, find the corresponding rate of change of y when
y=3. [6]

4?2



33. June/2023/Paper_0606/22/No.7
(a) f(x) =43+ (4x—2)° where x > 1.

Find an expression for f’(x), giving your answer as a simplified algebraic fraction. [3]

(b) Variables x and y are related by the equation y= 3):5% Using differentiation, find the

approximate change in x when y increases from 10 by the small amount 0.01. [4]

43






(c) (i) Differentiate y = Inx with respect to x. [2]

(i) Hence find f (%(2 +3 lnx))dx. 3]

45



34. June/2023/Paper_0606/22/No.8

A curve has equation y = COS% where x 1s in radians. The normal to the curve at the point where

x= an cuts the x-axis at the point P. Find the exact coordinates of P. [7]

3

46



35. June/2023/Paper_0606/22/No.9

A particle travels in a straight line so that, ¢ seconds after passing a fixed point, its velocity, vms ™, is

given by ¢
v=e4 for 0<¢<4,
16e
v=— for 4<t<k.
7
The total distance travelled by the particle between r = 0 and ¢ = £ 1s 13.4 metres. Find the value of k.

[6]

47



36. June/2023/Paper_0606/23/No.3

(a) Differentiate In(x* +3x%) with respect to x, simplifying your answer. [2]

x+2 dx

(b) Hence find Jx EEE [2]

48



37. June/2023/Paper_0606/23/No.6

\

_// 0 x

y=5e2r—3

The diagram shows the curve y = 5¢* —3. The curve meets the y-axis at the w The tangent to

the curve at 4 meets the x-axis at the point B. Find the length of AB. : [6]

L/

Q’er
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38. June/2023/Paper_0606/23/No.7

3 .
Variables x and y are such that y = W Use differentiation to find the approximate change
in y as x increases from 0.1 to 0.1 +/, where /4 is small. [6]

50



39. June/2023/Paper_0606/23/No.9

8
(a) Show that f x+4

T dx = 36.6. [3]

10y =7-3x o
y °
N

\ .

0] ™~ X

L
3x+4°
The line and curve intersect at the point 4. Verify that the y-coordinate of 4 is 0.1 and calculate the
area of the shaded region. [8]

The diagram shows part of the line 10y = 7—3x and part of the curve y =

51



