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5.8 Advanced Differentiation

Question Paper

Course DPIBMaths
Section 5.Calculus
Topic 5.8 Advanced Differentiation
Difficulty Medium
Time allowed: 100
Score: /80
Percentage: /100
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Question1
Let A(x)=3x2.

By differentiating from first principles, show that f(X) =6x.

[4 marks]

Question 2a
Let f(x) =sin x.

a)
Solve the equation f'(x) = f'""(x) intheinterval 0 < x <2 7.

[1mark]

Question 2b

b)
Show that f4)(x) = f(x).

[2 marks]

Question 3a
Find the derivative of each of the following functions:

a)
)
Xx)=cot|x+ —
f(x) x*3)
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[2 marks]
Question 3b
b)
glx)=5%- 310g3 X
[2 marks]
Question 3¢
c)
h(x) = arcsin 4x
[3marks]
Question 4a
a)
Forthe curve defined by y =tan 3x, show that
42
—}2/ = 18(tan 3x + tan? 3x)
dx
[4 marks]
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Question 4b
b)
Forthe curve defined by y = arctan x, show that
. 2x
Y T T i+ 1
[2 marks]
Page 4 of 14

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Question 5a
Considerthe function fdefinedby f(x)=2x+ cot x,0<x < .

The following diagram shows the graph of the curve y = (x):

y
B
y=f()
A
0 T X
The points marked A and B are the turning points of the graph.
a)
(i)
Find f(x).
(if)
Hence find the coordinates of points A and B.
[6 marks]
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, , _ . , T
Findthe equation of the normal to the graph at the point where the x-coordinate is equal to ? .

Question 6a

d
Foreach of the following, find d_y by differentiating implicitly withrespect to x.
X

a)

x2+y2=16
Question 6b
b)

4x2-3x=y2+2y
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Question éc

C)
(x+y)? .
3x

Question éd
d)

Vx2+y3 =4
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Question7a
Acurveis described by the equation

1
X y -
a)
Useimplicit differentiation with respect to x to show that
dy 2y?
dx =~ x2
[2 marks]
Question7b
b)
Useyourresult from part (a) to find the equation of the
(i)
tangent
(if)
normal
tothecurveatthepoint(l, 1).
[4 marks]
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Question7c

(c)
(i)
Rearrange the equation of the curveinto the form y = f(X)

(ii)
. dy . .
Hence find an expression for ax entirely in terms of x.
X

[5 marks]

Question7d

d)
Verify that youranswerto part (c)(ii) and the result from part (b)(i) both give the same value for the gradient of the tangent to
the curve atthe point (1, 1).

[2 marks]

Page 9 of 14

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Question 8a

Aninternational mission haslanded aroveron the planet Mars. Afterlanding, the rover deploys a small drone on the surface
of the planet, thenrolls away to a distance of 6 metres in orderto observe the drone as it lifts off into the air. Once the rover

has finished moving away, the drone ascends vertically into the airat a constant speed of 2 metres persecond.

Let D bethedistance,in metres, between theroverandthe drone attime ¢ seconds.

Let h be the height, in metres, of the drone above the ground attime ¢ seconds. The entire area where the rover and drone are

situated may be assumed to be perfectly horizontal.

a)
Show that
D=+ h?+36
Question 8b
b)

(i)

Explain why % =2.

(ii)

Hence useimplicit differentiation to show that

dD 2h
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https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Question 8c

c)
Find

(i)
therate at which the distance between theroverandthe droneis increasing at the momentwhen the droneis 8 metres
above the ground.

(if)
the height of the drone above the ground at the moment when the distance between the roverand the droneis increasing at
arateof  ms™!.

[4 marks]
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Question 9a

Inthe diagram below, CDEFG is the outline of a type of informational signboard that a county council plans to usein one of
its parks. The shapeis formed by a rectangle CDEG, to one side of which an equilateral triangle EFG has been appended.

D E

The signboards will be producedin various different sizes. Howeverbecause of the cost of the edging that must go around
the perimeter of the signboards, the councilis eager to design the signboards so that the area of a signboardis the maximum
possible fora given perimeter.

Let|CD| = x cmandlet|DE| = y cm.

a)

(i)

Write down an expression in terms of x and y for the perimeter of the signboard, P.
(ii)

dpr
Hence useimplicit differentiation to find ox

[3marks]
Question 9b
b)
. . . . dp , dy 3
Explain why, for a given perimeter, it must be true that ax =0, andusethis factto show that dx =- >
X X
[3 marks]
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Question 9¢

C)

Show thatthe area A, of the signboardis givenby A = xy+ @Xz-

[4 marks]
Question 9d
d)
Hence useimplicit differentiation to find the ratio of y to x that gives the maximum area.

[5 marks]
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