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5.2 Further Differentiation

Question Paper

Course DPIB Maths
Section 5. Calculus
Topic 5.2 Further Differentiation
Difficulty Very Hard
Time allowed: 130
Score: /104
Percentage: /100
Page 1 0of 13

©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

Questionla

Find an expression for the derivative of each of the following functions:

a)
f(x)=(12x2=7)e 2%

[2 marks]
Question1b
b)
tan3x

£0=150

[3marks]
Questionlc
c)
h(x)=(In(2x2 - x-2))’

[3marks]
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Question1d

d)
3

2x ¢4

j(x) = 3
1—-x5

Question 2a
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Find an expression for the derivative of each of the following functions:

a)
f(x)=3x—1)einxD

Question 2b

b)
g(x) =In(cos(x2—1))
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[4 marks]

[3 marks]

[3marks]
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Question 2¢c

C)

h(x)=

—sin(e™%)

eXCO SX

[4 marks]

Question 2d
d)

(x) = tan[——)
](x) tan\ng/;}

[4 marks]
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Question 3

2,
Considerthe function f defined by f(x) =-x+ §s1n3x, x€ER.

Show that f'is decreasing everywhere on its domain.

[1mark]
Question 4a
Considerthe function g defined by g(x) = e2X —2x, x ER.
Point Ais the point on the graph of g forwhich the x-coordinateis lnﬂ .
a)
Show that the equation of the tangent to the graph of gat point Amay be expressedin the form
y=4x-3(In3-1)
[4 marks]

Question 4b
Point Bis the point on the graph of g at which the normal to the graphis vertical.
b)

Show that the coordinates of the point of intersection between the tangent to the graph of g at point Aand the tangent to
the graph of gatpointBare

(3 In3-2 \
—,1
\ 4 J
[5 marks]
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Question 5
Considerthe function h defined by A(x) =sin 3x + &V3xcos 3x, x ER.

Show that the normalline to the graph of h at x = — intercepts the y-axis at the point

ﬂ_ﬁw

an J3te
* 27 2 )

= ola

[9 marks]
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Question 6
Let A(x) = g(x)h(x), where g and h arereal-valued functions such that

olx) = 1n(§ )b(x)

forallx >0.

Giventhat h(3) = aand h'(3) = b, where a#0, findthe distance between the y-intercept of the tangent to the graph of f
at x =3 andthe y-intercept of the normalto the graph of f at x =3. Give youranswerin terms of a and/or b as appropriate.

[8 marks]
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Question7a
Considerthe curve with equation y = cos(kx) esinlkx) definedforall x €R, where k=0 isa positiveinteger.

a)

3T
Forthe casewhere k=1, find the number of points in the interval — % Sx<—at which the curve has a horizontal tangent.

[1mark]

Question7b
b)
i)
Show algebraically thatin general the x-coordinates of the points at which the curve has horizontal tangents will be the
solutions to the equation
sin2(kx) + sin(kx) = 1=0
ii)
Hence, forthe casewhere k = 1, find the x-coordinates of the points identifiedin part (a).

[7 marks]
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Question7c

c)

i)

42

dx2’

up nor concave down will be the solutions to the equation
sin(kx)cos(kx) =0

By considering show algebraically thatin generalthe x-coordinates of the points at which the curveis neither concave

ii)
3T
Hence, forthe case where k=1, find the -coordinates of the points of inflection on the curve in the interval — % SX<—.

[8 marks]
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Question 7d
d)

Interms of k, statein generalhow many (i) turning points and (i) points of inflection the curve willhave in the interval

T 3m .
—5 <X <. Giveareason foryouranswers.

[2 marks]
Question 8
glx
Let ﬂx) = m , where g and h are well-defined functions with b(X) # 0anywhere on theircommon domain.
By first writing f(x) = g(x)[h(x)]~!, use the product and chain rules to show that
)= h(x)g'(x) - g(x)h'(x)
[a(x)]
[4 marks]
Question 9a
Consider the function f defined by f(x) = e xER, wherek >1isa positive integer.
a)
Show that the graph of f willhave no points of inflectioninthe casewhere k= 1.
[2 marks]
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Question 9b

b)
Show that, for k > 2, the second derivative of is given by

" (x) = kxk =2(kxk + k— 1) ex*

[5 marks]

Question 9¢c

c)

Hence show that the graph of f will only have points of inflection in the case where k is an odd integer greater than orequal
to 3. Inthat case, give the exact coordinates of the points of inflection, giving your answer in terms of k where appropriate.
In your work you may use without proof the fact that for odd integers k with k >3

k-1 1
1<kl < —
! k 2

[7 marks]
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Question10

Asmallconical flask, in the shape of aright cone stood onits flat base, is being filled with perfume via a smallhole atits
vertex. The conehas aheight of 6cmandaradius of 2cm.

Perfumeis being pouredinto the flask ata constantrate of 0.3cm?3s™.
Findtherate of change of the depth of the perfume in the flask at the instant when the flask s half full by volume.

[7 marks]
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Question 11

Alargeblock of iceis being prepared foruse by a team of ice sculptors. The blockis in the shape of a cuboid with the ratio of
its length to width to height being equalto 1:2:5. The block melts uniformly such thatits surface area decreases at a
constantrate, losing k m? of surface area every hour. You may assume that as the block melts, its shape remains a cuboid
with the dimensions in the sameratio to each otheras in the original cuboid.

Theblock of iceis considered stable enough to be sculpted solong as the loss of volume due to melting does not exceed a
rate 0.05 m3 perhour.

Find, in terms of k, the volume of the largest block of ice that can be used forice sculpting under such conditions.

[8 marks]
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