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5.11 MacLaurin Series

Question Paper

Course DPIBMaths
Section 5.Calculus
Topic 5.1 Maclaurin Series
Difficulty Medium
Time allowed: 100
Score: /80
Percentage: /100
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Questionla
Consider the general Maclaurin series formula

) = H0) + x£(0) + )2(—2!1””(0) bt S f0) + .

(where f) indicates the ntt derivative of 1).

a)
Use the formula to find the first five terms of the Maclaurin series for ¢2X .

[4 marks]

Question1b

b)
Hence approximate the value of e2X whenx =1.

[2 marks]

Questionlc

c)

(i)

Compare the approximation foundin part (b) to the exact value of €2* whenx = 1.
(ii)

Explain how the accuracy of the Maclaurin series approximation could be improved.

[3 marks]

Page 2 of 12

©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

Question1d

d)
Use the general Maclaurin series formula to show that the general term of the Maclaurin series for 2% is

(2x)
n!
[2 marks]
Question 2a
a)
Use substitution into the Maclaurin series forsin x
x3  x°
Slnx=X—¥+§—
(X
tofind the first four terms of the Maclaurin series for sin 5 .
[3marks]
Page 3 0f12

©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 2b
b)

. . T . . .
Hence approximate the value of sin 7 and compare this approximation to the exact value.

[3marks]

Question 2¢c

c)
Without performing any additional calculations, explain whether the answer to part (a) would be expected to give an

approximation of sin —— thatis more accurate orless accurate thanits approximation for sin 5

4

[2 marks]

Question 3a

The Maclaurin series for eXand sin x are

x? x3  x°
e"=1+x+2—!+... and smx=x—§+§—...

a)

Find the Maclaurin series for e¥sin x up to andincluding the termin x*.
[4 marks]
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Question 3b
b)

Use the Maclaurin series forsin x, alongwith the fact that M (sin x) =cos x, to findthe first fourterms of the Maclaurin series
X

forcos x.
[3marks]
Question 4a
a)
Use the general Maclaurin series formula to find the first four terms of the Maclaurin series for
[4 marks]
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Question 4b
b)

Confirm that the answer to part (a) matches the first four terms of the binomial theorem expansion of I+

[3marks]

Question 4c

The Maclaurin series for In (1 + x) is

x> X3
1n(1+x)=x—7+?—

c)
Differentiate the Maclaurin series for In (1 + x) up toits fourth term and compare this to the answer from part (a). Give an
explanation forany similarities that are found.

[2 marks]

Question 5a

a)
Use the Maclaurin series for sin x and cos x to find a Maclaurin series approximation for 2 sin x cos x up until the termin x*.

[3marks]
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Question 5b
The double angle identity for sine tells us that

sin 2x =2 sin X cos X

b)
Use substitution into the Maclaurin series forsin x to find a Maclaurin series approximation for sin 2x up untilthe termin x4,
and confirm that this matches the answerto part (a).

[3marks]
Question 6a
a)
Use the Binomial theorem to find a Maclaurin series for the function f defined by
(x)=+/1-2x2
Give the series up to andincluding the termiin x°.
[4 marks]
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Question 6b

b)
State any limitations on the validity of the series expansion foundin part (a).

[2 marks]

Question é6c
c)
Usethe answerto part(a) to estimate thevalue of \/ 0.5 , and compare the accuracy of that estimated value to the actual

valueof+/0.5.

[4 marks]

Question7a
Consider the differential equation

Y =2y +x
togetherwith the initial condition y(0) = 1.

a)

(i)

Showthaty' =4yy' +1.

(if)

Use an equivalent method to find expressions fory"”, y(4) and y(5). Each shouldbe givenin terms of y and of lower-order
derivatives of y.

[4 marks]
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Question7b
b)
Using the boundary condition above, calculate the values of y'(0), y"(0), y""(0), y*)(0) and y$5)(0).

[3marks]

Question7c

Let f(x) be the solution to the differential equation above with the given boundary condition, so that y = f(x)

C)
Using the answers to part (b), find the first six terms of the Maclaurin series for f(x) )

[4 marks]
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Question7d
d)
Hence approximate thevalueofto4 d.p.when x =0.1.
[2 marks]
Question 8a
Consider the differential equation
y'=2xy?
with the initial condition y(0) = 1.
a)
(i)
Findy".
(ii)
Henceshowthat y'=8yy +4x(y")? +4xyy" and
YW =12(y)2+ 12yy "+ 12xy'y" +4xyy""
[5 marks]
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Question 8b

b)
Usetheresults from part (a) along with the given initial condition to find a Maclaurin series to approximate the solution of the

differential equation, giving the approximation up to the termin x*.

[4 marks]
Question 8c
c)
Use separation of variables to show that the exact solution of the differential equation with the given initial condition is
1
YT —x
[4 marks]
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Question 8d
d)

Use the binomial theorem to find an approximation for uptothetermin x*, andverify that it matches the answerto

1-x2
part(b).

[3marks]
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