
H2 MATHEMATICS (9758) 
TOPIC MACLAURIN SERIES 
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(a) ( )

1
2

1
2

1
1 2
2

2

2

2

4 4

4 1
4

4 1
4

1 1
1 2 22 1 ...
2 4 2! 4

2 1 ...
8 128

2 ...
4 64

x x

x

x

x x

x x

x x

− = −

  = −    

 = − 
 
 × −    = + − + − +    

    
 
 

= − − + 
 

= − − +

 

(b) ( )

( )
2

2

2
2

2

3 sin 2 2cos
3

3 2 2 cos cos sin sin
3 3

1 33 2 2 1
2 2 2

3 2 1 3
2

5 1
2

πθ θ θ

π πθ θ θ θ

θθ θ θ

θθ θ θ

θ

 + − − 
 

 ≈ + − + 
 
  

≈ + − − +     

= + − + −

= −

OR 

( )

( )

θ + ( )(θ θ )

θ 2

θ 2

3

θ 3 2sin+ θ cos cos cos θ sin+ sin
3 3

323
2 2 2 2

23 +θ θ 2 −1 3
2

5 1
2

π3θ sin+ 2 2θ c− os −θ

π π

θ 2 2θ

θ




= θ 2−  θ 
 

 1 
≈ θ 1 − − 2 1 − +

  
 

≈ + −

= −



2  

By sine rule,  π π
3 3sin ( ) sin

PQ PR
θ

=
−

2

1
2

2 2 2

2 2

2

2

2

π
3

π
3

π
3

π π
3 3

3
2

3 1
2 2 2

3
2

3 1
2 2 3

1 1
23

1 1
23

1 1 1 1
2 23 3

1 1 1
2 33
5 51 1
6 63 3

sin
sin ( )

sin
sin cos cos sin

(1 )

[(1 ) ]

1
1

1 ( )

1 ( ) ( )

1

1 where , (shown)

PR
PQ

θ

θ

θ

θ θ

θ

θ

θ θ

θ θ

θ θ θ θ

θ θ θ

θ θ α β

−

∴ =
−

=
−

≈
− −

=
− −

=
− −

 = − + 
≈ + + + +

≈ + + +

= + + = =
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(a) 

( )

( ) ( )

( )

2

2

e sin 1
d e cos e sin 1
d

e cos sin 1

d e sin cos e cos sin
d

2e cos where 2 shown

x

x x

x

x x

x

y x x
y x x
x

x x

y x x x x
x

x k

−

− −

−

− −

−

= + −

= − +

= − +

= − − − −

= − = −

(b) 
( ) ( )

( )

3

3

d 2e sin 2e cos
d

2e sin cos

x x

x

y x x
x

x x

− −

−

= − − − −

= +

( )
( )
( )
( )

When 0 : f 0 1

f ' 0 2

f '' 0 2

f ''' 0 2

x = = −

=

= −

=
2

3
2

3

1 2 2 2 ...
2! 3!

1 2 ...
3

x xy x

xx x

= − + − ⋅ + ⋅ +

= − + − + +

(c) 

( )

( )

)(− x2 )

( )

1

3

2

3
2x2

3x2

3

+ ... 1+ 2x + ...2= − + +2

3
2 3

32

−1+ 2 + ...e−x sin 1 3
cos 2 2

1 ...− +
2!

1 2
3

1 2 + ... 1 1 2 ...
3

1 2
3

1− 2 + 2 + 4 + ...
3

+
131 + ...
3

−x x2 +
x

+x x
x x

x x

x
−x x

xx x x

3x x

−

−
=

 
= − + − x + + ... 1− 2
 
 

= − + −x x + +(+ −   
 

 

= − − x2 +

= − + 2x −
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(a) ( )

( ) ( )

( ) ( ) ( ) ( )( )

2

2

2

4

2

2 2

f sec

f 2sec sec tan

2

f 2 sec 2sec s

s ta

ec tan

2sec 4

n

tan

s

ec

se

e

c

c tan

x

x

x

x x

x x x x

x x xx x x

x x x

=

′ =

=

 ′′ = + 

= +

When 0x = , ( )
( )
( )

f 0 1

f 0

f 0 2

x

=

′ =

′′ =

( ) 2

2

2f 1 0 ...
2!

1 ...

x x x

x

∴ = + + +

= + +

(b) 
( ) ( )( ) ( )( ) ( )4 2

2 2

4 5
1 1 4 ...

2!
1 4 10 ...

ax ax ax

ax a x

− − −
+ = + − + +

= − + +

 

Since the coefficients of the x  and 2x terms in the expansion are equal, 

( )

2

2

4 10

10 4 0
2 5 2 0

a a

a a
a a

− =

+ =

+ =
20 (rejected since 0)  or  
5

a a a= ≠ = −
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(a) ( )

( )
1
2

1
2

1
2

1
2

1
2

g
4

4

4 1
4

1
4

1 1
2 4

4

xx
x

x x

xx

xx

xx

−

−

−

−

−

=
−

= −

  = −    

 = − 
 

 = − 
 

2

24 4

1 3
1 1 2 21
2 2 !

xx x
   − −          = + − + +    
     
 
 

− − 

2 31 1 3
2 16 256

x x x= + + + 

Therefore 1 1 3, ,
2 16 256

a b c= = =

(b) 
Percentage error = ( ) ( ) 100% 4%

( )
f x g x

g x
−

× <  

2 31 1 3
2 16 256 4 0.04

4

xx x x
x

x
x

 + + −  − ⇒ <

−

 

Using GC, 0 1.87x⇒ < <  (corr. to 3 s.f.) 
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(a) 

( )
1

1 2 2
2 2

2

1f ( ) 4 4 1
44
xx x

x

−
−   

= = − = −  
−   

1
2 2

2 32 2 2

2 4 6

2 4 6

1 1
2 4

1 3 1 3 5
1 1 2 2 2 2 21 ...
2 2 4 2 4 6 4

1 3 51 ...
2 8 128 1024

1 3 5 ...
2 16 256 2048

x

x x x

x x x

x x x

−
 

= − 
 
       − − − − −                     = + − − + − + − +      
       
  
 

= + + + + 
 

= + + + +

 

(b) Method 1 

2 2

sec 2 1 1
cos 24 4

x
xx x

= ⋅
− −

( )

2 4 6

2

1 3 5 1...
2 16 256 2048 2

1 ...
2

x x x
x

 
   = + + + +    − + 
 

 

( )
2 121 ... 1 2 ...

2 16
x x

− 
= + + − + 
 

( )
2

21 ... 1 2 ...
2 16

x x
 

= + + + + 
 

21 17 ...
2 16

x
= + +  

Method 2 

2
22 2sec 2 tax n 2 +x 2sec 23

sec 2
d

= 2sec 2 tax n 2
d
d
d

y x
y x
x

x

=

y
2 = x

When x = 0 , 
2

21, = 0,d d 4
d d
y yy
x x

= =

224sec 2 1 ... 1 2
2!

== +x x + + x + ...  

( )
2 4 6 2

2

2

sec 2 1
+

3 5 1 17
+ ... 2 + ...

2 16 256 2048 2 164

x x x x xx
x

 
+ = += + 1+

−  
+ ...  
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(i) Method 1 

( )
2

2

2

2

22

2

2 2

2

ln 1 e ln 1 1
2

ln 2
2

ln 2 1
2 4

ln 2 ln 1
2 4

2 4
ln 2

2 4 2

ln 2
2 4 8

1ln 2
2 8

x xx

xx

x x

x x

x x
x x

x x x

x x

−   
+ ≈ + − +  

  
 

= − + 
 
  

= − +  
  

  
= + + − +  

  

 
− +    = + − + − + 

 
 

= − + − + 
 

= − + +







Method 2 
( ) ( )f ln 1 e xx −= +

( ) ( )1 1f ' e
1 e e 1

x
x xx −

−= − = −
+ +

( ) ( ) 2
f '' e 1 ex xx

−
= +

When 0x =  , ( )f 0 ln 2= , ( ) 1f ' 0
2

= − , ( ) 1f '' 0
4

=

( )
21 1f ln 2 ......

2 4 2!
xx x  = − + + 

 
 

( )
21f ln 2 ......

2 8
xx x= − + +  

(ii) (d −x ) = −e 1ln 1+ e
d +1 e

x

x xx

−

− = −
1 e+

2Using the series from part (i), 1 1ln 2
d 2 8+1 ex

x
+ x

x
≈ −

d  − 
 

 = 1 2 1 1
2 8 2 4

− + x  =
 − x−


. 
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(a) e cos3xy x=  

d e cos3 e ( 3sin 3 )
d

3e sin 3

x x

x

y x x
x

y x

= + −

= −

( )

( )

2

2
d d 3 e sin 3 e 3cos3

dd
d 3e sin 3 3e 3cos3
d
d d 9
d d

d2 10  (shown)
d

x x

x x

y y x x
xx
y x x
x
y y y y
x x

y y
x

 = − + 

= − −

 = + − − 
 

= −

3 2

3 2
d d d2 10

dd d
y y y

xx x
= −

2 3

2 3

When 0,

d d d1,  1,  8,  26
d d d

x

y y yy
x x x

=

= = = − = −

By Maclaurin expansion, 

( ) ( )2 3

2 3

8 26
1 ...

2! 3!
131 4 ...
3

y x x x

x x x

− −
= + + + +

= + − − +

(b) Using standard series expansion, 

2 31 1ex =1
2! 3!

+ +x x + x + ...  

2
cos3 ...

2! 2
=1− (3x)x x...+ =1− 9 2 +

2 3 2

3

2 3

1 1 9ex cos3x = 1 + ... 1 ...
62 2

1 9 1 91 ...
22 6 2

−
134 ...  (verified)
3

+x x x x

x= + +x  −  +2 −  +x

=1+ −x x x

+ +  − +
 





   
   

+



(c) 

( )
( )

2

2

2

2

2
2

2

2
2

2

  ln(1+e cos3 )

ln 1 1 4

ln 2 4

ln 2 1 2
2

ln 2 ln 1 2
2

2
2ln 2 2 ...

2 2

1ln 2 2 ...
2 2 4
1 17ln 2 ...  (shown)
2 8

x x

x x

x x

x x

x x

x x
x x

x xx

x x

 ≈ + + − 

= + −

 = + − 
 

 = + + − 
 

 −    = + − − + 
 

 
= + − − + 

 

= + − +
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(a) 

( ) ( )

( ) ( )( ) ( )

( )( )
( )

2
1

22

2 2

2 2 2

2cos 2
1 sin 2

2
2 1 1 2

2!

1 2
2 1 2 1 ( 1)2 2

2!

2 1 2 1 2 4

2 1 2 4 2 2 4 4

xy
x

x
x

x x x

x x x

x x x x x

−

=
+

 
≈ − + 

 
 

− − 
≈ − + − + 

 

= − − +

≈ − + − = − +

(b)(i) ( )

22

2

22

2

ln 1 sin 2

e 1 sin 2

Differentiate wrt
de 2cos 2 (1)
d

Differentiate wrt

d de e 4sin 2
d d

d de 4sin 2 (2)
d d

2, 4

y

y

y y

y

y x

x

x
y x
x

x

y y x
x x

y y x
x x

h k

= +

= +

= − − −

 + = − 
 

  + = − − − −     

= = −

(b)(ii) 
3 d y2 2

3 2 2

Differentiate wrt

 yd e 
d d2 8cos 2

d  xd d d 
x d d

e dy y

x

y y y x
x x x x

d y 2   + + − −  = −+ 
      


− (3)    

When x = 0, y = 0  

From (1) : e0 2= cos 0d d
⇒ = 2

d
y y
xd x

From (2) : (2)
2 2

2
22

d0e d
d d

yy
x x

 
+ = 0⇒ = −

 
4  

From (3) : ( )( ) ( )(− + ( )2 )
3 3

e d0 0
33

d
+ 2 2 4 e 2 4 2

d d
yy

xx
 

−  + = −8⇒ =
 

8  

(−4) ( )
+2 3 2 38

+
4... 2

2 3! 3
y = 2x x x 2x x+ + = x − + ... 



(c) ( )

( )

2 3

2 3

2

4ln 1 sin 2 2 2 ...
3

differentiating both sides,
d d 4ln 1 sin 2 2 2 ...
d d 3
2cos 2 2 4 4

1 sin 2

x x x x

x x x x
x x

x x x
x

+ ≈ − + +

 + = − + + 
 

= − +
+
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(a)(i) ( )2

2

ln 1 2 3

e 1 2 3y

y x x

x x

= + +

= + +
Differentiating with respect to x, 

22

2

d e 2 6
d

d de e 6
d d

y

y y

y x
x

y y
x x

= +

 + = 
 

When 0,x =

2

2

0
d 2
d

d 2
d

y
y
x
y

x

=

=

=

( )

( )

2

2 2

20 2 ...
2!

2 ... up to 

y x x

x x x

= + + +

= + +

(ii) ( )
( ) ( )

( )

( )( )

2

22
2

2
2

2 2

ln 1 2 3

2 3
2 3 ... using standard series

2
2

2 3 ...
2

2 ... up to verified

y x x

x x
x x

x
x x

x x x

= + +

+
= + − +

= + − +

= + +

(b) 

(4)

( )

1
2

1
2

1
1 2
2

2

32 3

4

2

1
4

 − 3
1

2 2 4 2

1 1
+

3 up to 
2 16 256

x x (4+ )x
x

x

xx

x  + 
x x

= −x x x x

−

−

−
−

=
+

 = x 4 1 +




  

=  + 
 

 
−

1
2 2  

= + −1      + ...  4 
    
 


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(i) 

2
3 6

6

PQR π ππ θ

π θ

 − − + 
 

=

∠

−

=

Using Sine Rule, 

sin sin
3 6

2
PQ a

π π θ
=

 − 
 

sin
3

sin cos sin
6 6

2
1 3cos sin
2

2

cos

3

3

2
3

co sis n

a
PQ

a

a

π

π πθ θ

θ θ

θ θ

−

−

=

 


−


 =

=

P Q 

R 
2
3
π

6
π θ+

a

(ii) 

( )

θ 2

12

22

θ 2

− 31
2

1 3
2

− ( 1)(−1)

3
cos

3

3

+ +θ θ
2 +33

3
2!2 2

31
2

7
+ 31

2
3

aPQ

3 a

a

a

a

a

− 3 sinθ θ

θ

θ
−

−

− θ −

  
1 (+ 1)− − −+ 

   

 
+ 

=

≈


=  

 
 


2θ θ =
 
 
 

=  +
 
≈ +θ θ 2 


 

 

−θ θ3 − +



(iii) 

2

2

71 3
2 3 s

33
cosf ( )

3
cos

inLet

3 sin
71 3
2 3 sin

3 sin

1
cos

1
cos

aa

a

θ θ
θ θθ

θ θ

θ θ
θ θ

θ θ

+ +
−

−

  − 
 =

  − 
 =
+ +

−

−
0f ( .) 0 5θ <∴

From GC, 

0.190 (4 sf )3θ< <

f ( )y θ=

0.05y =  

0 0.194 
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(a) 
5cos sin
6

1 1
55sin sin cossin

6 66
x x

AB

x
π π ππ
= =

− − 
 

  

1
1 1 cos 3
2 2

sin
2

A

x

B

x
 

− − 
 

=

( )
1

1 1 co 3
2 2

ins sx

B

x

A

+
=

3 in
1

cos sx
AB

x+
=  (Shown) 

(b) 
211 3

1

2
x

B
x

A ≈
 − + 
 

2 111 3
2

x x
−

  ≈ + −    
2 2 21 11 3 3

2 2
x x x x   ≈ − − + −   

   

2
x21

≈ −1 3 x + 3
2

x +

27
≈ −1

2
3x + x  

(c) 
ln ( px + q) = ln q 1 + 

p x
q



  
p x
q

 
= +ln +q ln 1

 
  

ln +
pq x
q

 = +

3Comparing, ln q =1 and p
q
= −

q = e  and p = − 3e  
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(i) ( )coty x a= +

( ) ( )( ) ( )2 2 2d cosec 1 cot 1
d
y x a x a y
x
= − + = − + + = − +

2d 1
d
y y
x
= − −

( )
2

2 3
2

d d2 2 1 2 2
d d

y yy y y y y
x x

= − = + = +

( ) ( )
( )

3
2

3

2 2 2

4 2

d d d2 6
d d d

2 1 6 1

6 8 2

y y yy
x x x

y y y

y y

= +

= − + − +

= − + +

(ii) Since tan 0 0= , 1cot 0
tan 0

=  is undefined. 

Hence the Maclaurin series of ( )cot 0x +  cannot be found. 

(iii) πcot
2

y x = + 
 

 

When 0x = ,  

πcos 02 0π 1sin
2

y = = = , 2d 1 0 1
d
y
x
= − − = − , 

( ) ( )
2

3
2

d 2 0 2 0 0
d

y
x

= + = , ( ) ( )( )
3

4 2
3

d 6 0 8 0 2 2
d

y
x

= − + + = −  
3

32
3! 3

xy x x x≈ − − = − −

(iv) ( )

) +
( )( )

1

−1

1

3

23

3 2 3

32

2
2

2
2

1 1
2 2

1 −2
−

1 1 1
3 2 2! 2

1
−

1 1 11
2 3 2 4
1

−
1

+
1 1

2 3 2 4
1 7
2 4 24

xy
= y

x
x

x

x xx x

x x x x

x x x x

x 1 x x

−

−

+
+

= y 1+ 



 

= y + 



  
2 −≈

2 
1

−  (+ −
 

 
 




= −  − +  
  

≈ − − 


−= + −
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(a) 1 2

1
2

2 1

(1 tan )
Differentiating with respect to ,
d 12(1 tan )
d 1

d(1 ) 2(1 tan )
d

y x
x

y x
x x

yx x
x

−

−

−

= +

 = +  + 

+ = +

2
2

2 2

2
2 2 2

2

Differentiating with respect to  again,
d d 1(1 ) 2 2
d d 1
d d(1 ) 2 (1 ) 2   (shown)
d d

x
y yx x

x x x
y yx x x

x x

 + + =  + 

+ + + =

(b) 
Differentiate 

2
2 2 2

2

d d(1 ) 2 (1 ) 2
d d

y yx x x
x x

+ + + =  with respect to x, 
3 2 2

2 2 2 2 2
3 2 2

3 2
2 2 2 2

3 2

d d d d(1 ) 4 (1 ) (2 6 ) 2 (1 ) 0
d d d d
d d d(1 ) 6 (1 ) (2 6 ) 0
d d d

y y y yx x x x x x
x x x x
y y yx x x x

x x x

+ + + + + + + =

+ + + + + =

(c) 
When 

2 3

2 3

d d d0,   1,   2,   2,   4
d d d
y y yx y
x x x

= = = = = −

Hence the Maclaurin’s series for y is 
2 321 2

3
y x x x≈ + + − . 

(d) 
Using the Maclaurin’s Series for y, 2 321 2

3
y x x x≈ + + − .  

It was observed that the gradient of the tangent to the curve at x = 0 is 2. Hence the gradient of 

normal is 1
2

− . From (c),  1y =  when 0x = .

Therefore, the equation of normal to the curve at x = 0 is 1 1
2

y x= − + . 



(i) ( ) ( ) ( )21 f '' f ' 0x x x x− − =  (Given)
Differentiating,  
( ) ( ) ( ) ( ) ( )21 f ''' 2 f '' f '' f ' 0x x x x x x x− − − − =

At 0x = , substitute into:  
( ) ( ) ( )21 f '' f ' 0x x x x− − =

( )
( )

f '' 0 0 0

f '' 0 0

− =

=

At 0x = , substitute into:  
( ) ( ) ( ) ( ) ( )21 f ''' 2 f '' f '' f ' 0x x x x x x x− − − − =

( ) ( )
( )

f ''' 0 0 0 f ' 0 0

f ''' 0 1

− − − =

= −

Thus,  
( )

( ) ( ) ( ) ( )

( ) ( ) ( )

32

32

f

f 0 f ' 0 f '' 0 f ''' 0 ...
2! 3!

1 1 0 1 ...
2! 3!

x

x xx

x xx

= + + + +

= + − + + − +

 

3

1 ...
6
xx= − − +  

(ii) 
( )

( )

3

2

f 1 ...
6

f ' 1 ...
2

xx x

xx

= − − +

= − − +

15  Integration

(x)
( x)

2

3

132

−1 ...f ' 2
f

1 ...
6

1 ...1 ...
62

x

x − x

−
x

−
xx

−

− +
=

− +

  
= − + − +





)
2

1 31 ...(1 ...
2

(Need not consider term anymore.)−
x  x−




+ − x += −

 
−



( )( ) ( )( ) ( )
2

21 2
1 ... 1 1 ...

2 2!
x x x

  − − 
= − − + + − − + −  

  

( )
2

2

2
2

2

1 ... 1 ...
2

1 ...
2

31 ...
2

x x x

xx x

x x

 
= − − + + + 
 
 

= − − − − + 
 

= − − − +

(iii) ( )
( )

2f ' 31 ...
f 2

x
x x

x
= − − − +  

Integrating both sides with respect to x, 
( )
( )

( )

2

2

f ' 3 d 1 ...... d
f 2

1ln f ...
2

x
x x x x

x

x x x C

= − − − +

 = − − + +  

∫ ∫

When 0x = , ( )f 0 1= : 

ln 1 C= 0C⇒ =  

( ) 21ln f ...
2

x x x= − − +  
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(a) 

( )

1
3 sin 2

3 sin 2 1

y
x

y x

=
+

+ =
Differentiate implicitly w.r.t. x: 

( ) ( )

2

d3 sin 2 2cos 2 0
d

1 d 2 cos 2 0
d

d 2 cos 2 0
d

yx y x
x

y y x
y x
y y x
x

 + + = 
 

  + = 
 

+ =

Alternatively 
( )

( ) ( )

( )

1

2

2

3 sin 2
d 3 sin 2 2cos 2
d
d 2cos 2
d

y x
y x x
x
y y x
x

−

−

= +

= − +

= −

Differentiate implicitly w.r.t. x: 

( )
2

2
2

2
2

2

d d2 2sin 2 2 2 cos 2 0
d d
d d4 sin 2 4 cos 2 0
d d

y yy x y x
x x
y yy x y x

x x

− + =

− + =

Given that x = 0, y = 1 1
3 0 3

=
+

,  

2d 1 22 cos 0
d 3 9
y
x

 = − = − 
 

,   

22

2

d cos 0 = 8
d 27

y
x

4=  1   1 2 sin 0 4− 3   3 
−

9     
2

21 2 8 1 2 4...
3 9 2! 27 3 9 27

y = − + x x   + ≈ − +x x 
 



(b) 

( )

1
3 sin 2

1
3 2

y
x

x

=
+

≈
+ +

( )

( )( )

1

1

2

2

3 2

23 1
3

1 21 2 21 ( 1) ...
3 3 2! 3

1 2 41 ...   
3 3 9

x

x

x x

x x

−

−

= +

  = +    
 − −   = + − +         
 = − + 
 

 

      21 2 4  (verified)
3 9 27

x x≈ − +

(c) 1.5

0

1 d
3 sin 2

x
x+∫

1.5 2

0

1.5
2 3

0

1 2 4 d
3 9 27

1 1 4
3 9 81
5  or  0.417 (3.s.f)

12

x x x

x x x

 ≈ − + 
 

 = − +  

=

∫



(a) 3(3 )sin 3 (3 ) ...
3!
xx x= − +

393 ...
2
xx= − +  

2 3
sin 3 (sin 3 ) (sin 3 )f ( ) e 1 (sin 3 ) ...

2! 3!
x x xx x= = + + + +

3 3 3
2 39 1 9 1 91 (3 ...) (3 ...) (3 ...) ...

2 2 2 6 2
x x xx x x= + − + + − + + − + +  

3
2 39 1 11 3 [(3 ) ] [(3 ) ] ...

2 2 6
xx x x= + − + + +

2 391 3 0
2

x x x≈ + + +   (independent of x3) 

Alternative (by differentiation) 
sin 3

sin 3

3

3

2

2

2

2

e
d 3cos3 e 3cos3
d
d d3cos3 9s

let 

d

in 3
dd

d d d3cos3 9sin 3 9sin 3 27cos3
ddd d

x

xy x x y
x

y yx x
xx

y y yx

y

y

y x y
x

x x
xx x

=

⋅ ⋅

⋅

⋅ −

= =

= −

= − ⋅−

When 0,x =
32

2 3

d d d1,  3,  9,  0
d d d
y y yy
x x x

= = = =

2 391 3 0
2

x xy x+ + +∴ = +…   

17 Techniques of Integration

(b) sin 3

2
e x 3 −x 1 + ) d9 d

2

x
x x

x
2≈ (∫ − +∫

1 +
93ln
2

x= x−− + x C+   where C is an arbitrary constant

0.2 sin 30.2 2esin 3
20.1 0.1

0.2
0.1

4e(2 )  d

3ln ]
2

30.1178  (4 d.p.)

x
xx  dx

x x

+
9x x

=

4= [ −1x− +

=

∫∫

(c) Using GC, 
0.1

)2esin 3x  dx = 29.9995  (4 d.p.)∫
0.2

(2
x

(d) The approximation is accurate as the values of x (between 0.1 and 0.2) are close to 0 for 
the magnitude of x4 and higher powers of x to be neglected. 

Alternative: 

% error = | 30.1178− 29.9995 | 100 0.3943%
29.9995

× =

Since percentage error is small, approximation is accurate. 
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(a) 

( )( )

( ) ( )

1
2 2

2

22

2

2

2 2

4
2

2

2
4

1 1
1

1 3
1 2 21 ...
2 2!

31 ...
2 8

a x
a x

a x a x

a ax x

−
= + −

−
  − −      = + − − + − + 

 

= + + +

 

The expansion is valid for 
2 2 1a x− <  

2 2 1a x <  since 2 2 0a x ≥  
2

2

1x
a

<  since a  is positive 

From graph, 1 1x
a a

− < <

(b) Since 1

2

1 d cos
1

x x C
x

−− = +
−

⌠

⌡

, substituting 1a =  into the expansion obtained in (a) and integrating, 

2
1 43cos 1 d

2 8
xx x x− ≈ − + +⌠


⌡

51
3 3cos

6 40
xx c x x− ≈ − − −  for some constant c

Since 1 π
2

cos 0− = , substituting 0,
2

x c π
= = . 

3
1 5π 3cos ...

2 6 40
xx x−∴ = − − +  

(c) 1 1 3 5
12 2

0 0

3cos  d  d 0.65760 (5 )
2 6 40

x xx x x x sfπ− ≈ − − − =∫ ∫

x 

y 

O 

(d) 
By GC, 

1
12

0∫ cos− x dx = 0.65757 (5sf )

Estimate in (c) is accurate to 4sf but not to 5sf. 
To improve estimate, we can include higher-order terms in the Maclaurin series expansion of cos−1 x




