
MA1505 Mathematics I – AY2009/2010 Semester 1 
 

Page | 1  
 

 

Question 1(a) 

Find the slope of the tangent to the curve � = ���� − �	
�� when � = �. 
 

 �� = 43�35� − 69
���35
 � = 2 
 ∴ �� = 43�70 − 69
���35
 = 1505 
 

 

Question 1(b) 

Let ���
 = ��� +  �� be a function defined on �−∞, ∞
, where � and   are non-
zero constants. Given that � has a point of inflection at �#, �
, find the value of 
the product � . 
 

 $��
 = %�& + '�� $���
 = 3%�� + 2'� $����
 = 6%� + 2' = 2�3%� + '
 $�1
 = 2   ⇒     % + ' = 2 $�� changes sign at � = 1   ⇒     3% + ' = 0 % = −1, ' = 3 
 ∴ %' = −3 
 

 

Question 2(a) 

Let  ���
 = �� − ��* − ��  

and let 

+ ,-�� − �
-.
-/0  

be the Taylor series for f at � = �. Find the exact value of ,0 + ,�00	. 
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$��
 = 14 − 4� + 97 − 2�  

= 2 + 97 − 2�� − 2
 − 4 
= 2 + 31 − 23 �� − 2
 
= 2 + 3 + 2131 �� − 2
1.

1/2  

= 5 + + 213134 �� − 2
1.
1/4  

 

∴ 52 + 5�226 = 5 + 2�2263�227 
 

 

 

Question 2(b) 

Use the method of separation of variables to find 8��, �
 that satisfies the 
partial differential equation �8�� = 9:;< �� + �
 + :;< �� − �
=8, 
given that 8�0, 0
 = # and 8�>, >
 = ?�. 
 

 @ = A��
B��
 2A�B� = 2AB sin � cos � A�A sin � = B cos �B� = H A�A = H sin �    ⇒   ln|�| = −H cos �    ⇒     A = KL3M NOP Q B�B = 1H cos �    ⇒    ln|�| = 1H sin �    ⇒     B = RL4M PST U
 

@ = 5L3M NOP QV4M PST U
 @�0,0
 = 1, @�W, W
 = L�    ⇒     H = 1, 5 = L 

 ∴ @ = L43NOP QVPST U 
 



MA1505 Mathematics I – AY2009/2010 Semester 1 
 

Page | 3  
 

 

Question 3(a) 

Let  ���
 = ��, −> ≤ � ≤ >, 
and ��� + �>
 = ���
 for all �. Let  

�0 + +��-YZ: -� +  -:;< -�
.
-/#  

be the Fourier Series which represents ���
. Find the exact value of  ��0#0 +  �0#0. 
 

 

%�242 = 1W [ $��
 cos 2010�\
3\ ]� 

= 2W [ �� cos 2010�\
2 ]� 

= − 11005W [ 2� sin 2010�\
2 ]� 

= 11005� 
f is even, ⇒     '�242 = 0 
 

∴ %�242 + '�242 = 11005� 
 

 

Question 3(b) 

Let  ���
 = ^#, 0 < � < 1�, # < � < 2̀ 
Find the exact expression of the 1st 2 non-zero terms in the sine Fourier half 

range expansion for ���
. 
 

 

'1 = 2a [ $��
 sin bW�ac
2 ]� 

= [ sin bW�24
2 ]� + [ 2 sin bW�2�

4 ]� 
= d− 2bW cos bW�2 e2

4 + d− 4bW cos bW�2 e4
�
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= 2bW fcos bW2 − 2 cos bW + 1g 
'4 = 6W , '� = − 2W 
 

∴ $��
 ≈ 6W sin W2 � − 2W sin W� + ⋯ 
 

 

Question 4(a) 

Let  S be the plane which passes through the points �#, 0, 0
, ��, #, 0
  and ��, �, #
. Let L be the line which passes through �0, 0, 0
 and is parallel to the 
vector – �k̂ + m̂ − ��� no. Find the coordinates of the point of intersection of L and 
S. 

 

 

@pq = r210s − r100s = r110s , tq = r321s − r100s = r221s 
Normal to S, 

bpq = @pq × tq = v ŵ x̂ Hy1 1 02 2 1v = ŵ − x̂ 
z ∶ � − � = 1, a ∶ |��}~ = � −3��− 265 �� 
−3� − � = 1, � = − 14 
 

∴ ���b� �$ �b�L��L5���b,
�
���

34− 141310 �
��� 
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Question 4(b) 

A space curve C is defined by the vector parametric equation  �pq��
 = ���k̂ + ��� − ��
m̂ + ��� − �
no. 
Let T denote the tangent vector to C at the point corresponding to � = #. Find 
the length of the projection of T onto the vector k̂ + �m̂ + �no. 
 

 �q���
 = 4�ŵ + �2� − 4
x̂ + 3Hy �pq = �q�1
 = 4ŵ − 2x̂ + 3Hy 
 

∴ v�pq ∙  r122sv
√1 + 4 + 4 = �4 − 4 + 63 � = 2 

 

 

Question 5(a) 

Let ���, �, �
 = �� + �� + �� + #�0�.  Find the exact value of the directional 
derivative of f at the point ��, �, �
 in the direction of the vector 8ppq = k̂ − m̂ − √�no. 
 

 ∇$ = �� + }, � + }, � + �
, ∇$�2,3,4
 = �7,6,5
 
 

∴ ��ppq$�2,3,4
 = ∇$�2,3,4
 ∙ @pq|@pq| =  r765s ∙ 1√1 + 1 + 2 r 1−1−√2s = 7 − 6 − 5√22 = 1 − 5√22  

 

 

Question 5(b) 

Find the local maximum points, local minimum points, and saddle points, if 

any, of the function ���, �
 = �� + �� + �
�#�0 − � − �
. 
 

 $ = �� + 120� = �� − �� + 120� − �� $Q = 120 − 2� − �, $U = 120 − � − 2� $Q = $U = 0   ⇒     � = � = 40 
There is only one critical point, �40,40
. 
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$QQ = −2, $QU = −1, $UU = −2 $QQ$UU − $QU� = 4 − 1 = 3 > 0 
 ∴ �40,40
 is a local maximum point. 
 

 

Question 6(a) 

Find the exact value of the double integral � �|� − �|� �� �� 
where D is the rectangular region 0 ≤ � ≤ # and 0 ≤ � ≤ �. 
 

 

On �4, we have � > �;   on ��, we have � > �. 
� �|� − �|� ]� ]� = � �� − ��� ]� ]� + � �� − ��� ]� ]� 

= [ [ �� − �Q
2 ]�4

2 ]� + [ [ �� − ��
Q ]�4

2 ]� 
= [ d− 23 �� − �
&�e2

Q4
2 ]� + [ d23 �� − �
&�eQ

�4
2 ]� 

= [ 23 �&�4
2 ]� − [ 23 �2 − �
&�4

2 ]� 
= 23  d25 �¡�e2

4 − d25 �2 − �
¡�e2
4¢ 

= 415 − 415 + 415 £2¡�¤ 
= 1615 √2 

 

 

Question 6(b) 

Find the exact value of the iterated integral [ [ ���¥< ¦�# + ��
#V��§�
� ���

0 ��. 
 

 

[ [ 2��ln ¦�1 + ��
4VQ�§¨
Q ]�¨

2 ]� = [ [ 2��ln ¦�1 + ��
4VQ�§U
2 ]�¨

2 ]� 
= [ �ln�1 + ��
 9ln�1 + ��
=2U¨

2 ]� 
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= [ �¨
2 ]� 

= d12 ��e2
¨
 

= 18 
 

 

Question 7(a) 

Find the exact value of the volume of the solid enclosed laterally by the 

circular cylinder about z-axis of radius 1, bounded on top by the elliptic 

paraboloid ��� + ��� + � = #ª and bounded below by the plane � = 0. 
 

 

Volume, 

� 18 − 2�� − 4��Q�VU�«4 ]� ]� = [ [ 18� − 2�& cos� ¬ − 4�& sin ¬ ]�4
2 ]¬�\

2  

= 2W [ 18� − 3�&4
2 ]� 

= 2W d9�� − 34 ��e2
4
 

= 332 W 
 

 

Question 7(b) 

Find the exact value of the line integral [�?�YZ: �
�� + ��� − ?�:;< �
�� , 
where C consists of 2 line segments: # from �¥< �, 0
 tof0, #¥< ��g, and � from f0, #¥< ��g to �−¥< �, 0
. 
 

 

Apply Green’s Theorem to the triangle, 

[ �LQcos �
]� + �2� − LQsin �
]�®�V®�V®¯  

= � °°� �2� − LQ sin �
 − °°� �LQ cos �
]�± ]� 



MA1505 Mathematics I – AY2009/2010 Semester 1 
 

Page | 8  
 

= �2± ]� ]� 
= 2 × %�L% �$ Δ 
= 2 £12¤ �ln 6
 £ 12 ln 6¤ 
= 12 
 

∴ [ �LQcos �
]� + �2� − LQsin �
]�®�V®� = 12 − [ �LQcos �
]� + �2� − LQsin �
]�®¯  

= 12 − [ L³´T &
´T � ]� 

= 12 − 3 + 12 = −2 
 

 

Question 8(a) 

Find the exact value of the surface integral ��µ �µppq 
where S is the surface � = �� + �� with 0 ≤ � ≤ #. 
 

 z ∶ �q�@, t
 = @ŵ + tx̂ + �@� + t�
Hy, 0 ≤ @� + t� ≤ 1 
�q� × �¶pppq = vŵ x̂ Hy1 0 2@0 1 2tv = −2@ŵ − 2tx̂ + Hy 
|�q� × �¶pppq| = �4@� + 4t� + 1 
 

∴ �}· ]zq = � �@� + t�
�4@� + 4t� + 1��V¶�«4 ]@ ]t 
= [ [ �&�4�� + 14

2
�\

2 ]� ]¬       ¸¹L� � = �4�� + 1º 
= 2W [ �� − 14 � £14 �¤√¡

4 ]� 
= W8 [ �� − ��√¡

4 ]� 
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= W8 d15 �¡ − 13 �&e4
√¡
 

= |5√512 + 160~ W 
 

 

Question 8(b) 

Use Stokes’ Theorem to find the exact value of the line integral » – �� �� + �� �� + �� �� 
  

where C is the curve of intersection of the plane � + � + � = � and the cylinder �� + �� = #, oriented in the counterclockwise sense when viewed from above. 
 

 

Let S = part of the plane � + � + } = 2 bounded by C. z ∶ �q�@, t
 = @ŵ + tx̂ + �2 − @ − t
Hy, 0 ≤ @� + t� ≤ 1 
�q� × �¶pppq = vŵ x̂ Hy1 0 −10 1 −1v = ŵ + x̂ + Hy 
∇ × ¼−�}ŵ + �}x̂ + ��Hy½ = ¾¾ ŵ x̂ Hy°°� °°� °°}−�} �} ��¾¾ = −2�ŵ + 2}Hy 
�q� × �¶pppq points upwards, so the orientation of S and C are 
consisitent. 

 

∴ » – �} ]� + �} ]� + �� ]} 
® = �∇ × ¼−�}ŵ + �}x̂ + ��Hy½· ∙ ]zq 

= � −2t + 2�2 − @ − t
��V¶�«4 ]@ ]t 
= [ [ −4�� sin ¬ + 4� − 2�� cos ¬ ]� ]¬4

2
�\

2  

= 2W [ 4�4
2 ]� 

= 2W92��=24 = 4W 
 

 


