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Question 4 

A closed curve with positive orientation is made up of 4 curves 

�� as shown in the diagram below.

�� is the portion of the unit circle 
is the portion of the circle 

the following line integrals:

 

(a)  

(b)  

 

(a) By Green’s theorem,
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(b)  
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�� ∶ #1�'� � 3 cos ' 2̂ 	 3 sin ' 4̂, 0 ≤ ' ≤ 6
2 

#17�'� � �3 sin ' 2̂ 	 3 cos ' 4̂ 
� �� �
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Question 5 

Let S be the portion of the unit sphere �� 	 �� 	 A� � 1 in the first octant and 
let C be the boundary of S. The orientation of C is counterclockwise when 

looking down at the surface S. Find a vector field B1��, �, A� such that 
� ���� 	 2�� �� 	 �A �A 

�
� �B1��, �, A� ∙ �C1

D
 

and evaluate the surface integral ∬ B1��, �, A� ∙ �C1D  directly. 

 

 

By Stokes’ theorem, B1 � ∇ × 81, 
B1 � �A4̂ 	 2�HI 
#1�J, K� � sin J cos K 2̂ 	 sin J sin K 4̂ 	 cos J HI, 0 ≤ J ≤ 6

2 , 0 ≤ K ≤ 6
2 

#1L × #1M � sin� J cos K 2̂ 	 sin� J sin K 4̂ 	 sin J cos J HI 
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The k-component is non-negative, so this is the upward-pointing normal vector, 

and this gives the correct orientation on S. 

�B1��, �, A� ∙ �C1
D

� � B1:#1�J, K�; ∙ �#1L × #1M�
�

�" 
B1:#1�J, K�; � � cos J 4̂ 	 2 sin J sin K HI 
∴ � B1:#1�J, K�; ∙ �#1L × #1M�

�
�" 

� � � N� cos J 4̂ 	 2 sin J sin K HIO ∙ Nsin� J cos K 2̂ 	 sin� J sin K 4̂ 	 sin J cos J HIO
+�
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