
Math 213 Calculus III	


Reading the Text	


Read Section 13.4, 13.6-13.8 and answer the following questions	


1. Why is Green's Theorem useful?	


2. If we know that ���  and ���  on the boundary ���  of a boundary D. then 

��� ?	



3. What do we know about the unit normal vector to a closed surface if that surface has positive 
orientation.	



4. Is it possible for a closed oriented curve C to be the 
boundary of more than one smooth oriented surface?	



5. Is it possible for a vector field F to have curl F = 0 and 
not be conservative?	



6. Is the divergence of the vector field on the right 
positive, negative or zero at (2,2)?  !!!!!
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13.8 The Divergence Theorem

Suggested Time and Emphasis

1 class Essential Material

Points to Stress

1.The meaning of a simple closed solid region R and its boundary surface S = ∂R

2.A careful statement of the Divergence Theorem.

Text Questions

• “Source” and “sink” are defined in the text. Give some intuitive reasons why these names are appropriate.

ANSWER Look for understanding of how the concept of divergence relates to “source” and “sink”.

• Is the divergence of the vector field below positive, negative, or zero at (2, 2)?

ANSWER Positive

Materials for Lecture

• Provide a statement of the Divergence Theorem and stress the importance of an outward positive

orientation. Note that the value of the Divergence Theorem is that it allows us to reduce a surface integral

to a triple integral. Point out that if F is incompressible, then divF = 0 and hence

∫∫

S= ∂R
F · dS = 0.

• Perhaps give the following intuitive interpretation of ∇ · F:

Choose a point P and surround it by a closed ball N with small radius r. According to the Divergence

Theorem, the flux of v out of N is given by

∫∫∫

N
(divv) dx dy dz. Thus, the Average Value Theorem

tells us that the flux of v out of N is the average divergence of v on N times the volume of N . Dividing

by the volume gives the average divergence of v on N to be

flux of v out of N

volume of N

. Letting the radius of the

ball shrink to 0 says that the divergence of v at P is lim
r→0

flux of v out of N

volume of N

. In other words, divergence

can be regarded as flux per unit volume. Now view v as the velocity of a fluid in steady-state motion. A

positive divergence at a point indicates a net flow of liquid away from that point, since divv > 0 at P

means that for some ball N , the flux out of N is positive. Similarly, a negative divergence indicates a net

900



Math 213 Class 14: Scalar Line Integrals

1. Let ��� .  
Integrate f over the line segment C joining the origin (0,0,0) and the point (1,1,1).  

���  !
2. Let ��� .  

Integrate f over the path shown below joining the origin (0,0,0) and the point (1,1,1).  

���  

f x, y, z( ) = x − 3y2 + z

 (1,1,1) 

f x, y, z( ) = x − 3y2 + z

 (1,1,0) 

 (1,1,1) 



Math 213 Class 14: Computing Vector Line Integrals

���  



Math 213 Class 14: Computing Vector Line Integrals

���  



Math 213 Class 14: Think before you compute

���  



Math 213 Class 14: Line Integrals HW

!
1.	

 Let C be the line segment from the point (0,0,0) to the point (1, –3,2). Find 	



��� 	


!!!!!!!!!!!!!!!!!
2.	

 Find the work done by the force ���  on an object moving along the 

curve C: ��� , from (0,0) to (2,8).	

!

x + y2 − 2z( )ds
C∫

F x, y( ) = −x i + 2y j
y = x3



3.	

 Evaluate ���  where C is the ellipse ��� .	



!!!!

ex sin y dx
C∫ + ex cos y dy

x − 2( )2

9
+

y +1( )2

16
= 1



!
4.	

 Find the work done by the force field ���  on an object moving in a straight line         

segment from ���  to ��� .	

!!!!!!!!!!!!!!!!!!!!!
5.	

 Let C be the line segment from the point ���  to the point ��� . Find          

��� . 	


!!!!!!!!!!!!!!!

F = y2 i + x j
−5,3( ) 0,2( )

0,0,0( ) −1,4,3( )
x − 3y2 + z( )ds

C∫



6.	

 Let ��� .	

        
a.	

 Find a vector function F that has potential function ��� .	

         !!!!!!!
b.	

 Evaluate ���  where ���  and ��� 	

         

!!!!!!!!!!
7.	

 Let ��� 	

         

a.	

 Show that F is a conservative vector field.	

        !!!!!!!!!
b.	

 Let C be the curve parametrized by ���  with ��� .         

Find ��� .	


!!!!!!!

f x, y, z( ) = 8x2 + xy + z2

f x, y, z( )

F • d R
C
∫ R t( ) = cos4 t i + 5sin7 t j + k 0 ≤ t ≤ π

2

F x, y( ) = 2x + y( )cos x2 + xy( ) i + x cos x2 + xy( ) +1( ) j

r t( ) = sin t i + 1− cos t( ) j 0 ≤ t ≤ π

F ⋅d r
C∫



8.	

 Let F be the vector field given in the diagram below.	

!

��� 	


a.	

 Consider the curve C1. Is ���  positive, negative, or zero? Justify your 

answer.	

!!!!
b.	

 Consider the curve C2. Is ���  positive negative, or zero? Justify your 

answer.	

!!!!
c.	

 Is F a conservative vector field? Justify your answer.	

!

C1

C2

F ⋅d r
C1∫

F ⋅d r
C2∫



9.	

 Let F be the vector field given in the diagram below.	



��� 	


a.	

 Consider the curve C3. Is ���  positive, negative, or zero? Justify your 

answer.	

!!!!
b.	

 Consider the curve C2. Is ���  positive negative, or zero? Justify your 

answer.	

!!!!
c.	

 Consider the two curves C1 and C2. Is ���  greater than, less than, or equal, 

to ��� ? Justify your answer.	


!!!!
d.	

 Is F a conservative vector field? Justify your answer.

C1

C2
C3

F ⋅d r
C 3∫

F ⋅d r
C2∫

F ⋅d r
C1∫

F ⋅d r
C2∫


