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Differential flux 
[image: image3.wmf]F

d

is expressed as


[image: image4.wmf]^

.

n

V

d

=

F


Convention:
Flux is positive if the field is out going

           
[image: image5.wmf](

)

y

y

x

D

+

,

           
[image: image6.wmf](

)

y

y

x

x

D

+

D

+

,








  N  3














n 4

n  2






   n  1
              (x,y)                   
[image: image7.wmf](

)

y

x

x

,

D

+

 


1. 
[image: image8.wmf](

)

(

)

x

y

x

Q

y

x

Q

n

V

j

n

D

-

=

F

-

=

-

=

,

,

.

.

1

^

^

^


2. 
[image: image9.wmf](

)

(

)

y

y

x

x

P

y

x

x

P

n

V

i

n

D

D

+

=

F

D

+

=

=

,

,

.

2

^

^

^


3. 
[image: image10.wmf](

)

(

)

x

y

y

x

Q

y

y

x

Q

n

V

j

n

D

D

+

=

F

D

+

=

=

,

,

.

3

^

^

^


4. 
[image: image11.wmf](

)

(

)

x

y

x

P

y

x

P

n

V

i

n

D

-

=

F

-

=

-

=

,

,

.

4

^

^

^



[image: image12.wmf](

)

(

)

(

)

(

)

(

)

(

)

[

]

(

)

(

)

[

]

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

Area

y

x

y

y

x

Q

y

y

x

Q

x

y

x

P

y

x

x

P

n

V

y

x

y

y

x

Q

y

y

x

Q

x

y

x

P

y

x

x

P

y

x

y

x

Q

y

y

x

Q

x

y

x

P

y

x

x

P

y

y

y

x

Q

x

y

y

x

Q

y

y

x

x

P

x

y

x

Q

ds

n

V

y

x

y

x

AllSides

=

D

D

ú

û

ù

ê

ë

é

D

-

D

+

+

D

-

D

+

=

þ

ý

ü

î

í

ì

D

D

ú

û

ù

ê

ë

é

D

-

D

+

+

D

-

D

+

D

D

=

F

-

D

+

D

+

-

D

+

D

=

F

D

-

D

D

+

+

D

D

+

+

D

-

=

F

F

+

F

+

F

+

F

=

=

F

®

D

®

D

®

D

®

D

ò

ò

,

,

,

,

lim

.

1

lim

,

,

,

,

,

,

,

,

,

,

,

,

.

0

0

^

0

0

4

3

2

1


Divergence of V
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Gradient of f
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 Divergence 

In 2D
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dS Boundary of area
In 3D
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e.g.
  Vector field


 























Spilt into components positive flux in one square is negative flux in another.

For an individual square:
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For the entire area
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 Divergence Theorem
Which has some parallel to the Fundamental Theorem of Calculus
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as y = 0 
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as x = 0 
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In 2D
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In 3D

[image: image43.wmf]òò

òòò

=

Ñ

s

t

d

n

v

d

V

^

.

.


e.g.

[image: image44.wmf](

)

1

,

,

2

2

2

^

^

^

=

+

+

+

-

=

=

z

y

x

k

z

j

x

i

y

z

y

x

V



Verify divergence theorem
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In spherical polar coordinates 
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Gauss’s Law
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This takes flux through a surface:
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Assuming 
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