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Divergence Theorem

Recall the definition of divergence

t 0 ⼀ 發 ⼀ 哥 答

不 e divergence theorem states

fidā f T T dt

不 ere are two ways To compute the ex

through the saraaōv

nio
Faxtfiaǎ
爾

fjfdt
Lets prove the harem by Mr Cube

dy 75 fTdādz⼆ Flux x axis

dx ⼗ Flux y axis
t Flux Z axis
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Flux x axis ⼆ Ilxtdx dydz

Tx x dydz
⼆ 要 dxdydz

Similarly one can compute the faxes along
the y Z axes

Flux Cyaxis 姿 dydxdz

Flux CZ axis 晉 dzdxdy

Note that the volume integral G Mr Cube is

rather simple
fifdt Īfdxdydz

It is clear that both integrals equal

fīdā f T T di

G Te volume can be

decomposed by

tzf 即 即 many Mr Cubes

GET QED
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example 了 J x y Z

Z
a fv Tdā
us

h Fax top Flux bolton

ˇ
y Fax side

X
L

Fax Ctop E ⼆ ⼈ Td Tdh

Flux bottom E Z 0 Td O

Note that i 总总 0 on the side scene
in 不是 不是 ⼀ 台化到 2 a

Flux side T.rij.znah z.ch

Adding all faxes get her

fidǎ Tdhtotndh ⼆ 3⼆六⼈

Now try to compute the flux by T T

T T 姿 哥 答 ⼆ ⼆⼗⼆⼗ ⼆⼆ 3

f T T dt 3 Tdh 烈烈
⼀ 器
它
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Continuity Equation

Lets review the definition of current density 5
at a total amountn

T T.at A

A A p 0 比 A

⼀ 四 丁 pv or in vector form pū

By comparing the current through A and A

I ⼆ in A TĀ _relation between
I and 5

Iout ⼆ 姿dxdydzdy丁
7 姿

dydxdzdzdx晉 dzdxdy

D Iout ⼆ T T dxdydz

Te charge changing rate inside Mr Cube is

4 是 dxdydz sdxdydZIout.at1
Source inside



不 US 是 ⼀ s 5.5 Jdxdydz 0
5

it 哭 s

If no source is present so

if 是 0 continuity equation

Enclose all charges by an

i infinitely large sphereT四
点1

f T T di t f是 dt 0
v

R
Applyingdivergence theorem

f 5.5 dt fidà O

ˋ5 vanishes on

the Rto sphere

In consequence f是 dt ⼆ 是 fpdt ⼆

O_o器 0 Qlt const

charge conservation
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Gauss Law solid angle on 三 台

dad

da
d ⼝ 台 a soda

if E 舙舌
if

Ēdā f 舙台 in da

Lose

蕊 各占 cosoda

0
處 fdn 蕊

四 f Ēdā ⼆ 是

he charges can be viewed as Sources

or sinks of the electric flux

EEQfdt afvE.de f 是 dt

Bydivergence
Harem f TEE de 0

TĒ ⼆ 号 Maxwell eq
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point charge
Lets compute Me divergence of É by a point

charge Q
theorigin.E舙台 i 舙 信 前⾔

TĒ 器 碧 管 ⼀点卡

彘
P 3⽇ X r 3_3 r2Éyr6 r 6

r 3_3 HĒZ
r 6

Oǒ R 3 2 R 3y 2 E 3 E

0 7

soso.fi Ēdt 0 for a point charge

But according to Gauss law

f Ēdǎ f f 5 Ēd s
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It turns out that TÉ is not really zero

5 Ē ⼆ 是 SMSMSCZ

This is quite reasonable because the charge
density pgyz 0 except

Tio.NOTE

Ē 7 T T 彘卡

TĒ 55 v Jr 舙⼦任

By comparison one can see that

⼆⼦ 卡 SMSMSE4丌

1
Coulomb Dirac S function
potential


