
 Gauss’s Law: 

∮ 𝐸⃗ (𝑟 ′) ∙ 𝑑𝑠⃗⃗⃗⃗ ′
𝑆

 =
1

𝜀0
∫ 𝜌(𝑟 ′) ∙ 𝑑𝑣⃗⃗ ⃗⃗ ′
𝑉

                                                                                               (1) 

HW: 

Show the ratio of the intersected area between the two circles over the total area of the smaller 

circle becomes 1/2 in the limit of 𝑏 → 0.  

 

 Vector Analysis: 

∇⃗⃗ 𝑓 =
𝜕𝑓

𝜕𝑥
𝑥̂ +

𝜕𝑓

𝜕𝑦
𝑦̂ +

𝜕𝑓

𝜕𝑧
𝑧̂                                                                                                                (2) 

𝑑𝑓 = ∇⃗⃗ 𝑓 ∙ 𝑑𝑟                                                                                                                                  (3) 

𝑑𝑟 = ℎ1𝑑𝑞1𝑞̂1 + ℎ2𝑑𝑞2𝑞̂2 + ℎ3𝑑𝑞3𝑞̂3                                                                                         (4) 

∇⃗⃗ 𝑓 =
𝜕𝑓

ℎ1𝜕𝑞1
𝑞̂1 +

𝜕𝑓

ℎ2𝜕𝑞2
𝑞̂2 +

𝜕𝑓

ℎ3𝜕𝑞3
𝑞̂3                                                                                             (5) 

HW: 

Find an expression for the three dimensional delta function in a general orthogonal coordinate 

system. 

 Divergence Operator: 

∇⃗⃗ ∙ 𝑓 = lim
∆𝑉,∆𝑆→0

1

∆𝑉
∮ 𝐹 ∙ 𝑑𝑠⃗⃗⃗⃗ ′
∆𝑆

                                                                                                         (6) 

∇⃗⃗ ∙ 𝑓 =
1

ℎ1ℎ2ℎ3
{

𝜕

𝜕𝑞1
(𝐹1ℎ2ℎ3) +

𝜕

𝜕𝑞2
(𝐹2ℎ1ℎ3) +

𝜕

𝜕𝑞3
(𝐹3ℎ1ℎ2)}                                                     (7) 

∇2𝑓 =
1

ℎ1ℎ2ℎ3
{

𝜕

𝜕𝑞1
(
ℎ2ℎ3

ℎ1

𝜕𝐹1

𝜕𝑞1
) +

𝜕

𝜕𝑞2
(
ℎ1ℎ3

ℎ2

𝜕𝐹2

𝜕𝑞2
) +

𝜕

𝜕𝑞3
(
ℎ1ℎ2

ℎ3

𝜕𝐹3

𝜕𝑞3
)}                                                  (8) 

Divergence theorem: 

∮ 𝑓 ∙ 𝑑𝑠⃗⃗⃗⃗ 
𝑆

= ∫ ∇⃗⃗ ∙ 𝑓 
𝑉

𝑑𝑣                                                                                                                (9) 

HW: 

Using the divergence theorem prove the following identity: 



∮ F⃗ (G⃗⃗ ∙ 𝑑𝑠⃗⃗⃗⃗ )
𝑆

= ∫ (F⃗ (∇⃗⃗ ∙ 𝐺 ) + (𝐺 ∙ ∇⃗⃗ )F⃗ )
𝑉

𝑑𝑣                                                                             (10) 

 


