
Electromagnetics 2/18/2018 

By Ahmed Wael 1 

ELECTROMAGNETIC FIELDS By Ahmed W. 

Lecture’s Contents Part - II 

–

–

–

–

–

–

–

ELECTROMAGNETIC FIELDS By Ahmed 
W. 



Electromagnetics 2/18/2018 

By Ahmed Wael 2 

1. Line and Surface Integrals 

–

 𝐅 ∙ d𝐥 =  𝐅 A ∙ d𝐥 

 

A

+  𝐅 B ∙ d𝐥 

 

B

+  𝐅 C ∙

 

C

 

𝑙

d𝐥 

= 𝐅 A ∙ 𝐀 + 𝐅 B ∙ 𝐁 + 𝐅 C ∙ 𝐂 

Vector Field  𝐅 = 𝐅 A + 𝐅 B + 𝐅 C

𝑙 = 𝐀 + 𝐁 + 𝐂 
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1. Basic Vector Algebra 

–

 𝐅 ∙ d𝐬 =  𝐅 A ∙ d𝐬 

 

𝑆𝐴

+  𝐅 B ∙ d𝐬 

 

𝑆𝐵

+  𝐅 C ∙

 

𝑆𝐶

 

𝑆

d𝐬 

= 𝐅 A ∙ 𝐒A + 𝐅 B ∙ 𝐒B + 𝐅 C ∙ 𝐒C

= SA𝐅 A ∙ 𝐚 + SB𝐅 B ∙ 𝐛 + SC𝐅 C ∙ 𝐜 

𝐒 

= 𝐒A + 𝐒B + 𝐒C

= SA 𝐚 + SB 𝐛 + SC 𝐜 
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2. Gradient of a Scalar Field 

–

•

• dT/dz

•
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2. Gradient of a Scalar Field 

–

d𝐥 = dx 𝐱 + dy 𝐲 + dz 𝐳 

dT =
𝜕T

𝜕x
dx +

𝜕T

𝜕y
dy +

𝜕T

𝜕z
dz

= 𝐱 
𝜕T

𝜕x
∙ d𝐥 + 𝐲 

𝜕T

𝜕y
∙ d𝐥 + 𝐳 

𝜕T

𝜕z
∙ d𝐥 = 𝐱 

𝜕T

𝜕x
+ 𝐲 

𝜕T

𝜕y
+ 𝐳 

𝜕T

𝜕z
∙ d𝐥 

= 𝛻𝑇 ∙ d𝐥 

𝛻𝑇 = 𝐱 
𝜕T

𝜕x
+ 𝐲 

𝜕T

𝜕y
+ 𝐳 

𝜕T

𝜕z
𝛁 = 𝐱 

𝜕

𝜕x
+ 𝐲 

𝜕

𝜕y
+ 𝐳 

𝜕

𝜕z
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2. Gradient of a Scalar Field 

–

•

𝛻 =
𝜕

𝜕R
𝐑 +

1

R

𝜕

𝜕Θ
𝚯 +

1

Rsinθ

𝜕

𝜕Φ
𝚽 

•

𝛻 =
𝜕

𝜕r
𝐫 +

1

r

𝜕

𝜕φ
𝚽 +

𝜕

𝜕z
𝐳 
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3. Divergence Theorem of a Vector Field 

–

• 𝛻 𝐀

Div 𝐀 =  𝛁 ∙ 𝐀 =
𝜕Ax

𝜕x
+

𝜕Ax

𝜕x
+

𝜕Ax

𝜕x
 

 

•

•
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3. Divergence Theorem of a Vector Field 

–

•

•

𝑉 𝑆

•

•

𝑆 𝑉

•

•

Φ =  𝐀 ∙ d𝐬 
 

s

=  𝛻 ∙ 𝐀
 

v

 d𝐯 
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4. Curl and Del Operator  

–

•

𝛻 × 𝐁 = curl 𝐁 = log∆𝒔→𝟎

1

∆𝑠
[𝐧  𝐁 ∙ d𝐥 

•

𝛻 × 𝐀 + 𝐁 = 𝛻 × 𝐀 + 𝛻 × 𝐁

•

𝛻 ∙ 𝛻 × 𝐀 = 0

•

𝛻 × 𝛻𝐀 = 0
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4. Curl and Del Operator  

–

•

𝛻 × 𝐁 ∙ d𝐬 =  𝐁 ∙ d𝐥 

• 𝛻 × 𝐁 = 𝟎
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5. Laplacian Operator 
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