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Why Studying Vectors 
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•

•
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1. Basic Vector Algebra 

–

•

•

• 290𝑜K

–

•

•
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1. Basic Vector Algebra 

–

•

•

• 𝑅1 𝑅2

• 𝑅12

𝑅12 = 𝑅2 − 𝑅1
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1. Basic Vector Algebra 

–

•

𝐀 = Ax𝐱 + Ay𝐲 + Az𝐳 

• Ax, Ay, Az

• 𝐱 , 𝐲 , 𝐳 𝐀

•

•

𝐀 = 3𝐱 + 7𝐲 − 5𝐳 
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1. Basic Vector Algebra 

–

•

   𝐀 = Ax𝐱 + Ay𝐲 + Az𝐳 

   A = 𝐀 = Ax
2 + Ay

2 + Az
2

• 𝐀

   𝐚 =
𝐀

A
=

Ax𝐱 +Ay𝐲 +Az𝐳 

Ax
2+Ay

2+Az
2
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1. Basic Vector Algebra 

–

𝑨 𝑩

  𝐀 =  Ax𝐱 + Ay𝐲 + Az𝐳 

  𝐁 = Bx𝐱 + By𝐲 + Bz𝐳 

  𝐀 + 𝐁 = Ax + Bx 𝐱 + (Ay+By)𝐲  + (Az+Bz)𝐳 

–

  𝐀 =  Ax𝐱 + Ay𝐲 + Az𝐳 

  𝐁 = Bx𝐱 + By𝐲 + Bz𝐳 

  𝐀 − 𝐁 = Ax − Bx 𝐱 + (Ay−By)𝐲  + (Az−Bz)𝐳  

–

• 𝐀 + 𝐁 𝐁 + 𝐀

• 𝐀 − 𝐁 ≠ 𝐁 + 𝑨
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1. Basic Vector Algebra 

– A B

– B A
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1. Basic Vector Algebra 

–

• 𝑨 𝑩

𝐀 =  Ax𝐱 + Ay𝐲 + Az𝐳 

𝐁 =  Bx𝐱 + By𝐲 + Bz𝐳 

•

𝐀 ∙ 𝐁 = AB cos θ

 𝜃

•

• θ = 0

• θ = π/2

• 𝐀 ∙ 𝐁 = 𝐁 ∙ 𝐀
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1. Basic Vector Algebra 

–

 

cos θ =
AxBx + AyBy + AzBz

AB

𝐀 ∙ 𝐁 = AxBx + AyBy + AzBz

•

•

•

𝐱 ∙ 𝐱 = 𝟏

𝐱 ∙ 𝐳 = 𝟎
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1. Basic Vector Algebra 

–

• 𝐀 𝐁

𝐀 =  Ax𝐱 + Ay𝐲 + Az𝐳 

𝐁 =  Bx𝐱 + By𝐲 + Bz𝐳 

•

𝐀 ∙ 𝐁 = AB sin θ

=

𝐱 𝐲 𝐳 
Ax Ay Az

Bx By Bz

= (AyBz  −  AzBy)𝐱  + (AzBx  − AxBz)𝐲  + (AxBy  − AyBx)𝐳 

• (θ = 0)

• (θ =  
π

2
)
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1. Basic Vector Algebra 

–

•

•

•

• 𝐀 × 𝐁 = −𝐁 × 𝐀

•

𝐱 × 𝐱 = 𝟎

𝐱 × 𝐳 = 𝐲 
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1. Basic Vector Algebra 

• 𝐀 ∙ 𝐁 × 𝐂 = 𝐁 ∙ 𝐂 × 𝐀 = 𝐂 ∙ 𝐀 × 𝑩

• 𝐀 ∙ 𝐁 × 𝐂 =

Ax Ay Az

Bx By Bz

Cx Cy Cz

• 𝐀 × 𝐁 × 𝐂 = 𝐁 𝐀 ∙ 𝐂 − 𝐂 𝐀 ∙ 𝐁

• 𝐀 × 𝐁 × 𝐂 ≠ 𝐀 × 𝐁 × 𝐂 
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2. Coordinate Systems 

–

•

•

•






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2. Coordinate Systems 

–

•







•

ELECTROMAGNETIC FIELDS By Ahmed W. 



Electromagnetics 2/18/2018 

By Ahmed Wael 9 

2. Coordinate Systems 

–
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2. Coordinate Systems 

–

•

 d𝐥 = dx 𝐱 + dy 𝐲 + dz 𝐳 

•

  d𝐒 𝒙 = dydz

  d𝐒 𝒚 = dxdz

  d𝐒 𝒛 =  dxdy

•

  d𝐕 =  dxdydz

ELECTROMAGNETIC FIELDS By Ahmed W. 



Electromagnetics 2/18/2018 

By Ahmed Wael 10 

2. Coordinate Systems 

–

•

𝐫 𝚽 𝐳 

• 𝐫 , Φ , 𝐳 

• 𝐤 

• 𝐫 , ∅ 

•

 ∅ = 0; 𝐫 = 𝐱 𝚽 = 𝐲 

 ∅ =
𝜋

2
: 𝐫 = 𝐲 𝚽 = −𝐱 
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2. Coordinate Systems 

–

ELECTROMAGNETIC FIELDS By Ahmed W. 



Electromagnetics 2/18/2018 

By Ahmed Wael 11 

2. Coordinate Systems 

–

•

  d𝐥 = dr 𝐫 + rd∅ Φ + dz 𝐳 

•

 d𝐒𝐫
 =  r d∅dz

  d𝐒∅
 = drdz

  d𝐒𝐳
 = r drd∅

•

  d𝐕 = rdrd∅dz
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2. Coordinate Systems 

–

•

d𝐥 = dR 𝐫 + rdθ Θ + rsinθ d∅ Φ 

•

d𝐒𝐑
 = R2sinθ dθd∅

d𝐒𝛉
 = R sin θ drd∅

d𝐒∅
 = Rdrdθ

–

d𝐕 = R2sinθ drdθd∅
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2. Coordinate Systems 

–
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2. Coordinates Systems - Summary 
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2. Coordinates Systems - Summary 
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4. Systems Transformation 
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