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𝜖 < 0 𝜇 < 0

𝜖 𝜇

𝐷⃗⃗ = 𝜖𝐸⃗ 𝐵⃗ = 𝜇𝐻⃗⃗ 𝜖 𝜇

𝜌𝑙 = 0

𝐽 𝑙 = 0

𝜖0µ0 𝜖𝜇

𝛻⃗ × (𝛻⃗ × 𝐸⃗ ) = 𝛻⃗ (𝛻⃗ . 𝐸⃗ ) − 𝛻⃗ 2𝐸⃗ = 𝛻⃗ × (−
𝜕𝐵⃗ 

𝜕𝑡
),

−𝛻⃗ 2𝐸⃗ = −
𝜕

𝜕𝑡
(𝛻⃗ × 𝐵⃗ ),

𝛻⃗ 2𝐸⃗ = 𝜖𝜇
𝜕2𝐸⃗ 

𝜕𝑡2
.

𝑣𝑓
2 =

1

𝜖𝜇
.

𝛻⃗ ∙ 𝐷⃗⃗ = 𝜌𝑙 ,
𝛻⃗ × 𝐸⃗ = −

𝜕𝐵⃗ 

𝜕𝑡
,

𝛻⃗ ∙ 𝐵⃗ = 0, 𝛻⃗ × 𝐻⃗⃗ = 𝐽 𝑙 + 𝜖𝜇
𝜕𝐷⃗⃗ 

𝜕𝑡
.

𝛻⃗ ∙ 𝐸⃗ = 0,
𝛻⃗ × 𝐸⃗ = −

𝜕𝐵⃗ 

𝜕𝑡
,

𝛻⃗ ∙ 𝐵⃗ = 0, 𝛻⃗ × 𝐵⃗ = 𝜖𝜇
𝜕𝐷⃗⃗ 

𝜕𝑡
.



µ𝑟 = 
µ

µ0
𝜖𝑟 =

𝜖

𝜖0
𝑛 =

𝑐

𝑣

𝑛 = ±√𝜖𝑟𝜇𝑟

𝜖𝑟 µ𝑟

𝜖 𝜇 𝜖 > 0 𝜇 > 0

𝐸⃗ 𝐻⃗⃗ 𝑘⃗ 

𝐸⃗ = 𝐸0 exp[𝑖(𝑘⃗ . 𝑟 − 𝜔𝑡)],

𝐻⃗⃗ = 𝐻0 exp[𝑖(𝑘⃗ . 𝑟 − 𝜔𝑡)].

𝑘⃗ × 𝐸⃗ = 𝜇𝜔𝐻⃗⃗ ,

𝑘⃗ × 𝐻⃗⃗ = −𝜔𝜖𝐸⃗ .

𝑆 = 𝐸⃗ × 𝐻⃗⃗ .

𝑆 =
|𝐸⃗ 2|

𝜔𝜇
𝑘⃗ 

𝜖 > 0 𝜇 > 0 𝜖 = |𝜖| 𝜇 = |𝜇|

𝑘⃗ × 𝐸⃗ = 𝜔|𝜇|𝐻⃗⃗ , 𝑘⃗ × 𝐻⃗⃗ = −𝜔|𝜖|𝐸⃗ , 𝑆 =
|𝐸⃗ 2|

𝜔|𝜇|
𝑘⃗ 

𝐸⃗ 

𝐻⃗⃗ 𝑘⃗ 
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ã

𝜖 < 0 µ < 0

𝐸⃗ 𝐻⃗⃗  𝑘⃗ é

𝜖 = −|𝜖| µ = −|µ|

𝑘⃗ × 𝐸⃗ = −𝜔|𝜇|𝐻⃗⃗ , 𝑘⃗ × 𝐻⃗⃗ = +𝜔|𝜖|𝐸⃗ ,
𝑆 = −

|𝐸⃗ 2|

𝜔|𝜇|
𝑘⃗ .

𝐸⃗ 𝐻⃗⃗ 𝑘⃗ 
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𝑑𝑘
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𝑘⃗ 

𝑣𝑓 =
𝑐

𝑛
,

𝜖 < 0 µ < 0

𝐸⃗ 𝐻⃗⃗  𝑘⃗  

4.1. Refração Negativa 

𝑛1𝑠𝑒𝑛(𝜃1) = 𝑛2𝑠𝑒𝑛(𝜃2)

𝑠𝑒𝑛(𝜃2) = −
|𝑛1|

|𝑛2|
𝑠𝑒𝑛(𝜃1)



𝑠𝑒𝑛(𝜃2)

4.2. Efeito Doppler Reverso 

4.3. Antenas e Dispositivos de Comunicação 
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