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Sign Conventions for EM Waves

EQUATION(S)

Wave Propagating in 
+ 𝒛𝒛 Direction

ENGINEERING
(Negative Sign Convention)

PHYSICS/SCIENCE
(Positive Sign Convention)

cos 𝜔𝜔𝜔𝜔 ∓ 𝑘𝑘𝑘𝑘
exp ∓𝑗𝑗𝑘𝑘𝑘𝑘

− forward wave
+ backward wave

cos −𝜔𝜔𝜔𝜔 ± 𝑘𝑘𝑘𝑘
exp ±𝑖𝑖𝑘𝑘𝑘𝑘

− backward wave
+ forward wave

Maxwell’s Equations ∇ × 𝐸𝐸 = −𝑗𝑗𝑗𝑗𝐵𝐵
∇ × 𝐻𝐻 = 𝐽𝐽 + 𝑗𝑗𝑗𝑗𝐷𝐷

∇ � 𝐷𝐷 = 𝜌𝜌v
∇ � 𝐵𝐵 = 0

𝐷𝐷 = 𝜀𝜀𝐸𝐸
𝐵𝐵 = 𝜇𝜇𝐻𝐻

∇ × 𝐸𝐸 = 𝑖𝑖𝑖𝑖𝐵𝐵
∇ × 𝐻𝐻 = −𝐽𝐽 − 𝑖𝑖𝜔𝜔𝐷𝐷

∇ � 𝐷𝐷 = 𝜌𝜌v
∇ � 𝐵𝐵 = 0

𝐷𝐷 = 𝜀𝜀𝐸𝐸
𝐵𝐵 = 𝜇𝜇𝐻𝐻

Wave Vector & 
Propagation Constant

𝑘𝑘 = 𝛽𝛽 − 𝑗𝑗𝑗𝑗
𝛾𝛾 = 𝑗𝑗𝑗𝑗 = 𝛼𝛼 + 𝑗𝑗𝑗𝑗

𝑘𝑘 = 𝛽𝛽 + 𝑖𝑖𝑖𝑖
𝛾𝛾 = 𝑗𝑗𝑗𝑗 = −𝛼𝛼 + 𝑗𝑗𝑗𝑗

𝛼𝛼 < 0 gain (grow)
𝛼𝛼 > 0 loss (decay)

𝛽𝛽 < 0 backward
𝛽𝛽 > 0 forward

Complex 𝝁𝝁, 𝜺𝜺 and 𝒏𝒏
̃𝜀𝜀 = 𝜀𝜀′ − 𝑗𝑗𝜀𝜀′′
�𝜇𝜇 = 𝜇𝜇′ − 𝑗𝑗𝜇𝜇′′

𝑛𝑛o < 0 neg. index
𝑛𝑛o > 0 pos. index

𝜅𝜅 < 0 gain (grow)
𝜅𝜅 > 0 loss (decay)�𝑛𝑛 = 𝑛𝑛o − 𝑗𝑗𝑗𝑗 ̃𝜀𝜀 = 𝜀𝜀′ + 𝑖𝑖𝜀𝜀′′

�𝜇𝜇 = 𝜇𝜇′ + 𝑖𝑖𝜇𝜇′′�𝑛𝑛 = 𝑛𝑛o + 𝑖𝑖𝑖𝑖

Lorentz Model ̃𝜀𝜀r 𝜔𝜔 = 1 +
𝜔𝜔p2

𝜔𝜔02 − 𝜔𝜔2 + 𝑗𝑗𝑗𝑗Γ
Γ < 0 gain (grow)
Γ > 0 loss (decay) ̃𝜀𝜀r 𝜔𝜔 = 1 +

𝜔𝜔p2

𝜔𝜔02 − 𝜔𝜔2 − 𝑖𝑖𝑖𝑖Γ

Fourier Transform 𝐹𝐹 𝜔𝜔 =
1
2𝜋𝜋

�
−∞

+∞
𝑓𝑓 𝑡𝑡 𝑒𝑒−𝑗𝑗𝑗𝑗𝑗𝑗𝑑𝑑𝑑𝑑

𝑓𝑓 𝑡𝑡 = �
−∞

+∞
𝐹𝐹 𝜔𝜔 𝑒𝑒𝑗𝑗𝑗𝑗𝑗𝑗𝑑𝑑𝑑𝑑

Temporal

𝐹𝐹 𝑘𝑘 =
1
2𝜋𝜋

�
−∞

+∞
𝑓𝑓 𝑥𝑥 𝑒𝑒𝑗𝑗𝑗𝑗𝑗𝑗𝑑𝑑𝑑𝑑

𝑓𝑓 𝑥𝑥 = �
−∞

+∞
𝐹𝐹 𝑘𝑘 𝑒𝑒−𝑗𝑗𝑗𝑗𝑗𝑗𝑑𝑑𝑑𝑑

Spatial

𝐹𝐹 𝜔𝜔 =
1
2𝜋𝜋

�
−∞

+∞
𝑓𝑓 𝑡𝑡 𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑

𝑓𝑓 𝑡𝑡 = �
−∞

+∞
𝐹𝐹 𝜔𝜔 𝑒𝑒−𝑖𝑖𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑

Temporal

𝐹𝐹 𝑘𝑘 =
1
2𝜋𝜋

�
−∞

+∞
𝑓𝑓 𝑥𝑥 𝑒𝑒−𝑖𝑖𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑

𝑓𝑓 𝑥𝑥 = �
−∞

+∞
𝐹𝐹 𝑘𝑘 𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑

Spatial

Fourier Series 𝑎𝑎𝑛𝑛 =
1
𝜏𝜏
�
− ⁄𝜏𝜏 2

+ ⁄𝜏𝜏 2
𝑓𝑓 𝑡𝑡 𝑒𝑒−𝑗𝑗𝑗𝑗𝑗𝑗𝑑𝑑𝑑𝑑

𝑓𝑓 𝑡𝑡 = �
𝑛𝑛=−∞

∞

𝑎𝑎𝑛𝑛𝑒𝑒−𝑗𝑗𝑗𝑗𝑗𝑗

Temporal

𝑎𝑎𝑛𝑛 =
1
Λ
�
− ⁄Λ 2

+ ⁄Λ 2
𝑓𝑓 𝑥𝑥 𝑒𝑒𝑗𝑗

2𝜋𝜋𝜋𝜋𝜋𝜋
Λ 𝑑𝑑𝑥𝑥

𝑓𝑓 𝑥𝑥 = �
𝑛𝑛=−∞

∞

𝑎𝑎𝑛𝑛𝑒𝑒
−𝑗𝑗2𝜋𝜋𝜋𝜋𝜋𝜋Λ

Spatial Temporal Spatial

𝑎𝑎𝑛𝑛 =
1
𝜏𝜏
�
− ⁄𝜏𝜏 2

+ ⁄𝜏𝜏 2
𝑓𝑓 𝑡𝑡 𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑

𝑓𝑓 𝑡𝑡 = �
𝑛𝑛=−∞

∞

𝑎𝑎𝑛𝑛𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖

𝑎𝑎𝑛𝑛 =
1
Λ
�
− ⁄Λ 2

+ ⁄Λ 2
𝑓𝑓 𝑥𝑥 𝑒𝑒−𝑖𝑖

2𝜋𝜋𝜋𝜋𝜋𝜋
Λ 𝑑𝑑𝑥𝑥

𝑓𝑓 𝑥𝑥 = �
𝑛𝑛=−∞

∞

𝑎𝑎𝑛𝑛𝑒𝑒
𝑖𝑖2𝜋𝜋𝜋𝜋𝜋𝜋Λ

  j i− ↔
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