
Two-Dimensional Traveling Waves - Examples



Two Dimensional Standing Waves - Examples



EM Waves For Blackbody Box

• Standing EM wave solution to the wave equation for a cubic box.

• ∇2ψ = ⁄𝛼𝛼2ψ 𝛼𝛼𝑥𝑥2 + ⁄𝛼𝛼2ψ 𝛼𝛼𝑦𝑦2 + ⁄𝛼𝛼2ψ 𝛼𝛼𝑧𝑧2 = 1
𝑐𝑐2
∗ ⁄𝛼𝛼2ψ 𝛼𝛼𝑡𝑡2

• ψ = ∑𝑘𝑘
sin 𝑘𝑘𝑥𝑥𝑥𝑥 ∗ sin 𝑘𝑘𝑦𝑦𝑦𝑦 ∗ sin 𝑘𝑘𝑧𝑧𝑧𝑧 ∗
𝐴𝐴𝑘𝑘 ∗ cos 𝑤𝑤𝑘𝑘𝑡𝑡 + 𝐵𝐵𝑘𝑘 ∗ sin 𝑤𝑤𝑘𝑘𝑡𝑡

• Index of 𝑘𝑘 is the set 𝑘𝑘𝑥𝑥 , 𝑘𝑘𝑦𝑦 , 𝑘𝑘𝑧𝑧
• 𝑘𝑘𝑑𝑑 = 𝜋𝜋𝑛𝑛𝑑𝑑

𝐿𝐿
- wave must go to zero at the box boundaries in each 

Cartesian direction.



EM Waves For Blackbody Box

• 𝑤𝑤𝑘𝑘 = 2𝜋𝜋𝑓𝑓𝑘𝑘 = ⁄2𝜋𝜋𝜋𝜋 λ𝑘𝑘 = �2𝜋𝜋𝜋𝜋 �2𝜋𝜋 𝑘𝑘 = 𝜋𝜋 𝑘𝑘

• 𝑘𝑘 = 𝑘𝑘𝑥𝑥2 + 𝑘𝑘𝑦𝑦2 + 𝑘𝑘𝑧𝑧2 = 2𝜋𝜋
λ

- magnitude of the wave number –
Pythagorean sum of the Cartesian components.



Example of Standing Wave in a Square

Two dimensional version, with wave displacement in the z direction. Ignore time.  Box slide length 
set to one unit.  Amplitude set to one unit.

Select solution of n = 2 in the x direction, and n = 1 in the y direction.



Energy Escape



Energy Escape

• All escaping energy originating at distance R reaches the cavity at 
the same time (R/c) – hemispheric shell.

• Energy in chunk = (energy density) * (volume of chunk).

• = 𝐸𝐸
𝑉𝑉

 ∗ 𝑅𝑅2 sin 𝜃𝜃 𝑑𝑑𝜃𝜃𝑑𝑑𝑑𝑑  ∗ 𝜋𝜋 𝑑𝑑𝑡𝑡
• Fraction of energy escaping = ½ * (effective cross sectional area of 

the cavity) * 1/(surface area of the hemisphere).

• = 1
2

 ∗ 𝐴𝐴 cos 𝜃𝜃 ∗  ⁄1 2𝜋𝜋𝑅𝑅2



Energy Escape

• Factor out A and dt, as we are want the intensity = escaping energy 
per unit time per unit area.

• Integrate over the surface of the hemisphere.

• 𝐼𝐼 = 1
𝐴𝐴

 ∗  ⁄𝑑𝑑 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑦𝑦 𝑒𝑒𝑒𝑒𝜋𝜋𝑒𝑒𝑒𝑒𝑒𝑒 𝑑𝑑𝑡𝑡

• =  ∫0
𝜋𝜋
2 ∫0

2𝜋𝜋 𝐸𝐸
𝑉𝑉

 ∗ 𝑅𝑅2 sin 𝜃𝜃 ∗ 𝜋𝜋  ∗ 1
2

 ∗ cos 𝜃𝜃 ∗  ⁄1 2𝜋𝜋𝑅𝑅2 𝑑𝑑𝑑𝑑𝑑𝑑𝜃𝜃

• = 𝐸𝐸
𝑉𝑉

 ∗ ⁄𝜋𝜋 4𝜋𝜋 ∗ ∫0
𝜋𝜋
2 ∫0

2𝜋𝜋 sin 𝜃𝜃 cos 𝜃𝜃 𝑑𝑑𝑑𝑑𝑑𝑑𝜃𝜃

• = 𝐸𝐸
𝑉𝑉

 ∗ ⁄𝜋𝜋 4𝜋𝜋 ∗ 2𝜋𝜋 ∗  ∫0
𝜋𝜋
2 sin 𝜃𝜃 cos 𝜃𝜃 𝑑𝑑𝜃𝜃



Energy Escape

• = 𝐸𝐸
𝑉𝑉

 ∗ 𝑐𝑐
2
∗  ∫0

𝜋𝜋
2 sin 𝜃𝜃 cos 𝜃𝜃 𝑑𝑑𝜃𝜃 = 𝐸𝐸

𝑉𝑉
 ∗ 𝑐𝑐

2
∗ 1

2
 𝑒𝑒𝑠𝑠𝑒𝑒2 𝜃𝜃 |0

𝜋𝜋
2 =

• 𝐸𝐸
𝑉𝑉

 ∗ 𝑐𝑐
2
∗ 1

2
= 𝑐𝑐

4
 ∗ 𝐸𝐸

𝑉𝑉
= 𝐼𝐼
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