
ANSWER on Question #75003 – Math – Calculus 

A surface wave with frequency 

𝜔 = 3 × 10−5
𝑟𝑎𝑑

𝑠
 

is propagating at a metal-free space boundary.  

The plasma frequency of metal is 𝜔𝑝𝑙 = 9 × 1015 𝑟𝑎𝑑

𝑠
 and 𝜀𝑟 = 7. Estimate 𝑘. 

If the amplitude of the wave is 

𝐴 = 105 𝑉𝑚−1 

at the surface, what will be its value at the depth of 0.2 𝜇𝑚 in the metal? Ignore the 

collision effect. 

SOLUTION 

𝜔2 − 𝜔𝑝𝑙
2 = 𝑐2𝑘2 → 𝑘 = √

𝜔2 − 𝜔𝑝𝑙
2

𝑐2
 

𝑘 = √
𝜔2 − 𝜔𝑝𝑙

2

𝑐2
= √

(3 × 10−5)2 − (9 × 1015)2

(3 × 108)2
= √

9 × 10−10 − 81 × 1030

9 × 1016
≈ 

≈ √
−81 × 1030

9 × 1016
= √−9 × 1014 = −3𝑖 × 107 

Conclusion, 

𝑘 ≈ −3𝑖 × 107
1

𝑚
 


