
ACOUSTIC RESONATORS, WAVEGUIDES, AND ANTENNAS


TEM Resonances: 
TEM0 TEM1 TEM2 TEM3 

Current I(z,t): 
Voltage V(z,t): 0 0 0 

TEM Resonators: 

ωo = 2πfo = 2πc/λo 
λo = 2d 

u(z,t) I(z,t): 
p(z,t) V(z,t): 

ωo = πc/d ωo = πc/d ωo = πc/2d 

0 0 0 
Acoustic Resonators: 

A001 A001 A001 

Boundary Conditions: 
u = 0 at closed end (of course); p ≠ 0

p ≅ 0 at open end (abrupt opening for narrow pipe reduces p)
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HUMAN ACOUSTIC RESONATORS


Human Vocal Tract:


f1 = cs/λ1 = cs/4d 
= 340/(4 × 0.16) 
= 531 Hz 

Second Resonance: 
f2 = 1594 Hz 

Third Resonance: 

f3 = 2655 Hz 

0 z 

vocal chords 

z say ~16 cm 
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