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Possible configurations of 
mechanical wave 

propagation



Possible propagation 
configurations



Longtudinal vs. Transverse 
waves



Planar vs. Circular waves



Huygens' Principle



Constructive and Destructive 
interferences



Reflection and Transmission of 
waves



Reflection of planar and 
spherical waves



Diffraction



Standing Waves



Mechanical 1D waves



Mechanical 1D waves

• Stems from a perturbation induced to the 
medium

• Refer to as a wave: 

– Pendulum angle relative to its equilibrium 
state

– The metal ball velocity

– The ball energy

• In 1D case: 



The wave function

• Propagation along positive x direction:

• Propagation along negative x direction:



The wave equation

• Define:                     and 

• since                         thus: 



The wave equation

• For 3D case:



Harmonic waves

• More generally for 3D:



Harmonic waves

• Group waves:



Harmonic waves

• Group waves:



Harmonic waves

• Wave velocity:

• Group velocity:

• Phase velocity:

• If the speed of sound varies with the wave 
frequency, these are not the same. 



Harmonic waves

• Standing waves:

• More generally: 



Standing Waves



Wave in a 1D medium

• Transverse waves in a string:

• Tension (T/Newton)

• Density (   - kg/m3)

• Wave function: y(x,t)



Wave in a 1D medium

• Newtons’ second law: 



Wave in a 1D medium

• The familiar wave Equation, thus:



Wave reflection (echo) in 
a 1D medium



Wave reflection (echo) in 
a 1D medium

• and

• Displacement continuity:

• Equality of forces along y:  



Wave reflection (echo) in 
a 1D medium

• Boundary conditions:              

• Thus:                and         ,  

• Thus final reflection coeff.: 



Wave reflection (echo) in 
a 1D medium

• Similarly the transmission coefficient could 
be obtained:

• or



Wave reflection (echo) in 
a 1D medium

• Special case #1: a point connecting 2 
similar strings (             )



Wave reflection (echo) in 
a 1D medium

• Special case #2: a point is connected to a 
wall (a fixed end,          ) 



Wave reflection (echo) in 
a 1D medium

• Special case #3: The string has free end (

)



Wave reflection (echo) in 
a 1D medium

• Special case #4: The second string is 
denser than the first one (        ):

• The transmitted wave is smaller than the 
impinging wave: 



Wave reflection (echo) in 
a 1D medium

• Special case #4: The second 

• string is denser than the first

• one (        ):



Wave reflection (echo) in 
a 1D medium

• Special case #5: The first string is denser 
than the second one (        ):

• The transmitted wave will be bigger than 
the impinging wave: 



Wave reflection (echo) in 
a 1D medium

• Special case #5: The first string

• is denser than the second one 

(        ):



Wave energy in string

• Kinetic energy (related to velocity) + 
Potential energy (stemming from the 
string tension)

• For the impinging wave:



Wave energy in string

• Energy flowing into the point of 
discontinuity in time equals the energy 
flowing out of it:

• Or

• Which yields  (              ):



Wave energy in string

• Recalling the refl. And trans. ratios: 

• Which yields: 



Longitudinal wave 
propagation



Longitudinal wave 
propagation

• The strain    : 

• Hook’s law (E: Young’s modulus or 
modulus of elasticity) 



Longitudinal wave 
propagation



Longitudinal wave 
propagation

•



Longitudinal wave 
propagation

•

• :  Wave equation for the rod



Longitudinal wave 
propagation

• Wave equation for the rode:

and 


