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Further	  Background	  on	  Waves	  



f (x,t) = f (x-vt) 





Sinusoidal	  Waves	  





Circular/Spherical	  Waves	  

 	  Note	  this	  is	  a	  2-‐D	  wave	  	  
	  	  	  	  (i.e.,	  higher	  #	  of	  dimensions!)	  



Longitudinal	  Waves	  



Sound	  is	  a	  Longitudinal	  (Compression)	  Wave	  

 	  NoJon	  of	  pressure	  



Pressure	  

pressure	  =	  force/area	  

Note:	  pressure	  is	  a	  scalar	  (not	  a	  vector)	  

[pressure]	  =	  pascal	  (Pa)	  =	  N/m2	  	  	  





Microscopic	  Basis	  of	  Pressure	  



Atmospheric	  Pressure	  



Sound	  Pressure	  is	  a	  VariaJon	  Atop	  Atmospheric	  Pressure	  



Sound	  Can	  Be	  Used	  to	  ‘Image’	  

Ultrasound	  

Chapel	  Hill	  





Audiogram	  indicates	  the	  sound	  pressure	  (dB	  SPL)	  required	  for	  detecJng	  tones	  at	  different	  frequencies	  

Human	  Audiogram	  

Geisler	  (1998)	  



	  	  	  	  0	  dB	  =	  	  x1	  

	  	  10	  dB	  ≈	  	  x3	  
	  	  20	  dB	  =	  	  x10	  
	  	  40	  dB	  =	  	  x100	  

	  	  60	  dB	  =	  	  x1000	  
	  	  80	  dB	  =	  	  x10000	  
100	  dB	  =	  	  x100000	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  …	  

•  a	  dB	  value	  is	  a	  comparison	  of	  two	  
numbers:	  	  

	  	  	  	  	  	  	  	  	  	  	  dB=	  20	  log(x/y)	  	  

•  A	  means	  to	  manage	  numbers	  
efficiently	  

•  0	  dB	  SPL	  =	  20	  µPa	  

⇒	  But	  why	  do	  we	  need	  to	  use	  a	  dB	  scale?	  

Decibels (dB)"



    Humans hear over a pressure range of 120 dB " [thatʼs a factor of a million]"

Dynamic	  Range	  



ʻThe ear is capable of processing sounds!
over a remarkably wide intensity range, !
encompassing at least a million-fold change !
in energy….ʼ"
                                                   P. Dallos"



VS	


x5!

⇒  Energy is related to the square of pressure …!

   WRONG ANALOGY!

ʻTo appreciate this range … we represent a similar range of potential energies 
by contrasting the weight of a mouse with that of five elephants.ʼ"



VS	




hip://www6.miami.edu/UMH/CDA/UMH_Main/	  

The	  ear	  actually	  EMITS	  sound!	  
	  (otoacousJc	  emission	  –	  OAE)	  



human	  threshold	  curve	  

⇒	  SOAEs	  byproduct	  of	  an	  amplifica2on	  mechanism?	  

OAEs	  &	  Threshold	  

	  Spontaneous	  or	  
evoked	  



	  OAEs	  used	  for	  newborn	  hearing	  
screening	  (only	  healthy	  ears	  emit)	  

	  Much	  faster/easier	  than	  evoked	  
potenJals	  (i.e.,	  ABR)	  



Traveling Waves!

Mammalian OAE 
generation overview"

Hair	  Cells	  =	  Mechano-‐Electro	  Transducers	  



Hair cell = Amplifier?"

Reverse	  
Transduc9on	  

 	  	  Hair	  cells	  also	  amplify	  	  	  	  	  
	  	  	  (forming	  basis	  for	  OAEs)	  

Forward	  
Transduc9on	  

Fettiplace & Hackney (2006)"


