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 ~ ? 

A.    2.5 m 

B.    5 m 

C.    7.5 m 

D.    10 m 

E.    15 m 

What is the wavelength of the lowest frequency 

standing wave on a 5 m long string? 





closed end   

  =  displacement node 

  =  pressure antinode 

  

 

 

open end   

  ~  displacement antinode 

  ~  pressure node 

Standing Sound Waves in Pipes:  



pipe closed at one end: 
  

n = 4L / n,    fn  = nv / 4L  

 n=1, 3, 5, . . .   

pipe open at both ends: 
  

n = 2L / n,    fn  = nv / 2L 

 n=1, 2, 3, . . . 



Musical Scales: 
 

•  1 octave = multiplicative factor of 2 in frequency 
  

 A3=220 Hz,  A4 = 440 Hz,   A5=880 Hz 
 

•  Each octave has 12 notes. 
 

•  The frequency f of each note is 21/12 times the frequency of 

    the preceding note:   
  

    fn+1 / fn = 21/12 = 1.059463 
  

    fn+12 / fn = (21/12)12 = 2 

  

 Equal separation in number of notes corresponds to equal 

    multiplicative factors in frequency. 
 

  Note frequencies increase exponentially with note  

      number. 
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Equal Tempered Chromatic Scale: 



Sage Chapel Organ: 



For pipe organs,   

pipe length L 1/f 

Pipe length increases 

exponentially! 

Ranks of pipes 







Doppler Effect for a Moving Source 







Doppler Effect: Applications  

 

 



Doppler Ultrasound Imaging 

• Used to image blood flow and flow profiles.  

• Flow velocity  Doppler frequency shift 

Velocity distribution 

time 



Blood flow in a healthy thyroid gland:  



Doppler Weather Radar 
• Radio waves are trans-

mitted by an antenna 

that scans the sky and 

measures the amplitude 

and frequency of 

reflected waves.   

 

• Detects precipitation 

intensity as well as 

motion caused by 

winds. 

 



• Detects precipitation precipitation intensity as 

well as motion caused by winds. 

• Heavy precipitation produces larger reflected 

signals.  

• Larger raindrops and hail fall faster (have a 

larger terminal speed) and produce larger 

Doppler shifts.   

• Winds change direction of motion of precipitation 

and produce Doppler shifts.  

 

Doppler Weather Radar 



Signatures of a Tornado: 

“Hook” in the radar 

intensity map: 

 

Indicates that precip-

itation is following a 

curved path.  



Astronomical Redshifts 

Because the Universe is expanding, other galaxies 

are moving away from us. The farther they are 

away, the faster they are moving. 
 

z = Red shift = (observed  - rest )/(rest ) 
 

Visible spectrum: 400 nm (violet) to 750 nm (red) 

 

Quasars:   z=5.82  ’=6.52  

 Hydrogen spectral line at 121.6 nm (ultraviolet) 

shifts to 829.1 nm (infrared). 



Detecting Planets Around Other Stars 

A star and its planet orbit about their common 

center of mass.   



Detecting Planets Around Other Stars 

Can detect changes in stellar velocity of 3 m/s! 



Solar coronal 

plasma velocity 

towards or away 

from the satellite 

measured by 

Doppler shift    


