
Physics 2c  Lecture 16 

Standing Waves 
Recap of last time 

 
The Doppler Effect 
Waves with moving 

sources or/and observers 
 

Shock waves 



Standing waves 
= waves that fit boundary conditions for reflection on both ends 

Fixed end Fixed end Fixed end Loose end 



Organ Pipes and Resonance 
●  What’s the difference in fundamental frequency between: 

–  Open at one end, closed at the other 

–  Open at both ends 

–  Closed at both ends 

●  How do you calculate the fundamental frequency? 

●  Given two consecutive resonance frequencies, what’s the length of the 
organ pipe? 

●  Given the length of a guitar string, it’s mass per unit length, and its 
tension, what are its resonance frequencies? 



Resonant frequencies in Organ 
pipes 

●  Both ends open, or both ends closed: 
–  Length = λ/2 * N  ; N=1,2,… 

●  One end open and one end closed: 
–  Length = λ/4 + λ/2 * N  ; N=0,1,2,… 



Example 
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Exam 5A

Name___________________________________

MULTIPLE CHOICE.  Choose the one alternative that best completes the statement or answers the question.

1) If the pressure amplitude of a sound wave triples, what happens to the decibel level?
A) -5dB B) 10dB C) -9.5dB D) 0dB E) 5dB

1)

2) A standing wave is formed on a string for which 3.5 wave lengths fit into the total length of the
string. The string is 2.7m long. The wave has a period of 0.10s. If the string has a mass density
of 220 g/m , what is the tension in the string?

A) 1N B) 10N C) 20N D) 30N E) 100N

2)

3) The mach angle of a shock wave associated with the sonic boom of a low flying plane is 70
degrees. What is the speed of the airplane? (Speed of sound in air = 330m/s)

A) 1000 km/h
B) 3000 km/h
C) 5000 km/h
D) 7000 km/h
E) 500 km/h

3)

4) At a point 15m from a source of spherical sound waves, you measure a sound intensity of
1500mW/m^2.
How much further do you need to walk, directly away from the source, until the sound
intensity has changed by -4.4dB.

A) 5m B) 10m C) 20m D) 15m

4)

5) The intensity of sound from a localized source decreases as the inverse square of the distance
from
the source. Does that mean that the sound looses energy as it propagates?

A) Yes.
B) No.
C) Depends on the frequency of the light.

5)

6) "Vibrato" in a violin is produced by sliding the finger back and forth along a vibrating string.
The G-string on a particular violin measures 30cm between bridge and its far end and is
clamped rigidly at both points. It's fundamental frequency is 197Hz. How far from the ("nut")
end should a violinist place a finger so that the G-string plays the note A (440Hz)?  Note: As
discussed in class, the bridge end of the violin is the end that's near your cheek when playing
the violin.  The nut end of the violin is the end far away from your cheek when playing the
violin.

A) 15cm B) 17cm C) 11cm D) 13cm E) 19cm

6)

7) A horn emits sound at a frequency of 160Hz. What frequency is heard by an observer moving
away from the source at 26m/s ?

A) 140Hz B) 150Hz C) 160Hz D) 170Hz E) 180Hz

7)
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8) A small flute 10.75cm long, and open at one end. closed at the other is played near a taut guitar
string with fundamental frequency of 600Hz. What's the lowest frequency that leads to
standing waves on both instruments? (Speed of air = 344m/s)

A) 600
B) there is no such frequency
C) 1800
D) 2400
E) 1200

8)

9) Sound intensity in normal conversation is about 1microWatt/square-meter. What is the
displacement amplitude of air in a 2.5kHz sound wave of this intensity?

A) 4mm
B) 4micrometer
C) 4nanometer
D) 4picometer
E) 4cm

9)

10) The speed of sound in body tissue is essentially the sane as in water. What is the wavelength of
the ultrasound (2MHz) that is used in medical diagnostics? (v=1497m/s)

A) 0.1mm B) 0.4mm C) 0.5mm D) 0.75mm E) 2mm

10)
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f flute =
v
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4
+
N
2
) = (800, 2400,...)Hz

fguitar = 600Hz+ N600Hz = (600,1200,1800,2400,...)Hz

N refers to the higher modes. N=1 is first higher mode. 



Doppler Effect 

A phenomenon in the case of moving 
source or receiver. 



Example: circular wave 

What happens if either source or observer are  
moving with respect to the medium? 



●  Frequency of source remains unchanged… 

●  … but wavelength or perceived frequency 
changes because of movement. 

 



Convention we will choose: 
 

u = velocity of observer or source 
v = velocity of wave 



Moving Source 

Source approaching: 
 
 

Source receding: 
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Recall relationship between 
wavelength and frequency 
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Approaching source  
-> smaller wavelength 
-> higher pitch 
 
Receding source 
-> larger wavelength 
-> lower pitch 



Examples 
You are standing next to a motorbike racetrack: 

eeeeooooooooooom! 
Approaching bike = high pitch 

receding bike = low pitch 
 

You get caught speeding by the police: 
they send a fixed frequency radio wave at you, 

and measure your speed from the difference in wave length 
between the wave they send and the wave that reflects from 

your car. 



Moving Observer 

Observer approaching: 
 
 

Observer receding: 

! 

" f =
1
" T 

=
v + u
#

= f $ 1+
u
v

% 

& 
' 

( 

) 
* 

" f =
1
" T 

=
v + u
#

= f $ 1+ u
v

% 

& 
' 

( 

) 
* 



''Red shift'' 

Red is at the ''low end'' of the visible spectrum. ''low end'' meaning: 
lower frequency, longer wavelength. Shifting towards red means 
shifting to longer wavelengths, and lower frequencies.  



Problem 56 

Red light emitted by hydrogen atoms at rest in the laboratory has 
 wavelength 656 nm. Light emitted in the same process on a distant 

 galaxy is received at earth at a wavelength of 708 nm.  

What does this say about the relative motion of the distant galaxy  

with respect to earth? 

 

Light is emitted by atoms at well defined wavelengths. These 
wavelengths are characteristic of the quantum structure of the 
atom in question. They thus provide an absolute wavelength 
calibration.  



Answer to problem 56 

Note: the formula for doppler shift in light is different than 
that for sound. However, for small u/v formulas for light 
and sound become identical.  ! 
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u = 0.0793 , 3 ,108m /s = 23800km /s



What if source moves faster than 
wave? 

Source approaching:  
 
 
 
 

For u > v  
this equation leads to negative λ  

which is clearly nonsense! 
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u > v => shock wave 

Mach angle =  
arcsin( v/u ) 

or 
sin(Mach angle) = v/u 



Problem 64 

A supersonic plane is passing at Mach 2.2 right above you. 
 
You hear the sonic boom 19s later. What is the plane's 
altitude assuming a constant 340m/s sound speed? 



Geometry of this Example 

airplane 

ground 

height ! 
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Content of Quiz on Monday 

- Standing waves for violin, guitar, organ, … 
   including higher modes. 
- Waves on a string. 
-  Understanding relationship between speed,  
     frequency, wavelength, … 
-  Decibels 
-  Interference, including beats, 2D interference etc. 
-  Doppler Effect 

In short, everything that is in chapter 16& 17 !!! 



Question to ponder: 

Light from distant galaxies is red shifted relative to nearby 
galaxies. 

 Assuming this red shift is due to Doppler shift, what does it say  

about the distant galaxies motion with respect to earth? 

 

( a) The distance between us and the galaxies is increasing. 

( b) The distance between us and the galaxies is decreasing. 

( c) The distance between the galaxies is increasing. 

( d) The distance between the galaxies is decreasing. 



Answer: 

Light from distant galaxies is red shifted relative to nearby galaxies. 
 Assuming this red shift is due to Doppler shift, what does it say  

about the distant galaxies motion with respect to earth? 

Red shifted means the light is observed at a longer wavelength. 
Longer wavelength means the source of the wave is receding. 
 

=> distant galaxies are moving away faster from the earth  
than nearby galaxies. The distance between galaxies  

is thus increasing. 
 

To understand relative motion of galaxies and earth, rather than 
relative motion of galaxies to each other within the line of sight of 

the earth, you need an absolute wavelength calibration. 


