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For a given medium, the wave speed v is constant.

Increasing f means that  decreases:      v  =   f 
Decreasing f means thatincreases:      v  =   f 

Wave speed = frequency x wavelength
                  v  =   f 

Review:

higher f
shorter 

lower f
longer 



Bug jumps up and 
down on a pond 

Wavefronts move out in 
concentric circles that 
are centered on the bug
A and B observe waves 
at the same frequency

Doppler Effect:    Intro

Bug jumps up and down
while moving to the right

Circles are centered on 
previous position of bug.
B observes waves at a 
higher frequency than A



Ambulance driver hears a constant frequency. 
Wave speed is the same for A and B (same medium).
Same effect if source is at rest and observers move.

The Doppler Effect is a change in the observed 
frequency of a wave caused by relative motion 
between the source and an observer.

higher f
shorter 

lower f
longer 

observer observer

source



Classwork:   Turn in at end of period.



The speed of the source affects 
the observed frequency:

The greater the source speed…
                                 …the more the frequency shifts.
Result:    Measure frequency shift to find speed

higher f
even 
higher f
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• The Doppler effect also applies to light:
Increase in light frequency when light source 
approaches you   blue shift
Decrease in light frequency when light source 
moves away from you n   red shift

blue light:
higher f
shorter 

light source

red light:
lower f
longer 

Which observer measure a light wave that is faster?
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Classwork:   Turn in at end of period.
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Most galaxies have a red shift

Pass starlight through a prism.
Its spectrum has dark lines.

If a galaxy (with its stars) are moving, 
the dark lines are shifted:
blue shift:  galaxy moving towards us
red shift:   galaxy moving away Most galaxies moving away

Universe must be expanding
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Star light, star …..

A star's spin speed 
can be determined 
by measurement of 
frequency shift

observer

star

A star’s speed can 
tell us if there is a 
planet orbiting it
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Doppler radar:   Weather prediction
Radar:  echo to tell how far away storm is
Doppler radar:   tells how fast storm is moving
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Doppler radar with tornadoes

Tornado winds are 
moving towards 
Nexrad from A, 
and away from 
Nexrad at B.

More shift   faster speed

Wave from A: blue shifted
Wave  from B: red shifted.
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You can tell is a tornado is forming:
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Traffic enforcement and radar

Radar gun sends out wave.
Frequency of returning wave 
(echo) is shifted.

More shift   faster speed
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The Doppler Effect
CHECK YOUR NEIGHBOR 
The Doppler effect occurs for

A. sound.
B. light. 
C. Both A and B.
D. Neither A nor B.
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The Doppler Effect
CHECK YOUR ANSWER 
The Doppler effect occurs for

C. Both A and B.

Explanation:
The Doppler effect occurs for both sound and light. 
Astronomers measure the spin rates of stars by the 
Doppler effect.
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Bow Waves
• Wave barrier

– Waves superimpose (overlap) directly on
top of one another producing a "wall".

bug swimming as fast 
as the wave it makes

bug swimming faster 
than the wave it makes

wall

V-shaped
wall
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• Bow wave
– V-shape form of overlapping waves when object 

travels faster than wave speed.
– An increase in speed will produce a narrower 

V-shape of overlapping waves. 
bow waves

narrower= faster
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Classwork:   Turn in at end of period.

Skip 24 for now.
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Wake up!
A wake is the wave pattern produced as a boat 
moves through water:

A bow wave is produced when 
many waves overlap.  
Because it is on the water surface, 
it is (mostly) 2-dimensional.

The bow is the 
front end of a 
boat or ship.  
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Bow Waves, Continued
• Supersonic

– Aircraft flying faster than the speed of sound (Mach 1).
– Difficult to control plane as it passes sound barrier
– Easier afterwards because air is smoother



Classwork:   Turn in at end of period.
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Shock Waves
• Shock wave

– Pattern of overlapping 
spheres that form a cone
from objects traveling 
faster than the speed of 
sound.



Classwork:   Turn in at end of period.
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• Shock wave (continued)

– Consists of two cones:
• a high-pressure cone 

generated at the bow of 
the supersonic aircraft

• a low-pressure cone that 
follows toward (or at) the 
tail of the aircraft

The air pressure changes 
are similar to the expansion
of air during an explosion

hig
h p

res
su

re

high pressure

low pressure

low
 pr

es
su

re
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The shock wave cone is continuously 
dragged behind the plane. 

A sonic boom is the sharp cracking sound heard 
by observes on the ground as a supersonic 
aircraft flies past. 

plane

shock wave

shock waveWhich person has 
already heard it?

Which hasn’t?



Classwork:   Turn in at end of period.
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Sonic boom
It is not required that a 
moving source be noisy.
Example: 
Crack of circus whip

The whip is not the 
source of the noise.   It 
produces the sound by 
generating shock waves. 
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A supersonic bullet is 
traveling faster than Mach 1 
(the speed of sound).
 It drags shock wave cone 
behind it, creating a noise.



Classwork:   Turn in at end of period.


