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First, let us revise what we already know  
about waves and light.





• The amplitude (height) of a wave motion is the maximum displacement of the particles from their 
equilibrium (rest) position. The amplitude determines the volume of a sound wave.

• The wavelength (λ) of a wave is the distance between two consecutive points in the wave which are in 
phase and is measured in meters (m). It is therefore also the distance between two successive crests 
or the distance between two successive troughs.

• The frequency (f) of a wave motion is the number of complete waves passing a specific point per 
second and is measured in hertz (Hz). The frequency of a sound wave determines its pitch. The 
frequency of a light wave determines its colour.

• The frequency of a wave determines the energy of the wave. 

• The period (T) of a wave motion is the time taken for one complete wave to pass a fixed point.

• The speed (𝒗𝒗) of a wave is given by the equation  𝒗𝒗 = 𝒇𝒇𝝀𝝀





• The visible spectrum of light is just a small section of a much greater series of 
wavelengths called the electromagnetic spectrum.

• The speed of light (and all other electromagnetic radiation) is constant (3 × 108 m·s−1).

• The colour of light depends on its frequency.



The Doppler Effect 
with Sound



The Doppler effect occurs when a source of waves and/or observer move 
relative to each other, resulting in the observer measuring a different 
frequency of the waves than the frequency that the source is emitting. 

The medium that the waves are travelling through, the transmitting medium, 
is also stationary in the cases we will study.



Let us consider a source of sound waves with a constant frequency and amplitude.

The sound source is the police car in the middle and it is stationary.



For the Doppler effect to take place, the source must be moving relative to the 
observer.



When the car approaches you, the sound waves that reach you have a shorter wavelength and 
a higher frequency. You hear a sound with a higher pitch.



When the car moves away from you, the sound waves that reach you have a longer wavelength 
and lower frequency. You hear a sound with a lower pitch.



The Doppler effect (for sound) is the change in frequency or pitch of 
the sound detected by a listener, because the sound source and the 
listener have different velocities relative to the medium of sound 
propagation.



𝑓𝑓𝐿𝐿 =
𝑣𝑣 ± 𝑣𝑣𝐿𝐿
𝑣𝑣 ± 𝑣𝑣𝑆𝑆

𝑓𝑓𝑆𝑆

The formula that provides the relationship between the frequency 
emitted by the source and the frequency measured by the listener 
is:



𝑓𝑓𝐿𝐿 =
𝑣𝑣 ± 𝑣𝑣𝐿𝐿
𝑣𝑣 ± 𝑣𝑣𝑆𝑆

𝑓𝑓𝑆𝑆

+ listener towards
− listener away

+ source away
− source towards

𝑓𝑓𝐿𝐿 :frequency of listener (Hz)
𝑓𝑓𝑆𝑆 :frequency of source (Hz)
𝑣𝑣 :speed of sound (ms-1)
𝑣𝑣𝐿𝐿 :speed of listener (ms-1)
𝑣𝑣𝑆𝑆 :speed of source (ms-1)















A person in a car travelling at 22,2 ms-1 approaches a source emitting sound 
waves with a frequency of 410 Hz. What is the frequency of the sound waves 
observed by the person? Assume the speed of sound in air is 340 ms-1.



The use of ultrasound equipment in medicine is called sonography or ultrasonography.



The Doppler Effect 
with Light



• We can apply all the ideas that we learnt about the Doppler 
effect to light. 

• Since for light, 𝒄𝒄 = 𝒇𝒇𝝀𝝀 , shorter wavelength equals higher 
frequency. 

• If you look at the visible spectrum then you will see that blue 
light has a shorter wavelength than red light. 

• When talking about light we use slightly different 
terminology to describe what happens.



The Doppler effect (for light) is the change in frequency or 
wavelength of a light wave detected by an observer, because the 
light source and the observer have different velocities relative to 
the medium of light propagation.



The Electromagnetic Spectrum



• Relative to the middle of the visible spectrum longer wavelengths
(or lower frequencies) are redder and shorter wavelengths (or 
higher frequencies) are bluer. 

• So we call shifts towards longer wavelengths "redshifts" and 
shifts towards shorter wavelengths "blueshifts".



• A shift in wavelength implies that there is also a shift in frequency. 

• Longer wavelengths of light have lower frequencies and shorter 
wavelengths have higher frequencies. 

• From the Doppler effect we know that when the source moves towards 
the observer any waves they emit that you measure are shifted to 
shorter wavelengths (blue shifted). 

• If the source moves away from the observer, the shift is to longer 
wavelengths (red shifted).



• Stars emit light, which is why we can see them at night. 

• Galaxies are huge collections of stars. An example is our own Galaxy, the 
Milky Way, of which our sun is only one of the billions of stars!

• Using large telescopes like the Southern African Large Telescope (SALT) in 
the Karoo, astronomers can measure the light from distant galaxies.

• The spectrum of light can tell us what elements are in the stars in the 
galaxies because each element has unique energy levels and therefore 
emits or absorbs light at particular wavelengths. 

• These characteristic wavelengths are called spectral lines because the lines 
show up as discrete frequencies in the spectrum of light from the star.



• If these lines are observed to be shifted from their usual wavelengths to 
shorter wavelengths, then the light from the galaxy is said to be blueshifted. 

• If we think of the blueshift and redshift in Doppler effect terms, then a 
blueshifted galaxy would appear to be moving towards us (the observers) 
and a redshifted galaxy would appear to be moving away from us.

• If the spectral lines are shifted to longer wavelengths, then the light from 
the galaxy is said to be redshifted. 









• Edwin Hubble (20 November 1889 - 28 September 1953) measured the Doppler shift of a 
large sample of galaxies. 

• He found that the light from distant galaxies is redshifted and he discovered that there is a 
proportionality relationship between the redshift and the distance to the galaxy. 

• Galaxies that are further away always appear more redshifted than nearby galaxies. 
Remember that a redshift in Doppler terms means a velocity of the light source 
directed away from the observer. 

• So why do all distant galaxies appear to be moving away from our Galaxy? None of them 
seem to be moving towards us.

The reason is that the universe is expanding!



Now, let’s conclude with a final theory 
question.











The End.

Thank you!
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