
STANDING WAVES AND 

REFLECTION



Recall:

 Fixed-End Reflection:  

the reflected pulse is 

inverted

 Free-End Reflection:  

the reflected pulse is 

unchanged



Recall:  The Slinkies and Ms. Carew’s Jeep Story

 Both are examples of 
standing waves, and are 
caused by fixed- and/or 
free-end reflection

 Standing waves occur 
when incoming and 
reflected waves interfere 
to produce a wave pattern 
that appears stationary



Recall:  The Slinkies and Ms. Carew’s Jeep Story

 In the picture to the right, 
the standing wave has a 
wavelength of λ/2, then 
λ, then 3λ/2

 A stands for antinode –
the crests and troughs

 N stands for node – the 
area that does not 
appear to move



Standing Waves

Standing Waves in a String

Standing Waves in Water

FloWave Tank Slow Motion

http://www.youtube.com/watch?v=no7ZPPqtZEg
http://www.youtube.com/watch?v=NpEevfOU4Z8&list=PL926180F588F6AA1E
https://www.youtube.com/watch?v=17IYhAt-2DE


Musical Instruments

 Musical instruments rely on standing waves to create 
sounds

 For us to hear a pure note, a standing wave is 
formed

 There are 3 classes of musical instruments:  wind, 
string and percussion



Terms

 An overtone is a type of 
interference, that occurs in a 
regular pattern, with a 
frequency greater than the 
fundamental frequency of the 
note

 An harmonic is an overtone 
that has a  frequency that is a 
whole-number multiple of the 
frequency of the note



Overtones and Harmonics



More Overtones and Harmonics



Types of Reflection

 There are 3 types of reflection to consider:

1.  2 Fixed-Ends (string)

2.  2 Free-Ends (wind)

3.  Fixed-Free (wind)



2 Free Ends

 This is like some wind 

instruments – trumpet, 

tuba,…

 The standing waves 

(harmonics) occur at 

multiples of λ/2 as well



Two Free Ends

 You can see that two fixed and two free ends act 

the same way, and occur at lengths of:

𝐿𝑛 =
𝑛λ

2
Where 𝐿𝑛 is the length of the medium, in metres,

𝑛 is the number of the harmonic, and 

λ is the wavelength



Example:

The sixth harmonic of a 65 cm wind instrument, with 2 

free ends, is heard.  If the speed of sound in the 

medium is 206 m/s, what is the frequency of the 

standing wave?



Example:
The sixth harmonic of a 65 cm wind instrument, with 2 

free ends, is heard.  If the speed of sound in the medium 

is 206 m/s, what is the frequency of the standing wave?



One Fixed, One Free End

 This is like some other wind 

instruments – flute

 You can see that standing 

waves (harmonics) occur at 

odd-numbered multiples of 

λ/4



A Fixed and a Free End

𝐿𝑛 =
(2𝑛 − 1)λ

4

Where 𝐿𝑛 is the length of the medium, in metres,

𝑛 is the number of the harmonic, and 

λ is the wavelength



Example:

The speed of a wave in a flute (with a fixed end and 

a free end) is 350 m/s.  The frequency of the wave is 

200.0 Hz.  What length of flute is necessary to 

produce a standing wave with the first harmonic?



Example:
The speed of a wave in a flute (with a fixed end and a free 

end) is 350 m/s.  The frequency of the wave is 200.0 Hz.  

What length of flute is necessary to produce a standing wave 

with the first harmonic?



Which recorder plays lower notes?  

Which recorder plays higher notes?

Why?



Practice:  p. 425 # 1 – 3


