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Standing Wave

• There are many example of standing waves in real life
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• Formation of Standing wave:

A wave moves along the string or pipe and reflects at the fixed end. The two waves in opposite direction superpose 

producing a standing wave

• Formation of node: Destructive interference (two waves meet anti-phase)

• Formation of antinode: Constructive interference (two waves meet in phase)
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• Comparison between traveling (progressive) and standing (stationary) waves

Traveling wave Standing wave

Amplitude Same for all points Different for each point

Phase difference Varies between points Points between nodes are 
in phase

Energy transfer Energy is transferred along
the wave

Energy is stored (trapped)
,not transferred

Phase difference between node: All in phase

Phase difference either side of node: All anti-phase
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• Standing waves can form on strings or in pipes

• The number of nodes & antinodes depending on:

1. frequency of wave

2. boundary condition

• Boundary condition:

1. Fixed at both ends

2. Free at both ends

3. One fixed end, one free end
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• For a pipe 

o Boundary condition (can be 2 and 3):

1. Fixed at both ends

2. Free at both ends

3. One fixed end, one free end

Both free ends One fixed & one free endBoth fixed ends
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• Harmonics: a pattern of standing wave in music

à Depending on frequency and boundary condition

• Harmonics on strings:

à Boundary condition: both fixed ends

General equation for the harmonics

.e = fg
e

For frequency (natural frequency)

/e = eh
fg
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• Harmonics in pipes:

à Boundary condition:

(1) two open ends

General equation for the harmonics
O- =

)7
-

For frequency (natural frequency)
i- =

-8
)7

(2) One fixed end & one open end

General equation for the harmonics
O- =

97
-

For frequency (natural frequency)
i- =

-8
97

Only odd harmonics can exist
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• Molecular explanation

• Air molecules at node à No oscillation 

• Air molecules at  antinode à Most oscillation
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