
Stationary 
Waves



Formation of a stationary wave

→ When The incident wave is reflected at one end
,

the incident

and reflected wave interfere , producing a stationary wave .

→ The regions of constructive and destructive interference are
produced .

Progressive wave stationary wave

→ waves which have a nil transfer → No net transfer of energy
of energy from one point to observed as energy is confined
other .

between two points .
→ The waveform appears to translate → The waveform appears to be

from one point to another
. Standing in one region b/w

points .

→ The amplitude of each point is → Every point has a different
same and equal to amplitude of amplitude .

wave .



Progressive waves stationary waves

→ Every point on a wave has → All points between nudes are

a.niqtteigtan.nl?haseansuhased/Yggyefehfietondnoaea.' ' at:" of

→ It comprises of crests
,
troughs, → It comprises of nodes and

compressions and rarefactions .
antinode.

NODE : Points of zero displacement on a stationary wave .

There is always a destructive interference here
.

ANTINODE : Point of maximum amplitude ( displacement on a
stationary wave

.
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Reflection of wave from fixed end

• Reflection of a wave from a fixed end is out of
phase with the incident wave .

° Crest goes , trough returns
.

• As a result
,

at the fixed end
,
destructive interferenceis observed

.

The point is hence called a NODE
.
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out of phone
fixed end : node free end : antinode.



Reflection of wane from an open
end

° Reflected wave from an open end is always in phase
with The incident wave .

• Crest
goes ,

crest returns o Trough goes, trough
returns

• The waves are hence in phase with one another
and hence a constructive interference is observed at
the open end . An antinode is always formed atthe open

end
.
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FORMATION OF A STATIONARY WAVE

° BOTH ENDS FIXED ( CLOSED)

Shape Harmonic Tone wavelength. frequency

←
-

- - -

• •

>

• µ .
I
't Harmonic Tone 1=12 11=21 left so v=f(24

N N f- =L
2L

→

2nd Harmonic 1.
"-

overtone L :X ✗ =L v=fk so V=fl4• A • A •

N N
N

f- =E

3rd Harmonic 2nd overtone 1--32 7=213 v=fX so v=f( 2¥)N• A A A •

N Z
N N f- 321,



lfo ' lminimum )
Fundamental frequency : the smallest frequency of - vibration

required to form a stationary wave
.

1. "
-

Harmonic 2nd Harmonic 3rd Harmonic nth Harmonic

f- 11¥ f- 122¥ =2f . f- = 3¥ = 3f. f- =n¥=nf.
fundamental
frequency 501-12 1001-12 150112 200th - - -

Example .

Where n -- 1,213,4 .
. . I integral multiples )

A stationary wave of speed v : 50ms
" '

is formed on a stretched spring ii. f = Mf.
fixed at both ends

, of length 0.5m
.

= 11×50

f- = 5501-12
Calculate I , f. = Iv
I. fundamental frequency -2L Iii , 20th overtone → 21st Harmonic

ii. 11Th Harmonic f. = 1501 f--21 to
Iii, 20th overtone 210-51 f-- 21×50

f-☐
= 501-12 f- = 10501-12
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Shape Harmonic Tone Wavelength Keqiang
#

- - - -

#

N . A 1st Harmonic Tone ↳ ¥ X=4L v=ft so v -7144
f- ¥

#

µ . A
2nd Harmonic 1st overtone ↳ 3¥ 11=4,1 V=ft so v=f(4¥)

f- 3¥
#

µ . A
3rd Harmonic 2nd overtone L -- 5¥ A- 4¥ left so v=f(4¥

f-¥,



1st Harmonic 2nd Harmonic 3rd Harmonic
'

nth Harmonic

f. = I f- = 3¥ f- 5¥, f- Unify4L

to f- 31-0 f-- 51-0 f :( 2n -1)f.
where n = 1,3 , 5,7 . . .

I odd numbers )

speed of a stationary wave

when the incident wave is reflected at one end
,
the

incident and reflected waves interfere forming a stationary
wave . The speed of the stationary wane the speed ofeither the incident or reflected wave

.



Experiment # 1 : loudspeaker -1 CRO

reflecting
surface

° The frequency of sound
< * > is adjusted so - that a

MIC stationary wave is

frequency produced b/w speaker and
generator CRO barrier .

//#TN off mic connected to Cro

° Use v-- fi to find wave - is used to determine the

speed . position of Nodes and

Anti nodes
.

Mic mic

° The length and nodes

i i are used to determine
i :
'

. wavelength . Frequency\
,

i
,

i

.
is determined using

meter rule generator .



Experiment # 2 : Sand + Tube experiment
r . Due to the formation of

stationary wave
, grains of

sand are accumulated

is Iss ¥ Lds at regions of Nodes

#
and displaced from

Frequency . regions of Antinode.
generator length of tube -- 20cm Sand accumulated

f- ? ? at points .
o Nodes have minimum vibration

3.254 -

- 20cm
. Anti nodes have maximum

d-- 6.15cm vibration

• Determine the frequency of sound
from frequency generator

• Measure wavelength by determining
the length Mw heaps of sand .

° Use u --ft to determine wauespeed.



1.511=30

X = 20cm

In
v -- ft
330 -

- f. ( O -H

f -- 1650 H2
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4 (a) State two features of a stationary wave that distinguish it from a progressive wave.

1.  ......................................................................................................................................

 ..........................................................................................................................................

2.  ......................................................................................................................................

 ..........................................................................................................................................
[2]

(b) A long tube is open at one end. It is closed at the other end by means of a piston that
can be moved along the tube, as shown in Fig. 4.1.

L

tube

loudspeaker

piston

Fig. 4.1

A loudspeaker producing sound of frequency 550 Hz is held near the open end of the 
tube.
The piston is moved along the tube and a loud sound is heard when the distance L 
between the piston and the open end of the tube is 45 cm.
The speed of sound in the tube is 330 m s–1.

(i) Show that the wavelength of the sound in the tube is 60 cm.

[1]

(ii) On Fig. 4.1, mark all the positions along the tube of

 1. the displacement nodes (label these with the letter N),

 2. the displacement antinodes (label these with the letter A).
[3]  

3 of 25

stationary comprises of nodes and antinodes but

progressives have crest or troughs .

All points between Nodes are in phase in stationary .

In progressive , points have different phase angles.

H→.

É

o

☐ →

v=fX
330=550×7 ¥f$µ
✗ = 0.6m A

600hL .
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 (c) The frequency of the sound produced by the loudspeaker in (b) is gradually reduced.

  Determine the lowest frequency at which a loud sound will be produced in the tube of 
length L = 45 cm.

 frequency  =   ..........................................  Hz [3]

4 of 25
freq. t Xt

A • µ
ÑÉ↳BBµ

A

< > v=fX45cm

330=1-11.81
45=14 so ✗ = 180cm

( loom) f- = 1831-12
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5 Fig. 5.1 shows a string stretched between two fixed points P and Q.

string

wallvibrator

P Q

Fig. 5.1

 A vibrator is attached near end P of the string. End Q is fixed to a wall. The vibrator has a 
frequency of 50 Hz and causes a transverse wave to travel along the string at a speed of 
40 m s–1.

 (a) (i) Calculate the wavelength of the transverse wave on the string.

 wavelength =  .............................................  m [2]

  (ii) Explain how this arrangement may produce a stationary wave on the string.

 ..................................................................................................................................

 ..................................................................................................................................

 .............................................................................................................................. [2]

 (b) The stationary wave produced on PQ at one instant of time t is shown on Fig. 5.2.
  Each point on the string is at its maximum displacement.

P Q

Fig. 5.2 (not to scale)

  (i) On Fig. 5.2, label all the nodes with the letter N and all the antinodes with the 
letter A. [2]

9 of 25

v. ft
40=50 ✗ X

f-- 0.8m
0.8

Incident wave coming from P will reflect at Q
and both of them will interfere .

1.5X= length
1.510.81 = length

length-1.2.mn
N

N
A A

µ
A
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  (ii) Use your answer in (a)(i) to calculate the length of string PQ.

 length =  .............................................  m [1]

  (iii) On Fig. 5.2, draw the stationary wave at time (t + 5.0 ms). Explain your answer.

 .............................................................................................................................. [3]

10 of 25

+10ms

1- = If 1- = F- 0.02s |t=20m 5ms-2¥




