Standing (Stationary) Waves in a String: Analytical Treatment:

When two progressive waves of same amplitude, wavelength and frequency approaches
—_— to each other after coming from opposite sense and

C G superimposes with each other in opposite phase then
/\’f".,‘F ;;‘“x‘ the resultant wave motion produced on superposition
A/ e * B will be confined within a certain region of that

3 é]\/ N I:|\/ medium. This resultant wave is called stationary wave
g -

E I or standing wave. The basic characteristics of this

-— standing or stationary wave are

a) Standing wave cannot be expressed by the equation of a single progressive w

b) At some few points o anding wave,

String Vibration | there occurs no ibrati then those

points are call Rere as there exists

another %W at wave motion at

ints o
i of vibration of the

or medium layers is
then those points are called

We now consider a wire of uniform, cross section which is stretched horizontally at two

ends. The length of the wire is 1 he tension of the wireis T | L

where as the mass pe i ng”n is m. A/2 S
Now if the wir&i wed'to vibrate in transverse sense then it

can be as transverse wave is generated along the

length which reflects back from one end and

ith the incoming wave in opposite phase and

sverse standing wave will generated along the
length of the string.

For this transverse vibration of string if the string vibrates with
fundamental frequency then only one anti node will appear at
the midpoint of the string with two nodes at the end points. Hence if n; be the frequency
of fundamental tone then we have from figure the length of the string is given by
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Again it can be shown mathematically that the velocity of transverse wave due to string

vibration is given by v = \/g . Hence the fundamental frequency of the string vibration

. 1 T . . 1
will ben; = 2l \/% From this equation we can say that n, ocTwhen T and m are

constants. Again n; < /T when m and 1 are constants.
. 1
Also again we have n; « = for T and | constants. These are known as laws of transverse

vibration of string. Now if the string be vibrated into two loops with an additional node
position at the midpoint of the string then the tone appears is called second overtones.

. AA
If n, be the frequency of second overtone then since we have | = 2 + = A=1
we get the frequency of the second overtone n, = % = % = 2% = 2n,.8imil 3"

overtone we get n, = 3n;. Thus for p’th overtone the frequency wil
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Thus we see that all the overtones for the transverse vibrati tring are harmonics.

tretched between two fixed supports
the x — axis. When a portion of

rawn along the y — axis, i.e.

’ be taken to be a constant in time as transverse

waves proceed along the string.

Suppose that ab is the stretched string in its

position of rest, and AB(= 8l) is a small segment
‘ of the string in the displaced position. The string
bein&ly flexible, the tension T can be taken to be the same along the length of the

string, acting tangentially at every point.
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If 0 is the angle made by the tangent at A with ag, th e\omponent of the
tension will be T, = T sin 0. Since 0 is small Sin 0 =~ t@

Hence T, = Tg—i Again vertical component of th %a is

T, = TSi =T + = 6<+6y8>
v = TSing@ = = - y Ix X
So the resultant force on the el g the y —direction is
dy 0%y
T 5 )— ToY = T- Y 5x.
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From Newton’s seecon f?‘lotion this force must be equated to the product of the

mass of the element d its acceleration. If m is the mass per unit length of the string,
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the mass t AB is m&x and its acceleration is oz

azy
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y y Za—XZ.Thus we see that for such
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transverse wave propagation the velocity of transverse wave propagationis v = —.



