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Superposition of SHMs

Case-1 Addition of two SHMs having same frequency but different amplitude.

In this case we can write the SHMs equations as
v (t)=a;sin(wt+6,) &y, (t)=a,sin(wt+5,)

The resultant amplitude can be written as

(1) =y, (1) +y,(t) = a sin(wt+6,)+a, sin(wt+6,)

¥(t)= sin(wrt){a, cos(&,)+a, cos(8,)} +cos(wt){asin(8,)+a,sin(8,)}....(1)
Let us assume,

{a, cos(6,)+a,cos(8,)} +cos(art){a sin(6,)+a,sin(5,)}
a,c03(8,)+a, cos(&,) = 4cos(0).....(2)
a,sin(8,)+a,sin(8,) = Asin(0)......(3)

Now, substitute equation (2) and (3) in (1), we will get

y(0)= Asin(wt+6)...(4)

It is clearly noticeable that the resultant wave is SHM.

The amplitude A can be calculated from equations (2) and (3)

A= \/(alz +a,” +2a,a, cos (5, -6, ))
A =a,+a,, when cos(6,—6,)=2nm,n=0,1,2,3....
A =a,—a,, when cos(6,—6,)=(2n+1)z,n=0,1,2,3....

a,sin(6,)+a,sin(5,)
a, cos (5, )+a, cos(J, )

tan (6) =

Case-2 Addition of two SHMs having same amplitude but different frequency
v (t)=asin(wr) &y,(t)=asin(wt)

The resultant wave can be written as

(o - )
2

y(t)=y,(t)+y,(t) = asin(wt)+asin(w,t) = 2acos

(0 - )
2

() =y,(t)+,(t)=asin(wt)+asin(w,t) =2acos

e (@ D) o
y(t)=A(¢) smTt: Resultant wave is periodic but not SHM
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(a)l B (02) .
Where A(t)=2a cosTt =Amplitude " R
|
We know that the intensity, /& Amplitude V WV
Thus, I =4a” c052(12—2)t P ; rd "\

Intensity maximum

(0 -m,)

cos’ t=1= cos t=cosnxw

(0 -®,)
2
(0 -)

t=nr,n=0,1,2,3
2

(27zn, —27n,)
2

1 2
t=0, O

n—n, n—n,

t=nrz,n=0,1,2,3

Time difference between to maximum intensity Az =

n—n,
Thus, the beat frequency f, = n, —n,

Intensity minima

costh=0:>COSMt:COS(zn*‘l)E
2 2 2
(2mm=27m) | s 1) 2, n=0,1,2,3
2 2
N U B
RETY

Time difference between to minimum intensity Af =

n—n,
Thus, the beat frequency f, = n, —n,
Case-3 Addition of two SHMs having different amplitude but different frequency

v () =a;sin(af) &y,(t)=a,sin(w)

o+, O-0 0+, 0-0
t)=a,sin| —+—=1¢, t)=a,sin| ——-——=1¢,
J’1() 1 [ > 5 j yz() 2 ( > B j

o+, o — o,
Let, T_w”zT:wm
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y(t)=asin(w, +o,)t, y,(t)=a,sin(w, -o,)t,
The resultant wave can be written as follows
y(@t)=y, (t)+y2 (t) =q, sin(a)av +o, )t +a, sin(a)av —a)m)t

=sinw, t(a, cos®,t +a, cosw,t)+cosw, t(a sinw,t+a,sinw,t) = Asin(w, 1 +0)

Where, A= \/alz +a,” +2a,a, cos(2w,1), tan O = [MJ tan (@,f)
a +a,

Case-4 Addition of N number of SHMs having same amplitude but different frequency
Y (t) = acos(a)t), Y, (t) = acos(a)+§a))t,y2 (t) = acos(a)+ 2560)[ ...... Yy (t) =a cos(a)z)t
We can write

W, — @,
N-1

ow =

The resultant amplitude can be written as follows
)=y (t)+y2 (t)+y3 (t) ....... +¥y (t)

=acos(wt)+acos(w+w)t+acos(w+26w)t.....+acos(w, )t

=aRe| e {1+ +&7 +............. +ei(N71)5"”}}
iNSwt iNSwt —iNdwt sin ( Nowt )
w e 2 {e? —e ? w + @
=aRe| " — { A . i =a 2 cos( ! 2)1‘
ol iowr oot 2
e? {e? —e?} sm(—z )

Case-5 Lissajous figures
(Particle is subjected to two mutually perpendicular SHMs simultaneously)

We can write the equation

x= asin(a)t+¢), y =bsin(wt)

x = asin(or)cos(¢) +acos(wt) = a(sin(wrt)cos(g) +cos (@t )sin(¢))
== {050+ {,[(1- ()} sin(g)}

* Y 2= la=E) sin(d)y?
[ =, 0s@I =1,/ (1= ()} sin(9)}

(z)2 + (%)2 —%cos(gzﬁ) =sin’ @.......... 1)
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Case-1 ¢=0°, y= éx = Equation of straightline
a

The trajectory will be straight line

Case-2 $=45", sing=cosg=1/2

. T
X=asn| ot +—
( 4)

y = bsin(wt)

At ot =0, x=—= y=0
’ \/53

Ata)t—Z xX=a —i

41 3y \/E

The trajectory of motion is oblique ellipsoid in figure below

Case-3 ¢=%, sing=1, cos¢=0

. V4
xX=asm| ot +—
( 2j
y = bsin(wt)
Atwt=0,x=a,y=0
aor=" x=L o
47 277 2
The trajectory of motion is shown ellipsoid
V4
Case- 4 When ¢=E,and a=b
sing=1, cos¢g =0
. V4 .
x=asm(wt+5j, y =asin(wt)
At wt=0,x=a, y=0

Toed o4
RN AN

The trajectory of motion is shown below

At ot =

2

wt =

N

A

E=0

A

g
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RY/4
Case-5 When ¢ = -

xX= asin[a)t+37ﬁj, y = bsin(wt)

a
—.y=0
\/EJ/

V4 b
At a)t:Z' x=0,y=—F+

2

The trajectory of motion is shown below

At ot=0, x=

b
Case-6 ¢=rm, y=——x= Equationof straightline
a

The trajectory is shown below.

hY/4
Case-7 9=—
¢ 4

3w .
Case 8: ¢ = T-Dlrectlon will be opposite

T :
Case9: ¢ = T -Direction will be opposite

Now consider the following situation
x=asinQwt + @)
y = bsin(awt)

The general solution of these two equations will provides

X _sin(4)1? +4y—j(y—j—1+fcos¢)
a b= b a

A

/
///

A
v

ASS
Il

147

A
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The trajectory of motion is show for different phase

When ¢ =0 ‘):
When ¢:% iw\
N L
A
When ¢=% 4
//
When ¢:3T” ?A):
NI
A
When ¢=rx A
R
When ¢=377Z

T

v

4NN

AN
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