WAVE MOTION AND SOUND

This chapter is divided into three parts.

(2) S:mpic I—larmomcMotlorn (b) Waves. (d) Sound
SIMPLE HARMONIC MOTION
VIBRATORY MDTION

If a body moves to and fro about its miean position, it$ motion is said to be
“vibratory” e.g. motion of the prongs of a tuning fork when struck, motion of the
string of sitar when plucked, motion of mass attached to an elastic Sprmg, motion of
pendulum, motion of the membrane of a drum etc.

(i) Periodic Motion:
The motion of a body which repeats itself in equal mtcrvale of time, is called
periodic motion.

(ii) Vibration:
“One complete round trip of a body, about its ‘mean position, is calle:d one
\ibration. .

(ifi) Time Period 'T"
The time. required to complcte‘one vibration, is called time period. It is
denoted by T. '

(iv) Frequency 'v' . @

The number of vibrations which are completed in one sef‘ond 18 called

" P

e

frequency. It is denoted by 'v

(v) Displacement (x) :
It is the distance of vibrating, body at any mstam fmm the mean po'ﬂ.lon It is
denoted by 'x :

(vi) Amphtude Xo

The maximum displacement of a vlbratma body" from the mean pos1tmn is
called amplitude. It is denoted by 'x¢'.

Hook's Law:

The extension 'x' produced in the spring is d;rectlv proportional. ta the dpnhed
force 'I'. provided the elastic limit 15 net viclated.

{ b7y
F o X
in = kx

Where k is a constant of proportionality and is called spring constant.

Restoring Force:

It is the force which brings the body back towards the mecan position.
This loree is equal in magnitude but opposite (o the applied force and given by

T = — kx
www.educationinkarachi.org
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MOTION %m ELASTIC RESTORING FORCE OR MASS
ATTACHED WITH SPRING:

*Consider 2 body of mass “m” attached to a horizontal helical spring 4s shiown

in the fig (1). The whole system is placed on a horizontal frictionless surface. I the
spring Is stretched or com prcmed through a small displacement 'x' {romy ihe
equilibrium position, then accordi ng to Heoke’s law, force 'F' is proportional to the
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" Where k= Fores constant of spring due to elasticity, the spring exerts force
which is equal and opposite to thc appllcd force. l"his force is called "RESTORING

-

FORCE" and is given by.
& =—kx ¥ (1)}
The nf*gatwe sign indicates that the force exerted by the sprmo on the body 15

. always directed opposite to the d;splacement
" The work done in displacing the body from O to A will be stored in the spring

as' P.E. If the body is now released, it' will move towards O. At O, all the P.E is
converted into K.E. and due to inertia, _the body continues to move and reaches B,
where all the K.E, is converted to P.E., the spring is now compressed and pushes the
body towards O. In this way, the body contmues to move between A & B thus its

motion is \f}brator}

ACCELERATION OF THE BODY

“Let at any instant “t”, the body be at point “P” which is at & distance “x” from

O, as shown in fig. Then restormD force -on the body will be

Fedx—> (2)  WWW. educatlonmkarachl org

be the acce!erdtmn of the body at P, then the Newton's second law of

A
motion is: F ma —(3)




Comparmg eq. (2] and (3)

mna = —kx
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Eq. (4) gives the acceleration of the vody. ¥ 6, BS54, Agii Guntra,
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a = —(constant)x B3 16:R2A0808
or ao—Xx
i.e acceleration o« — displacement.

This shows that the acceleration of a vibrating body is directly proportional to
the instantaneous displacement & is always directed towards equilibrium position.
Such a motion is called “SIMPLE HARMONIC MOTION™ (SHM).

SIMPLE HARMONIC MOTION:

If a body t1s perfommg vibratory motion so that acceleration of the vibrating

body is directly proportional to —ve of its _displacement from mean position or
equilibrium position,
' a o —X

i.e acceleration e« — displdcement

CONDITIONS OF SIMPLE:HARMONIC MOTION:

Following are the conditions of S.H.M.
l. It should be vibratory motion.

3.°  The acceleration of the body (vibrating) should be proportional to —ve of
its-displacement from medn position.

3. The acceleration should be directed towards mean position. “

Motion of the prongs of tuning fork when st'uck et Sl
Motion of the membrane of a drum when beaten b

.'.J‘ I

WWW. educatlomnkarachl 01; AR
_\t\’ﬁ\\kﬁlc&

Cbnﬁa\

. : AN N
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G:A particle/bedy is moving in 2 circle, show that its pmiection
performs $.H.M, Derive exprassion for its. -
(i} Acceleration {2) Displacement (I) Time period and (4) Frequemcy

L

Consider a point mass “m”

angular velocity “o”. As the pomtl mass “n

circie, its projection Q moves back
performs vibratory motion.
f.et at any nstance *t”

digtance “x” frows Q. The 2 01

moving in a circle of radius *

%o with-eonstant
1 rotates along the circumference of the

fo"th along the diameter AB. T?m:, Q

. P and its projection’ Q 1s at a
by .

wceleration of Pus given

Here

Resolve this acceieratzon into two components. -
(i)  a,Cos 0 =x,0Cos O (Horizontal Component)
¢ (i} a,Sin8=x,0"Cos 8 (Vertical Component)
As the projection “Q7 vibrates along the diameter AB ‘about O,
acceleration will be equal to the horizontal component.

—x,0’cos  www.educationinkarachi.org

therelore

Acceleration of Qi

Negative sign igtaken because it 1s directed towards the mean positien. ‘|
. : |

in AOQP, Cos8= 0 =—

: OP x,

X

g=—X @ —

KU

5ah = —m’ X * (1)
As mis eonstant, ..w’ = Censtant

a = —{Consiant x

T —wm——y

[[’.{x“DC}L

| S
-t

fhus ac

the mean position,
Hence motion of Q is S.H. M.

E quat:m

) gives ,.ha “Instantaneous Ar_cel\,ratson of Q

celeration uf ( is proportional to displacement and is directed towards




| MINIMUM ACCELERATION:

| with the x-axis is “® "then it is known as “INTIAL PHASE ANGLE"

“ot” while the total angle which OF makes with x-axis 15 @ + ot = g ..The

{ Considering A OQP, here g‘“‘m“,f#ﬂ |
Cos §=" == g 7 Xe A
OF =x, ; Lo e
Or x=x cosd )
| But B=0+ ot

TIME PERIOD:

the phase increase by 2 radians as t increases by T, then

T o B Y D U e T,

MAXIMUM ACCELERATION:

The acceleration will be maximum “a_ "~ al extreme position where ¥
X = Xo .. Eq (1) becomes e
2
a _ =—0 X F
11158 @

The acceleration will be minimum “a ™ at mean position where
x=0 eq.(l)becomes &, =-(n?)0

min

a = {3

min

DISPLACEMENT:

Suppose at time t = 0, the point mass is at C and the angle which the OC makes
l.et af any instant “t”, the point mass be at P. The angle between OC & OP is

displacement “x™ of the image Q from © can be found by

X =X, cos(® + mt)

li’

|

i

“x" will be the poisition when displacement is to the right & negative when

displaccment is to the left of the mean position. _
As-the point mass circulates, displacement changes its direction, thus if a graph 1s
plotted between displacement “x™ & time “t” it will be a sinusoidal curve as shown in
the figure. | = e —

The time in which the point mass “P” completes its one round of the circle, its
projection “Q” completes ‘one vibration. :
The value of x at time t is equal to the value of x at time (t + T) and we know that

ot+¢+2n=0+T)+d

oT=2n

www.educationinkarachi.org




FREQUENCY: s '-
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'}he number of vibrations or rolations comp]eted by a body 1n one second is its
frequency. It is dencted by “u” rrequcnc‘y and time perlod are related by the

Q’“}g T

formuia Q-— —~ “
" ioh {\it‘?\“?\& “ & 10&““3;{\

Putting the value of “T" from eq. (2) \iu K 4 i ear WS W
: i ShoP B\‘QGY\A‘ K etk LT
- need pi\ﬁ‘- ?';151’_11'0&
U -—-5— F.B. fia Yo% ud el de
© ot I .
w
9] ‘-5"“ 3 » (3)
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VELOCETY OF PP;O}ECTRON / PARTICLE / BODY EXECUTING S.H.M.

"

Congider a point mass “m” moving in a circle of radius “x,” with constant
anguiar velocity “®”. Let at any mstant “t” the point mass be at P and its projection
Q be at distance *“x” from O. As the point mass circulates, its projection Q moves to
and fr-o'about O along the diaméter AB. Hence, Q performs vibratory motion.

The velocity of the point mass at P is given by v,=x, ® [V =rw]
Resolve this velocity into two components. :
(i) X, wsin®(Horizontal Component parallel to the diameter)
{fi} X, cos8 (Vertical Component perpendicular to the diametcr_')
As () moves along x-axis therefore its velocity will be.

V, =X wsin C '

As  sin - 8+ cos? 6=1

Or sin‘8=1%5ecd’ 0

Or s5in@=&I"Feos"6
Sov &2/~ cos’

o e

Consider AOQP

A
Bk —
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E.qualion.-(i) gives the “;INST,ANTANEQUS VELOCITY™” of Q
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MAXIMUM VELOCITY:

Ihe velocity of O will be maximum at mean position where X = 0 <
.. Egq(i)becomes : e s
Vmax = 1] K": — k) 3 Cﬂ ‘\{on
Vimax = Xo d
MINIMUM VELOCITY:

The velocity of Q will be mintmum at extreme position where X = xﬂ
Eq (i) becomes.

Vimin = O(X,—%X, )= @
Vipin = OI
TIME PERIOD OF A MASS ATTACHED WITH SPRING:

If 2 bady of mass “m” is attached to one end of an elastic spring and performs
S.H.M. then.

! 'y o

k

a=———x —(a)y
m

Acceleration on the diameter ofthe pm]ecnon ofa point mass movmg na
circle is given by. -@X — (b)

Comparing. eq. (a) & (b) = 4

X = -—X

The time period of a bady perforuting 5.7.M. 15 given by. T= —
® - ®
. : » = bl B PO
Putting the value of “@ from equa‘uon () T= -—1—— T=2mn = -~ (d)
in
FREQU ENCY: -
The frequency . of the body is the reciprocal of its time period. ,\:5 :
Lo e o . & et
: . R
_ % @Q’«%,‘ GEN o
5 Putting the value of “T™ from eq. (d) .~:\\:§- Wt 5y
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i+ INSTANTANEOUS VELOCHY:

L !
The instantangous velocty of the hody performing S.H.M. 1s given by
1 T :
Vo= “}«;:n 0 X

Putting the value of “w” from eq. (¢}

PRI,

[k

Vﬁ = ,\J;‘;

' | = -
MAXIMUM VELOCITY: S ZESw
HEn = i
" The | il i In = - Ry S §§§ = =
ne veloaity will be maximum at mean position wherex =4 S g2 E =
e W s
Lq ( )bBCGITlC‘\ = ¥ C!...'aé? __'-_r:-
) S<=E3
/ s h Ny S--E-
= - - 2"“-& Q—h--
_ Y max fo (©) Ao e gng
= — = =
e« 1D
_ oo S
J‘“ gy % e asge
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T e T
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H!_N!MUM VELOCITY:

The velocity will be minimum at extreme position where x = x,

eq {e) Ecéomes

Vinin = (,/ \/:AO"

Feia= ) Wwweducatlonmkarachl org
RELATIONSHIP BETWEEN. INSTANTANEOUS AND MAXIMUM
VELGCIT‘A’

; |
Equation (e) can be wrilten as. But irom equation () x,./— = Vi
' m
' [? Ny 4 e ] ?
" X X
\a;: /— p ! = 3 Vx = e [ s
o Vm X% ) %
k [ x?
‘JI — xﬂ e J} 2 =
m X6

ENERGY OF A BODY EXECUTING S.H.M:
Copsider a body of mass “m™ attached to one end of a helical spring whaose
_other end is fixed. The whole system is placed on a horizontal frictionless surface.
‘When the body is at equilibrium position O, the force acting on it is zero. When the

body is moved to an extreme position A or B and then released, it moves to and fro
around mean position. Let at any instant “t” the body be at P which is at a distance

“x” from O:




INSTANTANEOUS KINETIC ENERGY:

ATiiyoies laitadiitin U T HiaSe 1

-

The instantaneous speed of the body at distance “x™ from the méan position is

| given by:

) | A
As- KE = EmV: %i"ﬁ"&;'_\
. R BT AR
: 1 : csi%‘\ CJQ’QQ"‘J&A\ 2
1 k 2 q&’ ‘{" 4 ':-5("“70%
K-E =—m|, J—/x;—% \\gib $° 2%
2" m Sl
R N
‘1! ; A (=) -
KE =—mx —x (x}-x) ¥ R O sl\or\,\{b |
2 m EOR 3 JRE
SRS o ,Lo;b
w f Q.'\
KE =—k(x—x%) R
MAXIMUM K-E:
The K-E of the body is maximum at mean pesition w'ht;c x=0
As K-E. =-‘]5_-k{x§——x’) ;
- 1Y ..
(K'E-)m_ux :Ek[xn ~(0) ]
3 ' > 4
: _ (K-E.)max ="2"kxﬂ | i )
'MINIMUM K-E:
' ‘The K-E. of the body is minimum at two extreme position were X =X,
- e . _ P
CAs KE. =—k(x,=x")
| "9
' ‘. z 1 A
(K-E Jmin :EREKG *Ke] | __:-;_-{5‘ 3
th 1 ; .—‘_11::{*'“ @mgbqj
(K-E-)min = -2—1-{ x 0 : ‘:}:{ wa..b@%&xtg’
. A i, L )
, P T AT
{K'E-)m_in = 61 ; __{;;;\%‘;\\* &T}%\‘S\r{?
- SN St
: ,-. S \o° OGJQ e
. | LN N
INSTANTANEOUS P-E: Favs g
: L0, ahl ¥ Bas
- When Lhe body is at mean po§ition where x =0 . 3 “&?"?\3}{,}’
Fi=kx | . <
.F| =k x0
3
F1=0
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When the body is at displacement “x’ {ron the mean position Fp = K x

bl =

Average force on the body

F 4+ F
Fa\ = L. s
i 2
0+ kx
E.‘ av‘.r'-:-_‘. _._...,_...._‘_.
2
, ]
Fav = i kx

-

Work done in moving the body through a displacement "x’ is given by

Work = (Force) (Displacement) Fa
: L
worke| 1y
Work = | —kx |(X) vy o r (@ o
N = . w5 O
wa >
] B8 ok ab 65
H 5 ) i) A
Work = —kx* \.@\\‘\‘ RGP o
2 SV M P

This work is stored in the body as its P-E L ¥ ARG s
1 o SO0 ,5\‘5‘%@‘
| ; ‘\ A >
o) < e e
A d : s .:D
i Q;b =

MAXIMUM P-E:

The P-E of the body is maximum at two extreme position where X = X,
]

As PE =kx?
2
! -
i{r EJngm ZM_! e

MINIMUM P-E:

The P-E of the body is minimum at mean position where X =0

AsiC R ik:t(
2

(P-E)min K x D

pa |-

i

0

P £ E)min

www.educationinkarachi.org

The total energy of the bod¥ at .any point can be found by adding its P.E & K.E

at that point.
Thus total energy atP=P.EatP+K.Eat P

kx* ko kbx’

=2 '—lﬁkxj ——  (3)

From equations (1), (2), & (3) it can be seen that the total energy of the body
executing S.H.M remains constant, :
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| SIMPLE PENDULUM:

An ideal simple pendulum consists of a spherical bob _g;_ué:peﬂded from a light,
flexiblc and inextensible string tied to a rigid and frictionless support. When thie bob
is displaced from its equilibrium position, it begins to perform oscillatory motion.

Consider a simple pendulum of length “L” consisting of a bob of mass “m”. If
the pendulum is disturbed from its mean position it starts vibrating between two
extreme positions. Let at any instant “t” the bob be at point P and at this point two
forces aré acting on the bob.

1. The force of gravity = E =mg

2. Tension in the string =T

the force of gravity is the weight of the §
hody and can be resolved inic two

components.

(i) (Fo.)11=mg Cos 8, along the string

(ii) (Fg.)]_‘ = mg Sin8, perpendicular fo the .
string. | I
- Since there is no mation along the string

o, T=mgCos B

The only force responsible for the motion of the bob is mg sin @ as this force
is directed towards the mean position i.e acts as a restoring force, therefore we shall

| assign a negative sign o it.

F=-mgSin 8 (1)

If “a™ be the acceleration of the bob at P, then by Newton’s second law of

motion.
f=ma —  (2) » 1?«‘\}\1‘
. Q Q—)RG « @y
- . “
Comparing eq. (1) & (2) ‘:;\‘55}(\\\% ol e\}smaﬁ‘
_ T e et
ma = -mg Sin 0 R 08 ot el S er®
; oy -
4 o (;(g?h% Ocﬁ)%q)l 1%
: Ll
a = -gSin@ . ?'%\': e“\o“r‘;‘agmﬁ :
_ \ 1
- e ol -
if“9™ is small then Sin G =0 o3
a=-g 6

- www.educationinkarachi.org
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But 3
=7 ot ‘ 1.
'8 {(in radian) = length of arc ;28
g5 r. "
5 P ™ O
8 ) e . g "\ {:\\, ’ fb‘
‘ o &
5 ﬁ@h\'{‘g ::Sb (;Q ; ;QCE
sy :
: . X o . Jﬂ\i-% %Q‘@'b@" ,{:C\
Then 4 =—p & b
: ] gr ) g - 4-‘;;‘\‘;-5. \;\ AN 'f‘b\\ N
ot . ) ,;-\'v..{“lx, Q)CJ a&‘ .{._ ("1,'\'
< RN G,Q S
& = N &~ Q;\ o’ '\
B LA
ﬂ — X - o) Q;b‘-‘é)\ (b%
L - ‘R\D.‘p}" G_R\ )
oV S, - r-e..’!
£ s cos : R o
As = 1s Constant o
L 7 2

pes g ]
" 1
e T o

Thue, the acceleration of simple pendublu: is duecily proportional io - its

| displacernent and is directed towards its mean position. Hence the motion of the

simple pendulum is S.H.M.

| TIME PERIOD OF SIMPLE PENDULUM:

The time required to complete one oscillation by a simple pcndu‘lum is called
its time pericd. The acceleration of the simple pendulum is given by.

a=—2y 4L (i)

The acceleration of a body executing S.H.M 1s given by.
g =— @iy —> (ii)

Comparing equation (i) & (if) we get : - ?'cz
| ' e 2=
ol o @ DEEsD
L S35
ol r;' r:;ff
! g ' ’ i Sy ;;g < .(,)
W= ,V = g (iii) ' ; %ﬁ jh" E-f\:
ime i body | S55E5
2 Lo : : ; e = >
The time period of a body executing S.H.M is given by. g‘? G S Lo
H ' : e Y )
T in ' ' o ; ~ -2 gﬂa
LB 3 ; P TR
. Ly ' W’ : $E ﬁ?{: r:? c?.’
: L n-— Y den (o 65" m«ﬁm -*?
Putting the value of “w” from e.g. (iii) e T
O O '
i o=
YL
. ] {7
S 2 /:

Thisshows t'hat‘thé time period of a simple pendulum depends upon its lenglh
and acceleration due to gravity and it is independent of the mass of the beb.

‘www.educationinkarachi.org




FREQUENCY OF SIMPLE PENDULUM:
: li'rchlénc’y is reciprocal of time period i.c. | |

V=— , R
E § Pt * ? L -
But : ' e W /: ‘*""‘ﬁ; B.BSM\‘L_"\ ¢ “ei}f(B‘ach\q
. . \&g NN i N ORLE
"o e (posP el go-
. o

t_):.......-_lq-_.. : 1 " ’ ’ i
' Wi i
2 VL | : : ¢

GENERAL FORMULA FOR THE TIME PERIOD:

The general formula for time period of a body performing S.H.M is

AT
- Constant

[. In the case of circle the constant is w’

o S S 2 il
' (n_: a= —0)3)( §
T 2n " |a=—(Constan t)x :
®
' . i .k
2. .In the case of the body attached to an elastic spring, the constant ig —
_ - : m
e AT
R == g ;
k I k
e a=——xX
i m : m . =
e o a=—(Constant)x
r =27 5=
Yk : _
In the case of simple pendulum, the constant is % : .-*;?‘5‘
":(:—- bl %
3 r\\,“ \\%"
T= 2“, ) 23 2 \ﬁ%'i ,k(:.xc'\;:);,'ﬂ‘“\?‘ A
= - i a e _E x = n‘l‘v\-\-\‘\\“' 9“%\\ 'b.t ,‘}f}:\\ G
g. : N %h\\\h\ e k{‘,b( r{f‘%
L' . .. . la==(constant)x SR R B al
1 S v L - \'.}f g O \O (‘\i\ rl:\
I L ’:.'-_'-"P o 4 @ Fb\ ‘3‘0% \ R
- T=2r_[— ' . e e & g%":ﬂ’
g ' QQ’ e %q?.:

. ’ 1 . ’ . o \C-_)' ') ]
Second's Pendulum: WWW.educationirkarachi.org
‘A pendulum, which completes one vibration in two seconds, is called second's

pendulum.
Its time period

il = . 2 Seconds

I 1 :
Frequenc = v = — - = 0.5Hz
g y _ : - )
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{1 position of the medium is called a ‘crest.. o

FRLE A TR T RS T T W T ¥ W W

W&VE FULSE

A single isolated diﬁturbmcc which travels t‘lrough a medium or apace 18
known as 2 “WAVE PULSE

TMVELEJNG OR PE@“.@@SE&S%EVE WAVES:

The waves which: ch&nges thelr posmon with the passage of time are calied'

' “‘traveih..a or progrebswe waves” e.g. water waves, sound waves, heat waves, light

waves”, etc.

g & MNSVERSE WAVES

" Transverse . waves are  those in which part:clcs of a medium vibrate

' pcrpcnd;cular to the direction of pmpagatmn of waves. These waves consist of crests

and- trtaughs e.g. water waves, waves ‘in strmg, electromagnetic waves elc. are all
transvcrsc waves. oz . -

Thc portmn of the transverse -wave whlch is higher than the. ethbnum

TROUGH dimid

- The; poqmon of the transverse wave which 1s lower than equilibrium posnmn
of the medium is called a trough

STATIONARY WAVES OR STANDING WAVES:

When two similar waves move along the same hnc in a medium but in opposite

B

 direction‘these waves will combine according to the principle of super position and

special kind af WAVES are *oum_ aalled stationary waves or standing waves.

NQDE:

The point of a standing wave where displacement is minimum or zero is called

1 Ta

a “node

T Www. educatlonmkarachl org




ANTINODE:

The point of a qtandmg wave wheﬂ- d1splacemem IS ma‘mnum is cdned an
“Antinede”

The distance between two consecutive nodes or antmodes 15 equal to half of
the wavelength. (1/ ) 4 e
The drstance between a node and an antinedé is equal to quarter of the wave

.Icngth ()/} '
WAVE LENGTH

The distance between any two consecutive pomts on a wave that behave
| identically is.called wavelength. Wave length ¢an also be. defined as the distatice
{ between two consccutwc crests or troughs, compmsélohs or rarefactlons It lS

"dcnoted by "A"
TIME PERIOD:

~ The time requ1red to complete one V]bTaUOH o ol rotation is called “time
- period”. It i s denoted bv T. - : :

FREQUENCY: o |
| The number of vibrations or rotat;lons compleied by a body ih one second is
called its frequency Ifis denoted by "V" :

The frequencv ind time penod are related by « ?

Consider a wave tram passmg througtr a point P. If “v"be the frequency and V .
{ be the veioc:ty of wave and A bé the wave 1en;rth of wave thcn -

S=Vt  Becomes A=VT

WOk PREER PRINTING & PHOTESTAT

b v " 'Shop £9 . BS4/1, Asif Centre,
bl F.B. Area, Block -1, Near Usman
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ENERGY IN-WAVES: == O
Awave travelling through a medium carries energy with it which can be found
by considering a wave produced in 2 string as shown in the figure. The points P, Q&

R represent various segments of the wave.

s e R R

‘because its displacement from the mean

e

The energy of P is entirely potential
pasition is maximum. The energy of the segment Q 1s entirely Kinetic because its
velocity is maximum. The energy of the segment R is partially potential and partially

kinetic. B ‘
" Consider the segment Q, i its velocity is Vimax then its energy “AE” is given
Where A 1m = mas qfthc segment. Q - | it
If“y. be amplitude & “w” be the frequency then Vimax = y.i® i V=10 .
Voo o A Es-Aus Y ) - e
p) e
. - T ¢ e G . e Lo M3
| 1f“m” be the mass of whole wave then 1is energy E” isgiven by. oz =9 © =
- i ECsad
1“-: b 1 .}:u-.";:’- i - 2 Y: N
2 3 ) © o < = r:;
R | . N 5 3 m Sove =
If “u” be.the linear density of the wave of string then = — =Feas
- ' : A =g’
Orm=ph =%z
4 el i—l e G - S - =
1 cm o T Ty
E=;"'ll)."\‘ lml _l‘“-__-: o~ E?
e - it
o oo
] FaAs 71 =

. where A =wavelength.
‘POWER TRANSMITED BY WAVE:
Energy trapsmittcd in one second is called power 1.
Pawer Rl 4

' Time - e

Power “P” transmitted by a wave is given by

pL BTy, o
N 2 T _
If V™ be the velocity of the waye then.

w.educationinkarachi.org

? F
&
1
P=—
2 _ e
The - above relation shows that the power transmitted by -any harmonic wave

mechanical or elecromagnetic) is proportional to
1. The square of the frequency
2. The square of the'amplitude




ANALYTICAL. TREATHENT OF STANDING WA‘VES

Consider two sinusoidal a%m« thh the_ same amphmdc f?ecuen'v 9 i wavy

_‘.
i

length but travelling in bpposite dirsctions. These wives b
yt = Ag sin (kx - r:Dt) %
lys = A sin (kx + wt)
Where

&

W= stplacemcnt of wave travehng to the Right. : A\xg_\ )

y2 = Displacement of wave traveling to the Left (Rcﬂccted wavf:) 1\\3: \q,“:;-:.,-

If ; e {;5_ q,&. Q“\ oA 3

i el <o W

y= Resultant wave function then ‘qg‘ S q;[‘) & {\‘9‘
n h Tr Y

s . A

y = Ao sin (kx — wt) + Ao sin (kx + mt) P O
) b T o oS

y = A, {sin (kx — ot) + sin (kx + wt)} o G

As we know that ; = _,-‘f;?o;*k@--@ Q;@

. - i ~f S ¥ Sy

Sin +six1[3=2§in(a;5)c‘os(a2 E)J Cng -%‘.-‘i?f&?'&q?\h?a

B : <
.SO oy r 9 > : 5 -. ! T
wey o [(kx—ot+kx +ot L (kx— ot —kx = ot :
y=A, 2sin 5 A cos| — 3

= (2A, sin kx) cos wt R
Where 2A, sin kx = Amplitude of standing wave for any valus

PQSITIONS OF ANTI ‘NODES:

There will be Anfi- hodes when maximum amplnude is

I happens ‘when : 4
sin kx = ]

i.e. kx =— 375;5—73

! g 2,27

Since k=2—n. |

i _ A

: A 3h SA nA

So X T e

; 474 4 4
N, 5, ). '

POSITIONS OF NODES:

W Ju_‘f‘ 1. ES

..\\*

e@ﬁ‘lsq‘b 7"-?&\ s

There will be Nodes when maxm‘um umpluudc s eauais to zero. It happem '

| when. )
Sin kx = {

1.e K% =0, 20 3, coenns
Since =3—n :
s x '

' ni
So ;&.?.,S—?LL, ........ L

2 2 2

Where =23 ha

Thi ) 25 A oy, y
This shows that two successive Nodes are separatéd by Eand Anti nodes and

z
Nodes are qeparach by —
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TRANSVERSE STATIONARY. WAVES iN
0 Asmﬂcum STRING
Conmd:.:r a strencned string or length “L” fixed at both ends as shown n ﬁg (1).

If the string is plucked upward or downward [lhen stationary waves will be produced
in it. The string has a number of natural pattems of vibrations called “natural modes”

‘1 edch of these- modes has a. characteristic frequency called “FUNDAMENTAL

FREQUENCY” or the FIRST HARMON]C The hlgher frequenctes are called

OVERTONES.

FUNDAMENTAL FREQUENC’? GR FIRST HARMONIC

If the string is displaced at its middle point and released, it vibrates in the one -

loop, as shown in fig (2). In this case an antmode is formed at the middle while node
“at the ends of" ‘the string."1f-A1s the wave lcngth of wave fomacd then it is gwt:n by.

=L Or A=2L (D)

\—\';m
¥

o ey sepririt {8 e v
= - N 2l n Fig (2)

The velouty V" of the wavc depcnds upon the tension in the string and linear

1 density of the siring.

. If 'm' is the total mass of the stfmg, then lhc velocity of :hc wave along the
string is gwen by -

- www.educationinkarachi.org

o /T//'

= R o ‘ 0

— =p=Lmear dens _ v, =1/—

A ped S o7
Ve s v i 1
/ﬁ ‘ "2LV/ P

SFCOND HARMONIC OR FIRST OVERTONE:

If the string is plucked at one quarter of 1ts 1ength it will vibrate in two loops,
as shown in the figure (3). In this case there are two ammodes and threc nodes WA
be the length of the wave formed then. i

L-%?—___;‘L'-'




1%y

But from eq. (2) ul—-zz'i ' ot Fig (3)4

v, =2v, = (4)

THIRD HARMONIC OR SECOND m*umum.

I the same string is plucked from a suztabf:: placc it can 'vibrate in three lodps
as shown in fig (4). In this case therc are thrcc antl' odcs and four nodcs. The. length

el

of the string will be.
Ay . Ay A

— . —— - - e e

e +_3 + il S L
z 2 2
Hep g
2
2L
O (5) : '
3 -
i 2
. | ¥ Fig (4)
1f *v,” be the frequency of the vibrating string then.
V.= y s .}\‘Q‘
: (o%l, _\E.Q‘ AN
v ? Q%. o '\56 S
L85 e AR 3 | (R Sl
L A SN \\\ %‘er\
= N NS
3 kN ';"\‘5' " © n)\u Q,Q\ ’{L‘\'
oY o MRS D
3V a0 5":“0\( &5\ 4\
3 R %.P 0 v Q‘i’bﬁ
52 W XX \N:(\_ .q;f:'
Y q}".l\b :
- Butfrom eq (2) .—Z—L_:ul. P
v =3] (6 S
v, = 4,
v =5, WWW. educatlomnkarachl org
FOR n LOOPS:
If the strmg vibrates in n loops then llke uluatlon (1) (3) & (5) we can write
v, =N, % :

‘Wheren—l Z 3 4 ..... € g e



