WAVE ON A STRING
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TOPIC : WAVE ON A STRING

EXERCISE#1
SECTION (A)
8. By defination
9. y1 = a sin(wt — kx)
y2 = a cos(wt — kx)
T
Phase difference Ap= 2
SECTION (B)
v A T A
1. Vmx=Aw=4v  A=4. © S A=4. 27T A= 2
2n 2n
2 w= 001 k=03
® ® 2n 0.3
2ok el Nhih
\Y = V= k = 0.01 271
v = 30 units
(5—10t—ij
3. y = 3cos 4 2
maximum particle velocity = Aw = 3 x 10 = 30 m/s
%)
4, y = asinmn (40t — x) = a sin 40n 40
-3)
y=asinw v/ wave velocity = 40
T
5 4 =0.17 sec
T=0.17 x 4 =0.68 sec.
A__1 _1oo
f=T 068 68 =747H;
2—:'T(\.ft—x)
6. Yy = Yo Sin A
given
Aw=2xvVv
o_
AV
2n
A.h =2
A=mA
A = 1Yo
i
8 y = asinn 2 4
= v=2
distance travelled by wave in t = 8 seconds
d=vxt
2 x 8 =16 units
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1

10. w=2nxf=2nx 0.0
100
f= 4 =25Hz
acceleration = —w2y
on V2
( T J x3
maximum acceleration = —w2A = 0.04 =7.5% 104 cm/sz
19. Equation of wave is
(400nt S ] (mt - @J
y =asin 0.85 Comparing this equation with y = a sin ;‘
w =400m, or 2nn = 400n = n =200
andA=085x2=1.7
Velocity v=nA=1.7 x 200 = 340 m/s
20. Given equation is
y = 25 cos (2nt — px) (1)
Standard equation is
y = A cos (wt — kx) ...(2)
Comparing (1) and (2),
Amplitude A=25, w =2, k=mn
o 2t
~ Frequency n = 2t = 2T 1 Hz
22. v =10 m/s, f = 100 Hz
phase difference between two particles at Ax = 2.5 cm
10 1
—=—m
A=100 10 =10cm
2% ax=205-T
D¢ = A 2
23. The sign between two terms in argument of sine will define its direction.
Writing the given wave equation
y = 0.25 sin (10 nix — 2nt) (i)
The minus (=) between (10 nix) and (2nt) implies that the wave is travelling along positive x direction.
Now comparing Eq. (i) with standard wave equation
y = asin (kx — wt) (i)
We have
a=025m, w=2r, k=10mtm
2n
T =2n = f=1Hz
2n_2n
Also, A= k 10m —gom
Therefore, the wave is travelling along +ve x direction with frequency 1 Hz and wavelength 0.2 m.
2n 2n 2n
24, h =g a=005 =250 T=-p=2 T=n
f
25. Asfi=f, 2= 2 fa=f
~ w1 = 2nif = ws = 2nf and w2 = nif
26. Satisfy the standard equation of wave
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27. Here, displacement equation is
y =0.03 sinrt (2t — 0.01 x) (i)
The standard equation is
3]
y=asin2g \ 1 * .. (i)
Comparing the given Eq. (i) with standard Eg. (ii), we have
2 2
= A= ——
A =0.01 or 001 =200m.
29. The given waves are

y1 = 10-6 Sin[100t + (x/50) + 0.5] m
and y2 = 10-s cos[100t + (x/50)] m
T

= y2 = 10-6 sin [100t + (x/50) + 2 ]m

{ sin( 240 - 0}

Hence, the phase difference between the waves is

Ad)—(E—O.SJrad (ﬂ—0-5}3d
2 -\ 2 = (1.57 - 0.5) rad = (1.07) rad

Note : The given waves are sine and cosine function so there are plane progressive harmonic waves.

30.  y=10sinn(0.02x — 2.00t )

% _ _20rcosx(0.02x — 2.00t)

(“y} — 207 = 63units
max

ot
SECTION (C)
1. Ratio of amplitudes

Ar:A2=10:5=2:1

(G)t'l'g]
3. y2 = a coswt + y1 = a sin

[mt+£}
y2 = asin 6

1 m W T
ot+——ot+—=—=-=
b= 2 6 2 6

I T
\/a2 +a® +2a.a.cos(2—

5]=am=ﬁa

A=

(mt +g]
4. y1 = 4sinwt, y2 = 3sin
A = VAZ +AZ+2A,A, 00890

_ \/42+32+2x3x4.00390 .

&-
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5.
AR=A=Ai= A = A = 120°
7. y =10 sin (ax + bt)
81% of energy is reflected
81
Reflected energy = 100 « Energy incidented
2 81
Ref = ZThn o
100 Energy incidented
i.A ix 10
Aver = 10 = 10 =9
Equation of reflected wave is
X = 9 sin(ax — bt)
8. A= Ja? + a2 + 2a,.a,.c0s90° _ Jai+a}
T
Vi VM [up  [300/2
v, T TP 150/1 vy 1
11. Mz > v 1
SECTION (D)
1. Ti:T2:Ts:Ta=1:4:9:16
f= ﬁ
Ratio of fundamental frequencies is
firfoife:fa=1:2:3:4
1T
2. =2k \n
df _ 1 \F L _ m
df _ 1 [T foaeyu 1 [T UL
f 202\ f . 20\
%)
f £ > % change in frequency = 1%
3. f JT = To double the frequency tension should be increased 4 times.
4, Wave is pulted at 25 cm from one end. this point becomes antinode.
No. of loops =2 =p
P \ﬁ 2 [20
f= 2\ n _ 2310510 _ 1x4x10* _ 500 1z
5. 3 = Nodes, 2 = antinodes

An = \/Af + A3 +2A,.A, o8 A0

distance = 1.21 A
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10.

11.

13.

14.

15.

17.

18.

19.

21.

23.

&-

No. of loops = 2

A=1.21A
1‘F_1 / T T
=Tz —
f= 28\Nw 2\nrt%p = f o r
iy _ ffy fx2 f,x1
‘/f \/i = fi=1 2 1 = fi:fo=1:1
1T 1V 80
— [J M (2X—X2] X —
N e I A 2 =40N
2
Imax (\/ﬂﬂ/g) _(1+27

= 7 9
1

Imin (Jﬁ_\/g)z (1_2) _

y = 0.15 sin 5x . cos300t
kx = 5x

2 _, 2n  2x3.14

A A= 9= 9 =04x314=1.256m

¢/ =110cm
no. of loops = 3
firfo:fs=1:2:3

T = 10N,

f VT to produce double frequency tension should be 4 times = 40 N
X 21X
20 &
A
A = 40 separation between two consecutive nodes = 2 =20 cm

y = acos(kx — wt)
Equation of other wave to produce stationary wave, y=0 at x = 0 is y = —a cos(kx + wt)

(E 1 OtEj
y = 3cos 4 2 maximum velocity of particle = Aw = 3 x 10 = 30 units
k=n
2n
—_— =TT
k= *
A=2cm

Velocity of standing wave is not difined.

f VT = new frequency = V2n
AN
Frequency] n= 2£Ym
JT
no £
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24,

25.

26.

28.

29.

30.

31.

&-

Ratio of tensions
2 2
l — ni 272 (2)2 x 3 ? _ 2
T n, £y N 4 4

As standing waves are produced in the string and the string is vibrating in 5 segments, it can be shown
as

B 10 m g

5—-=10

2 = A=4m
v=Y_20 51 s5H,

Given the velocity of the wave v = 20 m/s ~ Frequency o4
£=50cm fo=270 Hz
to produce f = 1000 Hz =72

LN T
f0:22 B =>f0><fo:2 H

folo = fuly = fal2
270 x 50 = 1000 x /o
27 x5 135

(= 10 =10 =135¢m

A

¢ = 100 Hz. distance of node from fixed end = 2 =10 cm
A =20 cm speed of waves = A x f =100 x 20 = 2000 cm/s = 20 m/s

nx mode of vibration = n ~ antinodes (n + 1) nodes
v
(n+1) 28 =420 .. (1)
nv
20 =315 ... 2)
vV

(1)-(@2) " =105Hz  fumn =105 Hz

y = a sin wt cos Kx
1 a
y = 2 (2asin wt cos Kx) =~ Amplitude of component wave is 2

From law of length, the frequency of vibrating string is inversely proportional to its length, i.e.,
1

no £
or n/ = constant (say k)
k
or nf=k or¢=n"n

The segments of string of length ¢1, /2, ¢s..... have frequencies na, nz, ns,....
Total length of string is ¢
So, (=01+ 02+ 03+ ...
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A=8cm

_r
w=Kv 8x10™ »x 350 =27500

1

y=1+x* (t=0)
1

y= 14 (x — 2v)? (t=2)

Now comparing
X—2v=x-1
m

v=0.5 Sec

vV,
Prax = Aw = Yo 2nf = 4V,

2nf

2n
Yo2nf=4 *
2n

A =056 cma
2nf =12 sec-1

U.X+Bt+ 6 = 314

n  12.56x180

y = 7.5 cm sin 750° = 3.75 cm.
ﬂ ((xx+[5t+£]
6

v= dt = Apcos

J3

=75x12x 2 =77.94 cm/sec.

w = 2nf = 4 seca
E

K= * =2nma

~y =0.5cos (2nx + 4nt)

3.2g

. A=
Put a, B, A, x and t in the equation

EXERCISE # 2

y = 0.05 sin [ 4

Yy

2

+ 30 = 750°

Vep = V8x107 _ /4000 = g3 sec

6.4g

m

Vag= V10x107° = 6400 = ,q sec

314 X — 27500t

J
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10.

11.

12.

13.

14.

15.

16.

17.

&-

L 4

VoV
A A

asVa>Vs, Ra<Rs

y

Dotted shape shows pulse position after a short time interval. Direction of the velocities are decided
according to direction of displacements of the particles.

at x = 1.5 slope is +ve

at x = 2.5 slope is —ve

By defination

M
2 =/=30n=2
M
M=t = t2=2
\.f1:'f:2
v, I f
T1 T Tz
X

A 4

m
2] Ti/n L]
Vo oo VT2/n = Ty —y —)
Now moment about P : Ti x =Tz (£ —X)
£ —X=4x X =05
Lot A A1
I 16 A3 N A, 4

Tlo=1lo+9lo+ 2 X 1lo X 3.cos Ad
—3lo = —6lo . COSAD
1

cosAd = 2 =cos60°

A

Imax _ (Aﬂ +A2)2 16 _

1
Az 3 , [min (A1 - A2 )2 4

Amplitude varies between 0 and 2A
Path difference is A between B and G.
By defination

Po = Aoz woz LV
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Po Ao o
5 2 2
2 =M wepy - 2= Ao
AD
~As,w=wo (frequency remains the same) .~ A= V2
1
18. = 2 pA: w2V put values
2 2
19. vz VAV
Ve = 2nf VA
("J s
e 2 o 2 2
Ve = 21t A yA 0.5 (0.1 —(0.05)
—_—
As wave is travelling
in +ve direction
J3n
Ve= 90 jmis
—xnN
20. 2 =1
2n_=
22. ro 4 A=8
24, As x=0is node = standing wave should be y = 2a sin kx sin wt
n \/f n+1 I
25. 20 VM =350and 2 VM =420
n 350 5, 2n
n+1 =420 5n=5 2 =y A= 5
vz vof f
f=5 =20 =5 = f=95=70Hz

T 1T 1F
By 2 292
26. 2\ _ 2\p-(AD) g= “\prl N fiif=1:2

27. The fregeuncy of vibrations of string is
e
n= 2n\/

1fg 1 14
Given, na=2ns -~ 2n\ Ly 2r\ g or In g or ls = 4/a

It is obvious from Eq. (i), the frequency of vibrations of strings does not depend on their mass.
28. Key Ideal : The standard wave equation is
y = a sin (wt — kx)
The given wave equation is

&-
v
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29.

30.

31.

32.

(100t—ij
y=asin 10

Compare it with the standard wave equation, we obtain

1
w=100,k= 10
Velocity of the wave,
o _100
KT
v= 10 =100 x 10 = 1000 m/s
1T
The frequency of vibrating wire is n = 20 Vm , Where T is the tension in the wire.
We have n =
Here, m = mass per unit length = nr=d
AT
2L\ nrid
172
U
or rid n, niT d
We have given,
T _1d_, n_1
T, 2 d, r, 2
n, 2(1 1)
_—= | — X —
n, 12 2
ﬁ — g x 1 — 1
or np 12 or N=ni=n

Key ldeal: The expression of travelling wave is sine or cosine function of wt + kx.

The general expression of travelling wave can be written as

y = A sin (wt £ kx) (i)
For travelling wave along positive x-axis we should use minus (=) sign only
y = A sin (wt — kx)

but  w= * andk= *
2n
So, y=Asin * (vt—x) ...(ii)

Given,A=0.2m,v=360m/s,A=60m
Substituting in Eq. (ii), we have

: v
y=0.2sin 60 (360t -x) or  y=02sin2n 60
2n
K=2n= » = A=1
A1
_—— _m
Minimum length= 2 2
L_9
L 1
A3
A, 1
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33.

34.

36.

37.

38.

39.

40.

41.

&-

u=13%x104 T=?2,k=1,w=30
F

v=\H
w

V. v=
V2 X 1
(30)2 x 1.3 x 10-4 =900 % 1.3 x 10-4
117 x101.=0.117 N

y2 = asin (wt—kx) —a sin (wt +s kx)

©_30
k

4=
PRI TR TR

<
=

'8

2=_2acos wt x sin kx

= yi+y, =0atx=0
2 T

n=2\V1 =100 Hz

1 | T oo T
f= 2 VeA 6 AL\ 7

Vie. = 10 + 10 = 20 S€C

when string is flate v =fA
i

20= Aty

A=20At=10m.

3

Energy < Az w2

E A%
. B2 = A2Q0)
E. = 4E:
After 2 sec.

D=D:1+D2=(2%x2)-(2x2)=0
As their amplitude is same

~PE. =0 ~ purely kinetic
5 |99 3 |mg
f= 2L VM nowfi= 2L V M
asf=fi = m = 25 Kg
EXERCISE # 3
PART -1

Find the parameters and put in the general wave equation.

Here, A =2 cm direction = +ve x direction
v=128 ms.1and 5A =4
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21 2xx5

Now, k= »= 4 =785and v
As, y = A sin (kx — wt)
y = 2sin (7.85 x — 1005 t)
= (0.02)m sin (7.85 x — 1005 t)
The given wave euqation is
y = Asin(wt — kx)
[0}

~|e

Wave velocity, v = K .(0)
dy

Particle velocity, vp = dt - Awcos(wt — kx)

Maximum particle velocity, (Vp)max = Aw (i)

According to the given question
V= (Vp)max

w
—=Aw
k (Using (i) and (ii)

1: i:A (k—Q—n]
k or 2n A
A =2rA

T

Ap =1 — P2 = 2 -0.57
=1 radian

Fundamental frequency is given by
1T
v=— |
20\

Vo —

Here /(=/(1+/l2+ /(3

1 1 1 1
—_——— e —

so VooVy Va Vg

n (25nt- EXJ
y=3sin 2 (50t—x) y=3sin 2
o 25n
Wave velocity v = K n/2 =50 misec.
%y (25r:t —Exj

ve= o =751 cos 2
Vp max = 75T

Pmax _ [OT _ 3W
then vV 50 2

Y = Asin (wt—kx + ¢)
2n
w=2nf= T =2
2 o,
A 2m
Y =1sin(2t—x + ¢)

Alternate: PxTs

&-

=128 msa

w=vxk=128 x 7.85 = 1005
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2.

&-

P o (PV)s
PV:=C
PV:2=C
y = 3/2.

£ 0, t,

1T

2 \n
1 T

20, \n
1 T

205\
1T

n=2\n
1 1 1 1

—_—_—— 3 —
n n. n, ng

ni =

Nz =

Nz =

Fundamental frequency = highest common factor = 105Hz

T
Aocvoc Ym/L
M M, Tension = Mzg
A2 M, +M, Tension = Mzg
T2 = (M; + M3)g
M
Ty = Mg
M,
Ay (MM,
A M,
PART - 1ll
By equation
1 1 25

f= 004 gnd A=05 = v="004 xo5= 2
2
\F (@] T 625
byv=V" = 2) 2004 7= 4 x004
T=6.25N

y(x,t) = g [VaxHbtr’
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_ a-(ax+bt)?
It is transverse type y(x.t)=e

Jb

Speed v = Va
and wave is moving along —x direction.

Y = A sin(wt — kx) + A sin(wt + kx)

Y = 2A sinwt coskx standing wave

For nodes coskx =0

2 « T (2n+ 1)

Ao=@en+1) 2 . x= 4  n=0123,

Since, | « Az w2

l1 ¢ (2a)2 w2

l2 ¢ @2 (2w)2

li=12

Intensity depends on frequency also.

Let mass per unit length be A.

x=[
X

x=0

T = Agx

v2 = gx,
vdv _g

a= dx B
19

D_zz

9

1a? 1

22 1+ —
1+ 9 = 60 using by binomial approximation =>
V=FA

~|e

=50 m/s

closest answer a =
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= |3

V= T=pv2=502x5x1023=12.5N

v=9=5—0=25m/s
0. k 2

As wt & kx both have +ve sing, wave is traveling to the —ve x-axis.

>
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