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Wave and Motion : Waves in Strings —Subjective Questions (Typical)

IMlustrations Only

1-01

Since wave is a pulse and it is moving in (-) x direction and hence distance travelled by a pulse which starts
atx=0att=0intimet =t+At=0+5=5swouldbex =x+Ax =0+ (—v) X At = —40 X5 =
—200 cmor (-)2 m.

1-02

Each part is being illustrated separately, considering that each particle of the medium performs oscillatory
motion about its mean position (in the instant case it is transverse motion along Y-axis)) and while wave
transfers energy along the direction of propagation (in the instant case it is X-axis). Accordingly, -

2 3
Part (a): Mathematically e? =1+ p + ’;—' + %, here since 1 is dimension less and only quantities if same
dimension can be added and hence all terms containing p and its exponents must also be

x t

2
dimensionless. Accordingly, e_(E+F) is dimensionless. Since [A] = L and hence dimensionally
[yl =[A]l=[A] =L. )
Further, in the given wave equation exponent of e is G + %) and it must also be dimensionless.

Since the exponent is square of two terms each of them must also be dimensionless, therefore,

o == 1= [al =L Likewise, ;o =-r=1=[T]=T

Hence, answerisL, L, T

. . . . . . d d
Part (b): Since wave is travelling along x-axis and hence velocity of the wave is v = d—’t‘:% =
2 2
d —(f+£) d _ dp —(f+£) dp dp . dp
—_ T = _ Py). = = — T f—_—= =Y — _
o (Ae a Adp (e7P) m p:(£+£)2 Ae \a 0 y =, Now solving for o e
a T

£=2(§+5)0‘f—t(£+5)=2(§+5)(ld—x+%). Thus we

2
d (x t _d Z.i |
have ( + ) q dtqqu T a T T a dt

dt\a T - E
a+T

have % = =2y (§+%) Gv + %) Here, Z—’t’ is the velocity of the particle which is oscillating
about its mean position velocity of the wave is v = Z—’:. Velocity of the wave remains same far all
particles participating in the wave motion and hence when ‘;—3; = 0 the factor Gv + %) =0. It
leads v = — - to. Thus magnitude of the velocity is %

Part (c): It has been derived in part (b) that v = —%. The negative sign indicates that displacement is in (-)

ve direction. Hence wave is travelling in (-)ve direction.
Part (d): The wave function is exponential and hence at x = 0 and at t = 0 wave-front is at maximum i.e.

Ymax = A. Velocity of the wave determined in part (b) is v = —%. Therefore, at t = T the wave-
front will travel x; = v X T = —% XT = x; =—a. And at t = 2T the wave-front will be at
x, =vX2T = —% X 2T = x, = —2a . Thus corresponding distances travelled by maximum of
thewaveatt =T and t = 2T are - a and - 2a.
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Att = 0 the wavefront is at x, = 10 cm.
Att =1 the wavefrontisatx; = xp+vXt=x; =104+ 10 %x 1 =20 cm. Eﬂ
: A
R=Y

;0 (xin cm)

N Att =2 the wavefrontisatx; = xy +v Xt = 02 30 4
0 40 50 inom) x; =10+ 10Xx 2 =30 cm.




At t =3 the wavefront is at x; = xy+ v Xt =x; = 10 + 10 x 3 = 40 Eﬁ
cm. e
R=Y
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0.52 0.25

—_— Sy =—
(x—20t)2+0.52 y (x—20t)2+0.25
0.25

With the given data y =

Now at ¢ =0 and x = 0, we have y = - = 1cm; at x = +1 cm, we g
0.25 0.25 0.25 &
— - o) = . — = 1
haveogzz Tr025 = 128 = 0.2 cm; and x = +2 cm, we have y = 1025 OF /I\
2 % in cm
= 52 = 0.06 cm; Accordingly, the wave shape is plotted here. " (i em)
_ _ 0.25 _ 025
But at t = 1 s the wave would have travelled we have y = GZoxDPT05s Thusatx =0cmy = Tooir0s
0.25 _ 0.25 025 0.25 _
Oy = so070zs ~ %atx=10cm y = o—zox?+025' 'Y = Toozs © Oatx =20 cm y = o0 =
— _ 0.25 _ 025 . _ -
But, along (-)ve directionat x = =10 cm y = (C10-20x1)740.35 — 90025 ~ 0;atx = =20 §
the y = 16%5525 ~ 1. This indicates that wave is travelling along (+)x-direction. &' Y .
Accordingly, shape of the wave is shown here. 20 20
_ _ 0.25 _
At t = 2 s the wave would have travelled we have y = G 20x2) 055" Thus at x = 30 -
cmy =——>—— =28 _patx=40cm y=— o2 =28 _ 3¢y E
Y (—10)2+0.25 y 100+0.25 ! y (40—-20%2)240.25  0.25 3 ! m

Since, it is seen that the wave is travelling along (+)x-direction hence progressively T 17~ b
amplitudes in this direction have not been calculated. Thus, shape of the wave is shown
here.

1-05

Equation of a wave travelling on (+) x-direction implies that at any instant t the displacement of particle at a
distance x must have exited x = 0 in phase f(t") = A sm( ) where t' =t — At. Here, At == and v is the

7)

velocity of the wave. Accordingly, f(x,t)=f(xt")= Asm( - ) = f(x,t) = Asm(

Accordingly, f(x,t) = Asin (—v — vx—T)

1-06

Given function is of displacement of a particle from its mean position. Since angle is a dimensionless
quantity and so is the sine of the angle. Accordingly, M°L1T? = [A]M°L°T° = [A] = L.

o (2\] = 07070 *] — pp07070 s L _ 3s07070 ; _
Further, [sm (a)] =M L°T? and [a] =ML°TY = ] = MPL°T®. Accordingly, [a] = L.
Thus answer to part (a) is L, L.
Given that att = 0 shape of the string is g(x) = Asin (3) on which a wave is travelling with velocity v

in (+) x-direction. During propagation of wave shape of the wave on a string, which is considered to be
elastic, remains unchanged. Therefore, equation of the wave at any point x at time t would be the wave
which existed behind the point by distance Ax = v x t i.e. x' = x — Ax = x — vt. Therefore, equation of

the wave would be f(x,t) = g(x') = A sm( ) =>f(x,t) =A sm( ) This is the answer of Part (b).

1-07 | Given the shape of the string at t = ¢ty is g(x,ty) = Asin (z)for a wave travelling with a velocity v in (+)
x-direction. For the wave to be there on the string it would have past a point x = x — v(t — t;). Thus,
’ . ! . . —v(t—tg)
(x,t) = g(x', ty) = Asin (x;) . Accordingly, f(x,t) = Asin (”T")
I1-08 | Comparing the given equation of wave with the general equation of wave in positive x-direction we have

y = (0.10mm) sin[(31.4m™Dx + (314s~1)t] = Asin (wt — 2%) Here, pre position the wave to be




there at appoint x at time t the distance travelled by it in time t is converted into angular displacement by
inserting A9 = 2% here A is wavelength during which the wave subscribes an angular displacement 2.
Thus answers to each part is obtained by comparing the terms in above equation.

2mx

Part (a): We have (31.4m~1)x = —==, the (-)ve sign indicates that wave is travelling in a direction
opposite to the assumed. Hence direction of travel of wave is Negative x-direction .
Part (b):Amplitude of the wave 4 = 0.1 x 1072 = 10~* m and angular velocity w = 2rf = 314 rad/s.

Hence, frequency of the wave is f = 25;‘14 = 50 Hz. Velocity of propagation of the wave is

v= Z—’; which remains same for all particles of the medium. We have at peak of the wave Z—’; =0.

On differentiating the given equation of waved—y = (0.10mm) isin[(31.4m‘1)x + (314s~Dt],
we have 0 = (0.10mm) cos[(31.4m~1)x + (3145—1)t] [(31 4m~Yx + (314s7H)t]. It solves
into \/1—y [(31 4m‘1) -+ (3145‘1)] = 0. Since, at peak y = A, hence this is possible only

when (31. 4m_1) -+ (3145‘1) =0=>v= 3311:;_1 =10ms?t.
Thus Wavelength isA= }Zc = % =0.2mor20cm

Part (c): Amplitude of the wave is determined in part (a) and is A = 0.10 mm. Characteristically,
maximum speed of a portion of string, as per principle of conservation of energy, while
vibrating is at its mean position is % = Aw = (0.10 x 1073) x 314 = 3.14 cm/s

max

Thus answers are (a) Negative x-direction, (b) v =10 m/s, A =20 cm, f =50 Hz, (¢) ¥,qax =0.10 mm

and maximum velocity of displacement of a portion of string is % =3.14 3.14 cm/s.
max
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Generic equation of a wave travelling in (+) x-direction is y = A sin(kx — wt) = Asin (2% — ant), or

2nv 2mv

y = Asin (ZA x — —t) =y = Asin (ZA X — —t) Taking each part separately:
Part (a): With the given that amplitude A = 0.20 cm, velocity of the wave v = 0.20 m/s and wave-length

1=20 cm we have y = (0.20 cm) sin (%"x—w ) it leads to

y = (0.20 cm) sin ((thm_l)x - (211' X 1035_1) t); this is answer of part (a).
Part (b): Displacement of particle at X = 2.0 cm at time t=0 displacement of particle from its mean position is
y = (0.20 cm) sin(rem™1)2 = (0.20 cm) sin 27, or y = 0. And velocity of particle is v = % which

works out to v = % (0.20 cm) sin ((ncm_l)x — (27‘[ X 1035_1) t) = (0.20 cm) (271 X 1035_1) cos 27.

It leads to v = 400 X 1 = 4007 m/s.
Part (c): The wave equation can be written in another form as y = Ag(wt — kx), but the wave being same
phenomenon will gave same values.

Thus answers are (a) ¥ = (0.20 cm) sin[(mem™1)x — (2r x 103s71)t]  (b) Zero, 4w m/s () No
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General equation of a wave travelling along x-axis is y = Asin(kx — wt) = Asin (2%" - ZTﬂ) while the

]:y _(100mm)51n[20cm Ogis]' i

e =0.02s =20 ms. Whlle—:Z.OCm:A:

given equation isy = (1.00 mm) sinm [2 Ocm T 0.01

Part (a): Comparing the two forms we have 2 7 =
4.0 cm.
Part (b): Equation of velocity of particle v, = i(1 00 mm) sinn[

( (Wm—oozs))

ac\™
1
= (1.00 mm) cosn[ )
20cm 001s 20cmdt 001s

1.0 0.01
= (—1.00 mm) cos 7 [ = _ S] X (—) since —x = (0,as motion at x = 1.0 cm (is constant)
20cm  0.01s 0.01

———1. It leads to a form
2.0 cm 0.01s

= (1.00 mm)cosn[ZOCm 00t1s]




= (10.0 cm) cos E - 1] = (1.00 mm) cosg =0
v, =0
Part (c): Att = 0.01s speed of the particle at x = 1.0 cm has been determined in part (b) to be Zero i.e. it is
maximum displacement. Further, wave is sinusoidal and hence maximum displacement either

(+)/(-) ve would occur at every%1 spacing along the line of propagation . Since the A = 4 cm and
hence % = 2 cm. Thus corresponding spacing where velocity of the particle is zero at the instant
are xq =x+%:>x1 =1+2=3 cm; likewise x, =x1+%:>x2 =34+2=5 cm and for
X3 =Xy + % = x3 =54 2 =7 cm. At all these points speed of particle is Zero.

Part (d): Therefore, at instances when speed of particle at x = 1.0 cm is to be determined have been rationalized
tot = 0.011 s, likewise t = 0.012 s and t = 0.013 s. Accordingly, speed of the particles:
Att = 0.011 s: Taking forward derivation in part (b)-

d . x t t bia
vy = ((1.00 mm) sin [2_0 —— 5ol S] ) = (—1.00 mm) cos [0.5 - 0.015] X (0_015)
=314 Xcosm [0.5 — %] cm.s™! = 31.4 x cos(0.6 X t) cm.s”! = —9.7 cm.s~ !

Thus magnitude of speed at all the three instances is 9.7 cm/s

Att = 0.012 s: Taking forward derivation at t=0.011 s we have

v, = 31.4 X cosT [0.5 - 0600112 ] cm.s™! = 31.4 x cos(0.7 x ) cm.s~ ! = —18.455 cm.s ™!

Thus magnitude of speed at all the three instances is 18 cm/s

Att = 0.013 s: Taking forward derivation at t=0.011 s we have

v, = 31.4 X cosm [0.5 - 0600113 ] cm.s™! =31.4 x cos(0.8 x ) cm.s™! = —25.4 cm.s ™!

Thus magnitude of speed at all the three instances is 25 cm/s
Thus magnitude of speed at the three given instances is 9.7 cm/s, 18cm/s and 25 cm/s.
N.B.: (1) In transverse waves particle of medium oscillates about its mean position along X-axis, which is fixed and

. . . . . d . d
hence while deriving velocity of particle at any location v,, = Ey(x, t), x is a constant and hence term =X = 0,

wherever it occurs.

(2) 1t may not be always necessary to solve each case. Based on data inference of one case can be used for other cases.
All that is needed to carefully observe data and the way solution proceeds. This is explicit from solution of part (c)
and (d).

(3) Answer is reported in SDs corresponding to the given data.
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Time taken by particle to move from mean position to extreme position is 5.0 ms, and this is equal to 2 and
T 1 1
hencez—5m5$T—20mS=>f—F—W—SOHZ.

Distance between two consecutive particles at their mean position is % and is given to be 2,0 cm. Hence,

%=2.0cm=>l=4.0cm.

Wave speedisv =1 X f = 4.0 x 50 = 200 cm/s and hence v = 2.0 m/s.
Thus answers are f =50 Hz, A = 4.0 cm and v = 2.0 m/s.

1-12

Different quantities required to be determined by close observation of the given figure and are as under —
Part (a): Peak of the waveform is 1 cm and hence, amplitude from figure is 1.0 cm
Part (b): One complete cycles spans over 4 cm and hence wavelength (4)is 4.0 cm

Part (c): The wave number k = 27” and hence k = % =1.6cm™

Part (d): Frequency of the wave = % . Using the given value of v and A determined in part (b) above we
have f = 2% = 5 Hz.

Thus answeris (@) 1.0cm  (b)4cm () 1.6 cm™ (d) 5 Hz.




I-13 | Given that speed of wave travelling on a string is v = 10 m/s and its time period T = 20 ms = 2.0 x 10~?s.
Hence, wavelength of the wave is A=vT =10 X
(2.0 x 1072) = 0.20m or A = 20cm. This is answer of
Part (a).
Further, given that displacement of particle at an instant at a ' =
particular value of x is y = 1.5 cm. The displacement is a
vector and it would recur i.e. y =y at every distance
x =x+nld|,ey and would be antiphase i.e. y = —y at
every distance x = x + (2n + 1)’51 - Given that x =x+10cm|,_, hence, the displacement is

ne

y = —y = —1.5 cm. This is answer of Part (b).

1-14 N F . L
Speed of a transverse wave on a stretched string is v = " m/s, here F is the force on the string in N and
mass density of the stringis u = % kg/m. With the given data it calculates to u = % kg/m. Accordingly,
v = /% =16 X 64 = 32 m/s. Hence, answer is 32 m/s.

064

I-15 . N F . .

Velocity of a transverse wave on a stretched string is v = " m/s, here F is the force on the string in N and
-3
mass density of the string is u = % kg/m. In IS u = (1)'?:23-2 = 4.0 x 10~2 kg/m. Accordingly, with the
given data in the instant case v = ﬁ = 20 m/s. The wave-pulse initiated at one end will be reflected
at other fixed end, without changing direction of displacement of particles of string. Thus for string to
regain its shape after initiation it shall have to travel a distance of d = 40 (=20+20) cm both ways forward
-2

and backward. Hence time taken to regain the shape is At = % = % = 0.02 s. Hence, answer of
part (a) is 0.02 s.
Wave-pulse would travel a distance x = v x% which calculates to
x =(20m/s) x 02—2 =20 cm, i.e. the wave pulse would travel a
distance equal to the length of the string. Accordingly, shape of the /J™ 20 cm *
string would be as shown in the figure.

[-16 | Initial position of the wave-pulse is shown at t; = 0 s. The wave with the =0

given velocity travels to the frictionless ring at the other end. Since, the ring N

does not experience any force to obstruct its transverse motion its overshoots /| e o Xem »

and after reflection at t, = t; + % >t, =0+ zf)oc;m/s = 1s, and is shown in .

the figure. -t

After reflection the wave starts travelling backwards with same velocity, it le— 20em ——\
. - . L 20 cm . - 30cm -

reaches its original position t3 = t, + 2t =1s+ e 2 s. Itis seen s 2oy

that it regains its original shape that was at t; = 0. Hence, time taken to /‘\—

regain the shape is 2s, answer of part (a). e \

Total length of string is given to be 30 cm and the wave pulse initiated at i« 30cm »

fixed end completes one cycle after return to the same point, following

reflection from the free-end attached to the ring, hence total distance covered by wave in 1 = 2L = 2 X
30 = 60 cm. Hence, time-period of the wave-pulse is T = % = % = 3 s, is answer of part (b).

20 2
—_— -3
Velocity of the wave-pulse is v = \E m/s. Thus F = v?u = F = <1°2m> X 0'5121_2 . It leads to answer of

part (c) F = 2.0 x 10~3N.




Thus answers are (a) 2 s (b)3s (c)x1073N.
N.B.: The figure given in the question is not reasonably proportional to the length of wire. Making figure
reasonably proportionate has been done in the illustration.

1-17 . . _— . . .
Velocity of a transverse wave in string is v = \/g m/s. Given that two strings of same cross-sectional under
T
tension T have velocities v; and v, such that Z—l = 2. Since, both wires carry same tension hence z—l = %
2 2 -
&,
it leads to 2 = \/£ >E =45y =£2 58 = 0,25, Hence, answer is 0.25.
M1 M1 4 K2
I-18 | With the given equation of wave —y = —((0 02 m) sin[(1.0 m™Dx + (305 Dt]). Further, y =0,
when displacement of a particle is at its peak, but velocity of propagation v = — remalns same across each
particle of the medium. Thus 0 = (0.02 m) cos[(1.0 m~)x + (30s~1)t] x ((1 0 m‘l) —+(30s ‘1))
Thus, it leads that factor ((1 0 m‘l) -+ (305‘1)) =0= Z—’: = % = v =230m/s.
Further, v = \/g = F = u x v2. Since given that u = 1.2 x 10™*, therefore value of v arrived at above
leadsto F = (1.2 x 107%) x (30)? = F = 0.108 N = 0.11 N.
N.B.: Final result is reported using principle of SDs.
1-19 . L F . . . 90
Part (a): Velocity of transverse wave on a string is v = " Accordingly, with the given data v = o=
v/900. It leads to v = 30 m/s. Further, it is given that displacement becomes Zero N = 200 times
per second, and hence frequency of the wave is f = — = @ = 100 Hz. Therefore, wavelength of
the wave 1 = 2 = —. Hence, wavelength is 2 = 0. 3 m = 30 cm.

f  100°
Part (b): General form of equation of a travelling wave with y = 0 at x = 0 and

t=0isy= Asm[Zn(———)] But, it is given thatat x =0and t = 0

the y = A, this is possible when y = A sin [Zn (— — %) —] this can be

written as y = A cos [Zn (I_?)] and on substituting values of wave

parameters A and T =
part (b).
Part (c): Velocity of the particle at x=50 cm at time t = 10 ms is obtained by taking single derivative

— D aking & = ingitto a, = &2
vy =5 taking = 0, and extending it to ay =—=.

=1 we have y = Acos [211:(

% 100 )] this is the answer of

30 cm 0 01

Accordingly, vy = d—A cos [Zn (30xcm — 0.0t1 S)] = —Asin [Zn (30 e )] ( 001) It
leads to v, = —Asin [Zn (30 — - 0.0tl s)] = 02% X 1 X sin [Zn (;g 22 831 S)] It solves into
v, = 2007 X cos% = —544.14 cml/s, or vy, = —5.4mf/s.

And acceleration for the give values is a, = ;—t% sin [Zn (3oxcm - OOtl )] It solves into
a, = 2007 X 27 X cos [27‘[ (30xcm — 0.0t1 S)] X (— ﬁ) = —4 x 10* x 2% x cos( 3 ) It reduces

to a, = —19.7 x 10* cm/s® or a, = 2.0 km/s’.

Thus part-wise answers are (a) 30 m/s, 30 cm, (b) y = (1.0 cm) cos [
2.0 km/s%.

30em ool ] and (c) -5.4 m/s,




1-20

Given that spring constant k = 160 N/m is stretched by Al = 1 cm = 0.01 m. Hence, tensile force on the

springis F = k x Al = 160 x 0.01 = 1.6 N. Accordingly, with the given mass density u = % = %.

It leads to u = 0.025 kg/m, velocity of transverse wave in the string is 3y |

F_ 16 Eﬁm_f
v = |-=——=_8m/s. Thus time taken wave pulse produced near the =]

o 0.025 AR
wall to reach the string of length L = 0.4 m as shown in the figure is t = % = 08;4 =t = 0.05 s. Hence,

answer ist = 0.05 s.

[-21 | In portion CD of the string y; = 8 g/m = 8 x 1073 kg/m while force on itis F; = m; X g = 3.2 x 10, or
F; = 32 N. Hence velocity in this portion v; = \E = /8:12_3 =4 x 103 = 63.2 m/s or in portion CD
1
velocity of wave is 63 m/s.
In portion AB of the string p; = 10 g/m = 10 x 1073 kg/m while force on it is F, = (my + my)g. It
leads to F, =(3.2+3.2) x10=> F, = 6.4 x 10 = 64 N. Hence, velocity in this portion v, = \/51
2
accordingly, v, = # =+6.4 x 103 = 80 m/s. i.e. velocity of wave in portion AB is v, = 80 m/s.
[-22 | The mass of 2 kg suspended from free end of the string produces a force F =2 x g =
2 x 10 = 20 N. Accordingly, velocity of the transverse wave in the string having mass /7N E
_ : . _ m 45 _ 45x1073kg _ -3 25 |
m = 4.5 g has linear mass density u = T T Femizom = zmm = 2x10 kg/m. imF d
Accordingly, velocity of transverse wave in the string is v = \/g = /% =100 2;0‘“
|
m/s. Therefore time taken by the disturbance produced at the floor to reach the pulley 7 :
ist = ho2z t = 0.02 s. Hence, answer is 0.02 s. 8
v 100 . L : TR g
N.B.: In the figure effective length [, of string fixed to the floor would terminate at
point of contact with the pulley. Therefore length [; — [; — r, here r is the radius of the pulley. Since, r is
not specified and hence a fair assumption r « [; has been made to calculate t.
I-23 | Free-body diagram of mass suspended from ceiling of an elevator accelerating upward with o
a = 2 m/s? shows that tension in the string is T = m(g + a) = T = 4(10 + 2) = 48 N. Linear
: o _ [ a8 m| ta
mass density of the string is u = 19.2 x 103 kg/m. Accordingly, v = \E = om0 21810_3 =50 K
m/s. Hence, answer is 50 m/s. g
[-24 | When car is at rest its velocity and acceleration are both zero and hence v=0 .

the mass suspended from ceiling will have the string in vertical position
and carry a tension T = mg. Given that velocity of transverse wave
along the string in this case is v = 60cm/s = v = 0.6 m/s. Since,

velocity of transverse wave along a string is v = /% = 0.6 = /%...(1)

z ma 471

st () O ()

But, when the car accelerates v = 62cm/s = v = 0.62m/s while tension in the string is T; =

5 > i . T m_|g2+a?
m,/ g* + a*. Hence velocity equation of the transverse wave would be v, = i 0.62 = . ...2)

m. g2+a2 4
—_ g2+a? 24,2
Taking ratios of the final form of (1) and (2) 22 =¥ £ - 262 _ S (%

0.6 [gm 0.6 N 9%
u

we have %:(%)4—1:&=<(%)4—1)92=>a2=((%)4—1)102=14=>a=\/ﬁ=3.74, or

0.6 0.6
a = 3.7 m/s%. Thus, answer using principle of SDs is a = 3.7 m/s’.

4
) . Applying dividend




[-25

The rotation of a circular string on a frictionless horizontal plane is a case of
hoop-tension T produced in the string. To calculate T, a small element of string

AB forming a small angle & — 0 at the center is considered. Let, m is the mass

if the string. Then mass of the string element A8 is Am = zr,fr = % Taking

free-body diagram of the component of the hoop-tension T cosE at ends A and
B, being in opposite direction, would cancel out; whereas components T sin% at

both the ends are unidirectional and hence would balance centrifugal force such
6

2 mo\,2 2 ¢
that 477 = o7 sin? = E7 _ o7 sin? =T = (5=)—Z;. Since, linear
2 T 2nr Sini
6
mass density of the string is u =-—, and 6 = 0 hence =2 — 1. Accordingly, T (1) v? = uv?.
2nr 2nr

2
2

. . . . T .
Velocity of transverse wave in a taught string is = \E = /% = v . Hence, answer is v.

1-26

Each part is be solved separately -
Part (a): Let us take an element Ax — 0 of the rope having linear mass density u at a height x above its
lower end. Therefore, tension in the rope element Ax is T = (ux)g. Hence, velocity of transverse

wave through the element shall be v = \E > v= % = v =,/gx. Hence, answer part (a)

gx.
Part (b): Time taken by transverse wave to traverse through the rope is At = %x = At = %. Therefore

time taken by the sudden sideways jerk to reach ceiling through rope of length L works out to

1
L dx 1 L L 1 |x2 2L 4L
= =— >T=—|7| >T=—==T= [— Hen nswer
fdt for @fox 2dx @[%] = /g ence, answe

. [aL
part (a) is \/;.

Part (c): A particle when dropped from ceiling takes time t to drop through a height L —x can be

calculated using Second equation of motion asL — x = %gtz =>t= /Z(Lgx .(1) And from

solution in part (b) for a pulse generated at bottom to intercept the particle is t = \/4% ...(2).

Combining (1) and (2) we have ( fZ(L 0 = Z(L ) o x=2(L—x):x=§.

Hence, answer of part (c) is 3 X from bottom.

1-27

Velocity of transverse wave in string A is vy = \/Tﬂz = /12:'180_2 = 20m/s and in string B which has

same linear mass density as that of string A, the velocity is vy = /% 25m/s.

Let pulses in both the strings meet at a time t4. Then on pulse would travel on string A a distance equal to
x4 = tavy =ty X 20 = 20t, . And on string B on which pulse starts at t = 20 ms, then x5z = (tg — t)vy, it
solves into xz = (tg — 20 x 1073)25. Since both pulses meet at T, = Ty, they will have travelled equal
distances. Accordingly, x, = x5 = 20t4 = (t, — 20 x 1073)25 = 5t, = 0.500 = t, = 0.1 s or 100 ms.
Therefore, distance travelled by waves before they meet is x4 = 0.1 X 20 = x4 = xg = 2 m. Hence,
answer is 100 ms and 2 m.




1-28

Average power of a transverse wave in a string is P,, = 2m?uvA?v?, here u is the linear magss density of
the string, v = 100 m/s is the velocity of the transverse wave, A = 0.50 mm is the amplitude of the wave
and v = 100 Hz is the frequency of the wave. Here, linear mass density is not given by with given velocity

of the wave and tension T = 100 N keeping the string stretched we can determine v = \/g S>u= ,,T_z the

2 2,,2
formula of average poser gets modified as P, = 2m? v%vszz = as P, == TUA . Accordingly using the

) 272100(0.50x10~3)1002
given data P, = ( 100 )

answer is 49 mWw.

=2m? x25x107* =493 x10™* or P, = 49.3 x 1073W or

1-29

Average power of a transverse wave in a string is P,, = 2m2uvA%v? hereu =6 g/m = 6 x 103kg/m is
the linear mass density of the string, vm/s is the velocity of the transverse wave, A = 1 mm = 10 =3 m is
the amplitude of the wave and the frequency of the wave is v = 200 Hz . Further it is given that tension in
60

“x10=5 — 100 m/s, Now each part is being

the string is T = 60 N, thus we can determine v = \/g Sv=

solved separately-
Part (a): Substituting the given and derived data P,, = 2m? x (6 x 1073) x 100 x (1073)? x 200% or
P, = 473.7 x 1073 W = 0.47 W. Thus answer of part (a) is 0.47 W.

Part (b): Energy is time E = [ p.dt = P,, X At. With the given velocity of the wave time taken by a

wave to traverse over a length 2.0 m of the string is At = % = At = 11 = 0.02 s. Hence, energy in the

00
given portion of the string is E = 0.47 W x 0.02 s = 9.4 mJ.
Hence, answers are (a) P, = 0.47 W, and (b) 9.4 mJ.

1-30

Each part of the question is being solved separately —
Part (a): Velocity of transverse wave along a string of linear mass density 4 = 0.01 kg/m under tensile

49

forceT =49 N isv = ﬁ Sv= o= 70 m/s. Given that frequency of the wave is v = 440

Hz and hence wavelength of the wave on the string is A = 5 = % =0.159morA=16cm.
Part (b): Maximum speed of a particle of string is V,,,, = Aw = A(2nv) = (0.50 x 1073) X 27 X 440 =
1.38 m/s or V4 = 1.4 m/s, this will occur when particle is at its mean position. And maximum
acceleration would be @, = Aw? = A(2mv)? = (0.50 X 1073) x (2w x 440)? = 3.8 km/s’.
Part (c): Average rate of transfer of energy is nothing but average power of the wave P,, = 2m?uvA%v?.
With the given and derived data P,, = 2m2(0.01)(70)(0.50 x 1073)%(440)? = 0.67 W.

Hence, Part-wise answers are (a) 70 m/s, 16 cm (b) 1.4 m/s, 3.8 km/s (c) 0.67 W.

1-31

Let displacement equation of two waves are y; = Asin2m G—%) and another wave having equal
frequencies, wavelengths and amplitudes A = 4 mm, but phase difference of ¢ = 90° the displacement
X

equation is y, = Asin [Zn (A %) + %] = Acos [Zn G - %)] Accordingly, A =y} +y3 = AV2.
Substituting the given value the resultant amplitude is 4v2 mm, is the answer.




[-32

With the given velocity of the wave v = 50 cm/s, the wave will advance along X-axis in time:
(i) t; = 4 msthrough a distance x; = vt; = x; = 50 X (4 x 1073) =0.2cm

1-33

Two waves with frequencies f; = f, = f and wave lengths A; = A, = 4 therefore equations of

displacement of the two waves shall be y; = Asin [Zn G - %)] and y, = Asin [Zn (f — %)] Taking

2
solution of each part separately -

Part (a): Since frequency of both the waves is f =100Hz =T = ﬁ =0.01s=10ms. Since T =

0.01 s » 2w and hence second wave delayed 0.015 s later than the first wave would correspond

0015 _ @1

0L = D01 = 3. Thus the phase difference is 3 is answer of part (a).

Part (b): The wavelength = 2.0 cm — 21 . Hence, starting distance of 4.0 cm of second wave behind the

first wave would correspond to % =22 5 », = 47. Thus the phase difference in part (b) is

2
41 is the answer.
Part (c): In this case resultant amplitude is to be calculated with phase difference taken in each part
separately.
t

In Part (a) hence y, = Asin [27‘[ (;ﬁ - %)] and y," = Asin [27‘[ (;ﬁ - %) + 37'[] = —Asin [271 G - ;)]

Hence, the resultant wave is yg_q = v; + v,' = yr_q = Asin [Zn G - %)] — Asin [Zn G - %)] =0.
In part (b) y;" = Asin [27r G - %) + 471] = Asin [Zn G - %)] and y, = Asin [Zn G - %)] Hence ,
the resultant wave is yz_, =y, +y, = yg_1 = Asin [Zn( )] + Asin [27t G — %)] =24=4.0
cm. Hence, answer is Zer0 and 4.0 cm.

Hence answers are (a) 3 (b) 4m  (c) Zero, 4.0 mm

N.B.: Part (c) has to be read carefully as it asks for resultant wave produced by case (a) and (b) separately
and not the combined effect.

X t
AT

1-34

In a stretched string half of wavelength i.e. % of fundamental wave is spaced. With the given speed v = 60

m/s of the transverse wave on a string of 1 m, time taken to travel the length %i
taken by the wave to travel its wavelength A iIsT =2 XAt =T =2 X % = % >f=
answer is 30 Hz.

s At = %s. Hence, time
= 30 Hz. Hence

~N |-

[-35

In a stretched string at fundamental frequency L = % = A = 2L. Given that fundamental frequency is

fi = 100 Hz and hence time period of the fundamental frequency is T; = fi = ﬁ Let v is the velocity of
1

the wave and time taken by the wave to travel the length L of string is t = % = % Accordingly velocity

of the wave of the fundamental frequency is v = % = @ = 400 m/s.

200




Given that the string is stretched with a tensile force F = 160 N. Further we know that v = \/g =S u= ,,F_z

Substituting the given and derived values u = :—2 = :06002 = 0.001 kg/m or u = 1.00 g/m is the answer.

1-36

. L L 4.0x1073 -
In case of a wire stretched between two ends its linear mass density is u = % = soxlo T T M= 5x 1073

kg/m. Further, it is given that the wire is stretched with a force T = 50 N. Therefore, velocity of the wave

|sv_\[:> /5 103—100m/s.

In stretched wire its length is half—of—wavelength of the fundamental transverse wave its length L = '12—1 or

ZL v 100
Al = 2L and T1 1 fl L = 2><0.8

the fundamental frequency IS fq4 = 4f1 =4 X 62.5 = 250 Hz and wavelength of the fourth harmonic

A 2L 2x80
Ay = 71 == X4 = 40 cm. Hence, answers are 250 Hz, 40 cm.

= 62.5 Hz. Hence frequency of the fourth harmonic of

1-37

-3
Linear mass density of the string is u =% and with given data u = 96021100_2 = 6.67 x 1073 kg/m.

Fundamental frequency is given to be v = 261.63 and velocity of the wave is v=v XA =v X 2L =

261.63 x 2 x 0.9, it calculates to 471 m/s. Velocity of transverse wave on a string is v = \/g , hence

tension in the string shall be F = uv? = (6.67 x 1073) x (471)? = 1480 N. Hence, answer is 1480 N.
N.B.: In case concept of SDs is applied on intermediate results, answer could be different but it would be in
the same range.

1-38

Distance between bridges L = 1.50 m = % => 1= 2L =2x150=3.00 m. Given that frequency of the

second harmonic is f, = 256 Hz and hence f; = %2 = % = 128 Hz . Hence, speed of the transverse wave

onthewireisv = f; X A = 128 x 3.00 = 384 m/s. Thus answer is 384 m/s.

1-39

Conceptual representation of a string vibrating stretched between two pulleys with a
node at its mid-point is shown in the figure. Thus, wavelength of the transverse
wave on the string is A = L = 1.5 m. The string as shown on the figure will be
stretched with a force F = 9kg x 102 =90 N and linear mass density p = m this

12x1073

with the given data is u = = 8 x 1073 kg/m. Accordingly, velocity of the

transverse string v = \[ /8 o = 112.5 m/s. Further, v=fA—> f =-=——=75 Hz. Hence,

answer is 70 Hz.

1-40

-3
In case of a string of linear mass density u = % = 0.04 kg/m of length L with one end fixed and the

other attached to a tuning fork and string vibrates in four loops. Since two loops form one wavelength and
hence with four loops along the length of wire L =21 = 1= % Since, frequency of wave is that of the

tuning fork f = 128 Hz. Accordingly, velocity of the wave isv = fA = f X % Thus, with the given data

v =128 x % = 64 m/s. Further, we know v = \/g = F =uv?> = F =0.04 x (64)2 = 183.8 N or 164 N.

Hence, answer is 164 N.

1-41

Wire is resonant at two frequencies f; = 240 Hz and f, = 320. Hence, maximum fundamental frequency
of the wire having resonant frequencies f; = 240 = 80 x 3 Hz and f, = 320 = 80 x 4, shall be HCF of
the two. Since, HCF is 80 and hence 80 Hz is the answer of part (a).

Length (L) of string fixed at both ends is L = % = A = 2L, where A is wavelength of the transverse wave on




the string. Given that speed of the wave is v = 40 m/s and hence since 2L =1 =2 = g =050 m. It

f
resolvesto L = g = 0.25 mor 25 cm is the answer of part (b).
Thus answers are (a) 80 Hz (b) 25 cm.

1-42 | When distance between two consecutive nodes for frequency fy is %1 =2cm=>A =4cm=40mm.
Where as when distance between two consecutive nodes for frequency f; is %2 =16cm=>1,=32cm =
32 mm. In this case LCM is the minimum length which will allow both the frequencies f; and £, on the
string. Since, 1; = 40 = (23 x 5) mm and A, = 40 = 2° mm . Accordingly, have requisite wavelength is
A =25 x5 =160 mm. Minimum length of string for this wavelength is L = % =>L= %mm = 8.0 cm.
Hence, answer is 8.0 cm.

1-43 | Given that velocity of transverse wave is v = 220 m/s with three loops of wavelength % accordingly length

of wireis L =3 x% of frequency f = 660 Hz. Hence A = }Zc > A= % = % m. Hence wavelength of the
string L = 3 X § = 0.5 —mor 50 cm. Thus answer of part (a) is 50 cm.
Given the maximum amplitude the generic form of equation the standing wave on the string is y =
Asin [Znﬂ x cos[(2mf)t]. Substituting the given and derived data y = (0.5 cm)sin[(6r m™1) x
x] x cos[(1320ms~1)¢], Rationalizing all  units of length to cm we have
y = (0.5 cm) sin[(0.06m cm™) x x| x cos[(1320ms™1)¢] is solution of part (b)

I-44 | For a guitar for f; = 196 Hz the length of string of a guitar is [; = 30 cm = 0.3 m. Velocity of transverse

wave on the string shall be constant for the same string but A, = 21; and 4; = fi = % = fil; = 0.3 X196
1

or fil; = 58.8 m.Hz, which is a constant for the string under consideration. Therefore, for all the given
frequencies on the string of guitar f;l; = f,1; = f3l3 = fuly = f5l5. Accordingly,

. 58.8 _ 58.8

0] I, = et 0.267 mor 26.7 cm.

.. 58.8 58.8

(i) l; = kT 0.238 mor 23.8 cm.

58.8 _ 58.8

(iii) l, = T Tz 0.224 mor 22.4 cm.

(iv) Is = 5?—8 = % = 0.200 m or 20.0 cm.

5

Hence, lengths of strings corresponding to the given frequencies are 26.7 cm, 23.8 cm, 22.4 cm,
and 20.0 cm is the answer.

1-45 | Frequency of the nth harmonic of a fundamental frequency f; = 200 Hz is f,, = nf;. Given that f,,,,, =

3
14 x 103 Hz. Hence, highest harmonic is integer quotient n = int (f’;i) = int (142220 ) = 70. Hence,
1
highest harmonic that is audible and can be played on the string is 70", this is the answer.
I-46 | Each part is being solved separately —

Part (a): With the given resonant frequencies f; =90, f, =150, and f; =210 Hz, highest fundamental
frequency is HCF of the three. We have f; =90 =2x3%2 x5, f, = 150 = 2 X 3 x 52 and for
the third frequency f3 = 210 = 2 x 3 x 5 x 7. Accordingly, fundamental frequency is the HCF
f=2x%x3x%x5=30Hz

Part (b): The order of harmonic of the given frequencies are -

(i) For f, =90 Hz we have n; = % = 3 i.e. 3" harmonic.
ii For = 150 Hz we have n, = 150 _ 5i.e. 5" harmonic.
(i) ) 2=

(iii) For f, =210 Hz we have n3 = % = 7 i.e. 7th harmonic.




Part (c): The order of harmonic of the given frequencies are -
(i) Overtone of f; =90 Hzis0; =n; — 1 =3 —1 = 2 i.e. 2" overtone.
(i) Overtone of f, = 150 Hzis 0, =n, —1=5—1 = 2 i.e. 4™ overtone.
(iiiy  Overtoneof f; = 210 Hzis O3 =n3 —1 =7 —1 = 6 i.e. 6" overtone.
Part (d): Given length of the string L = 80 cm = 0.80 m and for fundamental frequency A; = 2L. Hence
speed of transverse wave on the stringisv = fijA; = 2fiL = 2 X 30 X 0.8 = 48 m/s.
Hence, answers are (a) 30 Hz (b) 3™, 5"and 7" (c) 2", 4™ and 6™  (d) 48 m/s.

1-47

Let distance between the two supports be L. Ratio of tensions in the two wires are i—l = % ratio of radius is
2

3 . .
o= —and ratio of densities is

2

1. . L . .
Z—l =7 Linear mass density of wire is u = mr? and hence its ration for the
2

2 2
two wires is Z—l = % = ;lj_l = :—12 Further, wavelength of a transverse wave on a string stretched between
2 2p2 2 2

two fixed ends is A = 2L and hence for the two strings under consideration A; = 4, = 2L.

. . F . .
Velocity of a transverse wave is = \/; , While frequency of the transverse wave is f = % >v=fl=v=

2fL. Hence, Z—l =20k v I Accordingly, % = % = % = (F—l) x (”—2) N % = \/(i—l) x (T—Z)z x (”—2)
e

2 26l v f ry P1

Using the given and derived data we have% = \/G) X G)Z X (%) = \/(g)z = %orfl:fz :: 2:3. Hence

answer is 2:3.

1-48

Let length of wires supporting the horizontal rod of mass m from a horizontal ceiling »
be [ at both ends A and B. The bare uniform rod would produce equal tension T = % e f‘f:cm :‘_’
in both the strings. But, with an external mass M the tension in wires at end A and B ATl = = AE
would change to T, and Ty respectively. Let tuning fork excites wire on the right end _ *E x ¢
B at its fundamental frequency f5. Since, vibration on the wire on the left end A is A

first overtone and hence f, =2fp =>IC—A=%...(1). Hence, wavelengths of
B

fundamental waves through both the identical wires having linear mass density u are Az =1 and
wavelengths of first overtone is A4 = [ . Thus we have 2—’* =1...2).
B

T2
—A=£ a — |Ta  (3) Since,

v
= A =
v T v T

B TB’ B B
v = fland hence %4 = [424 ¥4 _ J4 y 24 ysing equations (1) and (2) 4 = 2 x 1 = 2...(4).
vg fglp ve fp g vg

Combining (3) and (4) we have \/% =2=>T,=4Ty...(5)

Speed of transverse wave on on a stretched string v = \/g and hence

Next is to determine tensions T; and T, which are under vertical equilibrium with total weight such that
Ty+Tg = (m+ M)g ...(3). Using the given data Ty + Tz = (1.2 + 4.8)10 = T4 + Tz = 60 N...(6).
Using equations (5) and (6) we have 5T = 60 = Ty = 12Nand T, + 12 = 60 = T, = 48 N.

Now considering rotational equilibrium, moments at end A we have Tz X L = mg X % + Mg xx... (7),

Substituting the given and derived values, 12 X 0.4 = 1.2 X 10 X 02;4 +48x%x10 X x = 4.8 = 2.4 + 48x,
2.4

orx === 0.05 mor x = 5 cm. is the answer.

N.B.: Wire at both ends with equal length shall have half of the wavelength of waves generated at both
ends. Yet the velocity of the transverse waves in the two wires supported by tensions in the wires of same
linear mass density would be decide the fundamental frequency and first overtone as stipulated in the wire.




1-49

Mass density in IS is u = mr?p and hence for steel wire ug = mAsps = 1 x 7.8 x 1073 = 7.8 x 1073 kg/m
and for aluminum wire u, = A,p, =3 x 2.6 X 1073 = 7.8 x 1073 kg/m. Further, velocity of transverse

wave through a stretched string is v = \/; It is seen that both the wires carry same tension F = 40 N and

have same linear mass density u = u, = pup = 7.8 x 1073 Hence, velocity of wave in steel wire is v = vg =

F 40
Vy —\/g— /W—716 m/s.

With the change of medium velocity of a wave changes but frequency remains unchanged and let
frequency of the tuning fork is f. Thus, the transverse wave through the two wires in series shall have same
wavelengths 1, = A5 = ]% = 4, since v = Af and moreover for minimum frequency, leading to minimum loops of
stationary wave, over a given length requires maximum wavelength which will be HCF( 80cm,60cm)=20 cm. Since
each loop is of half the wavelength and hence % =20=>21=40cmor0.4m.

Hence minimum frequency of tuning fork causing vibration in the wire that satisfies the condition of node at the joint
isf = Z = ﬁ = 179 Hz. Hence answer is 180 Hz.

N.B.: Though calculated value is 179 Hz yet the answer is reported as 180 Hz i.e. 2 SDs and is in line with
the SDs of the given data.

1-50

[llustration of each part is done separately-

Part (a): Given that string is vibrating at fundamental frequency and hence length L of the string
constitutes half wavelength i.e. L = % = A = 2L . And wave number is k = 27” = 2—: = % Thus

wave number k = E Thus answers of part (a) are 2L ,
2m 2m . (2mt
Part (b): Equation of a standmg wave is y = Asm( > ) X sm(T) = y = Asin ( ZLX) X sin (%) It
leadsto y = Asin (ZZL ) X sin(2mwt), here frequency v = 1, is answer of part (b).
b)yy=4 sm( ) x sin(2mvt).

T

Thus answers are (a) 2L , —

I-51

Illustrations of the solution of each part are as under —
Part (a): Given that string is fixed at both ends is vibrating on its first overtone. The span of the wire L for

fundamental frequency is A; = 2L =2 X 2 =4m. Since, v = fA, hence at first overtone
frequency would double and in turn wavelength 4, = %1 = % = 2 m. Accordingly, for a given

velocity of 200 m/s, frequency would be f, = Z= 2(2)0 = 100 Hz. Hence answers of part (a)
2
are2m, 100 Hz .

Part (b): Equation of a standing wave is y = Asm( )x sin(2rft) = y = Asm( )x sin(2m X

100 x ¢). It leads to y = Asin ((nm‘l)x) x sin(2007s™1) ¢, here frequency v = % is
answer of part (b).
Thus answers are (a) 2m, 100 Hz  (b) (0.5 cm) sin[(r m™)x] X cos[(200m s~1)¢].

1-52

Generic equation of stationary wave on a string is y = A sin ( P ) x cos(2mft). This equation is being

compared with the given equation y = (0.4 cm) 51n[(0.314cm_1)x] cos[(600ms~1)¢t]to find answers to
each part of the question.
0

Part (a): We have from two equations 2rf; = 600w = f3 = 620 = 300 Hz is answer of part (a)

Part (b): The string is vibrating with Third harmonics and hence it will have three Ioops with nodes at

fixed supports at ends and two in between separated by a dlstance = Slnce —=0314> % =
3 3

E Hence = 10. Thus nodes will occur at x = 0,10 cm, 20 cm and 30 cm.

Hence answer of part (b) is x = 0,10 cm, 20 cm and 30 cm
Part (c): First node is at x = 0 and with three nodes in between fourth node is at x = 30 cm. Hence,
length of the string is 30 cm, is answer of part (c).




Part (d): With the derivation in part (b), %3 =10 = 43 = 20 cm. Accordingly, velocity of wave with

derivation in part (a) and in this part v = f343 = 300 X 20 = 6000 cm/s or v = 60 m/s. Thus
answer of part (d) is A3 = 20 cm and v = 60 m/s.
Thus answers are (a) 300 Hz  (b) 0, 10cm,20cm, 30cm  (¢) 30cm  (d) 20 cm. 60 m/s.

1-53

Generic equation of stationary wave on a string is y = Asm( ) x cos(2mft). Whlle the given equatlon is
y = (0.4 cm) sin[(0.314cm™1)x] cos[(600ms~1)¢t]. Comparing the two equations we have 7 =0314 > I = E or

% = 10cm. In case of standing wave smallest length of the string is % = 10 cm. Hence, answer is 10 cm.

I-54

Given that wire of length L = 40 cm = 0.40 m and mass m = 3.2 g = 3.2 X 1073 kg (linear mass density

-3
U= % = 3'22140 = 8 x 1073 kg/m. Wire is stretched to length 40.05 cm = 0.5005 m with a force F and at
' 2

its fundamental mode of vibration at 220 Hz 7= 0.4005 = 1 = 0.801m. Hence, velocity of the wave is
v=fl=>v=220x0801=176.22 m/s.

Accordingly, from equation v = \/g >F=u?=F-= (8 X 10_3) (176.22)% = 248.4 N.

With given data elongation of wire is Al = 50.05 — 40 = 10.05 hence strain is ATI = % =125x1073
F
and stress in the W|re - 1241%46 2.48 x 108 N/m% Accordingly Youmg’s Modulus is Y = 4~ Hence,
T
8
= % = 1.98 x 10'* N/m®. Thus answer is ¥ = 1.98 x 1011 N/m*

I-55

Initially when the block is hanging in air tension in the string T = mg and the string of length [ and linear
mass density p vibrates in tenth harmonic f;, unison with tuning fork of frequency f i.e. fip = 10f. It

implies that [ = 10 x =% /110 = 5140. The velocity of the wave in the string v = \/";E It is

- — 1 ———pl
given that string is vibrating in its 10™ harmonic hence f,, = 10f; = fio = vy = I";—g It 7
T
solves into fiy X 449 = /'Z—g = fio X (é) = ﬂ . Considering that object has volume V and
density p the relation can be written as 2 = |29 (1) "

u
Now when solid is completely immersed in water let reduced mass due to buoyancy is m" and string vibrates in at a

frequency fi; = 11f]; and [ =11 X —= '111 = 5.51;;. With other parameters viz. fi,[,uand g e—-1-—-»i
remaining unchanged we will have v;; = fi; X A41; = [ =L f“l / (2

Now it requires to determined m’ for solid of volume V and of denS|ty p such that m = pV. But,
when solid is immersed in water having relative density p, = 1, because of buoyancy the
relative mass of solid would be m' = (p — 1)V . Accordingly, equation (2) can be rewritten as

ful _ |G- 1)Vg
5 = / -3

Combining (1) and (3) we have

SLL

\

10 Vpg
B

-1vg "’
5.5 —M

Since in both the cases, despite change of velocity due to change in tension, string is resonating with the same tuning

f1ol Ypg
_ U

fork and hence Now, that tuning fork is same and hence f;, = f11. Using this identity in (4) we have ﬁ =T
10! /—T
5.5 1.21

or == /p 1—11:>p——121:>121(p—1)—p:>021p—121:>p =-=576 glem’ or

p =5.8x10% kg/m®is the answer.
N.B.: Relation of resonating frequency with that of the tuning fork is the key consideration and leads to conclusion
that with decrease in tension velocity decreases but frequency increases. This can be realized in skipping rope game.




1-56

Linear mass density of rope of length L = 2.00 m and mass m =80 g is u= % =

80x1073
2.00

= 4.0 x 1072 kg/m. Tension in the rope is F =256 N . Hence velocity of

256
4,0x10~2

rope has one end fixed and the other end being tied to a light string acts like a free to move

vertically and L = % =>A1=4L=4x2=8m. Since, v=fA and hence

fundamental frequency is fij4; =80 = f; = 8 =10 Hz This fundamental

: ———

frequency is Zero™ overtone and thus 0 = f; = 10 Hz In_ —t ok aF
Since anti-node occurs at the free end tied to a light string hence of first First Overtone

overtone will occur at a frequency when next anti-node occurs at free

end. Accordingly, itis 01 = 3f; = 3 x 10 = 30 Hz and frequency of

‘[,,— ~-~,~ 7 T=_-7"" _  second overtone will occur at a next frequency when anti-node recurs

[~-2 -3~ 2 _-"-_ 377" atfree end, thus 0, = 5f; = 5 x 10 = 50. Hence, anser of part (a)

sesondiDvsriany is 10 Hz, 30 Hz and 50 Hz.

Wavelength of fundamental frequency has been determined above 4 = 8.00 m. Extending the logic of

frequency of overtones, wavelength for first overtone is 19 = g =2.67m.and Ag; = 8 = 1.60m. Thus

5
answer of part (b) is 8.00m, 2.67 m and 1.60 m.
Thus answers are (a) 10 Hz, 30 Hz, 50 Hz  (b) 8.00 m, 2.67 m, 1.60 m.
N.B.: In case of overtones in a string with both ends fixed and with one end free the logic is different and
needs to be used appropriately.

= 80 m/s.Since

transverse wave along the string is v = \/E Accordingly, v =

I-57

In the initial position of movable support joint of heavy string with that of M- — o - == g 10 en
the light string is 10 cm from the pulley. The joint will act as a free end of ,;r“ ------ 3
the heavy string, whose other end is fixed to a support. Thus joint will be ™™™

anti-node. With the given loading in the system, let v is the speed of the

transverse wave in the string of length L. Hence, L=%1=>/11 =4L.

Therefore, lowest frequency is f; = i = 120 Hz as per the given data.

2 Now when the truck is moved towards the pulley such that joint is on the
pulley making the joint to be fixed end L = %2:/12 = 2L. Since loading
pattern on the string does not change hence velocity would also remain
unchanged. Accordingly, f, = % =>f=2X ﬁ =2xfi=>f,=2%x120=
240 Hz. Thus answer is 240 Hz.

-2 -
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Resultant wave is y = y; +y, = 4sin(2x — 6¢) + 3sin (2x — 6t — %) = 4sin(2x — 6t) + 3 cos(2x — 6¢).
Taking 4 = Acosf and 3 = Asinf we have y = Acos@sin(2x — 6t) + Asin 0 cos(2x — 6t). It leads to

y = Asin[(2x — 6t) + 6]. Thus, amplitude of the resultant wave is A = VA2 sin? 0 + A% cos?20 = A = V32 + 42
or A = 5 is the answer.

1-59

Given is a string of length [ = 20 cm = 0.20 m of mass m = 1.0 g = 1.0 x 1073 Kg is stretched with a
force F = 0.5 N. Hence, velocity of transverse wave is v = \/E The linear mass density of the string

_1.0x1073

_m = 0.5
K=7T="1r="03

5x10~3

=5x1073. Therefore, velocity v =

=>v =10 m/s. Therefore,

% = % = 0.1 m or 10 cm. In a wavelength two nodes occur and

distance between successive nodes is 5 cm. Thus, answer (in cm) is 5.

wavelength of the transverse wave is 1 =




1-60

General expression of a transverse wave is y = Asin [wt+2%i(p] where Ais amplitude, w is the

angular velocity, A is the wave length, x is distance travelled at any instant , and ¢ is initial phase angle at
x = 0and t = 0. In this case maximum transverse velocity, given in the problem is v,,,, = 3 m/s, is when
particle is at mean position is v,,,, = Aw = 3 m/s. And maximum transverse acceleration, given in the
problem is a,,,, = 90 m/s?, is when particle is at maximum displacement and it is a,,,, = Aw? =90

. L Aw? 90 30
m/s® Accordingly angular velocity is w ===~ = @ =% = — or @ =2nf =30 radls = f ==,
Aw Vmax 3 2

20

Further, wavelength of the transverse wave of velocity v =20 m/sis 4 = /% 2>l=x= 4?”. Accordingly,

coefficient of x is 27" = ﬁ—: = % Since, nothing is specified about initial condition, the phase difference is
3

taken to be ¢. Thus constructing the wave equation from the derived values of w, A and ¢ initial phase

difference we have y = 0.1sin [30t i%x + (p]. Since, the wave travels along +x from the point of

initiation and hence y = 0.1 sin [30t + %x + (p] is the answer.




