PHYSICS

. i . Q4 Assertion Phase difference :Ex path
The following questions consists of two A
; ; difference.
statements each, printed as Assertion and . .
P Reason : Phase difference corresponding to a
Reason. While answering these questions you are path difference of X is . [C]
to choose any one of the following four responses. ] . -
Q5 Assertion : Acceleration of a progressive wave
(A) If both Assertion and Reason are true and is constant.
. . Reason : A progressive wave travelsithrough a
the Reason is correct explanation of the medium with constant velocity. D]
Assertion.
_ Q.6 Assertion : An observer standing on the bank of
(B) If both Assertion and Reason are true but sea finds that 54 waves aré reaching the bank
Reason is not correct explanation of the per minute. If theswavelength of waves is 10 m,
) then their speed will be 9 m/s.
Assertion. Reason : This follows from v = n. [A]
(C) If Assertion is true but the Reason is false. Q.7 Assertion Waves of length 25 cm are
(D) If Assertion is false but Reason is true. propagatipg on a string. The phase difference
between 2 points separated by 10 cm is 0.8 &
] o radian.
Q.1  Assertion : In transverse wave motion in a %N 2r ]
string both potential energy & kinetic energy Reason : ¢ = X =gx10 = 0.8 nradian [A]
transported through string have maximum value
at the eqlf'l'b”gm posmo_n Of. part|c|_e. Q8 Assertion : The equation of a stationary wave is
Reason : Particle velocity is maximum at the ~
equilibrium position of particle [A] y =20 sin — cos ot
Sol. Rate of kinetic energy & potential energy ) 4 ) )
transport The distance between two consecutive antinodes
is given as — will be 4 m. - N
dv. dk 1 Reason : The data is insufficient. [C]
m = ot = 3 HVa?A? cos2(kx £.ot)
Q9 Statement | : A wave can represented by
Q2 A_ssert_ion 2 In a small segment of string carrying function y = f(kx + wt).
sinusoidal wave, total engrgysq conser\_/ed. Statement Il : Because it satisfy the differential
Reason : Every small-paft moves in SHM and 2 1 (22
in SHM total energy,is conserved. [D] equation 0 ;’: = _zy wherev= 2
Sol. Every small segment™is acted upon by forces OX ve | at K
from both sides\of” it hence energy in not
conserved; “rather” it is transmitted by the [Al
element:
) ) ] Q.10  Statement I : The transverse wave is travelling
Q.3  Assection-: In a standing wave formed in a along a string in the positive x-axis is shown.
Stretched wire the energy of each element of
Wire-remains constant.
Reason : The net energy transfer in a standing
wave is zero. [D]
Sol. y = 2A sin k x cos wt
_ _ Toy oy
Power = Energy /sec = ox ot Points (A & P;) moving downward and point
Power = T 2Ak cos k X cos t. (C & P) moving upward.
2A osin kx sin ot Statement 11 In a wave propagating in
=  4A?KT o cos kx cos mt sin kx sin ot positive x direction, the points with +ve slope
energy is variable with time. move downward and vice versa. [A]
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Q.11

Q.12

Q.13

Q.14

Sol.[C]

Statement | : Sonometer is used to determine
frequency of unknown T.F.

Statement Il : In sonometer riders used as
indicator. [B]

Statement | : For same length but different gas
COP fundamental frequency are different.
Statement Il : For same length but different gas
COP fundamental wavelength remains same.
[A]

Statement | : Mechanical transverse waves
cannot be generated in gaseous medium.

Statement Il : Mechanical transverse waves
can be produced only in such medium which
have shearing property. [A]

Consider the following statements :
Statement-1: The velocity of sound in the air
increases due to presence of moisture in it.
Statement-11: The presence of moisture in air
lowers the density of air.
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PHYSICS

Q.1 For four sine waves, moving on a string along
positive X direction, displacement-distance
curves (y—x curves) are shown at time t=0. In
the right column, expressions for y as function
of distance X and time t for sinusoidal waves
are given. All terms in the equations have
general meaning. Correctly match y—x curves
with corresponding equations.

Column 1 Column 1l
y
(A) ﬂvﬁx (P) y = A cos (ot — kx)
y
(B) 45 X (Q)y = —A cos (kx—aot)

y

(C) W{QCX (R) y = A sin (ot—kx)
y

(D) ﬁx (S) y = Asin (kx — ot)

Sol. Use x = 0; t=o0 fory and particle velocity %
Like for (A),y=0atx=oandt=o0.
dy .
—= >0i.e.
dt
positive therefore it matches with(R)
(A>R) (B—>P)
(C—>Y9) D Q)

Q.2 The displacement equation.of a standing wave
in air is given by
y = A coSs kXx«€0s ot
Match the physical quantities (Z) in the column-
I, to the correct plots in the column-II

Coltmn I Column 1l

(A).Displacement y of the  (P) 1%

particles att = T/2
(B) Velocity of the particles (Q)

att=T/4

Sol.

(A)

(B)

(©)

(D)

(C) Change in pressure of the (R) @

mediumatt=0

(D) Density of the medium (S) @

att="T/2

A->R;Bo>R;Co>S;D>Q
y:AcoskxcoszT—RXT/Z:—Acos kx (att=T/2)

Hence plot.is(R)
_Oy _

vp—a——Amcos kx sin ot = — Aw cos kx sin
/2 =—Awmcoskx (att=
T/4

Hence plot is (R)

AP:—B? =+ BKA sin kx cos ot
X

=+ BkAsinkx (att=0)
Hence plot is (S)

Pressure at any point | P =P, £ AP

AP = (BAK) sin kx

_PM

DenSity p —ﬁ

M
= [Pyt AP
p RT[O ]

p=potAp
M
=po+ — AP
PO~ RT
M .
= po+ — [-(BAK) sin kx] at (t=T/2)
RT
p=pox p'y (—sinkx) where p'y= BAk

Hence plot is (Q)
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Q.3 Match the statements in column-lI with the Sol. A>Q B>R C>P, D>S
statements in column-II: At t=0
Column-I Column-11 The shape of the string would be as shown in
(A) Atightstringis  (P) Atthe middle, figure v, at x = 0, would be upwards from,
fixed at both ends antinode is formed _ _dy
and sustaining in odd harmonic Vo= o W= o
standing wave y
(B) ]:A tlghttstrmg IZ (Q) ?t the Crjn'lddle,node Velocity of wave
ixed at one en is formed in even —_—
and free at on end harmonic
and free at the . /\ X
other end \i/
(C) Standing wave is  (R) At the middle, neither
formed in an open node nor antinode is . N\ .Y )
: . Acceleration of a particle is given by:
organ pipe. End correction formed Y
is not negligible Atx=0.y=0,50a=0
(D) Standing wave is  (S) Phase difference AT
formed in a closed between SHM's of AL X = Sy 0
organ pipe. End any two particles S0, Vp =0, and a = w?A
correction is not will be either = or i.e., accelerated upwards
negligible zero. T
so. A->PQS;:B5>RS:C5S;:D>RS ALL= 25
(A) Number of loops (of length A/2) will be y = 2sin (1 —4x)
even or odd and node or antinode will = 2 sin 4x
respectively be formed at the middle. y
Phase difference between two particle in same
loop will be zero and that between two particles
in adjacent loops will be . X
(B) and (D) Number of loops will botybe \/ ”
integral. Hence neither a node nor and antinode
will be formed in the middle.
Phase difference between two“particle in same ) )
loop will be zero and that between two particles Vpix=0 = — Ve, ie.,, moving downwards
in adjacent loops will-be % =0 =0
Q4 For an harmonic wave, y = (2.0 cm) sin(3t — 4x) ot 0
where y and x are,in tm and t is in seconds. 8 )
Match the entries of column I with the entries of and aplx:ﬁ =-0°A
column 11 8
Colufyoll ; Colymn—l! Q5 Match the standing waves formed in column —
(A)The particle at x =0 at (P) is moving . .
1< downwards Il due to p!ane progr_essn{e waves in Column — |
and also with conditions in column - |
(B) The particle at x = gcm at (Q)is moving Column-1 Column-11
t=0 upwards (A) Incident wave is (P)y = 2A cos kx sin wt
(C) The particle at x = 0 at (R) is accelerated y = Assin (kx —ot)
t=" sec. up wards (B) Incident wave is (Q) y=2Asin kx cos ot
y = A cos (kx —wt)
(D) The particle at x = gcm at (S) is accelerated (C) x=0is rigid support (R)y=2Asinkx cos ot
- (D) x=0is flexible support (S)y = 2A cos kx cos ot
t= 3 sec. downwards
TRANSVERSE WAVE



Sol. (A) »P,R B)—>Q,S Q.7 In the equation, y = A sin 2rt (ax + bt + w/4)
©€)->QR (D)—> P,S match the following :
ylesfn (tx = o) Column-1 Column-11
y2= Asin (fox + m_t) (A) Frequency of wave (P)a
y=y +_y2 = 2Asin kx cos ot (B) Wavelength of wave Qb
y1 = Asin (kx —t) .
. (C) Phase difference between two (R) &
y2 =-Assin (kx + ot)
y=Yy1+Yy2=2Acoskx sin ot points 4_1.';1 distance apart
y1 = A cos (Kx — of) (D) Phase difference of a point %, (S) n/2
y2 = A cos (kx +ot) after a time interval of L (T) none
y=y1+Yy2=2Acos kx cos wt 8b
y1 = A cos (kx — ot) Ans. A->Q;BoT;C>S; DT
Y2 = —A co0s (kX +wt)
y=yi+Yys=2Asin kx sin ot Q.8 From a-single_source, two wave trains are sent
x =0, rigid support i.e., nodes is in_two different strings. String-2 is 4 times
At nodes y = 0. This is satisfied by equations — heavy than string-1. The two wave equations are :
y = 2 Asin kx cos ot (area of cross-section and tension of both strings
and y = 2 A sin kx sin ot is same).
x = 0, flexible support i.e., antinodes y1 = Assin (o1t — kix) and v, = 2A sin (mat — koX)
At antinodes y is maximum. This is satisfied by Suppose U = energy density, P = power
equations — transmitted and | = intensity of the wave, then
y = 2A cos kx sin ot match the following :
and y = 2A cos kx cos wt.
Column-I Column-I1
Q.6 The equation of a travelling wavé“is, given by (A) ur/uz is equal to (P)1/8
(all quantities are in Sl units) (B) P1/P; is equal to (Q) 1/16
y =(0.02) sin 2 (10t —5x) (C) I/l is equal to (R) 1/4
Column-I Column-11 Ans. A—>Q;B—->P;C—oP
(A) Speed of wave (P) 10
(B) Angular-frequency of wave (Q) 0.4 m Q.9 A string is suspended from the ceiling. A wave
(C) Wayelength of wave (R) 2 train is produced at the bottom at regular
(D) Maximum particle speed  (S) 0.2 interval. As the wave moves upwards :
Sol. A->RyB—->P; C>Q; D>S
V= Assin (ot — kx) Column-1 Column-11
- w=10radls k=5m? (A) mass per unit length of (P) increases
o the string
ask=5 = o 5 = A=04n (B) tension inthe string ~ (Q) decreases
o (C) wave speed (R) remains same
Ve T 2 m/s (D) wavelength
(Vea)max= Akv =0.02 x 5 x 2 =0.2 m/s Ans. A->R;B->P;C—>P;D->P
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Q.10  Following is given the equation of a travelling
wave (all in SI units) Column | Column 11
y = (0.02) sin 27 (10t — 5x) (A) The velocity of (P) Can never be zero
Match the following : block A
Column-1 Column-11 (B) The velocity of (Q) may be zero at
(A) Speed of wave (P) 10 block B certain instants of
(B) Frequency of wave  (Q) 0.4 1t time
(C) Wavelength of wave (R) 2 (C) The kinetic energy (R) is mifiimum at
(D) Maximum particle (8)0.2 of system of two blocks ~ maximum,compression
speed of spring
Ans. ASRIBoP; C>S:D-Q (D) The potential energy (S)is minimum at
) ] N of spring maximum extension
Q.11 The. equatlo.n of a stationary wave (all quantities of spring
are in Sl units) (T) constant
y = (0.06) sin (2mx) cos (57t) Sol. A—>P+B>>0Q:C—>PR:D—>0S
Colurnn-l _ Column-1I (A). It velocity of block A is zero, from
(A) Am_p_lltude of co_nstltuent wave (P) 0.06 conservation of momentum, speed of block B is
(B) Position of node is at x; equal to (Q) 0.5 1
(C) Position of anti node isatx,  (R) 0.25 2u. The K.E. of block B = 3 m (2u)? = 2mu? is
equal to )
3 greater than net mechanical energy of system.
(D) Amplitude at x = 2 mis (5)0.03 Since this is not possible, velocity of a never be
So. A—>S B-5Q; CoHR; DoP zero. _ o
Sol. y = 2A sin kx cos ot (B) Since initial velocity of B is zero, it shall be
S 2A=0.06 = A=003m zero for many other instants of time.
— Atnodesy=0 = sin2nx 20 =% =0.5m (C) Since momentum of system is non-zero,
— At antinodes y = maximum = sin 2nx = 1 K.E. of system cannot be zero. Also K.E of
=>x=025m system is minimum at maximum extension of
= [Yiex| = ‘2Asin2nx§ =0.06 m Sprng.
4 (D) The potential energy of spring shall be zero
Q12  Two blocks. A and B of mass m and 2m whenever it comes to natural length. Also P.E.
respecjuvely £ connected_ by 2 massl_ess sPring of spring is maximum at maximum extension of
of spring constant K. This system lies over a ]
smooth herizontal surface. At t = 0 the block A spring.
has velocity u towards right as shown while the
speed of block B is zero, and the length of Q.13 The figure shows a string at a certain moment as
spring is equal to its natural length at that h hoi h
instant. In each situation of column-I, certain a transverse wave passes through it. Three
statements are given and corresponding results particles A, B and C of the string are also
are given in column-II, Match the statements in shown. Match the physical quantities in the left
column-1 to the corresponding results in ) o
column-I1 : column with the description in the column on
B K A the right.
OOV u
smoodth “horizontal surface -
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Column-I Column-11
(A) Velocity of A (P) Downwards, if the wave
is travelling towards
right
(B) Acceleration of A (Q) Downwards, if the
wave is travelling towards
left

(C) Velocity of B

which way the wave is

travelling

(D) Velocity of C (S) Zero

Q.14  The diagrams in Column | show transverse
sinusoidal standing/travelling waveforms on
stretched strings. In each case, the string is
oscillating in a particular mode and its shape
and other characteristics are shown at time t = 0.
The maximum amplitude (in all the cases) is A,
the velocity of the waveform on the string is e,
the mass per unit length of the string is p and
the frequency of vibration is f(angular

frequency = o)

The kinetic energy of the string (of‘length,L) is
represented by the functions,in=Column II.

Match the correct entries in Column 1.

(R) Downwards, no matter

(C) Free Free

(R) %“_CZAZ
16 L

Travelling wave

sin? ot

2 2
(S) TET%Azsin2 ot

Q.15 In the wave equationy ="A sin 2n (ax + bt +

%) match the following.

Column-I Column-I1
(A) Frequency-ofwave (P) a
(B) Wavelength of wave Qb

(C) Phase.difference between (R)

two points 4i distance apart
a

(D) Phase difference between (S) n/2
two points S distance
8a
apart (T) None

SoLA->Q;B>T;C>S;D>T

Column-I Column-II
9n? uc?
(A) Fixed Fived (P) =~ "~ A
end \ end
AL SR, S, \
y A \
1 \4/ A
—
L
2 2
(B)'Fixed Free (Q) Q%ME AZsin? ot
?,”d .............. end |
A A
—_—
L
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PHYSICS

Q1 22\; slt:ng:]r;g rivri\;e ogr?os(‘jt”;? the particles are Q4 Which of the following is valid wave equation
. P . P traveling on string -
simultaneously at rest twice (A) Ag b +w (B) A sec (kx — ot)
(B) All the particles must be at their positive 1
extremes simultaneously once in one time PP E— (D) A sin (x2 - vt?)
period 1+{X(L+t/x)}
(C) All the particles are never at rest . . \ [A’_C]
simultaneously. Sol. Expression representing wave equation of_strmg
(D) All the particles may be at their positive gftit;;t)(lzvf;zn&f L;?g'%‘, 2(1;2 cf)\ng:gtt fon of
extremes simultaneously once in a time ’ ’
period. . .
[A, D] Q5 The equation y = 44 2\sin (6t — 3x) represents a
Sol.  y=2Asinkxsinot wave moFion with )
Vy = dy/dt = 2A sin kx. cos o t (A) ampl_ltude 6 un_|ts
) (B) amplitude 2'units
Vy=0=t=T/4,3T/4 (T = _ch (C) wave.speed 2 units
© (D) wave speed 1/2 units
(2 times in one time period) Sol.(B, ©)<Fhe.shape of the equation is as follows:
Q.2 A string is stretched along the x-axis. There is a
transverse wave along the string. Ya
. [ mX
y (x,t) =4sin (?j cos (10xt) [cm]
Where x is in cms and t is in seconds then : -
(A) The amplitude of the component waves is4,cm
(B) Velocity of component waves is 30cm/sec > X
(C) Wavelength of waves is 6 cm Fig.
(D) Distance between two adjacent junetions is 3 cm From this we can see that amplitude of wave is
Sol. [B,C,D] 2 units.
y =2 Asin k x cos wt Wave speed v = coefficient of t
2A=4 = A=2cm coefficient of x
k=2n/A=7/3
%.=6cm :§:2units
distance between adjacent nodes A/2 =3 cm 3
w=Kkv= G v
A Q.6 The tension in a stretched string fixed at both
S WAS, 107x6 ends is changed by 2%, the fundamental
21 2n frequency is found to get changed by 15 Hz.
V'= 30 cm/s Select the correct statement(s) —
Q3 Which of the following waves represents 7\
standing wave (a, b and A are positive constant)
(A) A sin ax cos bt
(B) 2A sin (ax — bt) cos bt
(C) 2A sin (ax — bt) sin ax A 5 » X
(D) 2A cos (ax +t) cos (bx + 1) [AC] \_/
Sol. In standing wave amplitude should be function
of x only.
Fig.
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(A) Wavelength of the string of fundamental Sol.

Maximum speed of any point on the string = aw

frequency does not change = a(2nf)
(B) Velocity of propagation of wave changes by
v _10 _ . o
2% _E_E_l (Given : v =10 m/s)
(C) Velocity of propagation of wave changes by
2maf =1
1%
(D) Original frequency is 1500 Hz _ 1
[A, C, D] 2ma
Sol. Wavelength depends on length which is fixed. a=10°%m (Given)
Therefore wavelength does not change. 1 103
~f= =—
Further v=+T/m or Vooc T12 2nx107°  2n
. % change inv :% (% change in T) Speed of wave, v = f2,
3
1 - (10 mfs) = TR
= E (2) =1% 27
i.e., Speed and hence frequency will change by Soh=2m%103m
1%.
Change in frequency is 15 Hz which is 1% of Q.9 As.a wave'propagates —
1500 Hz. (AY“The wave intensity remains constant for a
Therefore, original frequency should be 1500 plane wave
Hz. (B) The wave intensity decreases as the inverse
. ) ] of the distance from the source for a spherical
Q.7 For a certain stretched string, three consecutive Wave
resonance frequencies are observed as 105, 175, o) Th intensity d the |
245 Hz respectively. Then select the correet (C) The wave |n-en5| y decreases as the nverse
alternative(s) — square of the distance from the source for a
(A) The string is fixed at both ends spherical wave
(B) The string is fixed at one end.only. (D) The wave intensity decreases as the inverse
(C) The fundamental frequency’is 35 Hz of the distance for a line source
(D) The fundamental frequency is 52.5 Hz [A,C,D]
[B, C] Sol. For a plane wave intensity (energy crossing per
Sol. Asfiifaifs=3:507, unit area per unit time) is constant at all points.
string is fixed ,at one/end. Its fundamental
frequency isfo= L= 1%5 =35 Hz L 2)
; : | -
Q.8 A transverse sinusoidal wave of amplitude a, : :
I 1
wavelength A and frequency f is traveling on a : : >
stretChed string. The maximum speed of any ! 1
1
point on the string is v/10, where v is the speed of T T >
1 1
propagation of the wave. If a=10°mand v = 10 7 5
1 1
m/s, then A and f are given by— .
N > Cina Fig. (a)
(A)A=21%x107?m (B)A=10"m . . . .
3 But for a spherical wave, intensity at a distance r
©f= 107 Hz (D) f=10*Hz from a point source of power P (energy
2n transmitted per unit time) is given by
[AC]
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S Sol. y = 0 at x = 0. This can be satisfied by the term
/_L
T sin| X
< » L )
< > Q.12  Inastationary wave system, all the particles —
) 4 (A) of the medium vibrate in the same phase
< > (B) in the region between two antinodes Vibrate
C > in the same phase
(C) in the region between two,nodes vibrate in
—r—
the same phase
Fig.(b) Fig.(c) (D) on either side of 4 node vibrate in opposite
hase CD
Cp 1 P [C.D]
I = 5 or | oc -
4nr r
1 Q.13 P, Q and (R are three particles of a medium
For a line source | oc— . . . .
r whichelieyon the x-axis. A sine wave of
because | - P wavelength A is traveling through the medium in
mrl the x-direction. P and Q always have the same
Q.10 A plane progressive wave of frequency 25 Hz, speed, while P and R always have the same
amplitude 2.5 x 10" m and initial phase zero velocity. The minimum distance between —
moves along the negative x-direction with a . .
velocity of 300 m/s. A and B are two points 6 m (A) Pand Qs 2/2 (B) Pand Qis A
apart on the line of propagation of the wave. At (C) P and R is A/2 (D)PandRis A
any instant the phase difference between A and AD
B is ¢. The maximum difference injthe [AP]
displacements at A and B is A — . . . -
.14 The equation of a stationary wave in a string is
(&) b= (8) =0 Q uate Y gisy
(C)A=0 (D) A55%10°m = (4 mm) sin [(3.14 m™) x] cos .
200 M/ [AD] Select the correct alternative(s) —
m
Sol. A= 25 Lz 5= 12 m. (A) The amplitude of component waves is 2 mm
Separation between (A and'B = 6 m = A/2. (B) The amplitude of component waves is 4 mm
(C) The smallest possible length of string is 0.5 m
and is rigidly clamped at its two ends. It
undergoes transverse vibration. If n is an [A D]
integery which of the foIIO\_/ving relatipns may Sol. Comparing the given equation with standard
represent the shape of the string at any time t ? equation of stationary wave
. nmx
(A)y= Asin (Tj cos ot y = 2a sin (kx) cos (ot)
e we have a =2 mm
(B)y=Asin(—J sin wt on
L k= m =3.14
(C)y=Acos mj cos wt )
L or ) =10m
nmx ) .
Dy=A —_— AB . .
©)y COS( L )sm ot [A.B] .. The smallest possible length is A/2 or 1.0 m.
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Q.15  The equation of a wave traveling on a string is Q.18 A light ring slipped in a horizontal string and
given by y = 8sin [(5m™) x — (4 s)t]. Then — one end of string is tied with a rigid support.
(A) velocity of wave is 0.8 m/s Other end string is vibrated up and down with
(B) the displacement of a particle of the string at . .
frequency ‘v’. If the ring moves along string
T
t=0and x = 30 m from the mean position is 4 irregularly, value of ‘v’ cannot be : (Tension in
m  (C) the displacement of a particle from string = 10 N, Length of string = 1 m, Mass of
N T . string = 25 gm)
the mean position at t = 0, x% mis8 m (A) 4 Hz (B) 5 Hz
(D) velocity of the wave is 8 m/s [A, B] (C) 15 Hz (D) 20,Hz [B,C]
Sol v=2-%_08ms yatt=0 and x _ T Sol. It is clear that standing.wave aré not getting
k ’ 30 formed on the string‘as\it Continuous move
y=8sin5 x I =gsinl =4m. irregularly. Hence “w)\ cannot be a natural
o 30 ) 6 frequency of string,
Q.16  Two identical straight wires are stretched so as
to produce 6 beats per second when vibrating _ ) ) )
simultaneously. On changing the tension Q.19  Equatien.of standing wave travelling on a string
slightly in one of them, the beat frequency stretched along x-axis is given by
remains unchanged. Denoting by T1 and T the \ A sin (k T
higher and the lower initial tension in the y SAsin (loc+ E) cos ot
strin.gs, .then it _higher an(_:i the lower .initial (A) Nodes occurs at x = 0
tension in the strings, then it could be said that (B) Anti node occurs at x = 0
while making the above changes in tension — -
(A) T2 was decreased (C) Anti node occurs at X = ——
(B) T2 was increased 2k
(C) T1 was decreased . . . A
. D) Ampl f f —
(D) T1 was increased B.C] (D) Amplitude of interfering wave is >
Sol. T1>T, [B,C,D]
;’1 >fV2 4 £t =N Sol. Amplitude of standing wave is equal to
orfr.>1 an 1—T = v4
Now, if Ty is increased; . will increase or f; — f, | Asin (kx + g)|
will increase. Therefore (D) option is wrong.
If Tl_ is decreaseds.f; Witl'decrease and it may be | Asin (kx+ Z)|=0
possible that now f, — fi become 6 Hz. 2
Therefore'(C),option is correct. n
Similakly,.when T is increased, f, will increase - X=5
andvagainf, — f; may become equal to 6 Hz. So,
B) is also correct but (A) is wrong. Asin (kx + =)= A
2
Q7= A vibrating string produces 2 beats per second - x= ~
when sounded with a tuning fork of frequency 2k
256 Hz. Slightly increasing the tension in the
string produces 3 beats per second. The initial Q.20  Transverse mechanical waves can travel in—
frequency of the string may have been — (A) Iron rod (B) Hydrogen gas
(A) 253 Hz (B) 254 Hz )
(C) 258 Hz (D)259Hz  [B, C] (C) Water (D) Stretched strings
[A.D]
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PHYSICS

Q.1 A 50 cm string fixed at both ends produces Q4 Two wires are vibrating together to produce
resonant frequency 384 Hz and 288 Hz with out 10 beats/sec. Frequency of one wire is 200 Hz.
there being any other resonant frequency When tension in this wire is increased, beat
between two. Wave speed for the string is frequency remains unchanged. Frequency of

cm/sec other wire (in Hertz) is. [220 Hz]
Sol. Frequency of first wire is lessAthanthat of
Sol. 9600 cmvsec. second wire as upon increasing tension beats
v .
fo—fha= 27 384 x 288 frequency remains unchanged.
v s.ov=vi+10=210 HZ
2x0.5 B Vi % Vo
v =96 m/sec
[v =9600 cm/sec]

Q.2 The waves is a string (all in SI units) are 10-beats
y1=0.6sin (10 t—20 x) and y» = 0.4 sin (10 t + 20x), < >
mass per unit length of string is 102 kg/m. 10 beats
Net energy transfer per unit time through any
section of the string is —

Sol. [0.0500 J/s]
pS = | = mass per unit length = 102 kg I*t wire 1" wire 1% wire

initial final
VZE:EZOBI’T‘I/S ( ) (final)
k 20
1 > ) 5 _ Q5 Figure shows, displacement of a particle on a
P1= 2 X107 x (10)* x (0.6)* (0.5) = 0.09.4(5 string transmitting wave along x-axis as a
function of time. At t = 0 particle is at half its

Q.3 Astring of length 7 is fixed at both end$,and is maximum displacement. Amplitude of wave (in
vibrating in second harmonicg¢The amplitude at cm) is. [0005]
antinodes is 2mm and the amplitude of a particle y
at a distance L from-fixed end is —— mm then

N7 2 I S e
the value of a is. \%........ mm. < ’6/(;; /
displacement i .

Sol. - [0002] (in meter) |/~ 125 250375 50.0
y = 2a,siq kx ¢os ot P R /o
oA =2asin kx ’ t (in © x 10 sec) —»
as frgm’second harmonic
AN\ Sol. Phase of particle at t = 0 = — n/6

. o 2n .. Velocity of particle = Vmax c0s (—n/6)
T T
= ? Aw=+/3 (By figure)
_ . o (2m ¢
- A =2asin kx = 2sin (Txgj  A=5cm
2n
coan T 2 o= —————sect
=2sin i E mm 50x tx10°°
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Q.6 A vibrating string 50.0 cm long is under a A3
X,t = @@ @
tension of 1.00 N. The results from five V.9 A? +(x—vt)2
successive stroboscopic pictures are shown is propagates down the string, where A = 1.00 ¢m,
observations reveal that the maximum and v = 20.0 m/s. At the point x = 4.00 cm, at the t =
. . 103 the displ toi i .
displacement occurred at flashes 1 and 5 with Eindxn. s e Clsplacement {5 maximum
no other maxima in between. Speed of the Sol. [2] Displacement will be maximum
traveling waves on the string is (x.y) m/s where when x - vt=0
x and y are single non zero digit number. Find t=xlv= 4cm =2x103s
20m/s
X “n=2
r 1 P )
AA 15 cm Q.9 The equation of a transverse’wave is given by
3 .
2 o — ¥ =102 sia[30t— V3 —y]
5 v 15cm where X, yzand ' are in metre, and t in second.
1 4 If phase“difference between two points
Sol.[5] x=5 A (24/3:m, 2m) and B(3+/3 m, 3m) be nx. Find
1__ value ofh.
— T=—— min
2 5000 Sol, [41
T=1.6x10°min W asi ; o
—96x102s =asin | —T(xcosa+ycosﬁ)
f= 1 102s =104 Hz represents a wave travelling along a line in x-y
9.6 plane through origin making an angle o with
A=L=05m x-axis and B with the y-axis.
v=fr=52m/s o
Ay = - [(x2 = X1) cos o + (y2 — y1) cos B]
Q.7 Two triangular wave pulses «are\ traveling comparing with the given equation, we get
towards each other on a stretched string as o =30° B —60% A =1m, ®=30/s
shown in figure. Also, Ap = 4rn
— NV =2%¢mls t=0
Q.10 A transverse wave pulse starts propagating in
L.cm the +x direction along a non-uniform wire of
E lem | 1cm length (2m) under tension 9N. The mass per
10 1em  2em 1em unit length of wire varies as m = 4x? kg, where
X is measured from the lighter end of the wire as
V=2cm/s« shown. Find the time (in seconds) taken by the
Speed of each pulse is 2 cm/s. Find maximum pulse to reach to the heavier end of the wire, it
displacement of particle of string at t = 1s. The is starts travelling from lighter end A towards
leading edges of the pulses are 2.00 cm apart at heavier end B.
t=0. [0] o A —
Sol. At t = 1s, both pulses superimpose and cancel X - H T B
out.
I 0.5m | 2m >
Q.8 A wave pulse described by the function Sol. 2]
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dx 9N
Vv —= |/
dt  \4x?

maximum, displacement. Amplitude of wave

(incm) is -
y
integrate from L to st
4 4
D o N S
t= 3x() 4 =2 sec.
4 9 . P
displacement .
in meter e : : X
( ) 705 20 \a75 0.
10 . A
Q11 y=f(x,t)= ————represents a moving -
(2x+10t)“ +2
pulse where, x and y are in meters and t is in t(in nx 10 sec)
seconds. Find the numerical ratio of maximum Sol. [5]
displacement of moving pulse and the wave Phase of particle@tt = 0'= — /6
speed. . . -
.. velocity(of particle = Vimax cOS | —
Sol. [1] 6
10 .
Ymax = ? =5, putting (2x + 10t)2=0 = ?Am = \/§ (By
comparing with f(x + vt), v = — bm/sec figure)
ratio:§:1 .'.A:5cm-.-m:L3se
5 50x =10~
wave travelling on a stretched string Lis 150 cm which is fixed at both ends with rigid
Y = (4mm) e—(2x+5t)2 where x is in cm 4hd'tin supports the displacement amplitude of a point
sec. If tension in the string be 20N;“determine at a distance 10 cm from one end is 53 mm.
the rate of energy flow along + x axis'through the The distance between the two nearest point
pointx = O atatime t = 0. within the same loop and having displacement
Sol. [0] amplitude 53 mm is 10 cm. Max.
oY displacement amplitude of the particles in the
ox Jx=0 0 string (in mm) divided by two is -
t=0 Sol. [5]
P:T@_j(%J:O y = Asin kx cos ot
Q 5J3 = Asin 10k = A sin 20k
atx=0,1t=0
—k= ~
Q.13  Twae ’beats are floating on a pond in same 30
direction and with the same speed v. Each boat 53
. =—— =10mm
sends through the water, a signal to the other. sin(/30x10)
The frequencies vo of the generated signals are
the same. Find the ratio of frequencies received
by the boats.
Sol. [1]
Q.14  Figure shows displacement of a particle on a
string transmitting wave along x-axis as a
function of time. At 't = 0 particle is at half its
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PHYSICS

Q.1 The speed of a wave in a string is 20 m/s and Q.4 In case of standing waves -
frequency is 50 Hz. The phase difference between (A) dAt ngdes particles displacement is time
. . . ependent
two points on the string 10 cm apart will be - (B) At antinodes displacement of particle may or
(A) n/2 (B) (C)3n/2 (D)2n may not be zero
’ ) (C) Wave does not travel but energy ,is
Sol.[A] Ad = T oax= 2L nAx transmitted
A v (D) Components waves traveling\in~ same
_2n .. 10 = direction having sa}me amplitude and same
20 00 2 frequency are superimposed [B]
Q.2 A wire is 4 m long and has a mass 0.2 kg. The Q.5 A 1 cm log stringgvibrates with fundamental
wire is kept horizontally. A transverse pulse is frequency of 256¢Hz. If'the length is reduced to
generated by plucking one end of the taut (tight) Lem keeping .the tension unaltered, the new
wire. The pulse makes four trips back and forth 4 .
] o fundamentahfrequency will be :
along the cord in 0.8 sec. The tension is the cord (A) 5AHz (B) 256 Hz
will be - (C).512 Bz (D) 1024 Hz [D]
(A)BON (B)160N (C)240N (D)320N
Sol.[A] 4 trips means 32 m Q.6 A’stretched string of length ¢, fixed at both ends
—vV can sustain stationary waves of wavelength A,
’_/\{ given by :
! am ‘ =" @=L
t:9 :v:%::g—é:40m/s 2t 2n
Y .
(C)kz% (D)r=2/n [C]
ﬁ n
u Q.7 If the tension of sonometer’'s wire increases four
= T=pv? times then the fundamental frequency of the wire
T= 02 (40)2 = 2x16 x10 will increase by : _
4 4 (A) 2 times (B) 4 times
T=80N (C) 1/2 times (D) None of these [A]
. . _ " .
Q3 A taut string - for which 1 = 5 x 10 kg/m is Q8 A string of 7 m length has a mass of 0.035 kg. If
under tensien of 80 N. How much is the average L L
g tension in the string is 60.5 N, then speed of a
rate ofgtransport of potential energy if the L
wave on the string is :
f i H li i
requency is 60Hz and amplitude is 6 cm (A) 77 mis (B) 102 m/s
i 2 —
(Given 4n” = 39.5) (C) 110 m/s (D) 165 m/s [C]
(A) 52W (B) 256 W Q.9 The fundamental frequency of a sonometre wire
(C) 512w (D) 215 W is n. If its radius is doubled and its tension
Sol. [B] Average power =P, = %HVO)ZAZ becomes half, the material of the wire remains
. same, the new fundamental frequency will be :
Average rate of transport potential energy
du) _P, _1 n n n
= =& == HV(DZAZ (A) n (B) \/E (C) 2 (D) 2‘/5 [D]
dt 2 4
= 256 W
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Q.10  The fundamental frequency of a string stretched the first overtone of the closed tube. The initial
with a weight of 4 kg is 256 Hz. The weight tension in the wire is :
required to produce its octave is : (A) LN (B) 4N
A) 4 kg wt B) 8 kg wt
(W) 4 kg (B) 8 kg (C)8N (D) 16 N [A]
(C) 12 kg wt (D) 16 kg wt [D]
Q.17  The displacement of a particle in string stretched
Q.11  The frequency of transverse vibrations in a in X direction is represented by y. Among the
stretched string is 200 Hz. If the tension is following expressions for y, thosé describing
increased four times and the length is reduced to .
. wave motions are :
non-fourth the original value, the frequency of
vibration will be : (A) cos kx sin ot (B) k2x2 — 0)2t2
(A) 25 Hz (B) 200 Hz (C) cos(kx — wt) (D)eos (k?x? — 0’t?)
(C) 400 Hz (D) 1600 Hz [D] [A]
Q.18  Wave in stringuis represented by :
Q.12  Toincrease the frequency from 100 Hz to 400 Hz y(x, 1) = 2 5in° (Kix — t) cos?(Kex — ent).
o ] _ Numbers of\component waves are -
the tension in the string has to be changed by : (A) two (B) three
(A) 4 times (B) 16 times (C)four (D) six [C]
) Sol. ¥ (1= 2 sin? (kix — o1t) cos? (KaX — oot)
(C) 20 times (D) None of these [B] 1
< > {(1 —cos (2kix — 2mnt)}
Q.13  The tension of a stretched string is increased by {1 + cos (2kax — 2ant)}
69 %. In order to keep its frequency of vibration
constant, its length must be increased by : = - [1-cos (2Kix — 2ent) — cos (2kX — 2a2t)
(A)20% (B)30% (C) V/69% (D) 699 1
Sol [B] + E {cos (2kix + 2KoX — 2t — 20t) }
+ 1 {cos (2kix — 2kox — 2t + 2m2t)]
Q.14 A string vibrates according” to the equation 2 A
_ o . 27X .
y=5 sm(Tj cos 20 wtywhere x and y are in = = [1-2c0s (2Kix — 201t) — 2 COS (2KzX — 2mat) +
cm and t in _sec. The distance between two cos £2(ks + ko) X — 2 (e + 2) t}
adjacent nodes is
(A) 3cm (B) 4.5 cm +¢0S {2 (K1 — ko) X — 2 (@1 — @2)t}]
(C)6cm (D) 1.5¢cm [D] Q.19 A string is stretched along x-axis. Shape of string
transfering wave at t = t; sec is given by y = e,
Q.15 for\the-stationary wave y = 4sin (ﬂ_xj COS If wave velocity is ‘vo’ in negative x-direction,
15 then equation of waves is -
(96nt), the distance between a node and the next (A) e 26w (B) o X V(t-to)
antinode is :
—2{x—v(t—ty)} —2x+v(t—ty)}
(A)75 (B)15  (C)225 (D)30 [A] ©e ° (D) e °
[D]
Q.16  The frequency of a stretched uniform wire under ~ S°l- 1T shape of string at t =to is given by y = f(x), the
tension is in resonance with the fundamental equ_atlor? Of_ wave  traveling in  negative
o x-direction will be y(x, t) = f{x + v(t — to)}.
frequency of a closed tube. If the tension in the
wire is increased by 8 N, it is in resonance with
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Q.20  The amplitude of wave disturbance propagating in
o L _ 1 Q.22 Two strings of copper are stretched to the same
the positive x-axis is given by y = %2 _9ox+1 at tension. If their cross-section area are in the ratio
1: 4, then the respective wave velocities will be -
t=2secandy= — att = 6 sec, where (A)4:1 (B)2:1
X< +2X+5 ©)1:2 (D)1:4 [B]
x and y are in meters. Velocity of the pulse is - T T
. . L Sol. v= [—= |[—
(A) 1 m/s in positive x-direction u pA
(B) +2 m/s in negative x-direction where, p = density
(C) 0.5 m/s in negative x-direction A = Area of cross-section
(D) 1 m/s in negative x-direction [C] u= pA = mass of unit féRgth
Sol. Att=2 sec, Q.23 The equation of ,(stationary wave is
_ 1
2_2x+1 y =4sin (I—)S(J cos (96xt).“The distance between a
Att =06 sec,
1 node and jts'nextantinode is -
%2 49x45 (A) 7,5 Tinits (B) 1.5 units
1 (C) 22.5'nits (D) 30 units [A]
=YY= oo
(x+2)-2x+1 o (nx
) Sol. Y=+ sin (l—sj cos (96mt) ....(1)
. Wave velocity = 2 = % m/s in negative
y = 2a sin kx cos wt ....(2)
x-direction. .
from comparison 1 & 2
Q.21  In meldey experiment, 16 kg mass is hanged ‘with k= o E
wire and tuning fork is vibrated with ifs prong T 15 2
parallel to wire. Wire vibrates with 24@ops., When % = 30
an unknown mass is hanged with«wire and tuning ) ]
L s . Distance b/w nearest node and Antinode = A/4
fork is vibrated with its prorig jperpendicular to
wire, wire vibrates in 8 logps\Unknown mass is - _30_ 7 5 unit
(A) 1 kg (B) 2kg 4
(C) 6 kg (P) 4 kg [D]
nJF/ Q.24  The equation of a wave disturbance is given as y
Sol. v= >7 ”
. =0.02 sin(5+50ntj cos (10 mx), where x and y
As ¢ & iare not changing 2
W /F are in metres and t is in seconds. Choose the
vy Ny\Fy correct statement(s) —
v ni/FL (A) The wavelength of wave is 0.2 m
vy _n, [m, (B) Displacement node occurs at x = 0.15 m
= Vi ong \mg (C) Displacement antinode occurs at x = 0.3 m
2 (D) All of the above [D]
n
L Me = [V—Z X n—lJ .My Sol. From the given expression for y :
v N2
amplitude A=0.02 m
= m2=4Kkg
angular frequency o = 50 & rad/s
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and wave number k=10 t m!

n':L T_M:E:?:225HZ

2[ Ej n4rlp 2

. . .28 A string is tied at two rigid support. A pulse is
Therefore, option (D) is wrong. ? generatged on the stringg as sﬂrc))wn inpfigure.
Displacement node occurs at Minimum time after which string will regain its
T 31 shape : (Neglect the time during reflection)
10 nx = 27 etc. ; _2>m/s "
A / . : B
1 3 « i N
orx= 2020 : 2m 4m :
orx=0.05m and 0.15m 4 .
(A) 2 sec (B)%4 sec
Displacement antinode occurs at (C) 6 sec (D) None of these  [C]
10 nx = 0, &, 2, 37 etc. Sol. At ‘B’ shape of4pulse gets inverted. The pulse
orx=0 0.m 0.2mand0.3m will become erect after reflection at “‘A’.
. Q.29  Equation of wave/traveling on string is given by
Wavelength 2. = 2 (distance between two y = ASir(kx— ot). It is reflected at x = wk.
consecutive nodes or antinodes) Equation, ofreflected wave will be —
=2(0.1)=0.2m (AYAsiIn(kx + ot + )
(B) Asin (kx + ot —2m)
(€) Asin(— kx — ot + 1)
Q.25 In a stationary wave system, all the particles of (D) Assin (kx + ot + 27) [B]
the medium — Sol. Let equation of reflected wave be
= — kx — ot +
(A) have zero displacement simultaneously at PhaZe gfs%l,er]rinl(;( b(:ttwejz)r)l incident wave and
some instant reflected wave must be '’ at x = n/k.
(B) have maximum displacement simultaneously :—2k(£j+ b=
at some instant K
(C) are at rest simultaneously at,some instant = 0= 31.1
.. Equation of reflected wave
(D) All of the above [D] = Assin (kx + ot — 2n)
Q.26  For a sine wavepassing’through a medium, let y Q30 A mechanical wa_ve movmg inagas-
be the displacemerit of a particle, v be its velocity (A) must be longitudinal
and a be itS'acceleration — (B) may be longitudinal
(A) y afidha are”always in opposite phase (C) must be transverse
(B)Phase,difference between y and v is n/2 (D) may be transverse [A]
(C) Rhase difference between v and a is /2
(D)AI of the above [D] Q.31  Which of the following waves can not travel
) ) ) ) through vacuum ?
Q-277 ‘A wire under tension vibrates with a frequency of -
450 per sef:ond. What would be the fundamental Eé‘; ;Lgar:tv:l/\;i\;zs EE; )S((;Lar?:: waves [D]
frequency if the wire were half as long, twice as
thick and under one-fourth tension ?
(A) 225 Hz (B) 190 Hz Q.32 A mechanical wave propagates in a medium
(C) 247 Hz (D) 174 Hz [A] along the X axis. The particles of the medium-
1 T (A) must move on the X axis
Sol. T P 450 (B) must move on the Y axis
' P (C) may move on the X axis
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(D) may move on the Y axis [D]

The property of medium necessary for wave

Where distance is in meters and time is in
seconds. Calculate frequency and wavelength.

Q.33 perty (A) 60 Hz, 25'm (B) 30 Hz, 3m
propagation Is Its - N (C) 90 Hz, 25 m (D)60Hz,5m  [A]
(A) Inertia (B) Elasticity
(C) Low resistance (D) All of above  [D] _
Q.39  The relation between frequency v, wavelength A
Q.34  Elastic waves in solid are- and velocity of propagation v of a wave is=
(A) Transverse AL
(B) Longitudinal (A) vi=v (B) v {
(C) Either transverse or Longitudinal Vo o S
(D) Neither transverse nor longitudinal [C] ©) . =1 (»)) v + v =1 [B]
Q.35  The displacement of a particle of a string carrying ~ Q40 The velocity of%a wave is 330 m/s and its
a travelling wave is given by frequency is 830(Hz. Then its wavelength is-
y =(3 cm)sin 6.28 (0.50 x — 50 t) (A) 100 cm, (B) 10 cm.
where x is in centimeter and t is in second. The (C) 1€m: (D) 330 cm. [A]
velocity of the wave is-
(A) 100 m/s (B) 50 cm/s Q.41 ~If the frequency of wave is 100 Hz than the
(C) 100 cm/s (D) 10 m/s [C] particles of the medium cross the mean position
in one second-
Q.36 A transverse wave is described by equation (A) 100 times (B) 200 times
y=asin zn(vt_f) (C) 400 times (D) 50 times [B]
A
The maximum velocity of the particle will B¢ four’” Q.42 Astring is stretched by a force of 40 Newton. The
times the velocity of the wave provided- mass of 10m length of this string is 0.01 kg. The
speed of transverse waves in this string will be -
(A) A = na (B) A=A P g
2 (A) 400 m/s (B) 40 m/s
C) 200 m/s D) 80 m/s C
(C) A = 2na (D)k:n% [B] © (®) €]
Q37 The equation of (a wavVe travelling in the Q.43  Two strings A and B, made of same material are
(+) x-direction - stretched by same tension. The radius of string A
is double of the radius of B. A transverse wave
(A)y = aSingr [E—x} travels on A with speed v, and on B with speed
by
) Vg. The ratio ~A- s -
(B) y=w'sin Tn (Vt+x) Ve
1
o A) 5 (B)2
(C)y=asin - (Vt—x)
© + (D) 4 (Al
(D) All of the above [C] 4
Q.44 A string of length 2x is streched by 0.1x and the
Q.38 The equation of a progressive wave is velocity of transverse wave along it is v. When it
. A is streched by 0.4x, the velocity of the wave is-
y =0.4sin | 120xnt —?Xj g 1
A) [= .V B) ,|[=— .v
“ e © 7
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Q.45

Q.46

Q.47

Q.48

Q.49

Q.50

32 27
© \/;.v (D) \/; v [C]

A long string having a cross-sectional area
0.80 mm? and density 12.5 g/cm3 is subjected to a
tension of 64 N along the X-axis. One end of the
string is attached to a vibrator moving in
transverse direction. At t = 0, the source is at
maximum displacement y = 1 cm. Find the speed
of wave travelling on the string.

(A) 40 m/s (B) 80 m/s

(C) 20 m/s (D) 100 m/s [B]

A transverse wave described by

y = (0.02m) sin [(1.0 m 1) x + (30s 1) 1]
propagates on a stretched string having a linear
mass density of 1.2 x 10~4 kg/m. Find the tension
in the string.
(A) 0.108 N
(C).02N

(B) 1N
(D)2N [A]

Two waves are represented by

y; =aq cos (wt—kx) and

Y, = @, sin(ot — kx + ni/3)

Then the phase difference between them is-

T
(A) 3 (B)

[D]

Standing waves are proddeed hy’Superposition of

orla nNfa

5n
(©) 5 (D)

two waves
y; = 0.05 sin (3nt.— 2%)~" and
y5 = 0.05 sif (3nt +2x)

Wherel xpand 'y are measured in meter and t in

second,_Find the amplitude of particle at x = 0.5m
[cos 57.3 = 0.54]

(B) 5.4 m

(D) 0.054 m [D]

(A) 0.54 m
(C)54m

The principle on which a stethoscope works is-
(A) Reflection
(C) Refraction

(B) Interference
(D) Diffraction [A]

A standing wave is produced on a string clamped
at one end and free at the other. The length of the

string -

(A) Must be an integral multiple of %

(B) Must be an integral multiple of %
(C) Must be an integral multiple of &

(D) May be an integral multiple of % [A]
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PHYSICS

Q.1 A wave pulse on a string has the dimensions Sol. (@) The wave form for the given times,
shown in Fig. at t = 0. The wave speed is 40 respectively, is shown.
cm/s. (a) If point O is a fixed end, draw the total ] ] ]
wave on the string at t = 15 cm, 20 ms, 25 ms,
30 ms, 35 cm, 40 ms and 45 ms. (b) Repeat . °—|_| -[‘ [

part (a) for the case in which point O is a free

end [Reflection.]. 1 |
4.0 mm 4.0 mm (b

v =40 cm/s

4.0mm| /" '\ - Q_| o—\—l
1

8.0 mm
Sol. (@ The wave form for the given times,

respectively, is shown. o_|:|_

Q3 Two triangular wave pulses are traveling toward

\ 7 \/ each other on a stretched string as shown in Fig.

_v Each pulse is identical to the other and travels at
2.00 cm/s. The leading edges of the pulses are

1.00 cm apart at t = 0. Sketch the shape of the
stringatt=0.250s,t=0.500s,t=0.750 s, t =

/—o /\ 1.000 s, and t = 1.250 s [Interference of

Triangular Pulses].

{ > v=2.00cm/s v=2.00cm/s

Q.2 A wave pulse on{a ‘string has the dimensions

shown in Fighat t = 0. The wave speed is 5.0 150 em 100 em 1.00 om 100 em

m/s. (a)¥f point O is a fixed end, draw the total Sol

wave on the string at t = 1.0 ms, 2.0 ms, 3.0 ms, M ﬂ
4,0’ms, 5.0 ms, and 7.0 ms. (b) Repeat part (a)
for the case in which point O is a free end

[Reflection].

v=50m/s 2.0cm

L

1.0cm
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Q4 Figure shows two rectangular wave pulses on a where A =1.00 cm and v = 20.0 m/s. (a) Sketch
stretched string traveling toward each other. the pulse as a function of x at t = 0. How far
Each pulse is traveling with a speed of 1.00 along the string does the pulse extend? (b)
mm/s and has the height and width shown in the Sketch the pulse as a function of x at t = 0.001
figure. If the leading edges of the pulses are S. (c) At the point x = 4.5 cm, at what time t is
8.00 mm apart at t = 0, sketch the shape of the the displacement maximum? At which two
string att = 4.00s,t=6.00s,and t =100 s times is the displacement at x = 4.50\cm ‘equal
[Interference of Rectangular Pulses]. to half its maximum value? (d) Showsthat y(x, t)
4.00 mm satisfies the wave eguation Eq.
A
- : 2 2
3.00 mm § — v =1.00 mm/s d y();,t) = iz d y(;(, 0 [Motion of a
v R i dx % dt
<—8.00mm 5 54.0(;rmm Wave Pulse].
v =1.00 mm/s =— { iV
Sol. @), (b)
4.00 mm
0.010 /\
0.008
Sol. 0.006 / V
Y8 / A \
0.004 / \ \
0.002
-0.05 0 0.05
X3
(c) The displacement is a maximum when the
term in parentheses in the denominator is zero;
the denominator is the sum of two squares and
is minimized when x = vt, and the maximum
displacement is A. At x = 450 cm, the
displacement is a maximum at
t = (4.50 x 102 m)/(20.0 m/s) = 2.25 x 107s.
The displacement will be half of the maximum
when (x — vt)> = A2 ort = (x £ A)/lv = 1.75 x
103 sand 2.75 x 1073,
) - (d) Of the many ways to obtain the result, the
Q5 Thesinusoidal waves can be produced on a method presented saves some algebra and minor
string-by continually oscillating one end of the calculus, relying on the chain rule for partial
string. If instead the end of the string is given a derivatives. Specifically, let u = u(x, § = x - vt,
inale shak | d h so that if f(x t):g(u)ﬂ:d—ga—u:% and
single shake, a wave pulse propagates down the , "X _du ot du
string. A particular wave pulse is described by g_d_g 6_u__d_g
the function ot du ot du
A3 (In this form it may be seen that any function of
yxt=——"-—- this form satisfies the wave equation; In this
A+ (x—vt) case, y(x, t) = A3 (A2 + u2)?, and so
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Q.6

Sol.

oy —2”A% 9%y _ 2A3(A?-3u?)

X (A2+u?)? ox? (A% +u?)?
oy _ 2A%u 9%y _  ,2A3(A?-3u?)
V2 e e Y 2, .,.2\2
ot (A% +u‘)c ot (A% +u°)

and so the given form for y(x, t) is a solution to
the wave equation with speed v.

The shape of a wave on a string at a
specific instant is shown in Fig.

The wave is propagating to the right, in the +x-
direction. (a) Determine the direction of the
transverse velocity of each of the six labeled
points on the string. If the velocity is zero, state
it as such Explain your reasoning. (b)
Determine the direction of the transverse
acceleration of each of the six labeled points on
the string. Explain your reasoning. (c) How
would your answers be affected if the wave was
propagating to the left, in the — x-directign? [A
Non-Sinusoidal Wave]

(@ and (b) (1): The curve appears, to be

horizontal, and vy = 0. As the wavesmoves, the
point will begin to move downward, and ay < 0.
(2): As the wave moves injthe‘#x-direction, the
particle will move upwardhso’vy >0. The portion
of the curve to the left.of the point is steeper, so
ay > 0. (3): The peint’is moving down, and will
increase its speed as the wave moves; vy <0, ay
< 0. (4): Ihe curve appears to be horizontal, and
vy 320, As'the wave moves, the point will move
away, from the x-axis, and ay > 0. (5): The point
is. moving downward, and will increase its
speed as the wave moves; vy < 0, ay < 0. (6):
The particle is moving upward, but the curve
that represents the wave appears to have no
curvature, so vy > 0 and ay = 0.

(c) The accelerations, which are related to the
curvatures, will not change. The transverse
velocities will all change sign.

Q.7

Sol.

A stretched string lies along the x-axis. The
string is displaced along both the y-and z-
direction, so that the transverse displacement of
the string is given by
y(X, t) = A cos(kx — wt)
wt)

(a) Draw a graph of z versus y for aparticle on

z(x, t) = A sin(kx —

the string at x = 0. This shows the trajectory of
the particle as seen by an observer on the +x-
axis looking back toward x = 0. Indicate the
position of the particle att = 0, t = 2w, t =
/o, and t = 31/2@. (b) Find the velocity vector
of a particle at,an arbitrary position x on the
stringweShow that this represents the tangential
velocity of a particle moving in a circle of
radius A with angular velocity o, and show that
the speed of the particle is constant (i.e. the
particle is in uniform circular motion). (c) Find
the acceleration vector of the particle in part (b).
Show that the acceleration is always directed
toward the centre of the circle and that its
magnitude is a = w? A. Explain these results in
terms of uniform circular motion. Suppose that
the displacement of the string was instead given
by

y(x,t) = Acos(kx — ot)  z(x, t) = -Asin(kx —
wt)

Describe how the motion of a particle at x
would be different from the motion described in

part (a) [Two-Dimensional Waves].

(@) YA(x, y) + Z(x, y) = A?

The trajectory is a circle of radius A.
Att=0,y(0,0)=A, z(0,0)=0.

Att=n2w, y(0, n2w) =0, (0, 1/2w) = - A.
Att=rn/o, y(O, /o) =- A, z(0, /20) = 0.
Att=31/20,y(0, 3n/2w) =0, z(0, 3n/2w) = +A.
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(b) vy = dy/dt = +Aw sin(kx — ot), v, = dz/dt = —
Aw cos(kx — wt)

V= ,/vf, + vg = Ao, so the speed is constant.

T = y] +zk

T.V=yv + 2v, = A0 sin(kx — wt)cos(kx — t)

— A?@ cos(kx — ot) sin(kx — wt)

T.v=0,s0 V istangent to the circular path.

(b) ay = dvy/dt = ~Aw? cos(kx — mt) a, = dv,/dt
= —Aw? sin(kx — ot)

T .3 = yay + za, = A2w?[cos?(kx — ot) + sin?(kx

— ot)] = - A?e?

r=A,a=Aw?s0T.a=-ra

F.d=racos¢sod=180°and & is opposite in

direction to T ; d is radially inward.

y? + 72 = A?, so the path is again circular, but

the particle rotates in the opposite sense

compared to part (a).

- F(0)(0)=0 for

(b) The wave moves in the +x direction with
speed v, so in the expression for y(x, 0) replace

X with X — vt:

y(x, t)
0 for (x-vt)<-L
_|h(L+x—-vt)/L for —L<(x—vt)<0
Clh(L-x+v)/L for  O<(x—VvB<L
0 for (x+wt) > b

_p oy Yx )
(0) P(x, ) = F 2 2 e =

(x-vt)<-L

—F(h/L)(-hv/L)= Fv(h/L)2 for—L<(x-vt)<0

—F(=h/L)(hv/ 1) =Ev(h/L)? for
-F(0)(0) =@ for

Q.9

O<(x—-vt<L
(x—=vt)>L

Thus the instantaneous power is zero except for
-L < (x — vt) < L, where it has the constant
value Fv(h/L)2

(a) Graph y(x, t) given as a function of x for a
given time t (say, t = 0). On the same axes,
make a graph of the instantaneous power P(X, t).
(b) Explain the connection between the slope of
the graph of y (x, t) versus x and the value of
P(x, t). In particular, explain what is happening
at points where P = 0, where there is no
instantaneous energy transfer. (c) The quantity
P(x, t) always has the same sign. What does this
imply about the direction of energy flow? (d)
Consider a wave moving in the —x-direction, for
which y(x, t) = A cos(kx + ot). Calculate P(x, t)
for this wave, and make a graph of y(x, t) and
P(x, t) as functions of x for a given time t (say, t
= 0). What differences arise from reversing the
direction of the wave? [Instantaneous Power

in a Wave]

Q.8 A triangular wave pulse on a taut string travels
in the positive x-direction with speed v. The
tension in the string is F and the linear mass
density of the string is p. At 't = 0, the shape of
the pulse is given by

0 if x<-L
h(L+x)/L for —L <x <0
y(x, 0) =
h(L-x)/L for 0<x<L
0 for x& L
(a) Draw the pulse at t = 0.\(b)»Determine the
wave function y(x, t) at'all'times t. (c) Find the
instantaneous powet, in the’wave. Show that the
power is zero exeept for —L < (x — vt) < L and
that in this nterval the power is constant. Find
the value*oftthis constant power [Energy in a
Triangular Pulse].
Sol. (@)
7 \1
! | X
-L L
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Sol.
y

0.10

(), (d)

Sol.

(b) The power is a maximum where the
displacement is zero, and the power is a
minimum of zero when the magnitude of the
displacement is a maximum.

(c) The direction of the energy flow is always in
the same direction.

(d) In this case, % = —kA sin(kx +\wt)Nand so
X

Eq.(15.22) becomes

P(x, t) = —FkwA? sin?(kx * ot).

The power is now negative’(energy flows in the
—x-direction), but the" qualitative relations of
part (b) are unchanged.

Q.11

Use Cartesian coordinates with the x-axis along
the equilibrium position of the string and the
origin at one of its fixed ends. Then the two
fixed ends are at x = 0 and x = | = 80 cm, as
shown in Fig. At x = 0, the y-component of the
force on the support is

Fy:TSinO:TO:T%,

where T is the tension in the String: The guitar
string has a sinusoidal fofm

—

Withoszzﬂ:zﬂ:ﬂ, Yo =2cm. Thus
A 21 80

Vo= 2 S (mt—n—x) cm.
80

Hence at x =0,

2nT
Fy = ~ 80 cos(wt)

and

nl
Fy max :4—0 = 7.85 x 10* dynes.

A vibrating string 50.0 cm long is under a
tension of 1.00 N. The results from five
successive stroboscopic pictures are shown in
Fig. The strobe rate is set at 5000 flashes per
minute and observations reveal that the
maximum displacement occurred at flashes 1
and 5 with no other maxima in between.

a) Find the period, frequency, and wavelength
for the traveling waves on this string.

b) In what normal mode (harmonic) is the string
vibrating?

c) What is the speed of the traveling waves on
the string?

d) How fast is point P moving when the string

is in: (i) position 1? (ii) position 3?

Q.10 A qguitar string is 80 c¢cm long and has a
fundamental\, frequency of 400 Hz. In its
fundamental mode the maximum displacement
is 2. cm at the middle. If the tension in the string
is 10%~dynes, what is the maximum of that
component of the force on the end support
which is perpendicular to the equilibrium
position of the string?

y
T
0 .
o I » X (cm)
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e) What is the mass of this string?

Sol.

Q.12

SESS

a) The string vibrates through % cycle in 4

X min, so

lT:imin—>T:1.6>< 103 min = 9.6 x
2 5000

1072

f=1T=1/9.6x10% =10.4 Hz
A=L=50.0cm=0.50m

b) Second harmonic.

c) v="Ffi =(10.4 Hz)(0.50 m) =5.2 m/s

d) (i) Maximum displacement, so v = 0 (ii) vy
= F :g (1.5 cm sin kx sin wt)

Speed = |vy| = ©(1.5 cm)sin kx sin ot

at maximum speed, sin kx = sin wt.='1

vy = w(l.5 cm) = 2xf(15.em) = 2r(10.4
Hz)(1.5 cm)

=98cm/s = 0.98m/s

e)v=F/un— {sEN

R, (LOON)(.500m) _

> > 1.85 x 10~
Vi (5.2m/s)

M = ple=

2 kg
=185¢

A guitar string of length L is plucked in such a
way that the total wave produced is the sum of
the fundamental and the second harmonic. That
is, the standing wave is given by

y(X, 1) = ya(X, t) + ya(X, 1)

where

Sol.

Yo

-2

Yo

-2

ya(X, t) = C sin st sin kix

Ya(X, t) = C sin mat sin kX

with @1 = vk; and o, = vka.

a) At what values of x are the nodes of y;?

b) At what values of x are the nodes of y,?

c) Graph the total wave att =0, t = % ff, t's % fa,

3 1
t==f,andt= = fy.
8 1 2 1

d) Does the sum of the"two standing waves y:
and y» produce a standing wave? Explain.

a) The fundamental has nodes only at the ends,
x=0and X = l4

b) For_the.seeond harmonic, the wavelength is
the_length of the string, and the nodes are at x =
0, Xx=L/2and x = L.

©)

TN

v

v
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4 Q.14 A cellist tunes the C-string of her instrument to
2 a fundamental frequency of 65.4 Hz. The
1 vibrating portion of the string is 0.600 m long
and has a mass of 14.4 g.
Yo P a) With what tension must she stretch it?
1 L b) What percent increase in tension is needed to
increase the frequency from 65.4 Hz to 73.4 Hz,
-2 1 5 3 > corresponding to a rise in pitch from C to D?
X Sol. a) F = 4L2%f2 p = 4mLf2 = 4(14.4=x 1073
kg)(0.600 m)(65.4 Hz)? = 148 N.
b) The tension must increase/hy ayfactor
2
2“ of (ﬂ) , and the percent increase in
65.4
1 (73.4/65.4)? — 1 = 26.0%.
Yo \ Q.15 a) Show that for-aywave on a string, the kinetic
-1 energy per unit Iength of string is
L R 2
2 e g 0u 0 9% i = [ 2
where, (s the mass per unit length.
d) No; no part of the string except for x = L/2, b) Calculate uk(x, t) for a sinusoidal wave given
oscillates with a single frequency. by.Eq. [y(x, t) = A cos(kx — ot)].
¢} There is also elastic potential energy in the
Q.13 A massive aluminum sculpture is hung from a string, associated with the work _required 0
' ) deform and stretch the string. Consider a short
steel wire. The fundamental frequency for segment of string at position x that has
transverse standing waves on the wire is 200 unstretched length AXx, as in Fig.
Hz. The sculpture is then immersed in water(so
that 1/3of its volume is submerged. E
a) What is the new fundamental frequency? &
b) Why is it a good approximation\to ‘treat the
wire as being fixed at both ends? ;
Sol. a) The new tension F'. in the Wik is !
F = F - B = Y1/ 3W)pyater - i
PA1 1
1p Fom7777" ! Tel;uilibriﬁ)r; loength |
W(l—gwj .~ of segment of string)_>:
PAL X X + AX
3 3
= W[l— (1.00><103kg/m3)]: (0.8765) w = Ignoring the (small) curvature of the segment,
8(2.7x10°kg/m?) its slope is dy(x, t)/ox. Assume that the
(0.87645) F. displacement of the string from equilibrium is
The frequency will be proportional to the square small, so that dy/ox has a magnitude much less
. than unity. Show that the stretched length of the
root of the tension, and so ) .
segment is approximately
f' = (200 Hz) v0.8765= 187 Hz. 1( dy(x.1) 2
b) The water does not offer much resistance to Ax {“ E(Tj }
the transverse waves in the wire, and hence the
node will be located at the point where the wire (Hint: Use the relationship J+u~1 +l u,
attaches to the sculpture and not at the surface ) 2
of the water. valid for u] << 1.)
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d) The potential energy stored in the segment
equals the work done by the string tension F
(which acts along the string) to stretch the
segment from its unstretched length Ax to the
length calculated in part (c). Calculate this work
and show that the potential energy per unit

length of string is

2
Up(x, t) = % F (_ay((;)((, t)j

e) Calculate up (x, t) for a sinusoidal wave given
by Eq. [y(x, t) = A cos(kx — ot)].

f) Show that uw(x, t) = up (X, t) for (x, t) for all x
and t.

g) Show y(x, t), u «(X, t), and u »(x, t) as
functions of x for t = 0 in one graph with all
three functions on the same axes. Explain why u
x and u, are maximum where y is zero, and vice
versa.

h) Show that the instantaneous power in the
wave, given by Eq. [p(x, t) = \/ﬁszz sin?(kx
— ot)], is equal to the total energy/per<umit

length multiplied by the wave speed, v."Explain

why this result is reasonable.

where the relation given in the hint has been

used.

2
AX[H;(ZO }Ax )
du, = F :EF(QJ .
AX 2 \ox

e) % = —kA sin(kx — wt), and so

Up :% Fk2A? sin?(kx — ot)

and
f) Comparison withithe\result of part (c) with k2
= w’/V? = w? (IR/ shows that for a sinusoidal

wave Uy =(Uv g

g) Inthis.graph, ux and u, coincide, as shown in
part (F).

yu

1/2)Amv3 2
Sol. a)uk:&:()—yzlu Q .
AX Am /4 2\t
Aty = 0, the string is stretched the most, and is
b) % = 0A sin(kx*ot) and so moving the fastest, so ux and u, are maximized.
1 At the extremes of y, the string is unstretched
Ue =7 LO°AZ Sin? (KX — o). and is not moving, so uk and up are both at their
oy minimum of zero.
eEnThe piece has width Ax and height Axa—x, hy U + up, = FKRAZOS(of — kx) =
and so the length of the piece is FK(e/v)A2c08(wt — kX) = E _
NTE: \L/2 v
((Ax)z J{AXQJ ] = AX (p{ﬂ) ] The energy density travels with the wave, and
OX OX
the rate at which the energy is transported is the
1( oy 2 product of the density per unit length and the
~ AX 1+§£6—Xj . speed.
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Q.16 A deep-sea diver is suspended beneath the Sol. a) The tension is the difference between the
surface of Loch Ness by a 100-m long cable that diver's weight and the buoyant force,
is attached to a boat on the surface (Fig.). The F = (m - pwaerV)g = (120 kg — 1000
diver and his suit have a total mass of 120 kg kg/m?)(0.0800 m3)(9.80 m/s?)) = 392 N.
and a volume of 0.0800 m3. The cable has a b) The increase in tension will be the weight of
diameter of 2.00 cm and a linear mass density of the cable between the diver and the point at X,
p = 1.10 kg/m. The diver thinks he sees minus the buoyant force. This ifierease in
something moving in the murky depths and tension is then
jerks the end of the cable back and forth to send (xx — p(AX)) g = (1.10 kg/m - (1000
transverse waves up the cable as a signal to his kg/m3)n(1.00 x 102m)?)9.80sm/s?) x = (7.70
companions in the boat. N/m)x
a) What is the tension in the cable at its lower The tension as afunction of x is then F (x) =
end, where it is attached to the diver? Do not (392 N) + (7.70,N/m)x.
forget to include the buoyant force that the c) Denote the"tension as F(x) = Fo + ax, where
water (density 1000 kg/m?) exerts on him. Fo'="892>N and a = 7.70 N/m. Then, the speed
b) Calculate the tension in the cable a distance x of transverse waves as a function of X is Vv
above the diver. The buoyant force on the cable dx )
must be included in your calculation. - dt =/(Fo+a})/p and the time t needed for a
c) The speed of transverse waves on the cable is wave to reach the surface is found from
given by v = \/m . The speed therefore varies dx \/H
= o= [ 06 [ g
along the cable, since the tension 4s Inot dx/dt 7 /R +ax
constant. (This expression neglects theydamping Let the length of the cable be L, so
force that the water exerts on the“meying cable.) L dx 2 —
Integrate to find the time requifed)for the first t:\/EJ‘O m :\/HE Fo +ax"0'
signal to reach the surface. ) \/;
=2E (Roral - R
_2/Li0kg/m
7.70N/m
(/392N +(7.70N/m)(100m) —/392N)
=3.98s.
Q.17 A uniform rope with length L and mass m is
held at one end and whirled in a horizontal
circle with angular velocity ®. You can ignore
the force of gravity on the rope. Find the time
required for a transverse wave to travel from
one end of the rope to the other.
TRANSVERSE WAVE



Sol. The tension in the rope will vary with radius r. A 20 3
] ) Q.18 From Eq. [x = 0, —,—,—, ....], the
The tension at a distance r from the center must 2 2 2
supply the force to keep the mass of the rope instantaneous rate at which a wave transmits
that is further out than r accelerating inward. energy along a string (instantaneous power) is
The mass of this piece in m L0 and its center P(x, t) = poyx Y y(xH
L X at
of mass moves in a circle of radius% ,and so where F is the tension.
a) Evaluate P(x, t) for a standing ‘wave»of the
2
T0) :[m Llr} W{L: r}: n;‘i (L2—12). form given by Eq.[y(X, t)= (Acsin kx) sin t].
b) Show that for all values of X, the average
An equivalent method is to consider the net . . .
power P, carried by the standing wave is zero.
force on a piece of the rope with length dr and %
mass dm = dr m/L. The tension must vary in (Equation [pa :5 \/ﬁmzAz] does not apply
such a way that
here. Can.you.see why?)
Tr) — T(r + dr) = — &’ dm, or d—T— -
dr a) For.a standing wave given by Eq. [y(X, t)= (A®
(me?/L)rdr. This is integrated to obtained sin_kx) sin ot], graph P(x, t) and the
2 2 i
T(r) - (me* /2L)r* + C, where C is a constant of displacement y(x, t) as functions of x fort = 0, t
integration. The tension must vanish at r = L, - /4o, t = w20, and t = 3n/de. (Positive P(x
from which C = (mw? L/2) and the previous . _ L
t) means energy is flowing in the +x-direction;
result is obtained. . .
) . negative P(x, t) means the flow is in the —x-
The speed of propagation as a function of o
. . direction.)
distance is
b) The kinetic energy per unit length of string is
/T r /TL /7
v(r)=—= () — greatest where the string has the greatest
transverse speed, and the potential energy per
dr
where P > 0 has beenxchosen for a wave unit length of string is greatest where the string
traveling from the center to the edge. Separating has the steepest slope (because there the string
variables and integrating, the time t is Is stretched the most).
" Using these ideas, discuss the flow of energy
t= I dp=y 2 I _
\/Lz— along the string.
The\integral is done explicitly by letting r = L Sol a) oy _ KAsw coskx sin ot oy _ oAsw
' ox ot
S0, dr = L cos 0 d0, VL2 —r2 =L cos 0, so
that sinkx coswt, and so the instantaneous power is
a
' and
J‘\/— =0=arc sm »an P = FAZsw wk(sin kx cos kx)(sin ot cos ot)
—r
2 _ - :% FAZsw wk sin(2kx)sin(2ot).
t=—-arcsin (1) = .
® o2
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b) The average value of P is proportional Sol. As the two ends of the string are fixed, we have
to the average_ value o_f S'_n (20t), and the ni = 2L, where L is the length of the string and
average of the since function is zero; Pay = 0. ] )
c) The waveform is the solid line, and the n an integer. Let the wavelengths corresponding
power is the dashes line. Attime t = ©/20,y =0 to frequencies 160, 240, 320 Hz be o, A1, A2
and P = 0 and the graphs coincide. respectivelv. Then
d) When the standing wave is at its P y
maximum displacement at all points, all of the nio = (N + L)A1 = (N + 2)A2 = 200,
energy is potential, and is concentrated at the 160 = 240%; = 3200,
places where the slope is steepest (the nodes). '
When the standing wave has zero displacement, Hence n = 2, and
all of the energy is kinetic, concentrated where Xo =100 cm, A = 67 cm, Az = 50,em.
the particles are moving the fastest (the
antinodes). Thus, the energy must be transferred
from the nodes to the antinodes, and back again,
twice in each cycle. Note that |P| is greatest Q20 a) Give the ‘equation which relates the
midway between adjacent nodes and antinodes, )
and that P vanishes at the nodes and antinodes. fundamental “frequency of a string to the
4 physical==and geometrical properties of the
05 string:
Y0 b).Derive your result from Newton's equations
-05
5 s py analyzing what happens to a small section of
2 4 6
, X the string.
| E— s
N RN y
0.5 . 7 "
Yasz \\\ ,'/\ \\\ 7 y . Ay __________
05 o — s yF---= '
° 2 4 TN -
X 1 1
A 1 1
1 1 1
o L
Y3 X X.AX >X
-05 Sol. a) Let o be the fundamental frequency of a
-1 >
2 2 4 6 string of length I, linear density p and tension F.
, The equation relating F, I and p is
1 g EARN F
1/ \\\ /\\ i = T
0.5 i X 7 X O=— [—.
Yasa ,II \/ 2 > I p
“05|\ N R B — b) Consider a small length Al of a string along
N 2 ~ - 5 the x direction undergoing small oscillations
X
and let F1, F2 be the tensions at its two ends, as
Q.19 A string is stretched between two rigid supports shown in Fig. For small oscillations, © ~ 0 and
100 cm apart. In the frequency range between ) )
100 and 350 cps only the following frequencies A® is a second-order small quality. Furthermore
can be excited: 160, 240, 320 cps. What is the as there is no X motion, we can take the x-
wavelength of each of these modes of vibration?
component of the net force on Al to be zero.
Thus
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f, = F2 cos(6 + AB) — F1 cos 6
~ (F2—F1) cos © — F2A0 sin ©
~F,-F1=0,

or Fo ~ F1. Then

f,= Fsin(0 + A0) — F sin 0 ~ F 9519 g
:FCOSGd—GAXzF@AX.
dx dx
For small 0,
dy do_d?
dx dx dXZ,

and the above becomes
2 2
pAl 6—2 =F a—é’ AX
ot 0

by Newton's second law. As Al =~ Ax, this gives

which is the equation for a wave with velocity
of propagation
V= [—.

p
For the fundamental mode in a string, ofength |
with the two ends fixed, the/wavelength A is
given by | = A/2. Hence the fupdamental angular

frequency is

_27cv_nv_E F

Ak I p
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