Oscillations

Introduction

(a)

Ex:

(b)

Ex:

(c)

Periodic Motion: Any motion which repeats itself after regular interval of time is called periodic
motion or harmonic motion.

The constant interval of time after which the motion is repeated is called time period.

(i) Motion of planets around the sun.  (ii) Motion of the pendulum.

Oscillatory Motion: The motion of a body is said to be oscillatory or vibratory motion if it
moves back and forth (to and fro) about a fixed point after certain interval of time.

The fixed point about which the body oscillates is called mean position or equilibrium position.

(i) Vibration of the wire of 'Sitar'. (ii)  Oscillation of the mass suspended from spring.

ivvvwvw]

Harmonic Functions: The trigonometric function of constant amplitude and single frequency
is defined as harmonic function (among all the trigonometrical functions only sin and cos functions
are taken as harmonic function in basic form).

y = Asin® = Asinot

} Harmonic Functions
y = AcosO = Acoswt

Golden ey Points

Any motion that repeats itself after regular internal of time is called periodic motion.

The motion of a body is said to be oscillatory or vibratory motion if it moves back and forth
(to and fro) about a fixed point after certain interval of time.

Among all the trigonometrical functions only sin and cos functions are taken as harmonic
function in basic form.

Simple harmonic motion (SHM) and its equation

Some basic terms

Mean Position: The point at which the restoring force on the particle is zero and potential energy is
minimum, is known as its mean position.
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Restoring Force:

The force acting on the particle which tends to bring the particle towards its mean position, is
known as restoring force.

This force is always directed towards the mean position.

Restoring force always acts in a direction opposite to that of particle displacement. This
displacement is measured from the mean position.

Itis given by F = -kx and has dimensions [MLT-2].

Direction of displacement and restoring force change at mean position.

Amplitude : The maximum displacement of particle from mean position is defined as amplitude.
Time period (T) : The minimum time after which the particle keeps on repeating its motion is known as

time period. It is given by T= 2_71:’ T= 1 where o is angular frequency and n is frequency.
[0)

n

One Oscillation or Vibration
When a particle goes to one side from mean position and returns back and then it goes to other side and
again returns back to mean position, then this process is known as one oscillation.

) one one
le= oscillation == <= oscillation ==

- $ mean position
time (t)

e [ e e mm—— T =————p

* Displacement (x)3>

Frequency (n or f)
The number of oscillations per second is defined as frequency.

1
Itis givenby n=—,n=—.
g y T 5

(O]
T

SIUNIT : Hertz (Hz), 1 Hertz = 1 cycle per second (cycle is a number not a dimensional quantity).
Dimension : [MOLOT_l]

Angular frequency (o)
The rate of change of phase angle of a particle with respect to time is define as its angular frequency.

SI UNIT : radian/second Dimension : [MOLOT_l]

S.H.M. are of two types

()

(b)

Linear S.H.M. E
When a particle moves to and fro about a fixed point (called IWWWWW
equilibrium position) along a straight line then its motion is called n
linear simple harmonic motion. i
Example : Motion of a mass connected to spring.

Angular S.H.M. Y/
When a system oscillates angularly with respect to a fixed axis then its /
motion is called angular simple harmonic motion.

Example :- Motion of a bob of simple pendulum. -

Necessary Conditions to execute S.H.M.

Motion of particle should be oscillatory.
Total mechanical energy of particle should be conserved
(Kinetic energy + Potential energy = constant)
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° Extreme position should be well defined.
. In linear S.H.M the restoring force (or acceleration) acting on the particle should always be

proportional to the displacement of the particle and directed towards the equilibrium position.

Foc-x or a o -X

Negative sign shows that direction of force and acceleration is towards equilibrium position and x
is displacement of particle from equilibrium position.

. In angular S.H.M. the restoring torque (or angular acceleration) acting on the particle should always
be proportional to the angular displacement of the particle and directed towards the equilibrium

position
T -0 or oo« -0
Differential equation of SHM and Graphs
Linear S.H.M.

Angular S.H.M.

Fox-x=F=-kx
Where k is the restoring force constant

x = Asinot= a = -0
where o is the angular frequency.

, k k 2n 27
o=—=>0=|—=—=T=—
m m T 0}

where T is time period and n is frequency.

T:ZTE\/E
k

1 |k

“27\m
This concept is valid for all types of linear S.H.M.

It is known as differential equation of linear S.H.M.

Tec—-0=1=-C0O
Where C is the restoring torque constant
2
a:—ge = d—?+£6=0
I dt® 1
It is known as differential equation of angular
S.H.M.

0 = 0o sin ot = o = -0

, C \F 2n
O'=— = 0w=,|—=—=271n
I I T
T:ZTC\/I
C

1 /C

n=—
2\ 1

This concept is valid for all types of angular
S.H.M.

Illustration 1
Which of the following functions represent SHM :
(1) sin 2mt (ii) sin ot + 2cos ot
Solution:
)] As y =sinZot

dy

2

(iii) sin ot + cos 2ot

Sv=_r= 2mcos2mt, Acceleration= d_y = -4’ sin 20t =40’y

t2
So,y = sin 2ot represents S.H.M.
(ii) y=sinot+2coswt

dy .
:V:E:mcoswt—stmmt ,

. dv
Acceleration = — = —®?
dt

.. The given function represents SHM.
(iii) y =sinot+cos 2ot

2
:>d—y =mcosmt —20)sin20)t,d—}2, =—@*
dt dt
dy d’y
dt?

sin ot —20” cos ot = -0 (sin ot +2 cos ot)= —0?y

=—" sinot — 40)2 cos2mt

=-0’ (sinwt +4cos2ot) = Fi(_y) (S.H.M. is not possible).
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Illustration 2

2
A particle in SHM according to equation 16% +25x=0. Find the nature of motion and its time period.
t

Solution:
2 2
16d_’2‘+25x=0:d—’2‘+ 25 )e=0
dt t 16
Motion is linear SHM.

BEGINNER'’S BOX-1

1. Which of the following functions of time represent (a) SHM and (b) Periodic but not SHM (c)
Non-periodic motion?
(i) sin ot + cos ot (ii) sin ot + cos 2 ot + sin 4 ot (iii) e-et
(iv) log (ot) (v) sin ot - cos ot (vi) sin3 ot
P0S168
2. The equation of motion of a particle executing simple harmonic motion is a+167n2x = 0. In this

equation, a is the linear acceleration in m/s2 of the particle at a displacement x in metre. Find
the time period.

P0S169
3. Displacement of a particle executing SHM is represented by Y = 0.085in(3nt +£) metre. Then
calculate: -
(a) Time period (b) Initial phase
(c) Displacement from mean position at t = %sec.
P0S170

Explaining SHM with Phasor Diagram
Geometrical meaning of S.H.M.

If a particle is moving with uniform speed along the circumference of a circle then the straight line motion
of the foot of perpendicular drawn from the particle on the diameter of the circle is called S.H.M.
Description of S.H.M. based on circular motion.

Y
(a) Draw a circle, having radius equal to amplitude (A). \
(b) Suppose a particle is moving with uniform speed with angular NT _______ t
frequency o along the circumference of the circle. y Z&/i/ P (t=0)
(c) Shadow (foot of the perpendicular from particle position) of particle IAKTE!
. . . . X 0 X X
performs S.H.M. on vertical and horizontal diameter of circle.
(d) Position of particle's shadow can be represented on diameter at
t = 0 or any instant and position of particle performing circular
motion can be determined by direction of velocity. Y'

(e) By joining centre of circle to particle's position, angle 0 is

determined from horizontal or vertical diameter. After time t radius vector will turn ot. so 0 = ot.
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Ex.: Depicts two circular motions. The radius of the
circle, the period of revolution, the initial
position and the sense of revolution are
indicated on the figures. Obtain the simple
harmonic motions of the x-projection of the
radius vector of the rotating particle P in each
case.

Sol. (a) Att=0,0P makesanangleof45°=mn/4rad

with the (positive direction of) x-axis. After

. . 21 . . . 2. W,
time t, it covers an ?t in the anticlockwise sense, and makes an angle of Tt +Z with the x-

axis.
The projection of OP on the x-axis at time t is given by,

x(t)=Acos 2—nt+E For T=4s, x(t)=Acos 2—Tct+E
T 4 4 4
which is a SHM of amplitude A, period 4 s, and an initial phase = % .
(b) In this case at t = 0, OP makes an angle of 90° = g with the x-axis. After a time t, it t covers an

2 2
angle of %t sense and makes an angle of g—%t with the x-axis. The projection of OP on the
x-axis at time t is given by

x(t)=Bcos E—z—Tct =Bsin 2—nt For T=30s, x(t)=Bsin Ty
2 T T 15
Writing this as x(t)chos(l—nSt—gj. We find that this represents a SHM of amplitude B,

period 30 s, and an initial phase of g .

Illustration 3

Which of the following expressions represent simple harmonic motion?

(1) x=Asin(ot+¢) (2) x=Bcos(wt+¢) (3) x=Atan(ot+4¢) (4) x=Asinot.cosot
Solution:

(1) x=Asin(ot+¢) (2) x=Bcos(ot+¢)

(4)x = Asin wtcosth% = x:%sin 2wt

Illustration 4

The displacement of a particle in S.H.M. is indicated by equation y = 10 sin(20t + ©t/3) where y is in metres.
The value of time period of vibration will be (in seconds) :

Solution:

On comparing y = 10 sin (20t +§ ) withy = A sin (ot + ¢),

wegetw=20= T=
o 20 10
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Illustration 5
The equation of a simple harmonic motion is x = 0.34cos (3000t + 0.74). Where x and t are in mm and sec.
respectively. The frequency of the motion is (in Hertz):

Solution:

On comparing, x = 0.34 cos (3000t + 0.74) with x = A cos (ot + kx)

We get, ®=3000 Now, ® =2rn=3000=2nn= n= 3(2)00 = n= 1500
Y T

Illustration 6
The distance covered by a particle executing SHM, in one time period is equal to :

(1) Four times the amplitude (2) Two times the amplitude
(3) One times the amplitude (4) Eight times the amplitude
Solution: (1)
[ & S
-A MP A +é
) A ) A -
Y >

The distance covered by a particle executing SHM in one time period is 4 A.

Displacement in SHM

)] The displacement of a particle executing linear S.H.M. at any instant is defined as the distance of
the particle from the mean position at that instant.

(i) It can be given by relation x = Asinot or x = Acosomt.
The first relation is valid when the time is measured from the mean position and the second relation
is valid when the time is measured from the extreme position of the particle executing S.H.M. along
a straight-line path.

(iii)  Maximum value of displacementis =+ A

A y 3

: t
0 ) _
=/, z T
= I — = 2
3 t— §
E —_—
2 &
a1\ a

-A

X = A Sinot X = A cosot

Illustration 7
A particle executes S.H.M. from extreme position and covers a distance equal to half of its amplitude in 1s.
Determine the time period of motion.

Solution:

For particle starting S.H.M. from extreme position

2n  2mx3

y=Acosmt:>é=Acos(oox1) — C0S®=CoS— = m=—=T="2"
2 3 3 ® yis

6s

Illustration 8

An object performs S.H.M. of amplitude 5 cm and time period 4 s. If timing is started when the object is at
the centre of the oscillation i.e., x = 0 then calculate -

(i) Frequency of oscillation (ii) The displacement at 0.5 sec.
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Solution:

1 1
i Frequency f =—=-—=0.25Hz
(1) quency f=- =
(ii) The displacement equation of object x = Asin ot

So,at t=0.5s x=>5sin(21x0.25%0.5) = Ssin L = S cm
4 2
Velocity in S.H.M.
(i) It is defined as the time rate of change of the displacement of the
particle at a given instant.
(ii) Velocity in S.H.M. is given by
_dx
Cdt

2
VZiACO‘\/].—SiI‘IZ ot =>v=1Ao 1—X—2[.'.x:Asinmt] v
A

Velocity (v)—

\%

= %(A sin ot) = v = Aocosot

v=1m (AZ—XZ)

2
Squaring both the sides v* =@’ (A2 —x* ) = % =A*-x*

A
\' X X \% -

2 2 2 2

L F—

oA A T g
This is equation of ellipse. So, curve between displacement and velocity of particle executing S.H.M.
is ellipse. If particle oscillates with unit angular frequency (ooz 1) then curve between V and x will

be circle.
Note: (i) The direction of velocity of a particle in S.H.M. is either towards or away from the mean position.
(ii) At mean position (x = 0), velocity is maximum (= A®) and at extreme position (x = *A), the
velocity of particle executing S.H.M. is zero.
Illustration 9
Amplitude of a harmonic oscillator is A, when velocity of particle is half of maximum velocity, then
determine position of particle.
Solution:

2 2
- A

v=oJA*-x* = %:m\/Az -x* = A? :4[A2 —xz] =X =# :>x=i\/_%

Illustration 10

A particle performing SHM is found at its equilibrium position at t = 1 sec and it is found to have a speed of

0.25 m/s att = 2 sec. If the period of oscillation is 8 sec. Calculate the amplitude of oscillations.

Solution:

2
x = Asin(wt + ¢), at t = 1 sec. particle at mean position 0=Asin (;nx 1+ d)J =¢= —%

att = 2 sec. velocity of particle is 0.25m/s = 0.25= A(OCOS(EXZ —E) = 0.25 _Ao =A :Q
4 4 2 T

Illustration 11

A particle is executing the motion x =Acos((ot —9) . The maximum velocity of the particle is

Solution:

Velocity of a particle executing SHM is given by v =y A* —x* (1)

For maximum velocity we need x = 0, So, by putting x = 0 in equation (1) we have, Vinax = A®

www.allen.in [141]



ALLEN NEET : Physics

Illustration 12

The maximum velocity of a simple harmonic motion represented by y =3sin (100t + gj is given by

Solution:
Vi = A0 =3x100=300

Illustration 13
Velocity at mean position of a particle executing S.H.M. is v, they velocity of the particle at a distance equal

to half of the amplitude.

Solution:
Velocity in mean position v=Aw®, velocity at a distance of half amplitude.

2
v'=oVA* —x? =03,/A2—AT=\/§A0)=\/§V

Illustration 14
The instantaneous displacement of a simple pendulum oscillator is given by x = Acos(mt +%j Its speed

will be maximum at time ?
Solution:

x=Acos mt+E and v:%:—Amsin cot+E
4 dt 4

s

. . T T T T
For maximum speed, sin| o+— |=1=2ot+—=— or ot=———=t=—
4 4 2 2 4 40

Acceleration in S.H.M.
(i) Itis defined as the time rate of change of the velocity of the particle at given instant.

A

.. 2A
(i) Acceleration in S.H.M. is given by R
dv d T
a=—=—/(Awcosot _
dt dt ( ) 2

a=-w’Asin ot

Acceleration (a) >

a= —Q)ZX _____

(iii) The graph between acceleration and
displacement is a straight line as shown in

figure.

(iv) Relation between force(F) and time(t)

= F=ma=-mo’Asinot

force (F) >
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(v) Relation between force(F) and

displacement(x) = F = -mw?x

Note:

2
------ mo A

+A

>

2
-moA p-----

(i) The acceleration of a particle executing S.H.M. is always directed towards the mean position.

(ii) The acceleration of the particle executing S.H.M. is maximum at extreme position (*®2A) and
minimum at mean position (= zero).

(iii) Maximum value of acceleration is *®Z2A.

(iv) Maximum value of force is + mm?2A.

Graphical Representation

Graphical study of displacement, velocity, acceleration and force in S.H.M.

S. No. Graph In form of t In form of x | Maximum value
1. Displacement x = Asinot X=X X =+A
?
&
21/a\T
£ A; 2 T
2 \/ t—
S
QL
p]
g=]
2. Velocity v=Aocosot |, i JaZ_x2 V=1mA
T
S | 0A
2 2 v
AV
©
>
3. Acceleration a = -m*Asinot a=-0X a=+ A
?
< T /|
g 5 mZAi
I Tt—
5]
©
3]
(35}
4. Force (F = ma) F = - mw?Asinot F=-mox F =+ mw?A
tlF= ma/f\
— T/ is
& >/ ig
) 2 ¥E
2 Tt—>
N/
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Golden ey Points

. The direction of displacement is always away from the mean position whether the particle is
moving from or coming towards the mean position.

o In linear S.H.M,, the length of S.H.M. path = 2A.

. In S.H.M,, the total work done and displacement in one complete oscillation is zero but total
travelled length is 4A.

. In S.H.M,, the velocity and acceleration varies simple harmonically with the same frequency as
displacement.

. Velocity is always ahead of displacement by phase angle g radian.

. Acceleration is ahead of displacement by phase angle & radian i.e., opposite to displacement.

. Acceleration leads the velocity by phase angle g radian.

Illustration 15
An object performs S.H.M. of amplitude 5 cm and time period 4 s. If timing is started when the object is at

the centre of the oscillation i.e. x = 0 then calculate

(i) Frequency of oscillation (ii) The displacement at 0.5 sec.
(iii) The maximum acceleration of the object. (iv) The velocity at a displacement of 3 cm.
Solution:

1.1

i Frequency f=—=-—=0.25 Hz
(1) quency f=—="
(ii) The displacement equation of object x = Asinot

soatt=0.5s x=>5sin(2n x 0.25 x 0.5) =Ssin%=icm

2

(iii)  Maximum acceleration amax = ®2A = (0.5 1 )2 x 5=12.3 cm/s?

(iv)  Velocity atx =3 cmis v=+mVA® —x* =+0.51+/5* —3° =+ 6.28 cm / sec

Illustration 16

A particle executing S.H.M. having amplitude 0.01 m and frequency 60 Hz. Determine maximum
acceleration of particle.

Solution:

Maximum acceleration amax. = ®2A = 412n2A = 412(60)2 x (0.01) = 144 12 m/sec

Illustration 17

Which one of the following statements is true for the speed v and the acceleration a of a particle executing
simple harmonic motion?

(1) When v is maximum, a is maximum

(2) Value of a is zero, whatever may be the value of v

(3) When v is zero, a is zero

(4) When v is maximum, a is zero

Solution: (4)

InS.HM. v= m\/az —x? and a=-®*x when x=a

2
= Vv,,=0and a  =-n"a,andaty =0 = Viux=A®, amin = 0
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Illustration 18

In simple harmonic motion, the ratio of acceleration of the particle to its displacement at any time is a
measure of

(1) Spring constant (2) Angular frequency (3) (Angular frequency)? (4) Restoring force
Solution: (3)

=(02

X

a=-0'x =

BEGINNER'’S BOX-2

1. A particle executing simple harmonic motion completes 1200 oscillations per minute and
passes through the mean position with a velocity of 3.14ms-1. Determine the maximum
displacement of the particle from its mean position. Also obtain the displacement equation of
the particle if its displacement be zero at the instant t = 0.

POS171

2. A particle oscillates along the x-axis according to equation x = 0.05 sin(St —gj where x is in

metre and tis in second. Find its velocity at t = 0 second.
P0S172
3. A particle is executing SHM given by x = A sin(nt + ¢). The initial displacement of particle is 1 cm
and its initial velocity is ® cm/sec. Find the amplitude of motion and initial phase of the particle.
P0S173
4. A body executing S.H.M. has its velocity 10 cm/sec and 7 cm/sec when its displacement from the
mean position are 3 cm and 4 cm respectively. Calculate the length of the path.
P0S174
5. A particle is executing S.H.M. of time period 4s. What is the time taken by it to move from the
(a) Mean position to half of the amplitude.
(b) Extreme position to half of the amplitude.
P0OS175
6. A particle undergoes simple harmonic motion having time period T. Find the time taken to complete

% oscillation.
POS176

7. The displacement of a particle executing simple harmonic motion is given by y = 10sin(6t + g ).Here

y is in metre and tis in second. Find initial displacement & velocity of the particle.
P0S177
8. For a particle executing S.H.M. In which part of a complete oscillation
(a) Acceleration supports the velocity. (b) Acceleration opposes the velocity.
P0S178
9. A particle is in linear simple harmonic motion between two points A and B, 10 cm apart. Take
the direction from A to B as the positive direction and given the signs of velocity, acceleration
and force on the particle when it is
(a) at the end A. (b) at the end B.
(c) at the mid-point of AB going towards A.  (d) at 2 cm away from B going towards A.
(e) at 3 cm away from A going towards B, and (f) at 4 cm away from A going towards A.
P0S179
10. The piston in the cylinder head of a locomotive has a stroke (twice of the amplitude) of 1.0 m. If
the piston moves with simple harmonic motion with an angular frequency of 200 rad/min., what is
its maximum speed?

P0OS180

www.allen.in [145]



ALLEN NEET : Physics

Energy in SHM - Potential & Kinetic Energies
Potential Energy in S.H.M.
(i) In terms of displacement
The potential energy is related to force by the relation
du
F——&:IdU——J.FdX
For SH.M. F=-kx

So, de:—j(—kx)dx=jkxdx:>U:%kx2+c

Atx=0,U=Uo=>C=Up So,U=%kx2+Uo

Where the potential energy at equilibrium position = Uy when Ug = 0 then u = % kx?

(ii) In terms of time

Since, x = Asin(ot + ¢), U = %kAzsinz(oat + )

If initial phase (¢) is zero then U = % kA2sinZot = %mmzAzsiant

Umax oo = 1kA2
S 2
2 1
S
2 U
(5]
=
)
o
2
8 T Y T T T

0 T T 3T T time(t) —»>

4 2 2

Note: (i) In S.H.M. the potential energy is a parabolic function of displacement; the potential energy is
minimum at the mean position (x = 0) and maximum at extreme position (x = £A)
(ii) The potential energy is the periodic function of time.

T .. 3T

It is minimum at t= O,E,T,7.... and maximum at t :E, 3T 5T

R R
Kinetic Energy (K)
(i) In terms of displacement
If mass of the particle executing S.H.M. is m and Its velocity is v
then kinetic energy at any instant.

K.E. = lmv2 =lm0)2 (A2 -x2) = l
2 2 2

k(A2 - x2) Y )
KEn —mw?A?
(ii) In terms of time 4 2
v = Awcos(ot + ¢) 2 &
D =
1 £ 2
. KE. = 2 m®2Az cos? (ot + ¢) Z 3

If initial phase ¢ is zero, time(t) —»

(@]
AN
ISR

w
=
-

K.E. = % mm2A? cos2mt
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Note: (i) InS.H.M. the kinetic energy is a inverted parabolic function of displacement. The kinetic energy

is maximum (E kAz) at mean position (x = 0) and minimum (zero) at extreme position (x =+ A).

(ii) The kinetic energy is the periodic functions of time. It is maximum at t= 0%,T,37T ..............
and minimum at ... I,T,E,S—T.
4 4 4

Illustration 19
A particle starts oscillating simple harmonically from its equilibrium position with time period T.

Determine ratio of K.E. and P.E. of the particle at time t = % .

Solution:
att= l X= Asinz—nxlesinE—é
12 T 12 6 2
S0 KE. = 1k (A2-x?) = S LkAZand P.E. = — kx? = - x Lka? - Ratio XE:_3
2 4 2 2 4 2 PE 1

Illustration 20

A harmonic oscillator of force constant 4 x 106 Nm-! and amplitude 0.01 m has total energy 240 ]. What is
maximum kinetic energy and minimum potential energy?

Solution:

k=4x106N/m,A=0.01m, T.E.=240], As o’ =

8| =

Maximum Kkinetic energy = %mmzA2 = %kA2 = % x4x10°x(0.01)* =200]

Minimum potential energy = Total energy - Maximum kinetic energy = 40 ]

Illustration 21

A particle executes simple harmonic motion along a straight line with an amplitude A. The potential energy
is maximum when the displacement is

Solution:

1
P.E. = Emmzxz, it is clear P.E. will be maximum when x will be maximum i.e., at x=*A

Illustration 22

A particle is vibrating in a simple harmonic motion with an amplitude of 4 cm. At what displacement from
the equilibrium position, its energy is half potential and half kinetic.

Solution:

Let x be the point where K.E.=P.E. = %mmz(A2 -x) :%moozx2 = 2%’ =A? = x=2/2cm

Illustration 23

The maximum K.E. of a oscillating spring is 5 joules and its amplitude 10 cm. The force constant of the
spring is :

Solution:

1 1 10 Y 1
Maximum K.E. = — kA2 =5=—xkx| — | =5x2=kx—— = k=1000N/m
2 2 100 100
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Total Energy in SHM and Graphs
Total energy in S.H.M. is given by :-
E = potential energy + kinetic energy = U + K.E.

. . 1 1 1. 1 2 2
i w.r.t. position: E==kx2+ “k (A2-x2) | U==kx",K.E.==k(A"-x
(i) p 2 Sk ){ > Sk( )

=E= %kA2 = constant

(ii) w.r.t. time E4 1 A2 TE4 1 KA
1 . 1 9 2
E= E mm2A? sinmt + E mm2A2 coszmt 2
1 .
=ZmnA? (sm2 ot + cos? cot)
2 .
1 2 2 1 2 - . Ll . »
:Emm A ZEkA = constant displacement time
Kmax or Umax or Er
ET / \\ A \‘\ 4
/) h /
! ‘\ ! \\ ') P.E
(]
/ s \ J\KE
4 \ \Noos
\ 7/ s
wt

Note: (i) Total energy of a particle in S.H.M. is same at all instant and at all displacement.
(ii) Total energy depends upon mass, amplitude and frequency of vibration of the particle executing
S.H.M.
Average energy in S.H.M.
The time average of P.E. and K.E. over one cycle is

(a) <KE> = <L meo?A? cos? ot 5= L me?A? < cos? ot > = ~maa?| L | = Lme2a? = Lia?
2 2 2 2) 4
_ 1 202 52 _1 272 s 2 _1 2,2( 1 _1 2 2_1 2
(b) <PE>t—<EmmA sin cot>—5moaA <sin oat>—§mcoA > —meA _ZkA +U,

() <TE>t:<lm(02A2+U0>:1mw2A2+U0:lkA2+UO
2 2 2

Illustration 24
In case of simple harmonic motion -

(a) What fraction of total energy is kinetic and what fraction is potential when displacement is one half
of the amplitude.

(b) At what displacement the kinetic and potential energies are equal.

Solution:

InSHM.= K. E. = %k(A2 -x2), P.E.= %kx2 , T.E. = %kA2

2 _ 2 2
(1) fxe = E:A—ZX and fpE = E:X—2
T.E. A TE A
2 2 2
atx=éfK.E.=A—?/4=§ and fp_E_= A/4=l
2 A 4 A? 4

(2) KE=PE = ‘k(A-x))= ‘ktms 22 = A2 > x = 4o
2 2 P2
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Illustration 25

The potential energy of a particle executing S.H.M. is 2.5 ], when its displacement is half of the amplitude,
then determine total energy of particle.

Solution:
1 1, A 1
PE.= Ekx2 = Ekr= 2.5 = Total energy=EkA2 =25x4=10]

Illustration 26

The potential energy of a particle oscillating on x-axis is U = 20 + (x - 2)2. Here U is in joules and x in meters.

Total mechanical energy of the particle is 36 J.

(D State whether the motion of the particle is simple harmonic or not.
(2) Find the mean position.
(3) Find the maximum kinetic energy of the particle.
Solution:
du

(1) F= i =-2(x-2) Byassumingx -2 =X, we have F = -2X
X

Since, Foc—X The motion of the particle is simple harmonic
(2) The mean position of the particle is X = 0 = x - 2 = 0, which gives x = 2m

3 Maximum kinetic energy of the particle is, Knax =E - Unin =36 -20=16]

BEGINNER'’S BOX-3

1. A point particle of mass 0.1 Kg is executing SHM with amplitude of 0.1m. When the particle
passes through the mean position, its kinetic energy is 8 x 10-3 Joule. Obtain the equation of
motion of this particle if the initial phase of oscillation is 45°.

P0S181
2. In case of SHM what fraction of total energy is kinetic and what fraction is potential, when
displacement is one fourth of amplitude.
P0S182
3. A particle execute S.H.M. with frequency f. Find frequency with which its kinetic energy
oscillates?
P0OS183

4. A particle of mass 10g is placed in potential field given by V = (50x2 + 100) erg/g. What will be
frequency of oscillation of particle?

P0S184
Oscillations of Spring Block System
Spring Block System
(i) When spring is given small displacement by stretching or compressing it, then restoring elastic
force is developed in it which obeys Hook's law. ?
Foc-x =F=-kx (Here k is spring constant) =
(ii) Spring is assumed massless, so restoring elastic force in spring is E Kk o(l
assumed same everywhere. 2 ¢
=)
(iii)  Spring constant (k) depends on length (¢), radius and material of wire 8
o
used in spring. £
QL .
For spring, k/ = constant @ Length of spring () =
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Spring Pendulum

(i) When a small mass is suspended from a mass-less spring then this arrangement is known —
as spring pendulum. For small linear displacement the motion of spring pendulum is =
simple harmonic. E Kk

(ii) For a spring pendulum E

2 2 + ~
F=—kx:md—)2(=—kx['.'F=ma=md—)2(] jom
dt dt v
Ix_ k
dt? m
2
'.'Qz—cozx:m)z =—
dt? m

This is standard equation of linear S.H.M.

2 f 1 fk
Time period; T=""_2n |2 Frequencyn= —,|—
® k 2n \'m

(iii)  Time period of a spring pendulum is independent of acceleration due to (
gravity. This is why a clock based on oscillation of spring pendulum will keep k \@}
proper time everywhere on a hill or moon or in a satellite or different places \‘\Q\;\\
of earth. N

(iv) If a spring pendulum oscillates in a vertical plane is made to oscillate on a
horizontal surface or on an inclined plane then time period will remain 0
unchanged.

(v) By increasing the mass, time period of spring pendulum increases (T oc JE), but by increasing the

. . . 1 .
force constant of spring (k), Its time period decreases {Toc—} whereas frequency increases

N

(nec k)
(vi)  Iftwo masses mi and m; are connected by a spring and Kk
ma e m2
made to oscillate then time period T = ZW\/g COOO0O000000E
Here, n= M2 reduced mass =

A
cecdp

AARAAAAAAAAAAAAAAAAAA
l 2

m, +m,
(vii)  If the stretch in a vertically loaded spring is yo then for equilibrium of

mass m.

kyo = mg

So, time period T = 2n\/%= 2n /&
g

But remember time period of spring pendulum is independent of acceleration due

<
S)
L ERY 2

=]
=

:

to gravity.

-

(viii) If two particles are attached with spring in which only one is oscillating then the

Time period = 21 mass of oscillating particle _on /&
force constant k

IMMMWMMMMMM

k
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Illustration 27
A body of mass m attached to a spring which is oscillating with time period 4 seconds. If the mass of the

body is increased by 4 kg, its timer period increases by 2 sec. Determine value of initial mass m.
Solution:

m+4

Inlstcase: T=2n % :4:275\/% ..(i) and in IInd case: 6=2n (i)

4 m 16 m
Divide (i) by (ii) - =,|—=—=
(1) by (i) 6 m+4 36 m+4

= m=3.2kg

Illustration 28
A block of mass m is attached from a spring of spring constant k and dropped from its natural length. Find

the amplitude of S.H.M. [ m‘éé?““
Solution: = <
Let amplitude of S.H.M. be A then by work energy theorem E §
W =AKE. = <
1 2mg = é

2 -

mgXO_EkX():O:XO: XZO,VZO m §
<
So, amplitude A = me F—
k Xx=Xo,v=0 m

Illustration 29
Two springs with spring constants K; = 1500 N/m and K; = 3000 N/m are stretched by the same force. The
ratio of potential energy stored in spring will be

Solution:
2
v=E iU K,
2K K U, K

Illustration 30

The time period of a mass suspended from a spring is T. If the spring is cut into four equal parts and the
same mass is suspended from one of the parts, then the new time period will be

Solution:

1
By cutting spring in four equal parts force constant (K) of each parts becomes four times (k oc ZJ so by

using T = Zn\/%; time period will be halfie. T'=T /2

Illustration 31

If a body of mass 0.98 kg is made to oscillate on a spring of force constant 4.84 N/m, the angular frequency
of the body is

Solution:

o=+Kk/m= 484 =2.22rad /sec
0.98
Illustration 32
A spring executes SHM with mass of 10kg attached to it. The force constant of spring is 10N/m. If at any
instant its velocity is 40cm/sec, the displacement will be (where amplitude is 0.5m)
Solution:

0= (Ej = (%J =1 rad Now, u=m/A? -y’ by solving, we get y =0.3m
\} m \/
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Illustration 33

A block of mass m is on a horizontal slab of mass M which is moving horizontally and executing S.H.M. The
coefficient of static friction between block and slab is p. If block is not separated from slab then determine
angular frequency of oscillation.

Solution:
If block is not separated from slab then restoring force due to S.H.M. should be less than frictional force
between slab and block. "
m ¢
Frestoring < Friction = M @max, < umg = amax. < ug = 0?A < ug => o< %g SRRV B
Series and Parallel Combinations of Springs
Series combination of springs
In series combination same restoring force exerts ML%M
in all springs but extension will be different. %
Total displacement x = x1 + X» = ki
Force acting on both springs F = -kix1 = - kox» %
F F ]
X1=—k— and Xzz—k— ki ka <
1 2 MAMMAMA—YWWWWWWWWAS =
) F F . = k»
L X=E— | —t+— (i) =
ki ky =
If equivalent force constant is ks then F = - ksx -
F F F
so by equation (i) ——=——-—
kg ki kp
k, k
SN I B TN kg =—1-2
ks k; k, k; +k,
/k k
Time period T =2n m Frequency n = ERNLY , Angular frequency o=, |—=
Kk, 2n\ m m

Parallel Combination of springs

E

m = = =

k1 ko k1 ; ; k2 m>

ARAAAAAA. AAAAAAAAAA = = =
>m = ; ko

=

§

In parallel combination displacement on each spring is same but restoring force is different.

Force acting on the system F = F; + F, = F = - kix - kox ...(i)

If equivalent force constant is kp then, F = - kpX, so by equation (i) - kex = - kix - kox = kp = k1 + ko

fk /k k
Time period T =2x M o ; Frequency n = EaNL ; Angular frequency o= Litke
k, k, +k, 2n \'m m

[152] www.allen.in




Oscillations Al-'-:.

Illustration 34
Infinite springs with force constants k, 2k, 4k, 8k, ..... respectively are connected in series. Calculate the

effective force constant of the spring.

Solution:

1 1 1 1 1

— =t — 4t —+—F e o (For infinite G.P. S. = —2_ where a = First term, r = common ratio)
ks k 2k 4k 8k 1-r

1 1 1 1 1 1] 1 2 k

— =1+t =+ =+ =—|—|== SO Kefr =—

ke k k 1_1 2

2

Illustration 35

Frequency of oscillation of a body is 6 Hz when force F1 is applied and 8 Hz when F; is applied. If both forces
F1 & F; are applied together then find out the frequency of oscillation.

Solution:

According to question F1 =-K;x & F,=-Kx

So n1=i £=6Hz;nz=i,/£=8Hz
2t \' m 2t \ m

K, +K
Now F=F;+F;=-(Ki+Kyx Thereforen:i Lt
27 m
2. .2 2.2
- n:i 4n°nim + 4n nzmz\/nf+n§=\/82+6z=10HZ

21 m
Illustration 36
Periodic time of oscillation T is obtained when a mass is suspended from a spring. If another spring is used
with same mass then periodic time of oscillation is T.. Now if this mass is suspended from series
combination of above springs then calculate the time period.

Solution:
u ) [ SN ) SeSE—— R g |
4
T=2n [P o T2 oan o =M g L L I
T - - -
1 1 1 - - -
=k sk =k
4 2 - - -
T,=2m |- = T =4n* = =k, == = = =
kZ kZ TZ [ [ [
K - 47°m m m § ks
R =
In series combination - [
m

! 1 1 Tezq le Tz2 2 2
K K k™ 2em + = T =T?+T
KEq- Kl Kz 4'm  47°m  47°m eq- \/i

Illustration 37
The effective spring constant of two spring system as shown in figure will be

k1 k2
IVWWWVWWWY—"YYVYVVWYY

www.allen.in [153]



ALLEN NEET : Physics

Solution:

When external force is applied, one spring gets extended and another one gets contracted by the same
distance hence force due to two springs act in same direction.

Le. F=F +F, = —-kx=—-k,x—k,x= k=Kk, +k,

Illustration 38

The springs shown are identical. When A = 4kg, the elongation of spring is 1 cm. If B = 6 kg, the elongation

produced by it is (S ————— |
Solution: ) L
F=kx = mg =kx = mockx =k =k
(r -
Hence &Zﬁxﬁjéz k Xl . §IZ
m, k, x, 6 k/2 x, %k
= X, =3cm. [
B

Illustration 39
A mass m is suspended by means of two coiled spring which have the same length in

[

unstretched condition as in figure. Their force constant are ki and k; respectively. When ] L

set into vertical vibrations, the period will be A= = B
ion: = =

Solution: k= =k

Given spring system has parallel combination, so 1 [

m
k.. =k, +k, and time period T=271 [——
nTh ’ (k, +k,) !

Illustration 40
In arrangement given in figure, if the block of mass m is displaced, the frequency is given by

A B
VWY — SR —WWWWWYY
K1 K>

Solution:
With respect to the block the springs are connected in parallel combination.
.. Combined stiffness k = ki+ kzand n= 1 [tk

27 m

Illustration 41
Two identical spring of constant K are connected in series and parallel as

%
E

shown in figure. A mass m is suspended from them. The ratio of their ﬁL Ji é
frequencies of vertical oscillations will be g k k§ k:é
Soluti T 1T 7T
olution:
=
o a0 = B
nzi\P:S&:_sj&Z 2)_1 < ©)
2n \'m n, \k; n, 2k 2
m
(A)

Illustration 42
One body is suspended from a spring of length /, spring constant k and has time period T. Now if spring is
divided in two equal parts which are joined in parallel and the same body is suspended from this
arrangement then determine new time period.
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Solution:
Spring constant in parallel combination k' = 2k + 2k = 4k

S Y O

L:} BEGINNER’S BOX-4

1. A man with a wrist watch on his hand falls from the top of a tower. Does the watch give correct
time during the free fall?
P0S185
2. Calculate the time period of following system.
P0OS186
3. A body of mass 'm' is suspended from a vertical spring of length 'L". It execute S.H.M. with a time
period T. Find the time period if
(a) Length of spring is made half. (b) Mass of body is made hallf.
P0S187
4. When a mass of 1 kg is suspended from a vertical spring, its length increases by 0.98 m. If this
mass is pulled downwards and then released, what will be periodic time of vibration of spring?
(g=9.8m/s2).
P0S188
5. A block of mass ‘m’ moving with velocity (v) collides perfectly inelastically with another
identical block attached to spring of force constant K. What will be the amplitude of resulting
SHM?
P0S189
6. A spring having a spring constant 1200 Nm-! is mounted on a horizontal table. A mass of 3kg is

attached to the free end of the spring. The mass is then pulled to a distance of 2.0 cm and
released. Determine Maximum acceleration of mass.
P0S190
7. A spring balance has a scale that reads from 0 to 50 kg. The length of the scale is 20 cm. A body
suspended from this balance, when displaced and released, oscillates with a period of 0.6 s.
What is the weight of the body?
P0S191
8. A trolley of mass 3.0 kg, as shown in Fig,, is connected to two springs, each of spring has spring
constant 600 Nm-1. If the trolley is displaced from its equilibrium position by 5.0 cm and
released, what is (a) the period of ensuing oscillations, and (b) the maximum speed of the
trolley? How much energy is dissipated as heat by the time the trolley comes to rest due to
damping forces?

(o))

(=}

[}

z

3
[TTTTTTTTT7777

1777 T TT7
P0S192
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Simple Pendulum
If a heavy point mass is suspended by a weightless, inextensible and perfectly flexible string from a rigid
support, then this arrangement is called a simple pendulum
Expression for time period

Method-I (Force Method)

For small angular displacement, sinf ~ 0 , so that

F = -mg sinB = -mgH

mg mg
=—| —|y=-k = k=—=
(28 )y =i f

because y = ¢6, Thus, the time period of the simple pendulum is

t=2n fﬁ O
k g

Method-II (Torque Method)
Bob of pendulum moves along the arc of circle in vertical plane. Here motion involved is angular and
oscillatory where restoring torque is provided by gravitational force.

T =-(mg)(¢sin0) (Negative sign shows opposite direction of T and angular displacement)

T=-mg/(0) (If angular displacement is small, then sin 6 = 0)
lo = -mg/(0)
o= m—g;(e) (where I = moment of inertia) = [ = m/(?
m
2
Now ocz—m—g£6:>a=—§6:>ﬂ+§6=0
m(? ¢ dt? ¢

It is differential equation of angular SHM of simple pendulum.

2
Comparing with standard differential equation of angular SHM (% +0’0= 0)

Therefore T= 2_n = Zrc\/Z
Y g

Note: Simple pendulum is the example of SHM but only when its angular displacement is very small.

Golden ey Points

1. The time period of simple pendulum is independent from mass of the bob but it depends on size
of bob (position of centre of mass). So in simple pendulum when a solid iron bob is replaced by
light aluminium bob of same radius then time period remains unchanged.

2. Time period of simple pendulum is directly proportional to square root of length.
a a
T T
l T r T 0>
ST>T
A 4 A 4

When a person sitting on an oscillating swing comes in standing position then centre of mass
raises upwards and length decreases, so time period decreases and frequency increases means
swing oscillates faster.
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3. When a hollow spherical bob of simple pendulum is completely filled with water and a small

hole is made in bottom of it, then as water drain out, at first its time period increases, after that
it decrease and when sphere becomes empty then finally it becomes as before (T).
4, If simple pendulum is shifted to poles, equator or hilly areas, then its time period may be

different {T oc LJ

e

5. If a clock based on oscillation of simple pendulum is shifted from earth to moon then it becomes

slow because its time period increases and becomes +/6 times compare to earth.

g_M:%:TM =/6T;

8E

Cases of Effective Acceleration in Simple Pendulum
Periodic time of simple pendulum in reference system

T=2n /L
geff

where, geir. = effective gravity acceleration in reference system TV
or total downward acceleration. | ‘
(a) If reference system is lift | éz
1) If velocity of lift (v) = constant 2 1 5 gef= g
accelerationa=0and ger = g v | i}
] Wal
T=2n|— Tadedl
g AdnEE ]
(i)  Ifliftis moving upwards with acceleration 'a' Ta
g =g +a [
| B
T=2n ! = T decreases. AHND gef=g+a
g+a g |1
"1
AP &
(iii)  Ifliftis moving downwards with acceleration 'a’
et =8 —Qa la
T=2n =  Tincreases. Ll A
g-a | Jal
AHS Ber =82
. . N |
(iv) If lift falls downwards freely 8 L
Car (@ | |
gt =g-g=0 = T=wo

simple pendulum will not oscillate.

Note: Ifsimple pendulum is shifted to the centre of earth, freely falling lift, in artificial satellite then it will
not oscillate and its time period is infinite (. ges. = 0).

(b) A simple pendulum is mounted on a moving truck

(i) If truck is moving with constant velocity, no pseudo force acts on the pendulum and time period

remains same T = 27:\/Z
g
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(i)

()

(d)

(e)

0

(8)

If truck accelerates forward with acceleration a then a
pseudo force acts in opposite direction.
So effective acceleration,

14
geff. = «/g2+a2 and T' =2n |—

Befr.

Time period T'=2n L = T' decreases.
’gZ +a2

If a simple pendulum of density ¢ is made to oscillate in a liquid of density

p then its time period will increase as compare to that of air and is given by
Fret = Fg -Fy

mg,.. _mg _Vpg
m m

) 8net =

If the bob of simple pendulum has positive charge q and
pendulum is placed in uniform electric field which is in

PR
< ————
PR

downward direction then time period decreases

If the bob of simple pendulum has positive charge q and is made
oscillate in uniform electric field acting in upward direction then
time period increases

————
————
—————
————

L
T=2n J: is valid when length of simple pendulum (/) is negligible as compare to radius of
8

earth (/<<R) but if / is comparable to radius of earth

1

R I
il pes) Al

The time period of oscillation of simple pendulum of infinite length.

then time period T=2n

T= 271\/E =~ 84.6 minute ~1.5 hour it is maximum time period.
8

Second's pendulum
If the time period of a simple pendulum is 2 second then it is called second's pendulum. Second's
pendulum takes one second to go from one extreme position to other extreme position.

For second's pendulum, time period T =2 = 27:\/Z
g

At the surface of earth g=9.8 m/s2 ~ n12m/s?,
So, length of second pendulum at the surface of earth / = 1 metre

[158]
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(h) When a long and short pendulum start oscillation simultaneously then both will be in same
phase in minimum time when short pendulum complete one more oscillation compare to
long pendulum.

After starting, if long pendulum completes N oscillation to come in same
phase in minimum time then short will complete (N +1) oscillation.

t=NT, =(N+1)T;

N(Zn\/EJz(N+1)[2n\/ZJ
g g
NJC, =(N+1),/e,

Illustration 43

The period of a simple pendulum measured inside a stationary lift is found to be T. If the lift starts
accelerating upwards with acceleration of g/3 then the time period of the pendulum is ?

Solution:

For stationary lift T; = Zn\/I
g

ls| Ts

| T
For ascending lift with acceleration, a, T, =2n, [— = 1 |g*ra =
g+a T, g

Illustration 44

A simple pendulum is vibrating in an evacuated chamber, it will oscillate with

(1) Increasing amplitude (2) Constant amplitude

(3) Decreasing amplitude (4) First (3) then (1)

Solution: (2)

As it is clear that in vacuum, the bob will not experience any frictional force. Hence, there shall be no
dissipation therefore, it will oscillate with constant amplitude.

Illustration 45

The length of a second’s pendulum is ?

Solution:

2
T=2n /g »1=8L 2284

4n°  4xn®
Illustration 46
The time period of a simple pendulum when it is made to oscillate on the surface of moon
(1) Increases (2) Decreases (3) Remains unchanged (4) Becomes infinite
Solution: (1)

99cm

1
At the surface of moon, g decreases hence time period increases ( Toc TJ
g

Illustration 47

If the length of the simple pendulum is increased by 44%, then what is the change in time period of
pendulum

Solution:

T | 144 12 T, -T
T=2n ! =-2=|2% = |—="="T,=1.2Ti. Hence % increase =—2-—2x100=20%
¢ 1 \I “\100 10 T,

Illustration 48
The ratio of frequencies of two pendulums are 2 : 3, then their length are in ratio ?
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Solution:

2 52

Frequency noci:> &:\/Ejli:n_z:izg

S N L, 2 22 4
Illustration 49
A simple pendulum hanging from the ceiling of a stationary lift has a time period T1. When the lift moves
downward with constant velocity, the time period is T, then
(1) T, is infinity (2) T,>T, (3) T,<T, (4) T,=T
Solution: (4)

T % and g is same in both cases so time period remain same.
g
Illustration 50
If the length of a pendulum is made 9 times and mass of the bob is made 4 times then the value of time
period becomes
Solution:

T=2n £ = Toc «/Z, hence if / made 9 times T becomes 3 times.
g

Also, time period of simple pendulum does not depend on the mass of the bob.

Illustration 51

A simple pendulum is taken from the equator to the pole. Its period

(1) Decreases (2) Increases (3) Unchanged (4) Decreases and then increases
Solution: (1)

As we go from equator to pole the value of g increases. Therefore, time period of simple pendulum

(T oc %J decreases. [ Toc %]

L%} BEGINNER’S BOX-5

1. The angle made by the string of a simple pendulum with the vertical depends upon time as
0= 9—7;) sin rtt. Find the length of the pendulum if g = n2ms-!
P0S193
2. The bob of a simple pendulum is a hollow sphere filled with water. Explain how will the period
of oscillation change if the water begins to drain out of the hollow sphere through a small hole
in the bottom?
P0S194
3. A girl is swinging on the swing in the sitting position. What shall be effect on the frequency of
oscillation if she stands up ?
P0S195
4. Why a pendulum clock does not work during free fall or in an artificial satellite?
P0S196
5. Find the time period and frequency of a simple pendulum of 1-000 m at a location where
g=9-800 m/s2.
P0S197
6. What is the length of a simple pendulum whose time period of oscillation for small amplitudes
equals 2-0 seconds
P0S198
7. What is the frequency of oscillation of a simple pendulum mounted in a cabin that is freely falling
under gravity?
P0S199
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Oscillations of General Bodies

Various Formulae of S.H.M. i S
(D S.H.M. of a liquid in U tube: If a liquid of density p contained in a vertical U l '
tube performs S.H.M. in its two limbs. Then time period I
T= 27:\/I = 27‘5\/E J‘
2g g
where L = Total length of liquid column,
h = Height of undisturbed liquid in each limb (L = 2h)

(2) S.H.M. of a floating cylinder : If ‘I’ is the length of cylinder dipping in liquid

then Time period T= Zn\/I
g

(3) S.H.M. of a body in a tunnel dug along any chord of earth f:ﬁ
T=2n \/E = 84.6 minutes ~TR
g
~

Superposition of SHM
If particle is acted upon by two separate forces each of which can produce a SHM, the resultant motion of
the particle is a combination of two SHM's.
Example: - xi= A; sinot, x2 = Az sin(ot + 9)
[x =x1 + x2]

Amplitude of Resultant SHM, A = \/A% +AZ%+2A A, cosd
Illustration 52

If two S.H.M. are represented by equations y, =10sin [3nt + %} andy, = S[Sin(3nt)+\/§cos(3nt)} then find
the ratio of their amplitudes and phase difference in between them.

Solution:
Asy, =5[sin(3nt)+ 3cos(3nt)} (i)

So, if 5=Acos¢ and 5«/§=Asin¢

Then A:J52+(5\/§)2 ~10 Y2

and tanq):?:\/g o) ¢=g 5V3[sin( 3mt + 1/2)]

the above equation (i) becomes \ b= 60°
\L :Acos¢sin(3nt)+Asin¢ COS(3TCt) 3
=y, =Asin(3nt+¢)

But y, =10sin {3 nt+(§ﬂ

5sin(37t)
y2 =10 sin(37t + ¢)

A
o 2 10 A Ay =1:1,
A, 10
Phase difference =~ —" — 1rad.
3 4 12
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ALLEN NEET : Physics

s
Lz} BEGINNER’S BOX ANSWER KEY

BEGINNER'S BOX-1
1. @O-(@), @@-Mm), (G- @)-() W-@), (i)-(b)
2. 05s 3. (a)0.67s, (b) %rad, (c) 0.04 metre

BEGINNER'S BOX-2

B

1. 0.025m, y = 0.025 sin (40nt) m 2. Y ms-1 3. V2 cm and % rad
4. 952cm 5. (a) ls, (b) Zs 6. T
3 3 12

7. 5 \/§ m, 30 m/s
(a) When particle moves from extreme to mean position
(b) When particle moves from mean to extreme position
9. (@0,+,+ [mO,-- (c)-00 (d---; (e)J+++ (HO-++
10. 100 m/min
BEGINNER'S BOX-3

=

Y=0.1sin[4t+ﬂ 2. =2 and — 3, 2f 4, gt

BEGINNER'S BOX-4
1. watch will give correct time because it depends on spring action and does not depend on gravity.

2. 2n \/% 3. @ T= % (b)T' = % 4. 2s 5. sz\/g
6. 8m/s 7. 218.7N 8. (a) 0.314s,(b) 1 m/s, 1.5]
BEGINNER'S BOX-5
1. 1m
2.  Thetime period will increase at first, then decrease until the sphere is empty acquire its initial value.
3. increase
4.  In both cases effective acceleration due to gravity becomes zero. In absence of ‘guff there is no
restoring force and pendulum does not oscillate.
5. 2s,0.5Hz
6. 099m
7. Zero
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