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CHAPTER 3: SIMPLE HARMONIC MOTION

Test Your Concepts-I
(Based on SHM Properties)

1.

4,

(a) From graph, we observe that
A=008m=8cm
(b) Since, T=4s

2

= 0=— —ﬂ—157rads
T 2

(©) w_\/E
m

2
= k:mwz:(O.S)(g] =197 Nm

(d) Since, x =0.08sin(et)=0.08 sin( %t ]

dx it
o= (008)(2}:03(2]
T
Att=1s,v=0 { cos(i)_o}

() Att=1.0s,x=0.08 m

2
= \a|=a)2x=(g] %(0.08) =0.197 ms™>

Differentiating with respect to time, we get

d_x — I'Ameimf
dt

Differentiating again with respect to time, we get
d’x

F = igﬁlz (A{’iw{ ): —ﬂ)zl'

{ =A™ }

2

. - d X 2 it
Since x satisfies, Fﬂo x=0, so x=Ae'" represents

equation of an SHM.

@) F=-2(x-2)
F=0atx=2
Force is along negative x-direction for x>2 and it is
along positive x-direction for x < 2. Thus, the motion
of the particle is oscillatory (but not simple harmonic)
about x =2.

(b) F=0 for x=2, but force is always along negative
x-direction for any value of x except at x =2. Thus,
the motion of the particle is rectilinear along negative
x-direction.

(c) Let, us take x-2=X, then the given force can be
written as,

F=-2X
This is the equation of SHM. Hence, the particle oscil-
lates simple harmonically about X =0 or x = 2.

Amplitude, A=6 cm

2 2
w:—n:—ﬁ:ﬂ:racls_1
T 2

= x=Acos(wt)=6cos(xt)

Differentiating with respect to time, we get
v=—6nsin(at)

Again, differentiating with respect to time,
a=-6m?cos(mt)

Time taken in SHM from one end to other is

ar=1
2

gla

Mean velocity is v —E ZA 2Am
y mean At ff w T

Maximum velocity in SHM is

Umax = =Aw

7, 2

= mean _ <
v T

max
Mean acceleration from one end to centre is
. A Ao Ao 2Ad’
men At T/4A m20  om

and maximum acceleration is

max‘Aw
. ameanzg
amax R
(a) —kA*=(9-5)=4]
k:% L—SXIOJ‘Nm
A* (102)
Since, T = 2;:( 2z -
8><10
= T=0.03145=3.14x10"
(b) E:—d—V=—16x
dx

= F=mE=-16mx

= a=-16x

= T2t =2n'\/I=1.5718
a 16

According to the statement, we have
Awsinf=1.6 (1)

Awcosf=1.2 «(2)
Squaring and adding equations (1) and (2), we get

=2ms™

Further, sinf = 16 = L6 = 4
Aw 2 5

Aw= Umax
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Hints and Explanations H.179
se P

= 21‘:E
2

n
= I= E second

(b) v= % =8cos(2t)

_ -1
So, phase difference between the particles is = o(0)=8ms
do .
A¢=29:25in’1(§) (c) H=E=—16sm(2t)
= || =16 ms?a(0)=0

max

We know in one complete oscillation i.e., in period T, a
particle covers a distance 4A and in first one quarter of its  13. The two corresponding particles of circular motion for the
period it goes from its mean position to its extreme position. two mentioned particles in SHM are shown in Figure.

m
Since it starts from mean position, so the distance travelled . o
by the particle in l'ime2 is 5A. T T 18]
4 / =
/ Ao * («
(a) Since, v=wyA?-x* S/ 7 nQ"‘\\ \ <
S S \
Given A=0.100 m, x=0.060 m, v =0.360 m, we get @ Q k ,-r ¢, MIP y I
1 1
2 1 \ ] [ LJ
and hence T, because T = el '\‘ 2A v /,’ ":
w \ \\\ e ’
b) v=aVA* -y
(© ug=amax=m2A \‘~-__ _,_-—’/

. The phase difference between SHMs of A and B is given as

Let particle P be going up and particle Q be going down.
The respective phase differences of particles P* and Q" are

e[ A3
(e

and ¢, =7 - sin'l( 4/3 )

'\Eﬂ 2A
Hence phase difference between two SHMs is
1 1
Ap =0, - =rr—sin'1(—)—sin"1(—)
¢=¢— ¢ 6 3
- PO - 2z 2r
Since F = —kxi —kyj, so F=0at (0, 0) 14. (a) U:MA:(?)AZ(E](U.U
When it is displaced to a point P 1 0 1
whose position vector is given by (x, ¥) = v=035ms
AN P 2
F=xi+y) _ (b) a:wzx:(z—”) (0.05)
r T
Then, force on it is given by
- A oA . _ (2= ’ _ -2
F:—k(x[+y}):—kr (0, 0) = a—(ﬁ] (0.05)—0.611’1‘15
Since, F o —7, motion is simple harmonic. At t = 0 particle is (¢) 0.05=0.1sin(at)
at(2, 3) where, t is the time taken by the particle to move from
o ¥ 3 2,3) equilibrium position to 0.05 m
o ; - E ! v/
! = wt=—
= 2y-3x=0 vy 6
. . . . . i 2z i
ie, the particle will oscillate simple _| ' = ( = )f ==
. - X 1.8 6
harmonically along this line.
= t=015s

(a) Since x=4sin(2t),s0 x,, =4 m

. So, total time =2x0.15=03s
When, sin(2t)=1
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H.180 JEE Advanced Physics: Waves and Thermodynamics

(d) kA=mg
2
g _gr
= A=S=2—
w®  4r?
Substituting the values,

A=080m

At mean position, potential energy is minimum and kinetic
energy is maximum. Hence,

Upin =507 {at mean position)
and K, = E- U, =200-50
Koy =150 {at mean position]

At extreme positions, kinetic energy is zero and potential
energy is maximum, so

Uy =E
= Uy, =200] {at extreme position)
21.
At mean position, kinetic energy is
K= %ma)zAz =8x107
1 20n 112 -3
= E(0.1)m (0.1)"=8x10
= w=16
= w=4rads’
So, general equation of SHM is
y=Asin(wt+¢) = 0.lsin(4t+z) metre
au
Pz—Ez—UDbsm(bx) ”
For small oscillations, sin (bx) = bx
= F=-Upb’x
ma = mi = —Ub*x
= T= ZEJ_ 7 |——
b Uo
pmg = 1|y, | = mo*A
= ng=(2nf) A
4n 2 2(9Y2(s. -2
_4f?A_ar’ (2)'(50x10 )=0.806
g 9.8
1mU =—kA?
2
23.
P 2
= A:[ —} =[ ](S.OO) 0.072m=7.2cm
k 124
T=8s
2
- =TT rads™
T 4

(a) In first 4 second it travels a distance 2A. In next 4

second it again travels a distance 2A.

(b) In first 2 second it travels a distance A and in next

2 second it again travels a distance A.

(c) Distance travelled in first 1 second is

Asm( )(1) j%

Hence distance travelled in next 1 second is
A

IZ:A—xle—E
A
. E_L_L:24

K A*-x?
= —=
E A )
A
A Kk AT s
At x=— weget—= 24 =—
2 E A 4

Since, U = %kx2

Equating U = K, we get x* = A% - x*

- x=
2

(@ y=a(1-cosmt)
dZ

y 2
—~ = aw* cos(@t)
dat* (

dZ
Since, N —mg = md—g
= N =mg+maw’ cos(wt)

= N:m(g+aw2cosa)t]

2
© (5w

(b) Amplitude =3.0 m
(¢) Att=0,x=3cos3r=-3m

0

anclatt:l S,I:3COS(5—TE+§T)
2 2
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Test Your Concepts-ll
(Based on Spring Mass Systems)

1. (a) The total mechanical energy of the block and spring

before the lump of putty is dropped is
1
E= EkA.f-

Since, the block is at the equilibrium position, U =0
and the energy is purely kinetic. Let v, be the speed of
the block at the equilibrium position, we get

1 1
E, = = Mo? = —kA?
2 2

= U1=\/%Al

During the process, the momentum of the system in
horizontal direction is conserved. Let v, be the speed
of the combined mass, then

(M+m)v, = My,

= 0,= M v
2 Mm
Now, let A; be the amplitude afterwards, then
1 1
E,=~kAZ==(M+m)v3
2= 5 2( 2
Substituting the values, we get
M
A=A
: ! M+m

We observe that E, <E, because some energy is lost
into heating up the block and putty.

Further, T, = 2n ’M; "

When the putty drops on the block, the block is instan-
taneously at rest. All the mechanical energy is stored in
the spring as potential energy. Again, the momentum
in horizontal direction is conserved during the pro-
cess. But now it is zero just before and after putty is
dropped. So, in this case, adding the extra mass of the
putty has no effect on the mechanical energy, i.e.,

1
E2=E1=EkA12

and the amplitude is still A;. So, A, = A,

and T, =21 M;m

_ 1 \/ ke  _ 1 | ki+k
2r \total mass 27w\ my +m1,
Suppose the system is displaced towards left by a

distance x.
Restoring force on m, is

F = mo*x (towards right)

f fe
kx——» my My ——kyx

Hints and Explanations

H.181

Friction f on it will be towards right if,

k1x<F

ky+k
= kx<m| —2= |x
1y + 11,

k, m
o A m
ky my

(C) klAm + ﬂng = ml[ kl i kZ )Am

my + iy

Am ( M _kl ] = pmyg
1y + 1,
p(my +my )myg

iil:
ik, — myk
162 — MKy

For a spring block system, we have

T:Z:‘r\/M
k

where, k is the spring constant of the spring

In the first case, 2=2r \/g

M+2
k
Dividing (2) by (1), we get

In the second case, 3 =27

= M=1l6kg

T:Zn:\/E=2n |_mM_
k k(M+m)

@ v:mA:(%)A:(%](O.l)

= p=035ms"

(b) a=m2x=(2?”)2(0.05)

2
= a=(12—’;) (0.05)=0.61 ms™

(¢) 0.05=0.1sin(wt)

..(1)

where, t is the time taken by the particle to move from

equilibrium position to 0.05 m

= =2
6
(Lﬁ)t_z
1.8 6
= t=0.15s

So, total time =2x0.15=0.3 s
(d) kA=mg

2
g _g8T
= A=5=°2=
@*  4x?
Substituting the values,

A=080m

CHAPTER 3
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lmvz = lkA2
2 2

-2
= A—(\/E)U—(Jlo ](800)
k 124
= A=0072m=72cm
(a) #sm232m2|ﬂmax‘
®°A kA
= pgz—>—
g (m+m)g
(b) A and E(:%Mz) will remain unchanged ® will

decrease as

k
= o= ,—
n
= o= LT P
f— 1
ml+m2

. 1
T will increase, because T o —
1)

1y + 11y
= Tf-[ T]T’
1

Let F be the restoring force (extra tension) on block m when
displaced by x from its equilibrium position.

oF 2F k +k
x_2x1+2x2_2[—+—}_4F(L}

ko k kik,
= F:—ﬁx
4(k; +ky)
= Mk
dm(ky +ky )
N >
dm(k, +ky)

= m= k 5= 1800 5=15kg
(2zf)" (27x55)
(b) kx=mg
mgr (1.5)(9.8)
1800

© \F /180 =346 rads !

2.5¢c0s(34.6t) cm

=0.0082 m=0.82 cm

= x=Acos(wt)=

= 7= % = —86.5sin(34.6t) cms ™

d
a= d—f =-29.9cos(34.6f) ms >

In the present case,

=5 i)

11.

12,

X
= F-—iiJrl
ky k
= 1 -t
mf 241
ki k
k, + 4k
= T=2r =2 m
a kiky

Frequency will remain unchanged, whereas the mean posi-

tion will change.
1 |k
I~ 2\

Free body diagram of block w.r.t. ground is shown in figure.

For equilibrium of block, we have
kx =mg (D)
Free body diagram of block w.r.t. elevator is shown in figure.

k(x + xp)

ma = pseudo force

mg +ma
For equilibrium of block, we have
k(x+x))=mg+ma .(2)
From equations (1) and (2), we get
x, = amplitude = %

(a) mgx= %Jf(x2

2mg  2x1.0x9.8
= I

k 150
= x=013m=13cm %
(b) mg=kx,
g T
—T=——65cm

(¢ T= 27:( 2n,|— =051s
15

(d) U:Ek(x—xo ¥ = E><150><(0.065)2
= U=032]
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(e) By Law of Conservation of Energy, we have

mgx, = %kxg + % mo*

Substituting the values, we get

lm.tr =032]
|'032><2 (06 —08m
t—Z O—-OlSs
4

2x0 rzxo 065 _ 1 {xﬂ =lgtz}
9.8 2

v= ngxo =2x9.8x0.065=1.13 ms™

13. kx=mg
S8 28398 _ion 4 Nm !
x 0.018
1 [k
I =5\
= m= k1524 43 kg

ar’f* an’(3)
14. When both the blocks stick to each other, then by law of
conservation of linear momentum, we get

mu+0=(m+m)v
v=—

This velocity is the velocity of combined blocks at the mean
position, so

U=E=AG)
2

where, A is the amplitude of oscillation having
k

2m
Ak
2m
= A:E ||2—m=u‘jE
2\ k 2k

The time taken by combined system to reach extreme posi-

tion is
Z 2t _m _*® [ k
4 4co 2&) 2 2m

15. Let x be the displacement of the mass
from the equilibrium value and let x
and x, be the deformation of spring k,
and k,, respectively from the equilib-
rium. Then, using constraint relation,

[0}

u
= —

X +x,

2
= x+x=2 (1)
Also, tension in string should be same
= kx; =kyx, -..(2)

Hints and Explanations H.183

Solving (1) and (2), we get
2k, 2k

%, %, = (3
Ttk tky @)
The energy of the system iSEzlk.lx12+lk2x§+lmvz
2
po 2k 2 1,0 {from (3)]
ky+ky 2

Differentiating w.r.t. time, we get
dE 4kik, dx dv
— = X—+mMU—
dt  k+k, at dt

2
I T
dt (ky +ky )m

(ky+ky)m
ik k,

=0

= T=2n

Test Your Concepts-lll
(Based on Rotational SHM)

CHAPTER 3

1. For pure rolling, v = Rw and a = Rer. Let, @’ be the angular
velocity of CM of sphere C about O, then

,_ U Rm o
4R 4R 4
dco lda)
At 4 dt
, o
= o'=—
4

Since, for pure rolling o = %, where

e gS{nB = 5gsinf [ I= 2szz]
]+[I;"mR ) 7 >
.0 5gsin@
4 28R
For small 6, sinf = 0
a’:—S—ge
28R

’

Negative sign shows restoring nature of o

= é+(5—g]6=0
28R

= T=2n i‘:z;: ﬁ
Vo 5g

2, Inthe displaced position, total energy is

1 1 1
E=—mv’ +—lw® +—k(2x)
2 2 2
1 v
where, [ = —=mR”and @ =—
2 R
= E:%mvz+2kx2

Since E =constant, so i—f =0
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= Emvd—v+4kxd—x =0
2 dt dt

d
Substituting, d—f =vand —=a

(5)
= a=-—|x
3m

Comparing with, a = ~w°x, we get

®= 8k _ S(LDO) =16.16 rads™
3m\3(100/9.8)

= 0=6;cos(wt)=0.4cos(16.16t)

Let x; be the initial extension in spring at equilibrium, then
Z7,=0

= (kxg)b=(mg)a (1)
When mass m is displaced downwards, then
mi=-(T-mg) . (2)
For the light (i.e., massless) rod, we have
k(xﬂer—x)b:Ta .(3)
a

Substituting value of T from equation (3) in (1), we get

. [k( bx) }
mi=-|—| xg+— |b—mg
a a
. [kbz}
= mi=-| — |x
a
2
= 5&-0—[%2}35—0
ma
2
= T=2r i:z:r ﬂ_%\/ﬁ
VIl Vi ~ b Vk

Restoring torque is given by
7=-W(GP)=-W(GCsin#)

1
pe)
For small oscillations sinf = 8
4
= r:Ia:—W(—r)B (1)
3n

where, [ is the moment of inertia about the point O. So, we
have

1, ( 4r)2 (4r)2
I=—mr"+m|r—— | —-m| —
2 3n 3r

(41"]2 (41’)2
= le=-mg| — | -m| —
3n 3

Further, Ia:—mg(ﬁ]ﬂ {-r of (1)}
3r

Since, « is proportional to —8, motion is simple harmonic in

nature.

0

o

T=2n

Substituting the proper values, we get
T =0.963 second

Let the rod be given a small angular displacement from the
mean position, so restoring torque is

t=-mg(16)+2k(b6)b
= 1=—(mgl+2k?)0

2
- 9+( mgl + 2kb )920

; [ =16}

where, [ = mi*

2
= T-Zz\/E—Zz Lz
16 mgl + 2kb

Let cylinder be displaced to right, then after being released,
at some instant let it have a speed v, angular speed @ and
is at a distance x from the mean position. In this situations,
one springs will have extension 2x and other will have a
compression 2x. Also, for no slipping between cylinder and
ground, we have v = Ra.

The total energy of system at this instant is

E =1M02(]+1)+2[1k(2x)2]
2 2 2
Since E = constant, So i—f =0

= ﬁ(2udi’)+2k(;zx)(2u}=0
4 dt

= ﬁ5c'+4kx=0
4
= j&+(@)x=0
3M

= T=2E\/z=27r %
Eq \ 16k

Initially in equilibrium, let extension in the T T=kx
spring be x, then T = kx;. Also, free body

diagram of pulley at equilibrium is shown

in Figure.

So, 2T=Mg

= 2kxy=Mg (1) Mg
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Let the pulley be now displaced =
slightly through x from its mean
position as shown in Figure.

Due to a further pull by x, the spring
extends by x; +2x. If at this instant
it is going down with a speed v and
rotating with angular speed ®, then
due to non-slipping of string on

pulley surface, we have @ = %

Total mechanical energy of system is

E:%Ma2 +%Iw2+%k(xﬂ +2x)2 - Mgx

v I 1 2
= E:?(M+E)+5k(xg+2x) —ng
dE

Since E is constant, SOE=O
I \odv

= | M+— |—+k(xy+2x)20-Mgv=0

( Rz)dt ( 0 ) g

= (M+%)jc’+2k[xﬂ+2x]—Mg=0
I

= (M+F)x+2kxn+4kx—Mg=0

Since Mg = 2kx,

X+ 4kl x=0
M+

RZ

M+i2

= T=2r

4k

For equilibrium of T shaped rod, if h is the initial elongation
in spring, then taking torque about O to be zero, we get

(%J(ah(%)uaﬁ(%)ﬁ

= 4Mg=3kh
Onsslightly displacing the rod by 6, the restoring 7 is given by
t=-[k(h+aB)a—kh]= -k’

Since 7=Ic, where, I is the moment of inertia about the
point O.

(i -]

= I=(§+L+E]Ma2=ﬂMa2=2Ma2
9 36 3 36 4

9
= —ku29=(fMa2)a
4
= a:—(i)e
9M
LA
6|

= T=2r =2r }ﬁ
4k

Hints and Explanations H.185

Test Your Concepts-IV
(Based on Pendulum Systems)

1.

T, = 2;:\/7 ..(1)
g

When the cart rolls down the slope (without friction), accel-
eration of the cart.

a=gsino

NOW geff = g - 5

We can show that |g| = gcosar

= T=2x ! -..(2)
geosa

From equations (1) and (2), we get

T=-_10
veosao
2 |—
Ty (mg)(d/2)

—=—=\F=0.816
T, Z’EF 3
S

Weight — Upthrust
Mass

Since, g ¢ =

Vpg-V(p/3 2
. sl CIS))

VP 3
¢
= T=2x ;=2;r[0'2><3=1.1s
8eit 2x98
Qi = ,ﬂa2+gz =J(7) +(9.8)

= g =120 ms™

= T=2n L:21‘5 %:12.85
\ Sett 12

Since 6 = §,sin(wt), so time ¢, required to move from equi-
librium position to wall for bob is given by

i
> ()

Since collision is elastic, so ball will return at same speed
and hence total oscillation time period is

T=TL‘JI+2fD

g

= T=nxn i+2\/Isin"l(g]
g Vg B

N T:\f[mzsm“(aﬂ
g B

Here, point of suspension has anacceleration. i = g sin 6 (down
the plane). Further, g can be resolved into two components
gsinf (along the plane) and gcos@ (perpendicular to plane).

CHAPTER 3
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Since, o =g —4

and 7. = gcos@

= T=2n _—#';:2:': L
\Hgoff‘ gcosb

/
Observation: [f 6=0°, T =27 |—
g

LB
£ 10 \¢

{perpendicular to plane}

b, 4
= —=—
/, 9
7=-mgRsinf
= la=~-mgRe {sing=6}
= T=21r,2 =2r L
o mgR

where, [ = mR* + %MR2

Substituting the values, we get

(m+M)R
T=21 2
mg
M
4
Further, 27 \/:=2n' \ 2/
8
(171+M)R
= ﬂziz
m

(a) We are given 6, =0.17 rad, ¢ = % rad and

@ =27 rads™". Since w* = ( % ], we have

-2
p=8 . 98mST _go5m

o’ (2x3.14 rads?)
. . ds .
(b) Since s = L6, the velocity of the bob, v= > is

v=1% (025 m)(D.ln)(Zn)cos(£+£)
dt 2 6
= pv=-0.123 rns._l

This is the case of a physical pendulum, the time period of
which is,

T=2rm L
\ mgl

where, | = moment of inertia of the ring about point of
suspension

= I=m +mr’=2mr"

and ! = distance of point of suspension from centre of gravity
So,l=r

2mr? 2
= T=2rn m =2r ol
mgr 8

2r

Since, angular frequency @ = T

= m:JE
2r

Test Your Concepts-V

(Based on SHM in Other Physical Systems,
Composition of SHM, Damped Oscillations,
Forced Oscillations & Resonance)

1.

The two forces acting on the bob are shown in figure. So,
effective value of gravity in this case is

W-F
8eff =
F,=qE
mg —qE qE 2=
= fet=— =87
m
l
Since, T =271 |—
Seff W=mg
Let, w =angular speed of wire frame, then
In equilibrium, N coso = mg (1)
and Nsina = m(rsino) o* (2
From these two equations, we get,
1
mz - g (.I} @
rcoso

Since, T =21 T
et

2 mg
where, g4 = \jg2+(m)2 )2 = g2+(i]

cos ¢t
2
V1+cos“ o

8
= 8=
° cosa

rcosa
= T=2n

g(1+cos?a)”

The situation is shown in Figure. The ball is in equilibrium
at point O as shown in Figure.

— {2 —#— [[2 —*
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Now it is displaced from O by a distance x in horizontal
plane to a position P as shown in Figure.

The components of tensions on ball towards the mean posi-
tion O are Tsin® and T'sin®, hence the restoring force on
ball toward mean position is

F=-2Tsin@

Negative sign tells restoring nature of force.

- Po- 2Tx

1,2

Pl
4

Since, x is very small compared to /, so we can neglect its
2

square compared to 1

(%)

If a is the acceleration of ball toward mean position, then

F (4T)
ag=—=- — |x
m ml

We observe that acceleration is directly proportional to x
and is directed towards the mean position, so motion of ball
is simple harmonic with angular frequency @, given by

AT

m

I
o TP gp M 314 o)A@ _ 5
» AT V" 10

For the elastic wire of area A, length l and young’s modulus

YA
Y, the equivalent spring constant is k = T Since T =2r %

fol 1 [E_1 (VA
T 2a\m 2x\ ml

Let at some instant the particle be at radial distance r from
centre of earth O. Since the particle is constrained to move
along the tunnel, we define its position as distance x from C.

I
o
r 4

¥ I .
e X\ [x-axis
O‘—"e— 1 —C*

Py

Hence, equation of motion of the particle is,
ma, =F,
The gravitational force on mass m at distance r is,
GMmr

F= e

{towards O}

Hints and Explanations H.187

Therefore, F, = —Fsinf

F :_GM3mr(£)
R r

E={ %)
Since, F, o< —x, motion is simple harmonic in nature. Further,
[ GMm
{2}
b= SH),
R

So, the period of oscillation is,

3
T=21 = :2::,/R—
a, GM

The time taken by particle to go from one end to the other is
T

2

R3
GM

= 1‘:Z
2

=7

At equilibrium if gas pressure is P, then we have

PA=Mg+F,A RA
M
= P= If + P PA Mg

Let the piston be displaced down by a distance x and since
the system is isolated, so we have

PV7 = constant
= d(pv7)=0
= P(yv71)dv+VTdP=0
dv
= dP= —y( — )P
4
Now the restoring force developed due to this excess pres-
sure is

v
where, dV=Axand V=V

2
= Mi=- yA'F X
Vo

2
= X+ yPA x=0
MV,

F=AdP= —y( av )PA

= T-Zr:J,—?-Z:r MV‘;
|| yPA
YA(PyA+Mg)

The resultant equation is,
x=Asin(wt+¢)

LA, =2+4cos(30°)+6cos(60°) = 8.46

CHAPTER 3
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><

and XA, = 4sin(30°)+6cos(30°)=7.2

= A= \/(EAx P +(z4, ) =\(846) +(72)°

= A*1125andtan¢*my*£*085
' IA, 846

X

= ¢=tan"'(0.85)=40.4°
Thus, the displacement equation of the combined motion is,
x =11.25sin( @t + ¢), where ¢ = 40.4°

In 25 oscillations amplitude is reduced to half the initial
value of 5 em. So, in 50 oscillations the amplitude becomes

2
(%) = i times the initial value, i.e.,1.25 cm.

Since b < vk, so we have T = 23\/%

2 2
1= T—i: (05)°(200) (2020) =125kg
dr 4(3.14)

In one minute, the amplitude becomes half the original
value. Since the amplitude decays exponentially, so after

3
three minutes, it should become (% ) = 1 times the original
value. Hence, 8

x=8

Single Correct Choice Type Questions

1.

Since, T = an\/E and T" = 27, | MM
K K

By Conservation of Linear Momentum, we have
Moy =(M+m)v'
= M(Aw)=(M+m)(Aa)
M

M+m
Hence, the correct answer is (B).

= A=A

oy, 1x12

a1
. 4 ms
an iy + iy 3

1 1
Energy of oscillation E = Emlvij‘ - E( my + 1y )0,

Since E= %kﬁ’i2

2 2
myvy —(my +m, |0
A \/ 11 ( '; 2) cnt

2 2
. A_\/(l)(O.lZ) -(3)004) _ 2
24 100
Hence, the correct answer is (B).

m=2cm

Since, i = x,sin’ of = xﬂ(l_czﬂ)
= y:ﬁ—x—ncoszm
2 2

T
=y ~20 20 o520t = Esin[ﬂut——)
2 2 2 2

Comparing with y -y, = Asin( @'t + ¢; ), we get

0 =20
= 2—ﬂ=2w
TI
= T’:£

0]

So, the function x = x; sin® (@t ) represents SHM of amplitude
x?” about the mean position at %D and having a period of z
o

Hence, the correct answer is (B).

Ap =3V +(1)? =2

= (D:tanl(\@J:E
1 3

= y:ZSin[ a)t+§)
2
= d—?: a= —Zm:"sin(mﬂf)
dt 3
= A |=20"=¢
For this maximum acceleration, the mass just breaks off the
plank, so @ = \E . This will happen for the first time when

b

T
ot + —
2

= ot=

L E_m[2_2x
6w 6\g 6\¢g

Hence, the correct answer is (A).

3
L
6

Since, o cos(ot) and ¥ cos( ot + E)
a a 6

= %:cos((at)cos(E)—sin(wt)sin(g)

y NEET! o
= f=—=———\[1-—=+
a 2a 2 a?

2
Lo lhoa Baxy
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2 2
4 a 2a a

= l[]_ﬁ}_éﬁ ﬁ_ﬁxy
4 4{12 (12 {12

2
a

= af-x*=3x" +4y2 —4\f§xy
= g*=4x7 +4y2 —4\f§xy

2
a

= :62-4-y2—\/‘§xy=I

Hence, the correct answer is (D).

Potential energy of the particle is

U=x?-4x+4
Fz—d—u=—(2x—4)=—2x+4
dx

So F varies linearly with x and is directed towards the mean
position, hence the particle performs SHM. At equilibrium
i.e. at the mean position

F=0
= 2x+4=0
= x=2

So, particle execute SHM with its equilibrium position at x = 2
Hence, the correct answer is (C).

T,=2n \/g and T, =27 MLgI (physical pendulum)

2L
= TL,=2n = —
38

L_ 3

T, 2

Hence, the correct answer is (C).

Since, x = Asin ot

Over the interval 0 <t < 61’ the particle gets displaced from
®

x=0to x:Asin(mxilzé
6w 2

So, average speed of particle in the given interval is
_distance  A/2 3Aw®

U{?D -

time /6w o

Hence, the correct answer is (C).

U(6m)=10+(6-2)"=26]

U(2m)=10+(-2-2)=26]=U(6 m)

On negative x-axis particle travels upto x=-2m

Mean position of the particle is x=2 m
u(2m)=10]

= K(2m)=(26-10)]=16]=K,,,

Substitute x -2=X

= U=10+X"

Hints and Explanations H.189
= F= L -2X
aX
= 1=—=-2X wm=1k
a i { m g}
= w=+2= 2—”
= T=+v2r

Hence, the correct answer is (D).

10. The amplitude of SHM represented by the equation
y=asin(ot)+ y, is 2 and mean position is at . So, ampli-
tude of SHM is 2 and mean position is at 1.

Hence, the correct answer is (C).

11. Since, 0 = L3 = \/g =3rads™!
Im 6

Maximum friction between 1kg and 2 kg blocks can be
0.6x1x10 =6 N. Therefore, maximum acceleration of 1 kg

block can be % =6 ms ~. Maximum force of friction between

CHAPTER 3

2 kg and 3 kg blocks can be 0.4x3x10 =12 N. Therefore,
maximum acceleration of 1kg and 2 kg blocks jointly can

12 -
be —=4ms™.

3
So, maximum acceleration of the whole system, so that
there is no slipping between any of blocks is 4 ms ™.

Now, mzArnax =4
4 4

= Amax = F = E m

Hence, the correct answer is (C).

12. With increase in k, the angular frequency @ will increase.
Hence, A,,,, will decrease.
Hence, the correct answer is (C).

13. Let BC = CD = x, then according to the problem, we have
1mcoz(Rz -x? ) = l(lma)sz )
2 4\ 2

V3R

= x=f——1

= BD=2x=43R
Hence, the correct answer is (C).

14. Effective force constant in Case (3) and (4) is

Therefore, Ty =T, = 2717\/E

k
and T, =T, = 271‘@: E\/f

Hence, the correct answer is (B).

1 1 1 1 1
15. Since, —=—4+—+—+—+...
T TR 2wk sk
1 1( 1 11 )
= —=—l+—+—+—+..
k, k 2 48

s
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17.

18.

19.

20.

21.
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= k=
2
= T=2r . 2 2—m
k, \ k
Hence, the correct answer is (B).

When simple pendulum executes SHM with angular ampli-
tude « and its amplitude is A. Its time period is T. In second

o
case, the angular amplitude of oscillation is 5 and hence its
A
amplitude is ey
Since time taken by a particle (executing SHM) to reach the

position rY from mean position is 1250 its time period is

Tf:4(£]:2
12)73

Hence, the correct answer is (B).

Since,T=27r\/ET=27r o
k F/x
= T=2r mx:z:n:\/;
mg 8
T, [x \/? 1
= —_= | —_—= |—=—
T, \x, Vio 2

Hence, the correct answer is (A).

Equations can be written as x,=Acos(ot) and

Xy =Asin((of—%), where w:zTn.

Equating x, = x,, we get f = %

Hence, the correct answer is (D).
_(2K)(2K)
¥ 2K+2K
= K;=3K

+K+K

1 [3K
f= 2\ m
Hence, the correct answer is (A).
Time taken by particle to move from extreme x=ato x = %

T
is o So, we have average velocity given by

displacement a/2  3a
v ;= T — =—=—
' timeinterval T/6 T

Hence, the correct answer is (C).
At eauilibr L Py
equilibrium position, p = 5 (o+Bhy)

= hy= 2-¢ = A, amplitude of oscillation

B

22.

23.

24,

Net force at (hy +x)is Fe =5, - W {upwards}

=  ha :VQQ[%{a+ﬁ(h0+x)}:|_Vgpﬂ

Since, p= %(C{+ﬁhn ], S0 P:-(VXTPU}G)X

Foe—x
So, motion is simple harmonic with acceleration

H:E:L:_(ﬁ)x
m  pV 2
= 0= Pg
2
2-a
= Uy = AO = —— 8
[

Hence, the correct answer is (C).

Points on the circle corresponding to particles 1 and 2 are P,
and P, as shown in Figure.

Py

N

.
1
1
|
1
1

oE-----—XR

Particles 1 and 2 will collide when P, and P, will collide i.e.,
6, + 6, =60°+180° + 60°

T i1
= wt+mt:—+n’+§

= 2ot= 2( n )t = on
T 3
= t=5T/12
Hence, the correct answer is (B).

Let potential energy at mean position be U,. At the extreme
position, the potential energy equals the total energy
(because kinetic energy is zero at extreme). So,

UU+%kA2=2OO
= UO=2OO—%><3><104><0.1><0.1=50]

Hence, potential energy varies between 50] and 200]
whereas kinetic energy varies between 0 and 150 J.

Hence, the correct answer is (D).

For the ball after collision /i = %gtz, d=ut

= u=d 8
2h
The velocity of recoil of M,y:rid \/ﬂ?
M\N2h
Sincev:Aw,soA:E:ﬂ Mg
o M\k(2h)

Hence, the correct answer is (A).
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25.

26.

27.

28.

29,

Since acceleration is 1 = —@’x

= Ai=-0’Ax
, M 27-9
= n=—-— =
Ax  (=3)-(-1)
= w_3=2_rr
T
3

Hence, the correct answer is (C).

Since, 1=0, at x =2, so, x = 2 is the mean position.
Letx-2=X

= a=-fx

= goc-X

Since, the oscillations are simple harmonic, so time period
of the oscillations is given by

T=2?I\/?=2ﬂ:\/1
a p

Hence, the correct answer is (B).

kik, (k"5)(k=’4) _k

Since, k, = = -
e Stk (k/5)+(k/a) 9
- T- 215\/: |'9m \/E
k
ot
Hence, the correct answer is (A).
Since, kp =£+£=%
5 4 2
= T=2r m =2—ﬂ«/2_0 n
9%/20 3 k

f_L_L\ﬁ
T 27220 \m

Hence, the correct answer is (B).

Let the piston be displaced slightly through x. Considering
this process to take place gradually, we apply the equation
obeying isothermal process.

= PV =constant
= PAV+VAP=0

ap. PAV _ P(Ax)  Px )
v Ah h

This excess pressure is responsible for providing the restor-
ing force to the piston of mass M.

PA]

h

= F=Mi=AAP= ( {~of (1)}
= 5c‘+ﬁx=0
Mh
Mh

So, w= [ﬁ and hence T =27, |—
Mh PA

Hence, the correct answer is (A).

30.

31.

33.

34.

35.

Hints and Explanations H.191

The mapping of SHM on the circle is shown in Figure.

From figure, we see that the angle between the radii vectors
when the particle goes from P to Q is 90°. Therefore, time
taken is

t—[ %0 )T—ZO—SS

m

360 4 o

Hence, the correct answer is (C). (1T
Since, ¢ = @t — ot E
o 25T 2 5T <

T T 4 (5T/4) 4 L

v

- v{3){2)-

Hence, the correct answer is (D).

m m m T
Si ,T:Zrc/—:er — dT’:zn:[—:_
e kp 2k an k2

Hence, the correct answer is (A).

Since, F = —kx, so the displacement and force are out of phase
(A¢ =) in SHM. Therefore, the correct graph will be (D).
Hence, the correct answer is (D).

Phase difference between the two SHMs is 90°. So, resultant
amplitude is
Ap =24
1 1 2
= [E= Ema)zAﬁ = Emm2 (JS_EA) = mw*A?
Hence, the correct answer is (B).
Potential energy of the particle is

U=mV=8x10"x> erg

If A is the amplitude, then at the extreme position, total
energy equals the potential energy and hence we get

8x107 =8x10° A2

= A=10cm

du
Also, F=——=-16x10"x
dx

= k=L —16x10’dynecm

So, angular frequency is

f 5
= /£ = 16x10 =400 rads™
™ 10

Position of the particle is given by
x = Asin(wt +¢)=10sin (400t + ¢) cm
Hence, the correct answer is (A).
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Comparing the given equation with x =acos(wt), we get

T
0==
2
2t ® _
T 2 *
= T=4S X=-a x=0 X=a
3T t=0
The given timeisf=3s =
3T
= t=—
4

At time t =0 particle is at x = a (at extreme position) and at
t=3, ie, t= % it will be at mean position x=0. So, dis-
tance covered will be 3a.

Hence, the correct answer is (B).

At A, v=0 ie, particle is at extreme position. At B, v is
maximum i.e., particle is at mean position, so acceleration
of particle is zero. At C, v = 0 and after some time its velocity
is negative. Hence, particle is at x =+A i.e., acceleration of
particle is maximum in negative directions.
Hence, the correct answer is (C).
In case (a), MI of system about point of suspension is

I = ml* + mL* = 2mL?
and centre of mass of system from point of suspension is
d, = L. Therefore, frequency of the system is

f 1 (mgdy 1 |mglL 1 |g
o\ 2n\om?  2zV2L
In case (b), MI of system about point of suspension is
LY 5
I, = m(—) +ml? = =ml?
2 4
and centre of mass of system from point of suspension is
0 m(L/2)+mL 3L

, =
m+m 4

Frequency of the system is

1 [mgd, 1
fa=5= ey
2\ L, 2T

Ratio of frequencies in configuration (b) to (a) is

Hence, the correct answer is (A).

. k . ..
Since, @ = ,|— and general equation of motion is
m

x=2¢cos(ot)

= (=2/cos(mt)

= ot=2
3

(k i1
= —l=—
m 3

40.

41.

42,

43.

44,

T |m
= t=—= |-
3V k
= T-p=2E M
3 VK

Hence, the correct answer is (B).

Starting from rest means starting from extreme, so we have
y = Acos(ot)

Att=1s,y=Acosw
Att=2s,y=Acos(2m)
andatt=0s,y=A

= a=A-Acosw (1)
and a+b=A- Acos2w -(2)
Cosm=1—% { from equation (1)}

2
= a+b=A-A(2c0s?0-1) =A—A[2(1—%) -1]

Solving this equation, we get
_ 24°
3a-b
Hence, the correct answer is (C).

If the two limbs of the U-tube make angles 6, and 6, respec-
tively with the vertical, then the time period of oscillation of
the liquid is given by

T=2z =
\/Sp(cosf?l +cosb, )g

In the given case, we have 6, = 0° and 6, = 60°, so we get

T=2n m _or |2
Sp(cos0°+cos60°)g 3pgS
Hence, the correct answer is (B).

F=Kx+K(xcos45)cos45+ K(xcos45)cos45 = 2Kx
= Ky=2K

= T=2n/m2K

Hence, the correct answer is (B).

Since, 0.t —w,;t =2n

= z—ﬂf—z—ﬁfzm {Tocﬁ}
T 4T
= t(l—l)=T
4
= t=4T/3
Hence, the correct answer is (C).

Given that, F, = %kx2 and E, = 1 kyz

2
2
L 2 Lyl 2k, 2R
= E—zk(x+y) _2k[\/?+\j7]
o E-(EE

Hence, the correct answer is (D).
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45,

46.

47,

48.

If ¢4 is the extension of spring in equilibrium, then K7, = mg.
If y is downward displacement of mass from equilibrium,
then spring is stretched upward by y. So, restoring force is

F=mn=-Kyie, a= —Ey.
m

Hence o’ = = and time period T = m_ 2:'1'\/E
m 0] K
Hence, the correct answer is (B).

Maximum tension is in position B and minimum at A. Let ¢
be the length of string and m the mass of bob. Then

h=((1-cos@)

e}

Applying Law of Conservation of Energy, we get
%mv2 =mg/(1-cosb)

= vg=2gh=2g¢(1-cosb,)
Also, T, =mgcosf, (1)

2

and Ty —mg=%=2mg(l—ms€0)

= Ty=mg(3-2cosb,) «(2)
Given that T, = 2T, ..(3)
From equations (1), (2) and (3), we get

3
cosf, =—
4

Hence, the correct answer is (B).

Given that, o* = %(52 -x?)

Comparing with v’ = @’ ( A% =2 ), we get
w= % rads™

= T=4n
Hence, the correct answer is (C).

/
Since, T =27 \/:
8

T g
—= |= (1
o7 g W
Smce,g_ b4 5
9
14—
R
I .

49,

50.

51.

52.

Hints and Explanations H.193

= %:(H%) {From (1))
= T’:T(l+£)
R
Since, T > T, the clock will lose the time, so
AT:T’—T:T(ﬂ]
R

So, time lost in t =1 day is

(%)
At:(m:)tz Rh :t[ﬁ)
T (1+f) R
R
Ao (24x3600)(6200) 6=27g
6.4%x10

Hence, the correct answer is (B).

Two springs in parallel give a force constant of 2k which is
in series with k.

_(2k)(k) 2k

et k3

fo e 1 [
2\ m  2m\3m

Hence, the correct answer is (B).

CHAPTER 3

Given that, y = asin(ot +8)

Att=0,y=asinf=3 (1)
Also, v=awcos (ot +6)

Att=0,v=awcos8=15n

= a(0.57)cosf=1.57

= acosf=3 .-(2)
From equation (1) and (2), we get

= 45° and 2 =342 cm
Hence, the correct answer is (C).

Since, F = ma = _au_ —8sin(2x)
dx

F
= :—:—8 i 2 X =]k
a - sin(2x) { m g}

For small oscillations sin(2x) = 2x, so a = —16x

Hence the oscillations are simple harmonic in nature

= T=2n X =2;11r\/z=E S
a 16 2

Hence, the correct answer is (C).

Uzzmz(ﬂz_xz)

Since vy, = a0

2
2_ .2 X
= v _Umﬂx(l_aZ]

I2
= 2500=10000{ 1- =
a
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54,

55.
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x:%a:S\/gcm

Hence, the correct answer is (B).

3 1
At x= TA' kinetic energy increases by EmeAz' so the

new total energy is

1
Epew =E+ EmmzAz
= Ew= %WGQA2 + %mngz = mew’A®

If A, is the new amplitude, then

1
Emszﬁew = mo*A?

= Anew = \/EA
Hence, the correct answer is (C).

Block of mass m, shorts off carrying some kinetic energy
away from the system.

Applying Law of Conservation of Mechanical Energy
( Potential Energy) B (Maximum Kinetic ]

of Spring Energy of Blocks
4 o
BN (my +my )E {k =force constant of spring)
2
= 0= kd
1y + 1,

With m; alone on the spring, we have

Maximum Potential _ ( Maximum Kinetic
Energy '\ Energy of m,

1 1
= —kA?=—mpo?
2 2

 kmyd®

ny + )

m
my + 1,

Hence, the correct answer is (A).

= kA?

From Trigonometry

cos’ 8 - sin® 0 = cos(26)

= cosz(ﬁ)—siﬁ(ﬁ]:cos(m)
2 2
= y=04cos(nt)

which indicates that motion is harmonic with amplitude
0.4 m.
Hence, the correct answer is (B).

Equivalent spring constant of the combination is

1 1 1 3
—_——t—=—
k., k 2k 2k
q
2k
Y

57.

58.

59.

60.

The reduced mass is it = i _ T
myt+m, 2

.‘l‘.2
o To2r | g M2 o 3
kg 2%/3 4k

Hence, the correct answer is (B).

Amplitude of motion A =2x;. Time to cover from extreme
position to mean position (i.e., from compressed position to

ooy T .
normal position) is R Time taken to cover distance x, from

mean position is calculated using y = Asin(wt)

. ( 2mt
= Xy =2xpsin T

= f=—
12

So, total time taken to hit the wall

t_T+T_(3+1)T_T_1[2E\F]
4 12 12 3 3 K

Hence, the correct answer is (D).

M
Since, k.; =2k, so T =2x ’—
eff 2%k

Period (or k) is independent of 6.

Hence, the correct answer is (A).

Time period of pendulum is given by

T:ZE\/Izbr\/IZ:ZS
g T

On the right side, it completes half an oscillation, whereas
on the left side, it only goes from mean to half the amplitude
and comes back. Therefore, time of oscillation is

rf=3+z(1]=3r=§ s
2 12/ 3 3
Hence, the correct answer is (B).

The displacement time and velocity-time equations in this
situation can be written as

x=Asin(wt+¢) 6“
= v=Aocos(ot+¢) —
0]
at t:O,x:% x=0 x=5 x=A
= (D:Eand o

6" 6
Ifop= g displacement and velocity both are positive att = 0.

5z . . . . .
When, ¢ = —, displacement is positive but velocity is negative.

Displacement-time equations of the two particles can be
written as

X =Asin(mt+E)and X =Asin( mt+5—z]
6 6
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62.

63.

64.

65.

66.

67.
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Hence, the correct answer is (D).
InSHM v,,,,, = aw

distance travelled in one oscillation

Since, (v) = - :
time period

o (p)oda_da_ 200 20m
T 2« T T

Hence, the correct answer is (D).

Since, T =21 /L
mgd

where [ =1, +md* =mR*+mR* = 2mR* is the moment of
inertial if the ring about the point of suspension and d = R is
the distance of separation between the point of suspension
and the centre of mass of the disc.

2
= T=2x 2R =2r E
mgR 8

Hence, the correct answer is (B).

Force constant of a spring is inversely proportional to its
. 1.

natural length ie., k =7 i.e., force constant of two halves

will become 2k each, where k is force constant of complete

spring, hence k. = 2k + 2k = 4k.

. 1 , T
Since Te<—,s0 T =E

Jk

Hence, the correct answer is (C).

=Aw

If @ is doubled and amplitude is halved, v
stant while a_, becomes two times.

a. =w*Aand v

max max

max T€MAains con-

max

Hence, the correct answer is (C).

Since, = - = 4 rads ™"
R

displacement 1 1
dispracement _ — = —(second )’
w16

Hence, the correct answer is (A).

acceleration

When the bead is attached at the middle of the spring of
length L, effectively the spring behaves as a parallel combi-

nation of two springs each of length % and spring constant
2K. Therefore, effective spring constant is

K = 200+ 200 = 400 Nm

= T - 2?{ 401000 — i
' 400 50

Hence, the correct answer is (A).

M T M
SinceT=2n'f—and5—=27r T
k 4 k
E_ M+m
4 M

68.

69.

Hints and Explanations H.195

25 m
=2 —=1+—
16 M
m_9
M 16

Hence, the correct answer is (C).

Since the vehicle is moving down the frictionless incline, so
the acceleration of the vehicle is gsine along the incline.
So, the bob will experience a pseudo force mgsin@ in the
backward direction, as shown. The weight of the bob is mg
acting vertically downwards. If 4, , is the net acceleration of
the bob then,

net

CHAPTER 3

et = \/82 +g¢°sin*a+2(g)(gsina)cos(90+a)

2, 2.2 2.2
= amz\/g + g sin“ o —2¢"sin” o

= O = \/g2 —gzsinza =g\f1—sin2tx

=y = §COSK

Further T =27 HL
aﬂ(’f

L
gcoso
As a short cut if we think & — 0, then

T:Z:‘r\/E
8

i.e., the time period of a simple pendulum
Hence, the correct answer is (B).

= T=2rn

Since direction from A to B is positive, therefore
for position given in a, we have
v
A—<+0——B vis-ve
for position given in b, we have

2cm
-

v ,
Ar——+0—B vis-ve

for position given in ¢, we have

3cm
L 2

v .
Ar——0o—>———B vis+ve

and for position given in d, we have

4cm
—

4 .
Ar————0——f vis-ve

Hence, the correct answer is (B).

. If y is downward displacement of mass, then stretching of

spring =2y
Tension T = F=K(2y)



71.

72.

73.

74.
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Also, mg = 2T
Restoring force F' = 2T = 4Ky
= ma=-4Ky

= m;=—4Ky
= §+(g)y=0
m

= t=2n L=2?‘f ﬂ:n\/?—?
H V4K K
¥

Hence, the correct answer is (C).

Since, we know that time period of a simple pendulum is
proportional to the square root of the length.

= Toc\/?

T, 1

= S==
T, 4

= 4T, =1T,

So, four oscillations of shorter pendulum equals one oscilla-
tion of longer pendulum.
Hence, the correct answer is (B).

Since, the sphere floats half immersed in the liquid of den-
sity p, so we have

Massof ) (Massofliquid) 2

the sphere | |  displaced )™ 3

When pushed down by a small distance y, excess upthrust
(restoring force) generated is

F=(xR%)pg
Therefore, force constant of SHM is

R p

k:E:(ﬂRz)pg
¥

Hence, frequency of oscillations is
poi L g 1 g
2z\m  2r gﬁRap 27\ 2R
3
Hence, the correct answer is (B).

T=2n E:Znﬁ:ﬁﬁ
g 10

Hence, the correct answer is (D).

If the length of the pendulum is infinite, the bob would
move along the arc of a circle of I I |
infinite radius, that is, along a T N i
straight line. If the amplitude of T mgsilie l
oscillation is small compared to T'

the radius of the earth, the bob mgeosfl\ mg
will always be at a distance R
from the centre of the earth.
Restoring force F is given by

F=-mgsinf

75.

76.

77.

78.

79.

80.

o

= m¥=-mgsind

= ﬁé-o—(&)x:[]
R
T

= T=2 \/E:Zn R
| g

Hence, the correct answer is (B).

{ sinf=0= 1]
R

At t =0, the particle is at mean position, so displacement of
the particle at time ¢ is

x=asin(ot) = asin(z—ﬁt]z asin( Ef)
8 4
Let x, be the displacement of particle from 0 —1s
and x, be the displacement of particle from 0 — 25
Then, x; = asin%: 2 and X,=a

V2

Displacement of the particle from 1s to 2 s is

o)

- xl _ ﬂ;‘-';\/i _ 1 _ \/54» 1
Xy =X a(l—i] V2-1
V2

Hence, the correct answer is (D).

Let speed of each block just before colliding be v. Then on
colliding, if v” be the velocity of the combined mass, then by
Law of Conservation of Linear Momentum, we have

2mo—mo=2m+m)v
L0
= v=—
3

Since, this maximum velocity of the combined mass is
one-third of that when amplitude was R, so the new ampli-

tude will be R because the angular frequency remains
unchanged.

Hence, the correct answer is (C).

At the mean position a particle possesses minimum poten-
tial energy and maximum kinetic energy.
Hence, the correct answer is (C).

1 2 6 :
K.E. =—(2)N100) | —
(KE = )(o)[wo)
= (KE)pw=36]
Hence, the correct answer is (B).

v’ =w2(a2—x2)
= v+’ =o'’

2 2
v X

= ——+—=1

o’ o
which is the equation of an ellipse
Hence, the correct answer is (C).

1
- ¢

Since T = /2, so we have AT 1(A—Jz 1%
T 201
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reT_ 1
T 100
= T'=T+0.01T =1.01T

Hence, the correct answer is (D).

oM _ ( J_8 g M.
(’ 2 ‘ ¢

2

ol

For a second’s pendulum, we have T =2 s, so

81. Since, ¢’ =

= T'=242s
Hence, the correct answer is (D).

82. Initial phase of the block is zero.
Hence, the correct answer is (B).
83. For a spring T = 271'\]; Since liquid is non-viscous, hence

the time period remains unaltered.
Hence, the correct answer is (C).

84, The resulting amplitude and corresponding phase differ-
ence can be calculated by vector method as follows:

=6

=

ZA, =8-4=4
and ZAy =6-2=4
Therefore, resulting amplitude is 442 and phase difference

with x;is ¢ = g

TA, =4

A=ay2

y=

ZA =4
Hence, the correct answer is (D).
85. Let two SHMSs be represented as
x) = asin(2nft)and x, = asin (271 ft + ¢)
Then, separation between the particles is

X =xy - x = asin(2xft +¢)-asin(27ft)

2)u(32)

- :2acos(2ﬂff+g)sm(g)

Since, sinC —sinD = 2COS( C+

86.

87.

88.

89.

Hints and Explanations H.197

Given that the maximum separation between the particles is
a2 , 50 we have

Zasm( ) a2

[0 _i
= Sln[E)_ﬁ
= ¢=90°

Hence, the correct answer is (B).

For equilibrium of (M +m), we have

(M+m)g
Xny=—-=
k
and for equilibrium of m, we have o
n="8 m
2 k I_
. o Q.
So, amplitude of oscillation is given by <
Mg -
A=x-x,=—2
R v
Hence, the correct answer is (A).
YA
Since, F= x, so effective force constant of wire is

k= —A and hence T = 23\/7 ,

Hence, the correct answer is (C).

Since, 05= ZE\/ZE and 0.6 = Zﬂﬁ

036 m m" 025 m
a2k k  4n* &k

m E

k  4r?

Let x be the additional extension, then

=

m'g = kx
_m'’g _(0.11)(9.8)

k an*
Hence, the correct answer is (B).

=2.69 cm

Method-1 (Using restoring torque method)
Let the arrangement be given a small angular displacement
0 from the mean position as shown in Figure.

The restoring torque acting on the system is
7=-mgRsin@ = -mgRO

(because for small 8, we have sinf = 6)

2
I(%}:—ngB (1)



90.

91.

92.
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where ] is the moment of inertia of the system about the axis
of rotation, given by

I= %MRZ +mR? = %(2)(5)2 +1(5)" =50 kgm?
From equation (1), we get

ngz\j@ =\}(1)(10)(5) 1 rads-!
T VI 50

= T=(2r) second

Method-2 (Using the concept of Physical Pendulum)

Distance of centre of mass of the system from the axis of
oscillation is

d=(2)(0)+(1)(5) 5

2+1 3
Also, MI of the system about axis of rotation is

1 1
I= EMR2 +mR? = E(2)(5)2 +1(5)" =50 kgm®

3 I 50 B
= T_ZE\/Mgd _M\K(S}(]O)(SJS) =2rs

Hence, the correct answer is (A).

Initially when water starts draining out of the sphere its cg
falls downi.e., the effective length of the pendulum increases
so that the time period is increased. As the level has con-
siderably fallen the effective cg starts moving towards the
centre thus indicating a decrease in the effective length and
hence the time period. Finally, when the sphere becomes
empty the CG moves to the centre and the new time period
will be same as that of the completely filled sphere.

Hence, the correct answer is (D).

Free body diagram of pendulum is shown in Figure.

mgsing
mg mgcoso

Since T = mg cos 6, net force is F,

et = mgsing

For small 8, sinf = tan @ = 0, so acceleration is

= a=gsin9=g8=(10)(%)=0.5 ms™

Hence, the correct answer is (C).

T=2r L,where,f:imR2 and /=R
\ mgl 2
= T=2r 3R
28

Hence, the correct answer is (D).

93.

9.

95.

96.

97.

98.

Time period of linear oscillations of a spring mass system is
independent of any constant force acting on the block.
Hence, the correct answer is (D).

On the planet s = %atz ie, 8= %a(él)

a=4ms™

=
SD,T=2R\/Z=ZR\/I=JES
a 4

Hence, the correct answer is (B).

Energy of oscillation is £ = aA*

So, kinetic energy of mass at x =x is
K=E-U=ala*-x*)

Given, K=3U

= alA*-x*)=30*

A
= x=t—

V2

Hence, the correct answer is (B).
/
Beyond point P, length of pendulum becomes Z
Since T o< +//, so beyond P time period will become T = z
. L 2

Hence desired time is

T 1" T T 3T
=—t —=

—_——=
2 2 2 4 4

Hence, the correct answer is (B).
+(-2)

t

2cm

... . b6
Mean position is

Amplitude is 2= # =4em

Therefore, equation of SHM is
x=2+4sin(ot+9¢)

T 2r

where @ = Z_T_yn rads™
T 05

Now, att=0,x=2+4sing=4 {given}

. 1
= sing=-—

¢ 2

= $=30°150°, ......
Also, velocity is v = 4w cos( ot +¢)
Att=0,v=4mcos¢ = positive {given]

So, ¢ must lie in first or fourth quadrant, i.e. ¢ =30°

= x=2+4sin(47t+30°)

Also, we see that at x = 4 cm, acceleration of particle will be
towards mean position, i.e. towards negative x-direction.
Hence, the correct answer is (A).

. F
Force constantis k= —=—
x 16

So, the angular frequency of SHM is
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ae
Since, particle passes through mean positionat f = 2 s, hence
velocity of particle is given by

v=Awcos[o(t-2)]

According to the problem, we have

()

COS[%“O—Z)]

TA
=—/|cosl
8

A 3242 .
T
Hence, the correct answer is (A).

99. Since, the particle starts from its equilibrium position i.e.,
mean position, so x = Asin(wt), where A is the amplitude.

At time | = %, its displacement from the mean position is
x= Asin(z—nl)z é
T 12 2

Now, KE = lm:f)z = l;".IICLJZ(AZ —x2)= E(lmmzfiz)
2 2 4\ 2

1 11
and PE=—ma*x* = —( Zma* A )
2 4\ 2

KE_3
PE 1
Hence, the correct answer is (B).

100. Velocity of particle performing SHM is

v=A? - x*
v = @A’ - 0™’ (1)
Acceleration of particle performing SHM is

2. d
i=-0xie x=-—
o
Substituting the value x in equation (1), we get

ﬂZ (22
v’ =0’ A’ - 0*| — |= -—+ w’A®

w* )

Therefore, graph between v” and 4" is a straight line with
negative slope and positive intercept.

Hence, the correct answer is (D).

101. When the plank is displaced downwards by x upthrust

due to lower liquid will increase while due to upper lig-
uid will decrease. The difference in these two upthrust will
become net restoring force. Thus, net restoring force

F = —(Extra Upthrust)
= F=-(Ax)(2p-p)g=-(pAg)x

ﬂ)x

F
= Accelerationa=—= —(
m

m
= T:21r\/7=2n LS
a pAg

Hence, the correct answer is (A).

1
102. The energy is given by L = Emvz +mgy

- eepmten() 5l
=—mov" +mg|l — Y=—
2 g40 Y 40

103.

104.

105.

106.

Hints and Explanations H.199

dE
For SHM E = constant, so i 0

- (i]
20

= o= 8
20

Hence, the correct answer is (C).

For minimum time, the particle must move along the path
PQ shown in Figure.

x=-A -A2 x=0 A2 x=A
—
P Q

Time taken to go from P to Q is
T T T 2tjlo =«
f=—t——=—=—t=

12 12 6 6 3w

Hence, the correct answer is (A).

CHAPTER 3

Since T =271 \/Z , where L is the length of the liquid in one
8

of the limbs. However, if L is taken to be the length of the

liquid column then length of liquid in each limb is L and

in that case, T =2n i
2g

M
Also M=(AL)d,so L=—.
50 (AL, so Y

M
2Agd
Hence, the correct answer is (D).

= T=2n

Since @=2xf = \[E, sok =(2rrf]2 m
m
Total energy of oscillationis E=(05+0.4)=09]

= 0.9:1:@42
2
L oa-fB_[ 18 _ 1 18
ko \(2nf)m 2zf V02
1 18 3
=

L
2r(25/7)N0.2 50

Hence, the correct answer is (A).

Mean position will be x = %

=£=8X]0=E m=04m

k200 5

This is also the amplitude of oscillation, so
A=04m

Now, v, = Aw=A \/?
m

200 _

= Uy =(04) 2ms™

Hence, the correct answer is (B).
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107. The block remains in contact with the spring as long as = 9= 3 OR ¢ = 5_7:

spring is compressed, i.e. for half the oscillation of system. 6 6
1, 2x2 i
AISO, =¥=—=]k N =_x=
“ my+m, 242 & Since, v i Awcos(wt+¢)

t—z—n\/g—n\/I—ls Att=0,v=Awcos(wt+¢)
2 k n*

Att=0,0=Awmcos¢
Hence, the correct answer is (C).

) V3
. - Now, cos| — [=—
108. ( 6 ) 2
+ =
+ ( 57:) V3
+ and cos| — [=-—
6 2
+
1 Since, v is negative at f =0, so ¢ must be S?E
. Hence, the correct answer is (D).
Since, 4, = —+/(gE ?+ ;= ;
n 113. T=27 |—
I Self
= T=2r|—
anct ( ) g
where, gy = 1-- |g=%
Hence, the correct answer is (D). Set &= 2
109. Since,lkAZ:(Q—S):fl] = T'=\2T=2V2s
2 Hence, the correct answer is (C).
= k= i -8 =8x10* Nm™ 114, If L be the length of the pendulum, then
- 2\/7 n:z;:\/ig:z;: L,ngh L
= fis +a -a
8 x 104 § § g
Hence, the correct answer is (D). N 1.1 L( g+a) . L(_g —a )
t t T} T? 4n*\ L 47°\ L
110. Since, T' =27 |— =21 |————
et g[l_pliquidJ N LZJFLE:Z%&:%
Phbob L'n 4L T

_ LT,
R - > R
Pbob = Pliquid 2773

) Hence, the correct answer is (C).
Given that T" = 2T, we get

115. Net weight W’ of pendulum is W' =W -U

4 -1
Phody = 7 Pwater = 1.33 gee V 9
3 W’ =Vpg--L8 - Z W
Hence, the correct answer is (B). 1010
111. Since E= %mAsz, s0 E o (Aw) S0, et =198

= (A0) =(A0,) = T’=2ﬂ\/T,=\/?T
8

= A =A0,
Hence, the correct answer is (C).

= 4x10=5xw
_ 116. Displacement-time equation of the particle will be
= =38 unit
Hence, the correct answer is (D). x = Acos(at)
A So, x, = Acos@, x, = Acos(2@) and x; = Acos(3w)
112, Att=0,x=—

2 X +x;  Alcosw+cos(30))

Now, =

N %:Asinq) 2x, 2Acos(20)

1 x;+x; _ 2Acos(20)cosw
= sing= 5 2x, 2Acos(2w)
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117.

118.

119.

120.

121.

af x+x 2r
= m:cosl(¥]=—

2x, T

T= n where, 6= cos ™ 0ty
e 2x,

Hence, the correct answer is (A).
Att=0,x= Asin(g]—AmS(g)= —-ve

So, the acceleration is positive. Similarly, we can find sign

ofv.NowEathD
dt

:Acos(£)+Asm[£]>0
(=0 6 6

Hence, the correct answer is (D).

= U

Using, s = %at2 = %(gsinﬂ)i‘2

0.2
For left wedge, s=———=0.4 m and time of ascent or
sin30°

descent is 0.4 = %(H)Sin 30°)

= t=04s

Since the energy is conserved, so the block will also rise to
a height of 20 cm on the right wedge. Hence for the right
wedge, we have time of ascent or time of descent given by

_0‘2 =1(1051n60°)t§
sin60° 2
= f*%S

e

So, total time of oscillation is
1
T=2(t;+t,)=08|1+—=|s
(v)=08{1+
Hence, the correct answer is (B).
Since, (UM }rnax = (UN }max
= ouiy =0yAy

Ay _oy _ |k
Ay oy \k

=

Hence, the correct answer is (B).

Maximum Acceleration = Aw®

- (5)-17)

2
= T’= 4? .‘

En
= T=4s
Hence, the correct answer is (B).
T, 11
L_ L v Teenll
710 {71}
- 10T, =11T,

122.

123.

124.

125.

126.

127.
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of SHORTER

pendulum

10 oscillations
= of LONGER |=
pendulum

11 oscillations ]

Hence, the correct answer is (B).

Maximum velocity is v, = A®
= v=A g
L

= A=UJE
g

Hence, the correct answer is (A).

F?
Since, T =21 \/:
g

AT_ 10881 Tig02)=—001
T 2lg ) 2

= T'-T=-0.01T =0.99T
Hence, the correct answer is (C).

On reaching the steady state the frequency of the driven
damped oscillator equals the frequency of the driver.
Hence, the correct answer is (B).

If a pendulum is oscillating inside a container, filled with
liquid, placed in a lift accelerating down with retardation
ay, then effective gravity for the pendulum bob is
Pliquid
Setf =(£’+ao)[1‘lqu
Prab
= T'=2rx L
(g +a )(1 _ pllqmd ]
Pbob
=

Hence, the correct answer is (C).

The given equation is a combination of two equations
X=x +x,

where x| = 4sin(@t)
and x, = SSin((z)Hg)

where,A1=4m,A2=3mand¢=g

= A= \/Af + A7 +2A,A, cos ¢

. A=\/(4)2+(3)2+z(4)(3)c°§”

= A=37=6m

Hence, the correct answer is (C).
Maximum acceleration in SHM is
ax = w’A

this will be provided to the block by friction.

M

CHAPTER 3
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129.

130.

131.

132.

133.
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Hence, Amax = HE

(l](lo)
- A=B8_12/ _ _gp5m=5cm
) (10)

Hence, the correct answer is (B).
Since, y = asin @t + acos ot

The amplitude of oscillation is A = J2a
Therefore, mechanical energy is

2
E= %mafﬁl2 = %mmz ( \Ea) = mw’a’®

Hence, the correct answer is (B).

SinceT:Zﬂ:\/E
k
= 2=2n 0'110'3 =2r ,% (D)

When 0.3 kg is also removed, then

T’ = 23\/0%1 .2

= TE= % [Dividing (2) by (1))
= T'=1s

Hence, the correct answer is (A).

T=2r1 ﬁimmersed =27 @ =4£
g Vog 7

Hence, the correct answer is (A).

Time period of a simple pendulum of length L comparable
to radius of earth R is

LR

T=2n | ——
(L+R)g

Since, L = R (given)
RxR R
= T=2n xR 2r |—
(R+R)g 2g
Hence, the correct answer is (D).

Since, a = —~>x

= |al=w*

= 64=0’(4)
= w=4
= T=Es

2

Hence, the correct answer is (A).

Let x=acos(wt)
= y:acos(2mt+ g)

= y=-asin(20t)

= y=-2asin(wt)cos(ot)

134.

135.

136.

137.

138.

139.

140.

2
= y=-2 l—‘:—zg

= a2y2 =422 (a? - 2?)
Hence, the correct answer is (C).

Maximum acceleration of the platform is
2
o = O°A =(27:>< E) x0.1=1.6 ms™
T

Hence, reading of the balance can be
N=60(9.8+1.6)=(588+96) newton
i.e., the reading fluctuates between 492 N and 684 N or

between 50 kg and 70 kg approximately.
Hence, the correct answer is (D).

1
Since, U = 2 ma*A*

2
= 1=1(2)(2—”] (0.4)°
2 NT

4
Tz—ﬁs
5

Hence, the correct answer is (D).

Since, 1, = %sin(wt)+?cos(wt}=sin( ot + %]

andy2=sin(wt)+cos(a)f):\/§sin((of+%)
L pEEE

3 4 12
Hence, the correct answer is (C).

3=2zz\/IE and3+1=21 [m—”
k k
9

= m==k
7 8
Hence, the correct answer is (B).
Since the potential energy U is given by

1
U =—ma*x*
2

x
Hence, slope of the graph is proportional to me*. Since
slope for A is more than that for B and both masses are the
same, SO @4 > 0.

Hence, the correct answer is (A).

1
= EmeZx = ma’x

For object not to break contact with the board, maximum
acceleration equals g. So, we have

Amzzg

= T-2:'L'\/E
8

Hence, the correct answer is (D).
Acceleration of a particle executing SHM is given by
2
a=-0x

So, from the graph, we get o’ =tan45° =1
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142.

143.

144.

145.
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r=2%
(0]

=2rs
Hence, the correct answer is (B).
Since. %mmzx2 = %rm:mz(A2 p )

= x’=A*-x*

=>x+—

N

Hence, the correct answer is (C).

Since, U = g+ bx?

2
So, restoring force is F = m( d'x ) —d—u

dar dx

d*x ( Zb)

= —2+ =0
dt m

=-2bx

Zb
= - —
f= an 27:

Hence, the correct answer is (C).

- . . m .
Mean position of the particle is Tg distance below the

unstretched position of spring. Therefore, amplitude of

oscillationis A = %

= w=\/£=2ﬂf=20ﬂ { f=10Hz}
m
m_ 1
k 4007’

Therefore, the maximum speed of particle is

Am:[ 8 2](201‘5)=i ms™!
4007 2

Umax =

Hence, the correct answer is (D).

Since, v* = (4 - x*)
= v%:mz(az—yla) (1)
= U%:(f}z(ai—yg) .(2)
From (1) and (2), we get
2_ 2
T=27 91702
U =0

Hence, the correct answer is (D).

er\/E
k

An*m _ (4752 )(2)
T2 (ZE )2

Since, T =

k= =2Nm™

Now mg = kx,

m 2%
- B

Hence, the correct answer is (A).

=g metre=10m

146.

147.

148.

149.

150.

151.
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Total energy, E=U, + %kA2

o 9254 1k(0.01)?
2
= k=8x10* Nm™

= T:2;;\/E:2;; L:i
k \V8x10* 100

Hence, the correct answer is (D).

Upnax = Enax =Eo
Hence, the correct answer is (C).

By Law of Conservation of Mechanical Energy, we have

1
—kAz —mv

- ofief

A=——06m
10

CHAPTER 3

Hence, the correct answer is (A).

Velocity of the body executing SHM is
2 =m2(A2 _yz)

Acceleration of the body is
la|= &’y

= i =ohp

27 2
Given that, = ?E = 2 rads™ and v=a at 10 cm from
r

mean position, so we have
o? =a?

mZ(AZ —y2)=m4y2
ATy = 0%y?

A =(e? +1)y? = (22 +1)x10% = 500

i v 1 U

A =105 cm
Hence, the correct answer is (D).

/
T-Zn:\/:
g
ﬁ
T=op |4 -L
g+g 2

Hence, the correct answer is (D).

Given, y = 5cos[ 2mt + %)

Speed is maximum at mean position, i.e., when

y=0
= 2}'tt+E T
3 2

= t=—35s

12

Hence, the correct answer is (C).



152.

153.

ICON

H.204 JEE Advanced Physics: Waves and Thermodynamics

T:Zn‘\/;
&

o T 9.8/100
9.8
= T:z—ﬂ
10

Hence, the correct answer is (A).

On standing the effective length of the pendulum mea-
sured from the point of suspension decreases.
Hence, the correct answer is (A).

Multiple Correct Choice Type Questions

1.

For equilibrium, we have
Weight of block = Upthrust on the immersed part of the block

= myg=(Ad)pg

= m=Apd
= d=—0= n;
Ap mrop
Restoring | _ ( Upthrust experienced by the
force )"\ additional part immersed
= F=-Axpg
= mi=-Axpg

= (Acl)i=-Axpg { m=(A€)O’}

= 5é+£x:0
o/

= T= 2?:\/07
P8

Since m = (7r?) /0

_m

= T=2n m 2}?
mpgr r zrp

Hence, (B) and (D) are correct.

Xae = 3A, when cos(at) = -1
and x,,,, = A, when cos(@t) =1

Therefore, the particle oscillates between x=3A tox=A
Since, x =2A - Acos(wt)

d
= v=""= Awsin(at)
dt
Now v =7, = Aw at 0t = —

= x=2Aatwt=—

Further,
2
T="
®
T = T =n
tigsa=-=—andl,

Hence, (B), (C) and (D) are correct.

Given that i = 0.05sin47(5¢t +0.4)
= y=0.05sin(207t +1.67)

= w=20n
= Tzz_ﬂzz_ﬁzol]_s
o 20r
Total energy of SHM is
150 1 2 2 5.
E-EmmA _5(0.1}(20;r) (0.05)" =0.057" joule

Maximum acceleration of particle is
00 = 0°A=(207)° % (0.05) =

Force acting on the particle is zero at the mean position and
maximum at the extreme position.
Hence, (A) and (C) are correct.

207% ms™

Let the displacement equation of particle is
x=asin(wt)
Time period of particle is given by
T =(tpy +tap)+(tpp +1gp)
= T=(05s)+(15 s)=25=%‘r
= wo=71s"
= x=asin(xat) (1)

and v = (ar)cosrt .(2)

1
Let top =t thenty,p = t+E

1
ancosn(H—]‘
2

Since, it is given that

3=arcos(mt)=

= 3= a:rcos( 5 +rrf)‘-mrsin(m‘)
P

= gt==—
4

= ar= =32 ms!=

3
[3)
cos| —
!

T a
Also,x:asin(m‘)—asm[ ):—
‘J_
_n
AP a-x "7 2-1

E_a+x_a+i_\/§+]

Hence, (A) and (C) are correct.

Time period of spring block system does not depend on the
effective value of g. But in case of simple pendulum

L
s

Hence, (B) and (C) are correct.

T e



. . . 1s
Relative error in measurement of time = —— = —
. 40s 40
Time period =25

So, error in measurement of time period is

AT=2><i=i s=0.05s
40 20

1

SDCF
Ag 2AT 2x1 1
= Lo = =
¢ T 40 20

= %x100=5%
8

Hence, (A) and (C) are correct.

K 16
o=,—~=]—=4rads™
m 1
1 5

Emvmx =8

1
= Exlx(wA)Q:S

1
= 5><1><]6><A2 =8
= A=1lm
Athalf the amplitude x = 4 = (0.5 m, potential energy stored
in the spring will be
1 1 1Y
U==Kx? =—><16x(—] =2]
2 2 2

Only when spring block system is horizontal. At half the
amplitude

v=JAT -2
= 0=4{(1)*=(05)° =2J3 ms™

= I(E:%mv2 :%x]x(Z\ﬁf:Ea]
Hence, (A), (B) and (C) are correct.

From the graph, we see that the mean positionisat x = 20 cm
i.e, where the potential energy is minimum.

Also, we know that U = %k( Ax)’, where Ax is the displace-

ment of the particle form the mean position. Also, from the
graph, we see that at x =14 cm, the potential energy is § ],
so we have

1
8= Ek(o.z-o.14)2

= k=44444Nm

Also, a. is correct, because at the extreme positions, i.e. at
x=20 cm £ 6 cm, potential energy is equal to total energy
(because kinetic energy at the extreme position is zero).
Hence, (A), (B) and (D) are correct.

The motion of the particle is somewhat like the minimum
value of x can be

10.

11.

Hints and Explanations H.205

x=0 x=1 x=4 x=7
=3 cm—>—3 crm—*
4-3=1cm
and maximum value of x can be
4+3=7 cm

ie., the particle oscillates simple harmonically about point
x=4 cm with amplitude 3 cm. The x-t graph will be as
shown.

Hence, (A) and (C) are correct.
From the figure we can see that phase difference between

them is¢=%

They will collide when the perpendiculars drawn on the
diameter coincide. This will happen when any of the par-
T

. T
ticles rotates an angle = —+—=—.
3 6 2

= ot=2

2

b= —
20

Hence, (A) and (C) are correct.

The situation is similar as if a block of mass m is suspended
from a vertical spring and a constant force mg acts down-
wards. Therefore, in this case also block will execute SHM
with time period

T=2J‘I\/;
k

At compression x, we have
F=kx

= x=-
k

This is also the amplitude of oscillations. Hence,
A=t
k
At mean position speed of the block will be maximum.

Applying Work Energy Theorem

CHAPTER 3
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Fx:lkx2 +1r.vm2
2 2

/2Px—kx2
= U=, —
m

Hence, (A), (C) and (D) are correct.

Since we know that @ is either parallel or antiparallel to 7,
so U-7 can be positive for 8=0° (parallel) or negative for
6=180° (anti-parallel). Hence (a) is false.

Also,5x7 =0, for both 8=0° and 180°. Hence (c) is correct.
Since, F = k7, so F is anti-parallel to 7. Hence F -7 is always
negative and F x 7 will always be zero, hence (b) and (d) are

correct.
Hence, (B), (C) and (D) are correct.

At t =0, kinetic energy is %th the maximum kinetic energy
i.e., speed of the particle is half the maximum speed, so

+
v:ﬂatt:o
2

 —Aw

v=— in OPTION (A)
0= % in OPTION (B)
v= _A% in OPTION (C)
and v= Ao in OPTION (D)

Therefore, all the OPTIONS are correct.
Hence, (A), (B), (C) and (D) are correct.

Restoring force F = —( pAg )x

= Fo—x

This is just like a spring-block system of force constant
K =pAg

Hence, (A), (C) and (D) are correct.

Net force on the ball will be zero at p = p,

= ahy=p,
= hﬂzﬂ
o
u=0
Y
g f
A
o i
a i
V:OO L

i.e., the mean position is at a depth /1 = d
o

Net force at a depth (1 +x) is given by

F=(p-po)Vg {upwards)

16.

17.

18.

= F=axVyg {upwards)

F is proportional to —x
Thus, motion of the ball is simple harmonic.

20,
o
Hence, (A) and (C) are correct.

hmax = Zhﬂ =

Free body diagram of the truck from non-inertial frame of
reference is shown in figure.

Pseudo @kx
force = ma
This is similar to a situation when a block is suspended from

a vertical spring.
Therefore, the block will execute simple harmonically with

time period T = 211:\/%

vy

mg

Amplitude will be given by

my

A=x= { mag =kx}

Energy of oscillation will be
2 22
E:lkA?f:lk(%) _ My
2 2 k 2k
Hence, (A), (B) and (C) are correct.

Restoring Force = Extra Upthrust
= F=-Axpg

- E(M)
m

m
= T=2:r\/?=2zr |-
a Apg

Hence, (A), (C) and (D) are correct.

Simple pendulum of length 1 m is called second’s pendu-
lum whose time period is T =2 s. But this time period is
for small oscillations. In this case angular amplitude is 30°.
Therefore, time period will not be 2 s.

Lo V= speed
5;\(\\5
mgcos15°

9

At angular displacement 15°
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19.

20.

2
T -mgcos(15°) = %

= T>mgcos(15°)

and tangential acceleration 4, = gsin(15°) = rate of change
of speed.
Hence, (B) and (C) are correct.

Let x =asinwt

dx
Then, v= m = a@cos wt

So, potential energy is

PE= %kx2 = %mmzﬂz sin® ot { k = ma* }

1
= U= ua\.g = Emwzaz(sin2 ot )a\.g
Since, (sin? 0t) vy = (08 @t )y = —
ince, (sin” ot ), =\cos” @ avg =
1

= LI:chz:rga2 (1)
. 1 5 1 55
Similarly, KE:EmU =Emm a“cos” ot

1 2 2( 2 )
= K=(KE)3\.g=§mm a*{cos” @t ),

= K:imfoza2 (2
From (1) and (2), we get
K=U
Since total energy (TE) is TE = PE + KE
= (TE),yg = (PE)yg +(KE),yg

= E:%mmzaz =2U=2K
Hence, (B) and (C) are correct.

Given x = x, +asin(ot)

= u= Z—f =awcos( ot) {for block A}

att=0,x=xyand v=aw

ie. block A is at x = x; (main position) and its velocity is a®
is positive x-direction. It collides elastically with an identi-
cal block B moving towards negative x-direction with veloc-
ity v;. So, the blocks will interchange their velocities.

= U= {in negative x-direction}
and vp =aw {in positive x-direction}
Let A be the new amplitude of block A, then by Law of
Conservation of Mechanical Energy, we get

1mvﬁ = lkAZ

2 2
m m
= A=v, ]—=0v,,|—
Nk Wk

New displacement time equation is

m .
X=X -7 ¥s1n(a)1‘)

Hence, (A) and (C) are correct.

Hints and Explanations H.207

21. At 1, acceleration is positive therefore, displacement is neg-
ative (g —x).
At 2, acceleration of particle is zero but after some time
acceleration is negative. Therefore, velocity of particle is
positive. This is shown in figure below

e

x=0

x=-A Xx=+A
At 3, acceleration of particle is maximum. Therefore, poten-
tial energy of maximum.
At 4, acceleration of particle is positive and its is increasing
in magnitude.
Therefore, speed of particle is decreasing as shown below:
v
PR

x=-A x=0

Hence, (A), (B) (O) and (D) are correct.

X=4+A

22. At position 1, velocity of particle is negative but afterwards
speed of particle is decreasing, It implies that displacement
of particle is negative as shown below

-—
[ ]

-A x=0 +A

At position 2, velocity of particle is zero, but after some time
its velocity is positive i.e., in this position displacement is
negative.

At position 3, velocity of particle is positive and still increas-
ing, so acceleration is positive.

At position 4, velocity of particle is maximum i.e., accelera-
tion of particle is zero.

Hence, (B) and (C) are correct.

23. OPTIONS (B) and (C) can be true if we choose zero potential
energy at extreme position.
Hence, (A), (B) and (C) are correct.

24, Reading will be maximum when platform accelerates up
and minimum when it accelerates down. So,

Ry = m(g +a00” )
= Ripax =60[10+8]

= Ry =1080N
= Reading =108 kg

{ maximum acceleration = aw’ }

Similarly, R, = m( g= o’ ]
= Ry, =60(10-8)
= R,,=120N

min
= Reading=12kg

Hence, (A) and (C) are correct.

25. Since U=5x(x—4)=5x%-20x
Force acting is

F=—T_ 105420
dx
Since the force depends on position, so it is not constant.
Also,F is linearly related with x and is restoring. So, motion
is SHM with mean position i.e., equilibrium position i.e.,
when F =0 at

CHAPTER 3
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-10x+20=0
= x=2m

Hence, (B), (C) and (D) are correct.

Comparing the given equation with standard velocity-
displacement equation of SHM i.e.,

v=aVA? -x*
= 0’ =A%0" - 0’x?

We observe that w =3

2
m_,
T
T=2—ﬁunits
3

Similarly, amplitude of oscillations is

2.2
A,Umax, Ao
- - 2

(0] w
Ale® 144 12 .
T = == 4 unit
W 9 3

Acceleration of the particle at a distance x from the mean
position is given by

a=a'x=(9)(3)

= A=

{ x=3 unit}
= a=27 unit
Hence, (A), (B) and (C) are correct.

Let, x; = —Acos(ot) and x, = Asin(ot)

Equating x, = x, at the point of crossing, we get
~Acos(wt)= Asin(ot)

= tan(ot)=-1

3r
= ot=—
4
(27:) 3n
= — |f=—
T 4
Lo
8

. (3m) A
= X, =Asm(T)=E

Hence, (B) and (D) are correct.

Only along y-axis force is restoring in nature. Further oscilla-
tions are simple harmonic in nature only for small oscillations.
Hence, (C) and (D) are correct.

Tl—ZJ'I'JE anc:sz—Z}rJE
ky ky

kk
= T,=21 |2 k =—12
KTk 4k

m
= Tp=2n\/k:,kp=kl+k2
v

Hence, (A), (B) and (C) are correct.

30.

31

Since, F:_d_u
dx
= F=-Ugpusin(ax) e

For small oscillations,
sin(ax) = ax

= mi=-Uyual(ax)

2
= 5z+[u°—“]x=0
m

Compare with ¥ +@’x =0, we get

2
Uya

m

m

= T=2n 5
Uga

The speed of the particle is maximum i.e., kinetic energy
is maximum and hence potential energy is minimum i.e.,
au
-
From (1), we get ‘;—tj= Datx=0

0

Hence, (B), (C) and (D) are correct.
um‘m = umax - Kmax =20]
Since, K, =40 ]

1 1
= Erfzvfm = Em(AZ.coz): 40]

Since, nm” = k

o Ko =L(me?)a? =%kA2 =40]

max 2
2
= lk(é) =10]
2\ 2

1.(AY
= Uy =Upa+-k| =] =30
Aj2 min 2(2) ]

Ky =E-Uy,=60-30=30]

Hence, (A) and (B) are correct.

Reasoning Based Questions

1.

From the definition of SHM a particle executes SHM when
it goes to and fro about a mean position under the restoring
force. Hence, Statement-1 is true.

The earth completes one revolution around the sun after a
fixed interval of 1 year. Therefore, it is a periodic motion but
not harmonic Statement-2 is also true.

Hence, the correct answer is (B).

In initial position, the ball is completely filled with water, CG
of the ball is at the centre. When water flows out of the ball
the centre of gravity goes below the centre of the ball. So, the
effective length of the ball increases, hence the time period
of pendulum also increases. After draining out the water
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continuously and when ball is emptied more than half then
centre of gravity rises so that effective length decreases and
so the time period of pendulum also decreases. Hence, the
time period does not remain constant. We also know that
time period of a simple pendulum does not depend upon

/4
the mass of bob as is obvious from relation T =27 \F .
8

Hence, the correct answer is (B).

From the relation

T= 237\/% , where k is the spring constant.

o TeL (1)

Jk

As we know that the spring constant of hard spring is
large in comparison to that of soft spring, therefore from
equation (1) the time period will be less for hard spring in
comparison to that of soft spring.
Hence, the correct answer is (B).

From the relation, potential energy of SHM is given as

1 55
PE=—mw
5 Y

_ 1 2 2 2
and KE—Emw (A -y )
where y is the displacement and A is the amplitude. By the
condition KE = PE,

1 a(a2_2\_1 29
Emw (A -y )—Emwy
22_1 2,2
= mwy:immA

= y:% (1)

Also, we know that total energy is
E=KE+PE

Hence, if PE is maximum then KE will be zero.
Hence, the correct answer is (B).

As velocity, % = A2 -y?

2

and acceleration, ?ﬁl = -0’y

When y =0 i.e., at mean position

Velocity, %: wA (maximum)

2
and acceleration, (;—g =0 (minimum)
t

When y=1A, ie., at extreme position

v=—=( (minimum)
dt

2
[:!Tg = F0’A (maximum)

and acceleration,
Hence, acceleration of particle executing SHM is zero
(where velocity is maximum) at mean position and maxi-

mum at extreme position where velocity is minimum.

Hints and Explanations H.209

Now, let y = asin(wf+¢)
Then velocity

4 _ amcos(wt+¢) = rzwsin{( ot + Q]'F E}
dt 2) 2

Thus, displacement and velocity of SHM differ by a phase
of .

2
Hence, the correct answer is (D).

From the relation of time period

T—ZE\/Z
8

= Toe—
Jg

When the satellite is orbiting the earth, the value of g inside
it is zero, the time period of pendulum in a satellite will be
infinity and it is also clear that time period of pendulum is
inversely proportional to square root of acceleration due to

gravity g.
Hence, the correct answer is (A).

CHAPTER 3

In SHM, the body does a to and fro motion about a fixed
point called the mean position. At the extreme position,
velocity of body is zero but acceleration is maximum which
tends it to move back to mean position. Thus, acceleration is
always directed towards mean position.

Also, in SHM, a e —x which states that acceleration is in oppo-
site direction of displacement i.e., towards mean position.
Hence, the correct answer is (A).

AsTocx/E
AT _10AF) 1 to,— o0
T 2\ ¢ 2

As length increases, the time period will increase by 2% it
will not decrease.
Hence, the correct answer is (D).

If length of the pendulum is large, ¢ no longer remains ver-
tical but will be directed towards the centre of the earth and
expression of the time period is given by

Here, R is the radius of earth.

When 7 — o, %—)0

= T:ZEF:&M.(} min
8

In general, time period of a simple pendulum

T-Z:r\/Z
8

= Trx\ﬁ

Hence, the correct answer is (D).
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In simple harmonic motion,
V=0 (a2 - yz)

As y changes, velocity v will also change. So, simple
harmonic motion is not a uniform motion.

Simple harmonic motion may be defined as the projection
of uniform circular motion along any one or two mutually
perpendicular diameters of the circle.

Hence, the correct answer is (B).

From the relations,

1
PE = —mw’y? (1)
2
1 2 2 2
and KE:Emw (A -y ) ..(2)
E, PE, KE
PE=%mw2y2
A To2(a2 2
. i KE=— AZ_
:,’ s 5 mo (A2 - y2)
| !
-A +A

Figure shows the variation of total energy (E), potential
energy (PE) and kinetic energy (KE) with displacement y.
Thus, the graph is a parabola.

Statement-2 says “PE and KE do not vary linearly” ie.,
this portion is correct in the manner that KE and PE vary
non-linearly but then how do they vary is missing. So,
Statement-2 is not the correct explanation to Statement-1.
Hence, the correct answer is (B).

The period of the liquid executing SHM in a U-tube does
not depend upon the density of the liquid. Therefore, time
period will be the same, when mercury is filled up to the
same height as the water in the U-tube. In fact, the period of
the liquid is given by

T—ZEF
8

where, L = Length to which the liquid is filled in one limb of
the U-tube.

Now, as the pendulum oscillates, it drags air along with it.
Therefore, its kinetic energy is dissipated in overcoming
viscous drag due to air and hence, its amplitude goes on
decreasing.

Hence, the correct answer is (D).

In nature, many types of dissipating forces such as friction,
air resistance etc., are operating. Therefore, as the oscilla-
tor oscillates, a part of its energy is used up in overcom-
ing these dissipating forces. Such oscillations are damped
oscillations.

Hence, the correct answer is (A).

When the earth contracts, its moment of inertia decreases.
Therefore, from the relation

lo=L

= Iw=constant

15.

16.

17.

18.

19.

with decrease of moment of inertia, angular velocity of

: . : .
earth increases. Thus, time period T = — will decrease.
®

Hence, duration of the day will decrease.
Hence, the correct answer is (C).

The ball will not go out of the other end of the hole, because
it will execute SHM. On reaching the other end of the hole,
its velocity become zero and acceleration of ball will be
maximum and will be directed towards the centre of earth.
The ball will have a time period of 84.6 minute and hence
will be seen at the other end at half the time period i.e., 42.3
minute.

Hence, the correct answer is (A).

While executing SHM, from relation,

v=wA* - y?
or o =m2(A2 —yz)

0? = A% - oy’
Dividing both side by &*A*
2 2
v ¥

——t=s=1 (1

w’A? A W
It is understood that Equation (1) represents the equa-
tion of an ellipse so the graph between v (velocity) and y
(displacement) is not a parabola.
Again, from Equation (1), as displacement ( y ) increases, the
velocity decreases, becomes zero at maximum displacement
and again increases with decrease in displacement. Thus, in
SHM, the velocity does not change uniformly.
Hence, the correct answer is (D).

The total energy of the harmonic oscillator is given by

E= 1mco2A2
2
= [L[xA?
2
Hence, E = ( E)
E, A

= [E,=4F, =4E

Also, total energy must become 4 times when amplitude is
doubled.
Hence, the correct answer is (D).

Time period of a liquid column

T=2nr £=2><E>< E=1.'ls.
g 7 9.8

Hence, the correct answer is (A).

From the relation,

T:Z:fr\/LT
8

4

g

T?_
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20.

= Tl !
8
Therefore, the graph between T?and g is hyperbola.

Hence, the correct answer is (C).

When the man falls from the top of a tower, he will be in
the state of weightlessness. A spring wound watch runs on
the basis of spring action i.e., on the basis of the potential
energy stored in the wound spring. Since, acceleration due
to gravity does not play any role, the watch will give correct
time, when the man falls from the top of a tower.

Hence, the correct answer is (A).

Linked Comprehension Type Questions

1.

Given: Mass of each block A and B, m=0.1 kg
Radius of circle, R =0.06m
Natural length of spring /, =0.067 = 7R (half circle) and
spring constant, k= 0.1 Nm™.
In the stretched position elongation in each spring

x=R@O
Let draw FBD of A:
Spring in lower side is stretched by 2x and on upper side
compressed by 2x. Therefore, each spring will exert a force
2kx on each block.
Hence, a restoring force, F=-4kx will act on A in the
direction shown in Figure.

Restoring force of this force about origin
t=-FR= —{4!0()R = —(4kR8)R
= t1=-4kR% (1)

Since 7o —, each ball executes angular SHM about origin
0.

Equation (1), can be written as

lo=-4kR%0

= (mRz]a:—4kR29 FLW/ 9

= a:—[4—k)9
m

So, frequency of oscillation

f—i Acceleration 1 e
2r\| Displacement A
1 4k
= =— —
f 27:‘/;

6.

Hints and Explanations H.211

Subst-ituting the values, we have

4x01 1

f= o1 "z
Hence, the correct answer is (C).

In stretched position, potential energy of the system is

PE= 2{%1(}(2;@2 = 4hx?

And in mean position, both the blocks have kinetic energy
only. Hence,
} = mv*

From energy conservation, PE = KE

KE—Z{lmvz
2

dkx?® = mo*

U= 2x\/: 2RB\]7

Substituting the values

=2(0.06)(n/6)\/%

or ©=00628 ms™
Hence, the correct answer is (B).

Total energy of the system is E equal to potential energy in
stretched position.
or KE in mean position

= E=mo’=(0.1)(0.0628)’]
= E=39x107"]

Hence, the correct answer is (C).
F=-4x+8

Let us write x =
Then, F = -4X
This is the equation of SHM.
Further F=0as X=0orx=2m

Hence, mean position is x=2m

(X+2)

Hence, the correct answer is (D).
F=-4X
= k=4 Nm™

_\/E_
- -

Mean position of the particle is x =2 m

2x18

Hence, the extreme points are 5 m and -1 m

Hence, the correct answer is (B).

TU—ZJT\/?
T= 2::( V2T,

Hence, the correct answer is (B).

CHAPTER 3
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Since, the velocity of the block remains unchanged, so

2 2
mUJAS —i—“ = m\/fl2 A

4
. \/EI&%_‘E/ALA_S
my\ 4 m 4
7A
=

A:—"[_ .
2

Hence, the correct answer is (C).

[k N7A, 74, 2m
v=Aw=,|——m——=— X ——
m 2 2

Ty

ﬂﬂ'Ao
2T,
Hence, the correct answer is (D).

= v=Aw=

In mean position of oscillations, spring will be elongated.

Let x be the extension, then Kx

mg

k - = = —

X —mg =ma 2 T
g :
2k

Hence, the correct answer is (D).

naj@

= x=

mg
Fora,:

Mg _
5 mgzE 5

a, = )
1 " 23

AmplitudeA:wzsni:ﬁ T
2k 2k k a

Smg _mg _mg

So, minimum extension = =
’ 2k k2%

For a,:

m
mg'Tg g

A = —mm——————=
2
1 2

Hence, the correct answer is (B).
plecx

Hence, the correct answer is (D).

Pi=2p
E, P% 1
2 BT
1 N
= E =4L,

Hence, the correct answer is (C).

13.

14.

15.

16.

17.

18.

19.

Due to the viscous drag offered by the water, the momen-
tum will not be same but less when it returns.
Hence, the correct answer is (B).

Since the particle starts from the extreme position, so
X =acosot

a
= E:rzcosmt

1 n
= Cosmt=—=Ccos—
2 3
= t: Z = @: 010 S
6 6
Hence, the correct answer is (C).
a2 3a
(U> = E = T
-2
(0} = Ix10x10 ms ! = 0.50 ms
0.60

Hence, the correct answer is (A).

Since the particle starts from the mean position, so

X = asinof

=gsinwt

. . I .
= = sm(ofsmg =sinwt

—

aly M= e
]
=[5

T .
1‘=—=m s=0.05s
12 12
Hence, the correct answer is (D).

(0)= 22 5
T2 T

6x10x107
{(0)=——

0.60
Hence, the correct answer is (B).

ms =1ms™

Since F = —4x,s0 k=4 Nm*

= a=£=—8x
m

= ®=+8=242rads™

Since the total energy of the particle is 10 ] and the ampli-
tude of the oscillations is 2 m, so the potential energy of the
particle at the specified instance is

1
szkA2=1><4x4=8]
2 2
So, potential energy at mean position is
1
U=E-—kA*=2]
2
Hence, the correct answer is (D).
Attimef=0,a=16 ms_z, s0a=—w"x =8

= xr=A=2m



So, the equation of motion is x = ZCDS(Z\/E ]
Hence, the correct answer is (D).

20. l.'cx2=1><4><1=2]
2 2

Potential energy at mean position is 2 |
Therefore, U=(2+2)=4]and K=E-U=6]

Hence, the correct answer is (D).

21.
kx

FoSo

mg
kx = B)S, —mg
PS, -
r= 0% Mg

k
Hence, the correct answer is (C).

22. From the diagram, we observe that
k(x+xg)+mg—PSy=ma
For an adiabatic process, we have
PV7 = constant
= B(1S,) =P((r+x)s,)

= P-PD( -y—rx)
ByyxS,

= kx+kxg+mg—PySy +->

= (k+%‘35"]x=ma

{
= a:(ik +)f%’050 )x

mf

e e’
2
o2

\' ml

Hence, the correct answer is (D).

3. o= A%
mly

So only restoring force is due to pressure.
Hence, the correct answer is (A).

mgl

=ma

24, F-f =Ma
Since, 7= f,R=1u

Ia F
= f [ F
Solving these two, we get
e F
M+ z

ICON

25.
kix +xg)

26.

27.

Hints and Explanations

H.213

Also, F =—-2kx
. —2kx
N I
M+—
)
I ~2kx
= fr =2
R M+ L

For disc [ = %MRz

dkx

frz_T

Hence, the correct answer is (D).
2kx

- I
M+
T2

Since, a = —w’x, which is comparable to the characteristic

equation of SHM, so

Hence, the correct answer is (B).

In
fr:FS.uMg

I
and %;0 < umg

MR? 90 _
—- s um
2 R pmg

(3M
= 0052'118' K
3M
= sug o

Hence, the correct answer is (C).

y
vatt=0

dhN
N

T
At any time ¢, particle is at T; and wr=v

v, =-vsinwt

v, =vcosot

Hence, the correct answer is (D).

{ Amax = U{)w}

CHAPTER 3
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28. F,=-Fsin(wt)

2

= F,=-——sin(at)
’ r

Hence, the correct answer is (B).
29. 0=t
v

0=—t
r

Hence, the correct answer is (A).

30. They will collide at their mean positions because time

period of both are same and that is 27 % After collision

combined mass is 2m and K, = 2K. Hence, time period
remains unchanged.
Hence, the correct answer is (C).

31. Applying Law of Conservation of Linear Momentum, the

A
velocity of combined mass just after collision is v = (DT

A

wT wA V:%
=
Before collision Just after collision

Since, this is the velocity at mean position, so
v=w'A

wA
i

= A’=ébecausem’=m=\jz= f&
4 m 2m

Hence, the correct answer is (A).

WA

2
32. E:l(Zm)Uz— 1(2m)[%]
2 4

2
mo*A? kA? [ , k2% }
E: = Wt =— 0or —
16 16 m 2m
2 2
2 4 16
Hence, the correct answer is (D).
33. x=acos(wt)
a
= —=acos(ot)
2
,1( 1 ) 2
= cos = |=—t
2 T
=L 06 g9
6 6
Hence, the correct answer is (C).
a
3. _ total displacement _2_5m _ 05 ms!

average

total time t 01
Hence, the correct answer is (A).

m \'2

36.

37.

38.

®=10sec”

Hence, the correct answer is (B).

x=Asin(awt +8§)

v=Awcos(wt+5)

From (1), 0.05= Asinéd

From (2), 1= Awcoséd
0.1=Acosd

= 0.12+0.05° = A?

1 25

= A= |—+—
10?2 1007

1
= A=—4125=0.112m
100

= &=sin"1(0.446)
Hence, the correct answer is (C).

T
10t+68)==
( ) 5

- 10t=%_3
2

_n sin'(0.446)
20 10
= 1‘:0.157—2—J1T><26.5><l
360 10
= t=0.157-0.0462=0.11s
Hence, the correct answer is (A).

o 2 P
Extension in spring, [y~ + T2

— (/2 —>

So, spring force due to one spring is

& ¢
F=k| |Say2 -t
( raa 2]

Net spring force due to both the springs is

F,ot = 2Fcos@ along negative Y-axis

p2 ¢
Fm‘tz_zk[ [_+y2_;] L
V4 2 /2

2
—+
1 ¥
£
= Fnetzzky +_1 ]

ro,
_+
Y

Hence, the correct answer is (C).
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39.

40.

41.

42,

43,

44,

45,

Since, U = %kmt (Ay)z

2oy
where k., = 2k and Ay = yz + 1

Hence, the correct answer is (B).

Extension in the spring is

x=\f52+(\/ﬁ)2—5=1m

Then by law of conservation of energy, we have
1 1
2[—(100)(1)2] =—(2)0*
2 2
= 0=10ms"
Hence, the correct answer is (C).

Since both the blocks moves together and springs are in
parallel, so we have

f—i k, +k,
27\ my +my

Hence, the correct answer is (B).

. ; kox
As springs are in parallel, so we have my fe—2—
Fnet — (kl +k2 )JC kix
= = — m,
Total mass 1y +m,

We can also answer the same question by taking help from
the free body diagram as shown in figure. So, we have

a= Fncf — kl * kz x
Total mass | m; +m,

Hence, the correct answer is (C).

Frictional force on m, will act in direction of displacement if

kyx>m,a
ki+k
= kyx>my| ——2= |x
my + 11,
m _ k
o Mk
my k,

Hence, the correct answer is (A).
Again, if amplitude of oscillation is A and a,,,,, is the maxi-
mum acceleration, then we have
— A2
Amayx = Aw

Now, for the said condition to be met, we have
kyA - f=m,(w?A)
= f=Alk-mo®)
| pmag
= A =|——"==
max [ ky - mzm2 ]
ky+ky

my + 11y

where @’ =

Hence, the correct answer is (A).

Particle 1 s oscillating between (8 +3) mand (8 -3) mie,,
between 11 m and 5 m. While the particle 2 is oscillating
between 4 m and -4 m so, they will not collide.

Hence, the correct answer is (D).

46.

47,

48,

49.

50.

51.

52.

Hints and Explanations H.215

At time =0, x; is at +8 m and moving towards positive
x-axis and x, is at +4 m and is moving towards negative
x-axis. At this time they are at shortest distance. Next time

they will be at minimum distance after time, t =T = x =2s.
Time period of both is same. @
Hence, the correct answer is (B).

Maximum KE =Total Energy

Total energy = 20+ 20 +(5-2)°

= E=40+9=49]
Hence, the correct answer is (A).

= x=2m

Hence, the correct answer is (A).
F=2x-4=2x

= [=0%

So, m=+2

Hence, the correct answer is (A).

CHAPTER 3

The forces on the disc at displacement x of the spring are
shown in Figure.
For pure rolling to take place, we have

a=Ra a
k-f _R(R)_2f N
m lmRZ m Kx
2
- -5k

The cylinder is starting from x=A, so the x-f equation
would be

x=Acos(wt)
f= ﬁcos(ﬂn‘)
3
= f-t curve will be a cosine curve.
Hence, the correct answer is (C).
Energy of oscillation, E = %kA2 = %x 10x4=20]

At mean position this is totally kinetic energy (translational
+ rotational). In case of pure rolling ratio of rotational and

. L .1 .
translational kinetic energy is 5 in case of disc.

1 2 40
Hence, Ky = —mv* = = x20=—
2 3
o2 =80 =@m25—2
3x2 3
0
= ov=,—ms

Hence, the correct answer is (A).

(-2
Aol



53.

54,

55.

56.

= Amplitude is %

Hence, the correct answer is (B).

el

= Zw:Z—E
T
= T:£
w

Hence, the correct answer is (A).

Conceptual

Hence, the correct answer is (A).

x:asinz((z}f—z]
4
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The plot of x versus ot follows from equation (1)

Differentiating equation (1)

d_:r= Zawsin( ot —E)cos(a)f —E)
dt 4 4

Again, x = asin ( )
ax:azsinz((m‘ I]
4
. n
= ax:asm(mt——)
4

= sin((af—£)= i
! a

Also, COS((IM‘—E)= 1-%
4 a

From equation (2),

U—Zaco\/— 1——
a\" a

x x
= v%=4a2m2—(l——)
’ a a

= vr=40'x(a-x)

The plot of v, versus x follows from this equation.

Hence, the correct answer is (B).

Let x, be the elongation in equilibrium with two springs and

x, with single spring.

T_ _________
25 cm \f
o —
Mean position

with two spring  x = 25 cm

!

Then, 2kx; = mg

- Unstretched
length

Mean position with
single spring

57.

=

=

(2}(10)(x1):%(10)

X, =25cm

Further, kx, =mg

=

=

(10}(x2)=%(10)

X, =50 cm

The spring breaks when stretched by 25 cm, so the speed of
the block at this instant is

=

U:@A:[ E](0.25}
m

z;:[\/g](o.zS): @ ms™
1/2 2

For single mass, we have

= \E =+/20 rads™
m

Also, the block has the above velocity when it is at a dis-
placement x=25cm=025m from its mean position.
Hence, from the equation

=

=

=

v=wJA? - ¥?
v = o?(A2-

2
(‘/;1:0) =20(A2-(0.25)%)

A, =0433 m
A =433 cm

x? ), we have

Hence, the correct answer is (C).

. . - m
Let x; be the extension with two springs and £y be the mass.

Then, 2kx, = ?—; g

=

=

1
2x10xx3=1x10

1rn 12.5 cm

w=

rﬁf.l

Since, v? = w? (A% - )

=

=80( A2 -(0.125)")

2
A, =21.6 cm

7

Hence, the correct answer is (C).

= /80 rads™!

Matrix Match/Column Match Type Questions

1.

A=(q;B—=

The given equation, y = Asin(wt) + Asin

(1);C=(s); D= (1)

be written as.

y= 2Asin(wt+ E]-cos(f)
3 3

2
((af+?)canalso
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y:Asin( mt+£]
3
Now, we can see that this is SHM with amplitude A and

initial phase g

v:chos[(uH%)

= Uy = A0

A=(@);B=(p)C=(q;D—=(s)
Frequency of oscillation of kinetic energy is 2f.

Since, o =12r
= 2rf=12n

= 2f=12
dx
v=-"=12rcos(12nt)
dt (

So, v is MAXIMUM, when 12zt =0, &, 2x, 37, ...

= 12at=r
= t:l s
12
1 1
Umdx = EkAz = E(mﬂ)z )A2
= urnax =1(l)(14432 )(]}2 =]8ﬂ2
2\ 4
Also, k = mw?

= k= (i](m;ﬁ): 3672

A= (@);B=(q;C—=(p;D—(q
Time period is given by

T=21r\/E=£s
k20

Displacement of particle is given by (taking mean position
as origin) is

t
x=-Acos(ot)= —10(‘08[ R—J
20
Kinetic Energy is
1 ) : wt
k= EmeAZ sin” (o )= Kinax sin” ( 2_0)
Potential Energy is
U= %mmz}l2 cos’ (wt)=U,,, cos’(wt)

it
= U=U,,, cosz( E)

Now, x=-5cm

o =1
6

x=0
SN
4

Hints and Explanations H.217

Time taken to travel the next 5 cm distance is

T T
y=———= sec
4 6 240
U=K
= ot=Z%
4
n
= t=-—— sec
160
K = Kmax
4
- wt=L
12
=" sec
240 M
(44
A ();B=(1);C—(s);D—(s) [TT]
Ball will oscillate simple harmonically. The mean position in -
at depth A Q.
p=ah (.P %
o h=P_ap i )
o |
0B
by = 2= AC |
o i
1
Amplitude = £ = AB or BC 2
o

From A to B : p> p;, weight > upthrust

At B, p= p;, weight = upthrust

From Bto C, p, > p, upthrust > weight.

From A to C— upthrust will increase and gravitational
potential energy will decrease.

From C to A, upthrust will decrease and gravitational
potential energy will increase.

From A to B, speed will increase.

From B to C, speed will decrease.

A-(q;B-(p)C—6):D—-(q
Since F =8-2x, s0 we have ma” =2
= w=1rads™

At mean position F=0,s0 x=4m
Since particle is released from x =7 m , so the amplitude of
motion is
A=7-4=3m
Total mechanical energy is

E:%(mwz)Az =9]
Velocity of particle at mean positionie., x=4m is
Uy = A®=3 ms ™'

The particle will oscillate between x=1m to x=7m
with mean position at x=4 m, so when the particle is at
x=2.5m, then its distance from the mean position is

x=4-25=15=A/2

So, time taken by particle to go from 25 m to 4 m is
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A—(q;B—>(s);C—(p;D—(r)
From x-t graph, T=8 s

2
T rads”
T 4

Since, F = —mm’x

So, from F-x graph

2
10=-m[”){-1)
16

Also, from x-t graph, we observe that

x:4sin(an‘):4sin(%t)

160
2
= Kmxzimvmax 2( = ](J‘f ) =80

Further, spring constant, k = me®

k_(m)(lsJ Y

A=(q:B—=(s);,Co(p);D—(r)

W= F Here, 1 = reduced mass = U 2 kg
u

my+m, 3
= @= i =3 rads™
2/3

Amplitude 12 cm distributes in the inverse ratio of mass, so
we get

A;=8cmand A, =4 cm

Now, maximum kinetic energy for 1 kg block is

1 59
—mym°A;

1 2
K, = Eml (v )mx =3

= K =%x1><9x(8><10'2)2 288 m]
Maximum kinetic energy for 2 kg block is
KZ:%x2x9x(4x104)2:14.4 mJ

A=(@;B=>();,C=(@;D=(q)
Suppose x = Asin(wt)

then v = %: wAcos(wt) and a= %: — Asin(mt)

Conceptual

A= (@);B-(p;C—o(s);D—=(p)(q
A=(q;B—=(s);C—=(s);D—=(s)

Since, 1= —-w"x, 50 1-x graph is straight line passing through
origin.

If v=0,sin(cwt)

11.

d
then a= dv-vﬂmcos(mt =10yn1-sin® ot

d
= =—U-v0m —_m,/vo—v

So, a-v graph is ne1ther a straight line nor a parabola.
Further, acceleration and velocity time graphs are sine or
cosine functions.

A=(q;B->1),C—(p);D—(b)

On a satellite and at centre of earth ¢’ =0, so
T —eo

At pole, value of g is more than the normal value. Hence,
T>2s

Integer/Numerical Answer Type Questions

1.

m = mass of block =2 kg
In equilibrium, kx, = mg (1)
When displaced further by x,
E= %kvz + %Imz - mgx+ %k(er Xy ]2
= E —lmn += (0 6MR2)[—3]—mgx+lk(x+xn )2
2 R? 2
= E= %(m +0.6M)v’ —mgx+%k(x+x0 )

Since, E =constant
dE
dt

= o(m+0.6M)

=0

dv dx dx
—— — |+k —=0
dt mg( dt)+ (x°+x)dt

v
v,—=aqaand kx,=m
dt 0o="mg

We get m+06M)a——

X 2ﬂUm+D6M
= w=2ﬂf=‘/E=,—
m+0.6M
= 4 rads™
V 06)(5 ‘]7

(a) mg=

Substituting d_x =

a
=

_E_l.lx‘}.B

= ~90%x102 m=9cm
k 120

=

1 5 1,5 1 5
— +—kxi =—k
(b) va Sk =g X3

where, x; =9.0x 107 m = 0.09 m

and x, =02+0.09=0.29 m

= U= ;(x%—xlz)
v= @(029 0.29-0.09x0.09)

= p=288ms’=3ms}
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In equilibrium, let the spring is stretched by x, then

T=mg (1)
Also, T +mgsin® = kx (2
= mg+mgsind = kx, .(3)

Let the spring is further stretched by x then total mechanical
energy of the system in this position is,

E:%(m+ m)ov* +%k(x +x ) = mg(x+ xsin6)

Since, E =constant

dE
Z_0
dt
= 0=2mv%+k(x+x0)%—mg(1+sir18)j—:
.. dx dv )
Substituting, Pl and kx, = mg(1+sin8), we get
k
a=-—x
2m

Comparing with a2 = —*x, we get

-

2m
= o= A-J@—Zracls"1
2(25) V5

Since, 3o = § — 1
= Qe =+ +§° —2a,gc0s B

2
= geff\/(g) +g’ —2x§xgxc05120°

= G = g ¢=1296 ms™

4 .
= T=2n —=2ﬂ,’£ =08s
et 12.96

= 10T=8s

Applying Law of Conservation of Momentum, velocity of
(ball + shell) just after collision is

7
o=
2

At highest point the whole system has same horizontal
velocity (say ,), where

-1
=3 ms

o = (m+m)o,  2x3
T (m+m+M) 6

Applying Law of Conservation of Energy, we get

1ms™

1 1
5(2}1’1)012 = E(2m+M)U§ +2mgh

= %x2x9zéx6xl+2x10xh

= h=03m

Further h = ¢(¢ —cos®)

Hints and Explanations H.219

= 03=15(1-cos6)
= cos@:E

5
= x=3andy=5

Net restoring force F = 2T cos®
2Tx

\sz + 02

If x </, then x* + (2 = 2

F=-

T 0o T
X
l |
! ; |
[P {‘ >l {‘ »l
2T
F=-=2
/
2Tx
g=—-—
ml

as a == —x, motion is simple harmonic.

/
= T=2r)|5=2¢ /%
a 2T
-3
= T:2m/w:0.2second
2x10

= 5T=1s

In the displaced position.
1 1 1
E=—ke* +~lo" + —mo?
2 2

where [ = lmR2 and @ = g
2 R

1
= E:—kx2+§mv2

Since E =constant
& _,
dt

= O:kxd—x+§kv@
dt 2 dt

Substituting d_x =v and @ =q
dt dt

—ma = —kx

Since, a o< —x, motion is simple harmonic with period given

by
T—ZR\/?—ZE\/E
a 2k
= T=2r fM:Zmﬁs
2(3)

So, #=2

If the mass M is displaced by x from its mean position each
spring further stretches by 2x.

CHAPTER 3
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—Z—E—\/g— ﬁ:?’radsf1
T / 0.2

k k
¢
13. Restoring torque, 7=—k(6 - kEG = —%kfﬂ
2
. M . = (W] =-§kﬁe
Net restoring force is 9k
=2 f=— \/7 /
F = —8kx 27 2
= Ma=-8kx = *=9
1 |a
fzﬂ X 14. (a) T=27r\/%
po L [Bk_1 \/@ i
um\M 7\M = k=TT 4n’mf? = 42%(0.1)(20)°
= x=2 T
: = k=1600 Nm"'
9. Since, kx —mg = ma L 1600
— A

=

kK 1200

= a.. =80ms>
= x=5x102m=5cm e

1, , (c) E=1wm1vzzﬂlz=lkA2
10. mgx:Ekx 2 2
1 132
= E=-=x1600x(05x10?2) =0.02]
= = 2

x—-|§

X
S = E=20x107]=20m]

—2
= 1= 2;:( 2”\/_ V4§X;DS 15. Since, T =2 o
x \ T =21
e mg(0G) 0

T=026s

1, N
- T=91 4%.0 where,ID—gmﬂ andOG—E

= T=2—3‘r
20

T=£s
10

= x=10
= w=2—E=‘/§= 3(9.8) =10 rads™
7 i - T 20 \2(0.147)
11. Since, 27 |[— =271 |— =21
g mgR 5mgR 16. Since, kA =ma
R

0G =

M=

ma  (1)(2)
ﬂ:— :—:—:0.02 :2
= (=3 - k100 mesam
7 }
= f:g(Scm) OJ—\/?— @:10 radsfl
™ 1
= (=7 cm

12. (a) In Jibri K/ 17. In equilibrium, mgsin® = kx,
. (a equilbrium, ££=m
1 g When further displaced by x, then by Law of Conservation

= k= mng of Mechanical Energy, we get

Substituting the proper values, we have E= %mvz + 11 @° + %k(x + X, ]2 — mgxsin@
_3)08) LN ‘
T2 m Since, E =constant

: dE
(b) T=2ﬁ\/§ = 570
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Subshtutmg, do _

%z(x:; j:—vandkxo—mgsmﬁ we get

3ma = -2kx

‘/7 l 2%k
=
27: 271'

= w=2rf=

3m
Substituting the values, we get

2(300) =400 = 20 rads ™!

3(05)
18. By Law of Conservation of Mechanical Energy, we have

%kxé:%mvz+%kx}—mg(xo—xf)sin(SO")
1 2 1 2 1 2
= E><310><(0.31) :Ex(1.7)v +Ex310x(0.14) -

(1.7)(9.8)(0.31- 0.14)(%)

= 149=0850"+3.0-14
= 0=395ms"

= p=4ms’

19. Since, T= 27 |—"/P85
sinf, +sin6,

J 02/(13.6x10° x9.8x 0.5x10~)
= T=2n - ;
(5in90° + sin 60°)
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= T=08s
= 10T=8s
, h
20. (@) ¢'=¢ l—E
= T—= i:(l—ﬁ) ’ zl+i
T \g R 2R
LY
2R
Time lost per day = % xt
h
o AT, o] “2R_ (24x3600) second
T’ h
1+—
2R
= (Time Lost Per Day ) = 54 second
2h ]
r = 1 =
b) ¢ g( R
Proceeding in the similar manner we can show that
time lost per day to be
h
AT R
—xt=| L 1(24x3600) sec
T 1+
R

= (Time Lost Per Day ) =107.9 sec=108 s

1. (A) F=maand a=-wx

T
Ata—,isx=0,soa=01.e.,F=0

(B) att=T, x=A ie, x is maximum, so acceleration is
maximum

(C) Since v= VA% -1’

= v,n=Avatx=0

T
Att:z,x:D,Sov:vmax

A
(D) For KE=PE, we have x = —

V2
T .
Att= 2 x=-A (So not possible)

Hence, the correct answer is (D).

2,

Moment of inertia in case (1) is I, = 2MR?

S Axis of rotation \

@

Moment of inertia in case (2) is I, = EMR2

= Tl-z:nrf andT2—2f.:

_JE

Hence, the correct answer is (A).
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3. Anelastic wire can be treated as a spring with spring constant T 16
YA = = y7E
k=" T 15
l Hence, the correct answer is (B).
. m
Since, T = 2”\/% 7. Amplitude at (t=0)is Ay = > =1
A
YA = att=tifA="-L
= f =—= 2
T 2n‘ 22‘: mL 1
o L_pou
Hence, the correct answer is (A). 2

4, Since,y:yosinzmt = =10In2=7s
Hence, the correct answer is (A).

8. Since, Wy, = Mg.gl, where goq = g(1+ 6; )

A )
y=y/2 = Woan = Mgf(1+90)
D™y Hence, the correct answer is (B).
y
2 2 A
--1--{}--equilibrium 9. SinceJ:mFer(M]:m[
9 209 3
= y:y?o(l—coﬂmt) 2413
y y m20 Q@m
= y—?[]:—?ucos(me) —
. . Yy . .22t owm T I
So, amplitude is ~~-and time period is — = — = — such that PE at (6 ) is U = k6,
2 20 o 2 2
2 2
b’n)_l (E/o) 1, 5 l[mv? ] 2
mg| = |==k| = 2kt = —
g( 2) 2\2 = 27070l 3 @
2m 2
= y(]:—g (1) = 3k80=m2
k mi*
- yfo mgr

Y (3k9§](F)=k9§
3

) 3 m? /
= 2= \f =4 Hence, the correct answer is (B).

2 2
From (1), we get 10. Since, I; = M = ML
12 3
_ |8 2 2 2
2o Now, 12_11+2("’L ] ML mi
Hence, the correct answer is (B). 4 3 2
1
10 : _
5. Time for 10 oscillations is = 2s Since T =21 \/g
Since, A= Age ™
1 =
o Lo
2
= (m2=2k
, =
Also, 107 =¢”
= 3ml0=kt m
_3tm0 310 = w0
k /n2 Hence, the correct answer is (C).
23
= t=6x——=20s 11. Since KE=PE
0.69 1 1
Hence, the correct answer is (D). = —ma)z(/’i2 —x? )= —mo’x?
2
I
6. Since, T=2n /— = A?-x?=4’
et A
’ = x=t—
T 15
= = et where geff g- g \/E )
T Vg 16 16 Hence, the correct answer is (A).



12.

13.

14.

15.

16.

17.

Since, 1 =~ x =@ x 4

Also, v= A2 —x? = x5 —42 = 30
Given that |v| =|a|

= 30=40"

= o= é rads ™
4

_2n 8z

= 3_4 -
Hence, the correct answer is (C).
ke %kAZ —%kAz sinz% 1
PE % kA2 sin? ;T_é 3

*No given option is correct.

Since, T =21 /L
Setf
= o= (gﬁ
I

Ao _18g4 1(20%4)
w 2 geff 2 g
A
= 22_107 rads™
w
Hence, the correct answer is (A).

/
Since, T =21 \/7
g

= Ez g_2
T, 81
> =281
82
GM
Since,gz=3 2=§andg1=g
(3R)” 3
= T,=23s
Hence, the correct answer is (D).
Since, 7= 1o
? )N
= M a=2k(£)(£]8
12 202
M —ki?
= o= 7]
12 2
6k
= wo=,—
m
1 |6k
Vv=—o,|—
2 \m

Hence, the correct answer is (D).

Since, y = 5(sin 37t + /3 cos 37t )

= y=10sin| 3zt +2
3

ICON

©_7n
90 3

18.

19.

20.

Hints and Explanations

H.223

2
So, A=10 cm, o 3r
T
= T= z s
3
Hence, the correct answer is (A).

In equilibrium, mg = U = (pAh)g

When displaced x from equilibrium position, then

Prestoring =U-mg
= I:rest«:)ring =PA(h+x)g—pAhg
= ma=-pAgx

Equilibrium

%)x

= u=5c'=—(
m

= i+w*x=0

. w\/uﬁxAxg\/103xnx6.25x10““x10
310x107° 310%107° x 100

= ©=+625=8rads™
*No given option is correct.
Frequency of a particle executing SHM is

1 [k

2r\'m
= k=4m’xv*xm

108

where, v=102 s, m= e X 10% x107 kg, k=7?
ULX
-3
= k:4(3.14)2(]012)2(%)=7.1Nrn'1
UL X

Hence, the correct answer is (B).
For A=B,a=Db and Szg,weget
2+ yz = A’ie, acircle

For A#B,a=band d =0, we get

v=(2):
A
ie., astraight line

ForA:B,a:Zband(S:g,weget
ryt= A2[cos? (2bt) + sin? bt |

ForA#B,a:bande:g,weget

x:Asin[ at+%) and y = Bsin(at)
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24,
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= P + 87 =1 i.e., an ellipse

Hence, the correct answer is (D).

In first collision, momentum mu will be imparted to sys-
tem. In second collision, when momentum of (M +m) is
in opposite direction with momentum of particle mu will
make its momentum zero.

On 13% collision,

Applying momentum conservation, we get
mu=(M+13m)o

g U
M+13m 15
Also, v=Aw

Ly -
15 M+13m
17 1
A=—,—=—
1;5V1 3

Hence, the correct answer is (A).

Different positions of a particle executing simple harmonic
motion is given by

a = Asinwty, b= Asin2wt), c = Asin3wt;
Now, a+c = A(sinwt, +sin 3ot, ) = 2Asin 2t cos ot

a+c
= N 2coswt

1 ,l(a+c)
= @®=—cos | —
2b

1 4(a+c)
= V=——oc08 | —
27ty 2%
Hence, the correct answer is (D).
KE= %HICGZAz cos®(wt)

KE

Hence, the correct answer is (D).

The 1kg block attached to a spring vibrates with a fre-
quency of 1 Hz, so

1 [k
v=—,|—=1Hz
2r \'m
= k=47 Nm™
When two springs are attached in parallel to an 8 kg block,
then

keq =k+k=2k

m=1kg

25.

26.

27.

eq

m

}r ’
1 2k 1 [2xar? 1
= V=—,/ |—=— =— Hz
2z\V8 2« 8 2

Hence, the correct answer is (B).

1
Frequency, v/ = —
quency, 7 k 8 kg

For simple harmonic motion,

Maximum acceleration

Maximum velocity
Ao’
Aw
= w=10

= 10

Att=0, displacement is x =5 cm

Since, x = Asin(wt +¢)
= b= Asin(0+%)

= 5= AsinE
4

= A=52m
Maximum acceleration is

A = A®® =107 X542 = 50072 ms
Hence, the correct answer is (A).

Given that, m=0.1 kg, k = 640 Nm™

E
b=107kgs, E==2,t=?
2 o
Amplitude of damped oscillation is A = Aje?"

—bt
Total energy of the system is E = Eje

= E:ln(E—D)
m E

= f:ﬂh‘[(&)z%ln
b E 10

= t=10x0.693=693s=7s
Hence, the correct answer is (C).

Since, L'Z:mZ(AZ—(%)Z} (1)

(2)

where A is initial amplitude and @ is angular frequency.
Let new amplitude be A’, then

2

(30)° =m2{A’2—(%] J 2)

From equation (1) and equation (2), we get
4A°
AP
1.7 9
9 A2 - ﬁ
9
= A= 4
3

Hence, the correct answer is (A).
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29,

30.

31.

1 i[( Ly 1}
Y Mgl\T
Hence, the correct answer is (A).

For a simple pendulum in harmonic motion,

(i) at the mean position, KE is maximum and PE is
minimum.

(i) at the extreme position, PE is maximum and KE is
minimum.

Hence, the correct answer is (B).

Given that, x = asinwt and y = asin(2wf )

= Yy =2asinofcosot

2
= y=2« 1—§—2

= y:%x (a-x)a+x)

{ sin(wt):%}

So, y=0atx=0andatx=+a
Hence, the correct answer is (C).

It is given that oscillator is at rest at t =0 i.e, at t =0, v=0.
dx

So, we can check options for v = — =0 by substituting f =0
in value of v. dt
= U:J.adt:jidt
m

]J' .
= ©v=-—|sintdt

m

1 "
= v=-—(-cost)| ==(1-cost)

m o m

(A) If xe<sint+ %sinZt
1
vcccost+5x2c052t atf=0,ve<1+1=2%0
. 1
(B) If xe<sint+ EcosZt

vmcost+%x2(—sin2t}atf=0,vccl—OatO

32

33.

34.

Hints and Explanations H.225

1
(©) Ifxoccost—asinZt
. 1
vx—smt—EXZCOSZtatt:D,vrx—l;t()
. 1.
(D) Ifxocsmt—Esm;Et

UDCCOSI‘—%XZCOSZfatf=0,vx]—1=0

So,in OPTION (D) v=0,att=0
Hence, the correct answer is (B).
Let the block of height H be floating

with depth / inside the liquid.
Then at equilibrium

MBlockg = Fup
(AHpg)g=(Ah)p g ..(1)
When block depressed slightly by distance x then

Fuet = Mg - Fi = AHpyg — A(h+x)pi g

= Fu=-Axpg {Using equation (1)}

2

dx
Hpg el P8

Ex_ pg o
dt*  Hpyg
= @?=P8
Hpy

For simple pendulum o” = %
Hp,
oL 900

Hence, the correct answer is (C).

650x54

/= =39 cm

Amplitude in damped oscillation is given by A = Age™®
Energy, E o A?
= JE = [E,e? where E, is initial energy
Here, E,=45],T=1s,E=15]
t=nT=15x1=15s

Then, V15 = V/45¢ P15

1
3 2=,

1
Taking log on both sides —Eln(S )=-158
In3
B=—
30
Hence, the correct answer is (A).
Since the particle starts from resti.e., at f =0, v = 0, so it must
be starting from the extreme position and hence we have
x=Acos(wt)
where x is displacement of particle from the mean position

and A is the amplitude. Now at = 7, the particle travels a
distance a, so
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x=A-a=Acos(or) (1)
and similarly
x=A-3a=Acos(2071) (2)
= a=A[1-cos(wr)] {from (1)}
= 3a=A[1-cos(207)] {from (2))
1 1-cos(or)
= =
3 1-cos(2w1)
R 1_1-cos(er)
3 2sin’(wr)
1 1-cos(wr)
o o costar)
3 2[1-cos?(wr)]
I 1-cos(wr)
3 2[1+cos(wr)][1-cos(wr)]

= 1+cos(mr)=g

1. n
= cos(owr)=—ie,0r==
2 3

= (2—ﬁ)r=£i.e.,T:6r
T 3

Hence, the correct answer is (D).

The amplitude of a damped oscillator at a given instant of
bt

time ¢ is given by A= Age 2

where A, is its amplitude in the absence of damping, b is the
damping constant?

As per question

After 5 s (ie., t =5 s), its amplitude becomes

b(5) 5b

0.9A, = Age 2m :Aue_ﬂ
_Sb
= (9=¢ 2m (1)
After 10 more second (ie., t = 15 s), its amplitude becomes

—b(15) _15b
CCAO =A0€ 2m =ADE 2m

5b |3
a=(e 2’”] =(09)°

{using (1)}

= o=0729
Hence, the correct answer is (D).
PV = constant
Differentiating, we get

P dv

—+y—=0

P V
o ip_ yPdV _ _yPAx

V 1%
yPA’x

Taking P =Py, V =V, we get Frcstoring ==

fiJEL YRA’
“22\M " 27\ V,M

Hence, the correct answer is (C).

Vv

37.

According to the problem, we are given that

a=-bv
The equation of motion of a damped harmonic oscillator is
written as

F=-ky-b"v
The damping force is F=-b"v, where b’ is the damping
constant

2 ’
()

dt \m)dt m

2 ’
LAy {.'.b:b—]
dt dat m m

Actually, we take damping constant as b with force, but here
in the problem it is given to be b with acceleration, so, we
have written the actual damping constant as b’".

38.

39.

For this case of a damped oscillator, the amplitude is not
constant and varies with time as
bl
{.“ b - _]
m

A= Ae_[%]: = Ae_(g]r

According to the problem, we have

A
A==
e
o A gt
e
= eb*""2 =¢
bt
= —=1
2
2
= t=-
b

Hence, the correct answer is (C).

Let x, = Asin(ot) and x, = Asin( ot + ¢)

= X —Xp= 2Asin( ?)cos( ot + ?)
2 2

Given that, 2A sin( g) =A

=

ISHR=S

WA oy

= ¢=

Hence, the correct answer is (B).

Since, T, = 2}?\/% (1)

When a mass m is placed on mass M, the new system is of
mass (M +m) attached to the spring. So, new time period of
oscillation is

(m-;M) Q)

If v is the velocity of mass M passing through mean posi-
tion and v, is the velocity of mass (m+ M) passing through

T,=2x
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mean position, then using law of conservation of linear
momentum, we get

Mo, =(m+M)uv,
where v, = Ajo; and v, = A,0,
= M(Aw)=(m+M)(A,)
A (m+M)&_(m+M)le

= —_—
A M e M

A Im+M
= —=|—
A, M

Hence, the correct answer is (D).

T,
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40. For a particle executing simple harmonic motion, we have

. . 2
Acceleration, a = —w’x where o is a constant = -

4’
= H——FI
oT__ir

x T

Since, the period of oscillation T is a constant, so

al
— = constant
X

Hence, the correct answer is (B).

Single Correct Choice Type Problems

1.

For the block, T = i =6s
®

For block, the position in 1 s will be

x=0.2coswt
Att=1s,x=0.1mie., at t=1s, block will be at a distance
49m+0.1m=5m from wall
So, range of pebble is also R=5m
= R=(vcos45°)(1s)=5m
= ©v=5J2=50 ms™
Hence, the correct answer is (A).
The frequency or time period of SHM depends on vari-
able force. It does not depend on constant external force.
Constant external force can only change the mean position.
In the given problem, the mean position is at natural length
of spring in the absence of electric field, whereas in the pres-

ence of electric field mean position will be obtained after a
compression of x,, where x; is given by

Kx, =QE

B

Hence, the correct answer is (A).

The situation is shown in the phasor diagram drawn.

>

3 A
X+ﬂ.’l"3r

For the mass to be at complete rest, we have

B=A and¢:z+£:4—n
3 3

Hence, the correct answer is (B).

4,  From graph x = 1sin[ %t]

Since a = ~w*Asin(wt)

2
Att:E s,a——(ﬂ—](l)(smz—n](i)
3 16 8 3

3 _
1=-—n" cms °
32
Hence, the correct answer is (B).

5. Internal forces in the springs are same, so we have
kixy = kyxy
Also, x;+x,=A
kKA
ki +k,
Hence, the correct answer is (B).
6. kx = @
2

—_

X

Restoring torque is

r:—(k£9)£x2
2 )2

2
T k62
= a=-=——
I MIL/12
= :-@:_wzg
6k
= w=,—=2n
Y f
1 |6k
= =— |—
f 2r\M

Hence, the correct answer is (C).
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7. Angular frequency of the system is

k ,k
w= = [—
m+m 2m

Maximum acceleration of the system will be

ota= XA
2m o

This maximum acceleration to the lower block is provided
by friction, so we have So, net acceleration of the bob is g, = gcosa

kA kA [ L ’ L
— - 2A = el Pl = T=2r =21
Frnax = M, =Mo" A m( om ) 3 et gosa

Hence, the correct answer is (A).

A0
8. Since, y = Ki* 9%

2
= d—i’:zK
dt

90" +a
= a,=2ms? [ K=1ms?} /

v
. I I g
Since, T) =27 \F and T, =27 "
g \g+a,
Conceptual Note(s
I §+4 10+2 6 m P ( )

.
L g 05 Whenever point of suspension is accelerating take
Hence, the correct answer is (A).

’ L
9. Potential energy is minimum (in this case zero) at mean posi- T=2rm |—
tion (x = 0) and maximum at extreme positions (x = +A). et

At time =0, x=A. Hence, PE should be maximum. where, ‘f;'ehc = § -a
Therefore, graph I is correct. Further in graph I1I, PE is mini-
mum at x = 0. Hence, this is also correct.

Hence, the correct answer is (A). In this question d = gsina (down the plane)

d = Acceleration of point of suspension

10. In SHM, velocity of particle also oscillates simple harmoni- = |§— a | =0m
cally. Speed is more near the mean position and less near the
extreme positions. Therefore, the time taken for the particle

= Gy = g\/1+sin2 o+ 2sinocos(90° + o)

to go from 0 to % will be less than the time taken to goit =  Yeff = 9COSX

from 5 toA,or T, <T,. Hence, the correct answer is (B).

12. Since, U(x) = k(l —e™ ]
M Conceptua | Note ( S) It is an exponentially increasing graph of potential energy
(1) with x* Therefore, U versus x graph will be as shown.

From the equations of SHM we can show that U

T K
h= To—m,fz = ﬁ """""""""""

--'

and t2 =TA,"24)A =—

(o))

X

From the graph it is clear that at origin.

Potential energy U is minimum (therefore, kinetic energy
will be maximum) and force acting on the particle is also
zero because

S0, T+ =Toa=1

Hence, the correct answer is (B).

=" _ _(slope of U-x graph)=0
11.  Free body diagram of bob of the pendulum with respect to T Tax | \SOPEOTETETEPR)=

the accelerating frame of reference is as shown in figure. Therefore, origin is the stable equilibrium position. Hence,
Net force on the bob is F,, = mgcos e particle will oscillate simple harmonically about x =0 for

small displacements. Therefore, correct OPTION is (D).
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13.

14.

(A), (B)and (C) OPTIONS are wrong due to following reasons:

(a) At equilibrium position F :d—u:(] ie., slope U-x
X

graph should be zero and from the graph we can see
that slope is zero at x =0 and x = teo.

Now among these equilibriums stable equilibrium
position is that where U is minimum (Here x =0).
Unstable equilibrium position is that where U is maxi-
mum (Here none).

Neutral equilibrium position is that where U is con-
stant (Here x = fe0)

Therefore, OPTION (A) is wrong.

(b) For any finite non-zero value of x, force is directed
towards the origin because origin is in stable equilib-
rium position. Therefore, OPTION (B) is incorrect.

(c) At origin, potential energy is minimum, hence kinetic
energy will be maximum. Therefore, OPTION (C) is also
wrong,

Hence, the correct answer is (D).

Since for a spring of force constant k and natural length ¢,
we have

k? = constant

Now, since £, =2/,

= ﬂ.lzgf?
3
= K=ok
2

Hence, the correct answer is (B).
Given that, U(x)=k|x|>
2m-2
L N
Now, time period may depend on mass, amplitude and k, so
T « (mass)” (amplitude)” (k)

[k]=

2z

= [MOT]=IMFILY M T2 ]

N [MULUT] _ [MIHLy—zT—Zz]
Applying the Principle of Homogeneity and equating the
powers, we get

—22:1andy—z:00rz:—%

= z=—1andy=z=—l
2 2

= T e(amplitude)

= Tee(a)™?

1

Ja

Hence, the correct answer is (A).

= Te

Hints and Explanations

H.229

KK, L YAK

15. Since, K, =

1K +K, YA, YA+IK
L

YA
Equivalent force constant for a wire is given by k=T.

YA
Since, in case of a wire, Fz(T)x and in case of spring,
F = kx . Comparing these two, we find the equivalent spring

.. YA
constant of the wire is k = T

Hence, the correct answer is (B).

16. Modulus of Rigidity, 1= %

where, A= and 6= %

Therefore, restoring force, F = —nAf = —nLx

_n
M

Since, a o< —x, oscillations are simple harmonic in nature,
time period of which is given by

T—ox (dlsplacerrrtent —or 1% 2 og M
acceleration a nL

Hence, the correct answer is (D).

. F
= Acceleration, a=—=
M

17. When cylinder is displaced by an amount x from its mean
position, spring force and upthrust both will increase. Hence,

Net Restoring |  ( Extra Spring . Extra
Force ~| Force Upthrust

= F=—(kx+Axpg)

L (o),
M

. f_l\/?_l/wAg
2n\lxl 22N M

Hence, the correct answer is (B).

18. Since, (Omac ), = (Vmax )y

= A =A0,
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= A n =A, 2
i I,
ALK
A T, K
Hence, the correct answer is (D).

or=an[t]

19. Letx=asin(wt)
= x=v=awcos(wt)
= KE= %mvz = %mwzaz cos® (wt)

1 1
= PE= Eioc2 = Ema)za2 sin® (t)

X
/\ / ot
NN
1 1 ! !
1 1 ! !
1 1 ! !
1 1 ! !
1 1 ! !
i i i i
t KE. %ma}232 cos?(wt) !
1 1 ! !
! ! : | .t
T
12 | |
1 1 ! !
1 1 ! !

So, x has a period T i.e,, frequency f and kinetic energy has
a period % ie., frequency 2f

Hence, the correct answer is (C).

Multiple Correct Choice Type Problems

1. Using constraint relations, we get
200 =0, + 04

= Gy —03=0y—

2
g,
oM ||
ay
l 133
M
2M
Also 2mg —T = 2ma; (1)
mg =T =ma, (2
and 2T —kx = 2ma, ..(3)
Solving the above equations, we get
4 2kx 4 3kx
L PP B
7 7 7 1dm
For x*x—“:ﬂ,we get
4 3k

a8 28 28
Y777

For the oscillation of mass 211 about the mean position, we have

Since = /i
14m

_ X
Also, at meani.e, at x = ?D, we have

V=T, = AQ

_X 3_k Srnq 3k
2 \14dm 14m

Hence, the correct answer is (C).

IN CASE-I
Just after m is placed
Just before m is placed ;
: [
! i
Mi——> v, i——r Vo
! i
Xo X
Mo, =(M+m)v,

M
aiic Ve

ie., velocity decreases at equilibrium position

k
= —A,;
m M + m M

)vl, where v, = A,0, and v, = Ao,

= A,=
2 M+m !
1
= E2=E(M+m)z;2
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oe
Total energy decreases in first case whereas remain same dx U,
in second case. Instantaneous speed at x; decreases in both = A Awcosot = o THocos ok
cases (because @ decreases in both). .
Hence, (A), (B) and (D) are correct. = cos(mt)=—
2
For First Oscillator r
p=0atx=a = ot= 3
So, a is the amplitude of oscillation A;. T
At x=01i.e., mean position, p=b = t= v
= MUy, =b
b = At= 2 = 2z |m
= U =— 3o 3 Vk
m L
- So, this is incorrect
1o ,m(b]fb OPTION (C)
= E=—-mu,=——|=— ; ) . .
2\m 2m Maximum compression will occur at time M
b [+ 4
Also, A = Vo = — tzzi\/E+EJE Ll
. 3Nk 2Vk =
b 1 a 2 } 7 m
= w=—=—7 v Aj=a, —=n _IE |m
Y ma mn? { ! b = 4 e Vk <
For Second Oscillator So, this is incorrect LI)
p= Datx=R OPTION (D)
. ey , 2m |m m
= A,=R Second time at equilibrium " = ? n +1 m
At x=0ie., mean position, p=R v 5m (m
= -
_R 3Vk
= Umax = H
So, this is correct
5 mi{ RY R? Hence, (A) and (D) are correct.
= EZ STl =7\ 7| =5
- 2\m 2m 5.  Restoring torque about O is given by
R L
Also, Azmzzﬁ Ty =rB=[ngsin6+MgLsin9)
R S 0
mR m
From above calculations, we see that 0
&z j,l""m‘m?_ -2 mg
@, 1mn
2T m T min? Mg
E, b*/2m .S In case A, moment of inertia will be more. Hence, angular

=7 5= =S 35
@ 1/mn 2 w2 acceleration (a:%) will be less. Therefore, angular fre-

2 2
E_R 2m _R° quency will be less.
w, Lm 2 Hence, (A) and (D) are correct.
= 5:& 6. For A=-Band C=2B, we get
0

x = Bcos 2wt + Bsin 2wt
= x= ﬁBsin(ZmH%)

This is equation of SHM of amplitude v2B.
| If A=B and C = 2B, theny = B + Bsin 2wt

i This is also equation of SHM about the point x = B. Function
’ oscillates between x = 0 and x = 2B with amplitude B.
Hence, (B) and (D) are correct.

Hence, (B) and (D) are correct.

OPTION (A) is correct due to Law of Conservation of
Energy
OPTION (B) 7. Applying the Principle of Superposition, we get

x=Asin(at) Y=y ty,+ys

u
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i
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= y=asin(wt)+asin(ot +45°)+asin(wt +90°)
= y=a[sin(wt)+sin(wt+90°)]+asin(wt +45°)

= y=2asin(wt+45°)cos(45°) + asin (ot +45°)

Hence, (A) and (C) are correct.

K. =%(m(o2 ) A2 =%kA2 =%><2><106 x(102)=100]
This is basically the energy of oscillation of the particle. K,
U and E at mean position (x=0) and extreme position
(x=+A) are shown in Figure.

x=A

K=0J

U =160 J = Maximum

E =160 J = Constant

x=0

K =100 J = Maximum
U =60 J = Minimum
E =160 J = Constant

Hence, (B) and (C) are correct.

Linked Comprehension Type Questions

1.

For motion to be periodic, it must reverse its path i.e.,, KE
should become zero for a finite value of x.

Now K+U=E
= K=E-U
Upax =Y

= Kun=E-V,
If K,y > 0, particle will escape
So, E-V,; <0

= E<Vj

AlsoE=K+U>0
Hence, the correct answer is (C).

Since, V = ax*

= lol=ML*T?

By methods of dimensional analysis, we have

[l \/E ] =MIT
ANa
Hence, the correct answer is (B).

For X > X, potential energy is constant.

du
Since, F=——,s0 F=0
dx

Hence, the correct answer is (D).

Matrix Match Type Questions

1.

1.

A= (p,s)iB—(qrs);C—(s;D—>(g)

For A

Potential energy of a simple pendulum varies curvilinearly
with displacement and is minimum at a certain value.

For B

q and r correspond to zero acceleration, while s corresponds
to accelerated motion p is not possible as velocity is nega-
tive corresponding to initial portion of the graph.

ForC

R= uzsin(29)
8
= Re?
For D
!
T=2r:\f
8
= T?e/

A= P)iB-=(qr;,C>(p;D-(qr)
(A) Compare with the standard equation of SHM

v=oVA%-1*

We see that the given motion is SHM with,
w=C,and A” =C,

(B) The equation shows that the object does not change
its direction and kinetic energy of the object keeps on
decreasing.

(C) A pseudo force (with respect to elevator) will start act-
ing on the object. Its means position is now changed
and it starts SHM.

(D) The given velocity is greater than the escape velocity

2GM
v, = Tf Therefore, it keeps on moving towards
(4

infinity with decreasing speed.

Integer/Numerical Answer Type Questions

Since k = ra and so,

L
m_\/?_ /m_\/(nx109)(4.9x10‘7)
m Im 1x0.1

Substituting, w =140 rads ™, we get
n=4




