JEE Main Exercise

(B)
Magnitude of velocity at centre of oscillation
_oA=2T A= 2T 02— 40 /s
T 0.01
(A)

F=-10x = k=10N/m

= o):\/E:,/E :1Orad/s2
m 0.1

Speed, at mean position, Vg, = Ao=6m/s
A:§:£:O.6 m
o 10
©
A=10mm and o=2n/T =2r/2=mnrad/s
Let x = Asin(ot+¢)=10sin(nt+6)
At t=0,x=5mm
= 5=10sin¢ = ¢=m/6
. x=10sin(nt +n/6)

(D)
Vinax = 0.04ms™
At x=0.02m, a=0.06 ms 2
— 0.06=0.020° = w=+3rads™
. T=2n/0w=3.63s.
Vinax = ®A

A=V /= 004 5 31x102m

Ne

(A)
V= AZ —x?

= :mZ(Az—xlz) and V3 :coz(AZ—xg)

xl)
— 2 2,2
X12 =2n,/%=nsec
V5 10° -8
(B)

In SHM, a=—kx and v = oy A2 — x2 :co\/AZ—aZ/k2

= v —o?(¢
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10.

11.

12.

= v? :—(oaz/kz)az + 02 A2

Graph of vZvsalisa straight line with negative slope and positive y-intercept.

(D)

From the phasor diagram, it is clear that moving from point P to Q, the vector OP traces an angle of

n/3+m/3=2m/3 at the centre.

(D)

Let the particle start from x = 0.

Then, x = Asinmt. Atx=é,@t:E

2 6

T 6 12

(A)

Let the particle start from x = A.

Then, x = Acos ot At ng,@t:g

= @t = E °. t = I
T 3 6

(A)
Att=0,x=0and v=Ao
Att=T/2,x=0 and v=—Ao

AV [FAo-Ae] 2A0 _ 2A0’

a =
2| = 7 we- =
(D)
2 2

2 2 T T
If A and T are doubled, E remains same.

E'=E
(B)
F=—kx and U = = kd ZE(inZ __F,

2 2\ X 2
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13.

14.

15.

16.

17.

18.

" %i+x:0
F

(D)
U =Ug(1-cosax)= UOXZSIH( j

2 2 2
For small x, U = 2U (axj —(%j =a—;0x2 = k=a’U,
\/7 Zn/
©)
E:lmmzAz—lm(z—n A?
2E 2x0.04
\} 2n\/ 0.5
=0.2m=20cm
©)
2

atx=2 u=1k[A) 21(1a2)_E

2 2 4\ 2 4
. K:E—U:3—E

4
©)
K=U and K+U =E = Uz%
= lkxzi(lkAzj
2 2\ 2

A
L k=—

J2
©)
Koy = Kinax /2 = Ky =2 Ky, =2x5=101]

In equilibrium position, K =K,x =10J and U =15

E=K+U =10+15=25J.

Not that in equilibrium position, potential energy is minimum. Generally, we take it as zero but can

be taken as any other constant value.

©)
U =2—20X+5x2

= F=—(dU/dx)=-10x+20=-10(x-2)
Since, F « (x— 2) with negative sign, the particle oscillates in SHM with x = 2 as mean position.

Website: wwwe.iitianspace.com | online.digitalpace.in n


http://www.iitianspace.com/

19.

20.

21.

22,

23.

24,

25.

26.

Here, x = -3 is one extreme position.
The other extreme position is x =2+[2—(-3)]=7.

(A)
From the given conditions, we can write
x = Asinot and y = Asin(wot+1/2)

—  x%+y% =A% which is the equation of a circle.

(B)
4cos® 0.5tsin1000t = 2(1+cost )sin1000t

= 2sin1000t +sin1001t + sin 999t
Therefore, the resultant is superposition of 3 independent harmonic motions.

(A)
The ratio of time period of two pendulums is 1:5/4 = 4:5. So, ratio of frequency is 5:4.
When small pendulum has completed 5 oscillations, the larger has completed 4 oscillations and they

will be again in same phase.

(A)
The ratio of time periods is 4100 :4/121=10:11 and hence, ratio of frequency is 11:10.

The two pendulums will be in same phase at mean position again after the larger pendulum has
completed 10 oscillations.

(©)
The net force on the bob in liquid is
F=mg-p;Vg=mg-mg/2=mg/2.

The effective acceleration is g'=g/2. It’s time period is

T'zzn\/I,ZZTE I_:\/§T:2\/§sec.
g \/9/2

(D)

Time taken to complete first 1/4 oscillation from x = 0 to x = A is T/4 and the second 1/8 oscillation
fromx=Atox=A/2isT/6.

Hence, time taken to complete

1 1 3 . .. T T B5T
—+==—= oscillationis —+—=—
4 8 8 4 6 12
(D)

(A)

In equilibrium, kxy =mg or %:X_O
g
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217.

28.

29.

30.

31.

\/7 \/E 9.8x107% 8><10_2

(B)

Let k' be the spring constant of the longer piece. Then spring constant of shorter piece is 2k’. The

two together in series has spring constant k.
1 1. 1 3

—_ — 4 —_—
k k' 2k 2k
k=X
2
(A)
Effective spring constant is
K k x 2k 2
ik 3
T=2n /3”‘
eff
(A)

keq = Parallel [Series (2k, 2k), Parallel (k, k)]
= Parallel [k, 2k] = 3K

Toon |0 _op |-
eg \2K

©
For the two systems, the equivalent spring constants are respectively
kK+k)xk
= k x k k and k, = (k+k)x _ 2k
k+k k+k +k 3
As f 1 1 k/2
27'[: m f2 2 2k/
(D)
In equilibrium, if X, is the stretch in the spring, then kxy =m,g
TT
a
—
t— M —>»T mp la
k(xg + x)

mg
When the system is displaced by x from equilibrium position, we have

= (M +my)a=myg—kxg—kx=—kx
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32.

33.

34.

35.

k

m +m,

w=

(A)

Let the maximum downward displacement of the block be x.

The additional extension in the spring will be 2x.
Applying energy conservation, we have

AK + AUspring + AUgravity =0

= 0+%k[(2x+x0)2—x§}—ng=O

= k(4x2 +4x0) = 2Mgx

_Mg

X= — X
2k °

Note that the amplitude of oscillation will be x/2 .

(A)
T=2n Here, m=M +M =2M,
mgd
2
d=2C and 1 =ME w22
2 3 3
o AML? /3
2Mg3L /4
(B)
T =2xn I
Mgd
2 2 2
Here, d:E and I=ﬁ+M(Ej _3MR
2 2 2 4
3ML? / 4 3R
=27 =21 |—
MgR /2 29
©)

T=2n\/E where, u= mm _m
k m+m 2

s T=om |
\ 2k
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36. (6.28)
37.  (24)
38.  (59.26)
T=2n m _ 27 m
Keff 2k
2 2
or T2Amm or k=2&Mm
2k T2
2
2x(272j x12 29 2
k = = GX(—j =59.26 Nm™*
4 7
39. (50)
In SHM,
Total energy, E :%mcolA2
Kinetic energy, K = % Mo’ (A2 - x2)
Where x is the distance from the mean position.
Atx=0.707 A
K = L mo? | A (0707 | =2 mo? (05A%)
2 2
As per question, E =100J
K :0.56m@2A2j =0.5x100J =501
40.  (20)
Here, m =4 kg, k=800 Nm™*; E=4]
In SHM, total energy is E = % kA? , where A is the amplitude of oscillation.
1 2
4=—x800xA
2
1
or A=—m=0.1m
10
Maximum acceleration,
k K
amax.:(OZA:EA ['.'(D: EJ
-1
_800NmM = 6 1m=20ms2.
4 kg
41. (2)
T= 27t\/E
g
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i.e., time period of a simple pendulum depends upon effective length and acceleration due to gravity,
not no mass.
So, T =2sec.

(4)

x = 4(cosnt +sinnt)

—42 L cosnt+—Lsin ntj

R

=4./2] sin gcos nt +cos%sin nt}

= 4\/5 sin wt cos%+c05ntsinﬂ

= 4J§sin (nt +§j

Hence, the amplitude of particle is 2.
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1. (B)
(b) Two sinusoidal displacements x,(r) = 4 sin of and x;

(f)=A sin (mt +%7t) have amplitude A each, with a phase

difference of 2= It is given that sinusoidal displacement

x5(1) = B(sin ot + ¢) brings the mass to a complete rest.
This is possible when the amplitude of third B = 4 and is
having a phase difference of
6= 4% with respect to x, (f) as shown in the figure.

A=A

So, to come in same phase 0 = 2=

Oe1 _ 21 _ o
@ el 0)9
2

So, no. of oscillation = 2

So, t =

(D)
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5.

6.

(d In linear S.H.M.. the restoring force acting on particle
should always be proportional o the displacement of the
particle and directed towards the equilibrium position.
e, Fa x

or F=—bx where b is a positive constant.

(B)

( 42 4n?
b 7°? =Lﬂt_\1 ~. Slope = i

g J g
From graph, slope is m = 1—65 =4
) :
5 BB
g

g= n? =987 m/s?

(©€)
() Att=0,x(=0;v (=0
x (f) is a sinusoidal function

n
Att= — ;x (W =aand y (1) =0
2

Hence trajectory of particle will look like as (c).

(D)
(d) For particle at x = 4, equation of SHM Is given as
x, = A cos ax

For particle at x = —g, equation of SHM is given as

-

-A _ .
2 =Asin[wt—£] —"-': Asin(w.0-9)
2 6 2,
When they will meet = -5 =smo
x|=.\'2 | 2 -7t

= =—
=  Acosot = Asin[u)t —%] L 6 J

. . n
= COS®! =SIn/sin g — CONWI COS —
6

Solving further, we get

tanw? =3
n b
= W=— I=—
6 6w
nxT i

== —
6x2n 12
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7. (B)
(b) Washer contact with piston is lost when, N =0

N-mg=ma N
when N=10 1 T a
la. =8
a  =g=w4
The frequency of piston mg
e [ L_ 001 _on
2n A 2n 7 2« _
8. (B

(b) Maximum velocity in SHM, v_ = a®

Maximum acceleration in SHM, A = a®’

where a and ® are maximum amplitude and angular
frequency.

Given that, i"—‘!"—= 10
vmax

e, ®=10s"

Displacement is given by

X = a sin (wt + 1/4)

at t=0, x=5

S=asinn/4

5=asin45°=>a= 52
fy /2
Maximum acceleration A__ = aw’ =_500v2 m/s

9. (D)

2w pe g -y - -

(d) Since system disgipaies its energy gi’éduall)(, and
hence amplitude will also decreases with time according to
a=ae®™™ . (VR
Ener&y of vibration drop to half of its initial value

(E), as Eoca2=>aoc\/E

. 14 bt 107t _t
V2 7 2m 2x01 20
From eq" (i),
=a0e-t/20

/
—e V20 or 2 =¢Y%0

S-Sl
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t
1 =— t=6.93 sec
02 20

10.  (B)

L

() As we know, Time-period of simple pendulum,

Toc\ﬁ

; AT 1 AI_
differentiating both side, e 57
-+ change in length Al=r1,-T1,
5)(10_4 =l£l_-;_£2— — 1‘,—1’2=10x 104
2

10*m=10"cm=0.1cm
1. ()

From the two mutually perpendicular S.H.M.’s, the general equation of Lissajous figure,
2 2
X .
—2+y—2—ﬁco58 =sin’ 8
A° B° AB
x= A sin (at + 5)
y=Bsin (bt + r)

Clearly A+ B hence ellipse.

12. (D) _
(d) Using y= Asin ot
a= A sin 0,
b= A sin 20ty
c=Asin 3ot .
a + ¢ = A[sin oty + A sin 3oty] = 2A s 20t cos mt,

a+c
—— = 2coswty

+c
_1 -1(9_*_‘:) —f = ! cos”l(a——)
— (D-—I;COS 7b | 21\10 2b

1 _F nieanls nendn

13. (D)

1 2
(d) Kinetic energy, k= -imo)zA2 cos” mt

1 2 2
Potential energy, U =3mm2A sin” ot

1
% - (:ot.2 ot = cot2 £'(210) =

2
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14. (C)

fl
T=2n |—
© g

When immersed non viscous liquid

p 15
O = PVE — Vg = v8(P—p) = vg(p-l—(;) =167

_15g
8eff = 16
4
Now T'=2n ! =27 l =—=T
Seff I_S_S VI3
U 16
15. (A

(a) Angular frequency of pendulum = ‘j%

. relative change in angular frequency

Ao _lAg 4 length remains constant]

w 2¢g
Now, g . = g—m?A
min =&+ (DEA .
and.
S0, Ag=2Aw] [, = angular frequency of support

= amplitude]
Ao 1 2A@?
20y
o 2 g
| 2x12x1072
=—X
= Ao 5 10
= 107 rad/sec.
16.  (None)
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(None) B,+B=mg+ma
. B=ma= pAxg
= (nrpg)x

(nr’pg)x
m
using, a = @’X

a:

TB#B

X ta at equilibrium

’nrng
==y
m

W =7.95 rads“

—

17.  (C)
© [/
Ao

T
L \h

So,

lmz

1 fK 1
= ]— = o —=
2n N 1 4 \ﬁ
2

2
M(2I) n
1 12

2
I)
LA
'"(2 8

= 0.8=\
12

M@2I)?

m
Solving, we get — =0.375
olving g 37

18.  (C)

B,=mg

]

— —| >
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(¢) From figure, compression of the spring, x =

to |~

B.

Torque = {(k) : %9} L

kLZ
Also torque = Joo = — —

2
ML [kLz]
ML gl 1y
12

)

® 1 |6k
f:—:— —_—

2 2n\M

19. (B)
(b) An elastic wire can be treated as a spring and its spring
constant.

== 2l T
Frequency of oscillation,

_'JZ_LfYA
T 2n m—21t mL

20. (C)
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© y=» sin” wt

= y= y7°(l —cos2mt) ( sin’ ot = MJ
2
Yo _ ~ Yo

=y-5 = —2— cos2wt. So from this equation we -
say mean position is shifted by 2o distance and freqy,

2 "oy
of this SHM is 2.
So, at equilibrium ﬁ =mg = L] = 22

m. ¥,

Also, spring constant k = m(2(o)2

:>20)=JZ= zgz \j
m Vyo 2\ \J?-yo

21. (D)
d AsP=P,

V, '
So, ”’VO_EVO =V = —2(1 = V=2V,

o'\ A
= 0'd4'=20d = | )\ -

m —
= 2f=2=3f1=2

22. (A
(a) Restoration force, F =mw>4
L. (21tj y

m T

n
Point A covers 30° =— in 0.1 s

6
2ntx 0.1

n/6
. Restoration force per unit mass,

.. 2m covered in =12sorT=12s

F_4 —x036=n7 = (3.14) =987 N

m (I 2)
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23 (A)

2
e () ()
(a) P.E.—-z-mo)x—zm T X A" sl T

Putting value of m, A and T, we get P.E. = 0.62]

24.  (C)
(c)

Force along the tunnel

F= [GMmr)cose

3
N
N
-~
R N
N
GMr x 3
= F= 3 Xmx| = N
R r N
3
5 d*x  GM -
= a=——=-
dtz R3
Comparing with @ = — w'x, we get ©2 =&
R

f 3
T=2n L:zn 5 . =G*M
25 (A)

(a) As shown in the figure, acceleration down the plane
a = gsina is the pseudo acceleration applied by the observer
in the accelerated frame
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a, —gsmo.coso.—acosa i
a =g- gsm o= g(l—sm o) =g cos“ a
The effective acceleration due to gravity acting on the bob
2. 2

gej]'= aX + ay

. 4
= ng sin? aLcos” o+ g~ cos”

= g cosa \/;m a+cos’a =g cosa

T=2n
\‘ gcosa

n
(a) x=4sin ['2“(0’)= 4coswt

26.  (A)

Y =4sinot
So, x2 + y? = 42, which is equation of circle.

27.  (B)
(b) At 1= 1 sec

4n \/5

smn(l+1) sin
x= 3 13 e

So, V= oV A2 - x* -n,’l-— =Zmis=157 cmis

28.  (C)

(c) TxLand x l

(R+h)
\/— V(R+h)
=—— =>h=3200 km
T: 6 (R+h)
29. (D)
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(d) Time period of simple pendulum is given as, T =

27:\/-E-.
g
M _g @ [.p- M
g—9R2—9-9 (R+h)”

and 2=2n }—[—“Z—x9
T

[ Time period of second pendulum = 2 sec]
=>l=n in:L=lm
T

30. (C)
(b) In SHM, me= mnA
wA = constant
izﬂz\/ﬁ_xﬂ_ 9k 50 3
A4 o

=, |—X—=—

my k V100 2k 2

31.  (B)
() InSHM., V__ = wA

wmA = constant

A _0_ |k m_ [|9% 50
A4 o

3
— X -—
my k V100 2k 2

32. (2
(2) Given:

x(t)= A sin(wt + ¢)

Vit) = % s v(t) = Aw cos(wt + ¢)

2=Asin¢ w (1)
2w = Ao cosd .. (1)
From eq (1) and (i1)

tangp=1

d=45°

Putting value of ¢ in equation (i)

2=A{%}:>A=2\/§

Value of x =2
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33.  (8)
(8) K.E.=PE.

2.2

2x2)=lmoo X
2

1
= Em(Voz—oo
2 2.2 2,2 252 A
= Vf=20"x" =>4 =20"x" =2 X=—"F7F
0 J2
: A e
= Asinot =—F4= = ot = —
2 4
So,x=28
34. @)

- — 1.
(7 Y oscillation = Eoscﬂlatlon - Eoscﬂlation

1
Displacement in 3 oscillation = 44 x % =24

s
Displacement in _ oscillation = 44 x

lA
8 £ 3

1
Time for - oscillation = —
ime for 5 0sC 5

|
Time for -8- oscillation (or g displacement)
—4 = Asin of
2

= 2——81!10) 6 =2 t=—
T T _T

T =—4—=—
net” 2712 12
35.  (5)

(5) mg' =mg-Fy .
mg-Fg _mg-myg . D
m 11 ) D ey Wy SSESSEE

Ve—poVE S >
= B Sw & (s m=pv)
PB -
=(pB‘pw )g mg
PB

' —

cssmssmssareesnsvacssneeas
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36.

37.

W

X
oQ

I
wn| s
=]

o]

L
T

00_|oo

g

s T'=T\/§=—I§0-~/§=S\/§

Compair with 5Jx , wehavex=35

W B

(2)
(2) U =4(1 —cos 4x)

dU _ ;
= —4(+ sin 4x) 4 = -16 sin (4x)

For small 6

sinB=~06

= sin 4x = 4x

So, F = —64x

a=—64 x/m=-16x
Comparing with a = —@ x

we get, o = 16
=>n=4

So,T= 22
17 w2

)
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38.

39.

(2) For given figure (a):
~kx2k 2k

S T

T=2n |— ,f 1/3'“
2k/3 2k
For given ﬁgure (b):

k =k+2k=3k T= 21:,/3
3K

eq
T' _ [mx2k \/'
T

“Y3kxam 3 ¢ 1738
Compare with \/; , we have
=>x=2

(5)
(5) At mean position, pendulum will
have maximum velocity

So, By conservation of energy
P+ K, =P+ K,

{(1-cosB)

1
mgl(l —cos@)+0=0+ oM Vm?

v, =/2gl(1-cos6)
=/2x10x2.5% (1 -cos60°) = 25 =5 nvs,

(10)
(10) To complete the entire vertical circle, the minimum

speed of bob should be /5Rg

By law of conservation of momentum _p: = };;.

75V +0= 50y/5Rg +75%
= 75x 27 =505Rg

= 50V= 50\/5Rg
= V= ,/SRg =+/5x2x10=10m/s
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40.  (700)
(700) Initially, atx =5 am, Let v = v,
by applying law of conservation of mechanical energy
M ‘Ex=5m - MEX

=10em

1 e O 2
~k(5)% +=mv2 =—k(10
> (5) zmvo 2( )

5 75k
Mv§ =75k = vo=[—

Finally, at x = 5 cm. We have v = 3y,
So amplitude will increase but mechanical energy is still

conserved.
2
Bt f{75k\ I, 3
e = — | =—kA
So,zk(S) +2mL mJ 5
— 25k+675k=kA2 = 700=4%2  : A=+/700 em
41.  (16)
l 2 l 2
—kA" =—mv
(16) 5 "V
o () Lo P
= ST Ew T 2° B
AY _m, 1024
= Z " m, 900
A _32 16 16 <
= 20 15 16-1 - °TI8
2. (1)
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(1) We have
A=8cm, T=6sec
Let us suppose at ¢ = 0, particle is at maximum amplinyge

A
andatt=tx=

2
4 I
So, — = A COS @ => COSOt =—
2 2
So. O = —
0, 3
2m |4
—_— Xl =
j i 5,
B8
=% 6

Note: We have use x = A cos w¢ as equation of SHM
because at ¢ = 0, particle is at x = 4.
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IN CHAPTER EXERCISE 1
SOLUTION
05s

) . . T
5=5sinnt, sinwt=1= smg

1
or t:§S=O.SS

X = 4sinl10nt

amplitude =4 cm; frequency, v=>5 Hz
angular frequency, ® =2nv =107 rad s™!
Att=0,0=asing or ¢=0

Use x =asin(wt + ¢)

(i) 8 cm s (i) 4cms?
4 2
(i)  acceleration = cozA:izA
T
2
= iz x2cms”
n
=8cms>
47
(11) acceleration = @'x =i2x
T
2
= iz x1cms™
T
=4 cms>
(a) 0.02 m (b) 4s
(¢) 3.142 x 102 ms! (d) 4.94 x 102 ms

Comparing with x = Asin(wt + ¢,) , we get
(a) A=0.02m

b (on.Sn:E;z—TE:E or T=4s
(®) 2T 2

T _
©) Vi =Aw=0-02><§ms ''=0.01x3.142 ms' =3.142 x 102 ms"!




’ 484 % 0.02
(d) amax = (’OzA = Tc_ x0.02 m572 = X—
4 49 x 4

ms > =4.94 x 102 ms>
IN CHAPTER EXERCISE 2
SOLUTION
i) 4.4x105) i) 33x105J (i) 1.1x105J

2

Total energy = %m(DZA2 = % x0.2 x% x(2x107)*]
=44 x10>]J

1 2
Kinetic energy = 511”1032(212 -x%) = %XOQ X43i6[4 x107* —1x107*]J

=33x10°J
Potential energy = (4.4 x 10 —3.3 x 107) J
=1.1x10°]J
A 3
. A .. AN
O Gy +>
() lk(A2 —-x’) = L
2 2
.. 1
(11) When v= Evmax
| 1,
K.E.=—(KE)_ =-kA
4 8

Lz —xy=tia
2 8

@@ 0314ms! () 01J (¢) 01J (d) 0.083J
Lo L
(a) v, =Ao=2.5x10 ><2><7><2 ms~ =0.314ms!

(b) E:lm(DZAz:lsz =%x2x0.314]=0_1]

() Maximum potential energy=0.11J

1 1 2 Y . .
(d)  Kinetic energy = Emcoz(A2 —-x’) = 5X2(2X7xzj [(2.5%x107%)* —(1x107%)?]

=0.083]J




(a) v=oVvA’-x’
or vi=w’ (A’ -x%)
Now, 0.03* = w’(A? —0.04%)
and  0.04° = 0’ (A? -0.03?)

On simplification, A= 0.05 m and ® =rad s!

. ) 27
Time period, T = 2ns =2 x3.1425=6.284s

1
(b)  Energy= ) mA’e’

x50%107° x0.05%x0.05x1x1]J

_ 1
2
6.25 %107 ]

IN CHAPTER EXERCISE 3
SOLUTION

85s
T /
T=2n \/E , 2o &
g T 253
. . : 10
Required time period = 16 x3.4

The time period is independent of the mass of bob.

Due to electric force of attraction between the bob and the plate, the effective value of g shall
increase. Since T =2n \/z therefore T shall decrease.

g
0.16 ms!

27
v=Aon =0.05 x 7

0.02zms™, 0.027*ms™
Time period = time taken in one oscillation=2 s

V=Aco=2><2—TE
2




2
a=Aw’ :ix(2_nj
100 \ 2

IN CHAPTER EXERCISE 4

SOLUTION

3.33 rad s’!

2“ m(kl + k2)
klkZ

klkZ

The equivalent force constant is K, +k,

0.54 s

Effective force constant =40 Nm™!

) ) 0.3
Time period, T =27 200 0.54s

(a) 031s (b) 20 ms™

(a) T=2mn,|—

(b) max. acc. = L3 A
m

locit —A\/E
() max. velocity = m

1.1 x 10> N m'!, 36 kg

2
T=2n,/£; k:2n_2m
2k T

Herem=12kgand T=1.55s

(¢) 1.0ms!

After the block has been placed on the tray, mass is (M + 12)kg.

M+12
2k

NOW, T=2n




EXERCISE 1

2. C 3. D 4. A
C 8. D 9. C 10. c 11
14. B 15.C 16. B 17. A

21.B 22.D 23. A
27.C 28.B 29. (B)
33. (B) 34. (C) 35. (B)
39. (A) 40. (A) 41.(C)

44. (B) 45.(D)

SOLUTION

A)

V= Ax2ncos(2nt+§j

n
= VvV=V_. :>cos(2nt+§j=il

= (2nt+£j:n
3
t=1/3

©
a=Aw’

V:A(D:(Dzl
A

2
a:Ax%

VZ

a= X —'A" doubled — 'a’ halved

(D)

PE. . atmean position=35]
TE.=91]

max K.E.=4]J

lrnAzo)2 =4]

2

= =200

27 T
=——=—s5e€cC.
200 100

18. C
24. B
30. (A)
36. (C)
42. (C)

6. D
D 13
19.B
25.A
31. (D)
37. (B)
43. (B)




A)

max. acceleration of plank should not exceed g

N=0
a7l 2 _
1, A0TE
% A=10/mn mg
a = g (when block leaves contact)

(D)

Particle starts from mean position.
= X = Asin(mt)

att=1
X, = Asin(%xlj
A
Xl:ﬁ
att=2
x2=A

distance covered in 1% second = 3

A
distance covered in 2™ second = A ——
J2

/N2 1
1_L V2 -1

V2

=2 +1

ratio =

(D)

Circular representation at t =0

Phase difference =2n /3

Phase covered by each particle =7/ 3

Time taken = l x 60 = I
360 6
©
For max distance V.=0
ViTv, B
—~  x =x /6 +71/6
1~ ™2 =0
x1+x2=200m I i; d)o : 1
X, =10cm —20 v, v, +20

Phase difference between x =0 and x = x, = ¢ =sin™" (%j

r
6




10.

Phase difference betweenx =0 and x = x, = ¢ = —%

Phase difference between X, and X,=T /3

(D)

Let v, is maximum velocity of each particle.
When particles are on opposite sides of x =0, let their phase by +a & —ou (v, = vy =v,cosa=1.2)
When they cross each other let the phase be [3,
Vp, =Vp, =V, c0sB=1.6
Phase travelled by Q is o +

Phase travelled by P is (g —a+ % - BJ

(Since "P' goes to one extreme then comes back to cross Q)
since angular frequency is same, phase moved would also be same.

e T
a+f==——-a+=-
B=3 5B

T
a+B==
b 2

o .
Vp, =V,c08| ——a [=1.6=v sina
’ 2

v, =+/(1.2)° +(1.6)

V,=2m/s

©

From extreme to x = a/2
phase covered = /3
time taken=T/6

_a/2 3a

" T/6 T

<V>

©

1
K.E.atD= Zmax K.E.
lmo)z(A2 -x%) = 1 mon’A*
2 4

\/g'A'

AE=2A=2R
A=2R
BD=2CD




11.

12.

13.

14.

15.

16.

(D)
Let v=Awncos(ot)

a=—Aw’sin(wt)

2 2

\ a
A’ i Ao 1
1
vi= _Faz + A’ Straight line with '—ve' slope
D)
Phase movedin T/8 ¢ = 2_nx T _T
T 8 4

X = asin(mt)

x =2
2
©
0)2X Z(D\/AZ —xz
x=1,A=2
(,OZXIZ 4-1
0=3
© 3

i po QN2
requency f=—— ="

(B)
K in parallel = 2k
K in series = k/2

©

g, = (g+a) when the elevator accelerates up.

L M
T, =2n T, =2m, |—
! (g+a) =2

T, - downwards, T - same

(B)

Tzszf;;ar
g




17. (A)
y =sin(ot) + NE) cos(wt)

y=2sin(mt+§]

Ao’ =g = £
(max. accl.) A \Lg

for maximum acceleration \

. T
y—)max:>s1n((ot+§]=l

Il
[\
a
N | W

For equivalent length of simple pendulum T =27 \/E
g

L

3

19. (B)

U = -ax’ + bx*
for equilibrium (mean position)

Fo 3 0 dax—4bx’ =0
dx
x=0, x= E
4b




20.

21.

let y be the displacement from mean position
F = 2ax — 4bx’

putting x :( 24

2b

F=2a| |-+
=

([,
T

([,
T

yj
3
a
-4b ,/—+
a 5 a
2a—4b| —+y +2x,[—x
{ (2b YT yj}
a a
28— 4bx->—4by® —4b2, |- >
(a m 2b yj

a a
= 2x—.yx4b—4b2,|—y >0
T Vb’

F_=-4ay

4a
0):‘/—
m

©

Particle executes SHM of amplitude 'R'. Initially they col-
lide at the centre since their time periods are same

-

2mRo—mRw
R

=3mA®»

? =A (A — new amplitude)

(B)

Suppose collision occurs at 0

Phase covered by 1 is ¢, = g+ 0

Phase covered by 2 is ¢, = g+ g -0

¢, = ¢, (T-same)

2

="
4

Tio=Z+I_0
2 2

—A

10



22,

23.

24.

25.

26.

27.

T
hase ¢, =—+0=—
phase ¢, = 2

] 3n
time taken = —X—

T
27

(A)
gelevator = (g + a)

L
g+a

T, =2n
T >T,

(B)

x = Asin(ot)

X = Asin(z—nx
T

x=A/2

KE. »

T
2

)

4

3T

8

lmcoz(A2 -x%)

PE.

A)

v =A®

max;

Vi, = 2A0 =2

©)
T 2n |u

v

lmcozx2
2

t=—=—,|—=lsec

2 2\k

©

y, = sin[w +£)
3

Y, = sin(wt)

3

1

(o — constant)

Ta




28.

30.

31.

32.

Phaser A _ = \/Alz +A2+2AA, cosd

= 1+1+2><l
\/ 2

Amax = \/g

(B)
y, = Asinot
y, = Acosot

Yy, +Y, =\/§Asin(mt+£]

energy = %mo)2 (\/EA)Z

=mo’A’
A)
Let x = Asin(ot) 3 = —A®’
da_ —~Aw’ cos(mt)
dt

da
for max a = coswt ==*1

atx =0
~ da
formin — = coswt=0
dt
X =1A

(D)

centre of mass falls as water comes out, then suddenly amount regainits original position as total of

water goes out.

©)
T=2n /& =27 /h
og g
T=2n |8
CAg
o — density of liquid
p — density of solid

p Ag=cLAg

12



33.

34.

3S.

36.

37.

L
c

(B)
atteractive force b/w change and metal plate, g . increases.
©)

l 2 2 2 1 272
KE. = Ema) (A" —x7) TE.= Ema) A°=E
atx =A/2

2
KE. = *mao? (Az A—]
4
- lm A% % E = 3_E

2 4 4
(B)
kil =k,l, =kl

1
k, x—=kxI
4

k, =4k
T:2n\/E newT':27t,/2:I

k 4k 2
©)
o? = gngx

+mx’

12
for minimum T = ® is maximum

2
do? Hn;? +mx2J—x.2mx}
®

= d—=0:>mg 5 2 =0
X
(ni? +mx2j
L L

iz 23

(B)

Super position of two SHM's in the same direction will be another SHM if their frequencies are

. . . . 43
equal. Resultant equation of option (B) is y = 5s1n(wt +tan”' Zj

13



38.

39.

40.

(A)

y= 10cos(2nt+%j

ﬂ =-207sin (211‘( + Ej
dt 6
att=1/6
v_ =-207sin (E +£j
P 36
=-0.628 m/s
A)
y, = 3sin(mt)

Y, = 4Sin(cot +§] + 3sin(wt)

using phasor method
y, = SSin((Dt +tan”' %)

phase difference ¢ = tan™ (%j

A)

If particle motion starts from extreme
x = A cos(mt)
at ot=7n/6

X = Acos(zj
6

ot=7/6
V=V_ sin (Ej
6
Vmax
2
P=myv
— meax —0= szE _ mE
2 2 \/ 2
©
27 271
O‘)l - (02 = —
3 5

3

3 > [sin(ot)]

14



42.

43.

Relative o = 0, — O,

time taken to come back in same phase {t = 2—71\
rel
2n 15
t, = = =75
B EEIIEE S
3 5
(©)

Let the spring is further extended by y when the cylinder
is given small downward push. Then the restoring forces
on the spring are,
(1) Ky due to elastic properties of spring
(i1))  upthrust = yAdg = weight of liquid displaced
Total restoring force = (K + Adg) y
Mxa=—-(K+Adg)y

Comparing with a = —@’y, we get

) K+Adgj _|K+Adg
® ( M or o= T
f_g_L /K+Adg
2 2n M
(B)

Maximum tension in the string is at lowest position.

Wia

Therefore T = Mg+ I

To find the velocity v at the lowest point of the path, we apply law of conservation of energy

1.€.

1
EMVZ = Mgh = MgL(1 - cos®) [ h=L-x,h=L—LcosO]

or v’ =2gL(1-cos0)

or v=4/2gL(-cos0)

. T'=Mg+2Mg(1—cosb)

T:Mg{l+2x2sin2(gﬂ

e 2
T= Mg{” 4(;] } [.- sin(0/2)=0/2 for small amplitudes]

T = Mg[1+6*]

a . _ a ’
From figure 9:2 S T—Mg{lJr[L) } .

15



44.

45.

13.
17.

(B)
The small block oscillates along the inclined plane with an amplitude A. As a result the
centre of mass of the system undergoes SHM along the horizontal direction:

~md sin w¢

os60°=l
m+M 2m+

Asin ot

cm

The acceleration of the C.M. is a, =-w’x,,, along the horizontal while the net horizontal

force is =(M +m)a,, , which is equal to the force of friction acting on it.

cm Y

(D)

When the spring undergoes displacement in the downward direction it completes one half
oscillation while it completes another half oscillation in the upward direction. The total time
period is:

T=Tc\/%+1t\/%
EXERCISE 2

ONE OR MORE THAN ONE OPTION MAY BE CORRECT

2. C 3. B 4. A,B,C,D
B,C,D 6. B,C,D 7. A,B 8. A,B,C
B,D 10.D 11.C,D 12.B,C,D
A,B,C 14.C 15.B,D 16. A,B,C,D
B 18.A,C 19.A,C 20.B,C

SOLUTION
©
24, a2
2 A x=0A+A
V2

Phase dift of first particle from mean position is 45°.
Phase dift of 2" particle from mean position is 90°.
Total phase difference =90 + 45 =135

©

Possible angles b/w PQ, P'Q, PQ', P'Q" are 75°, 165°,
285%,195% & 135 is not possible.

— Projection on

16



(B)

v’ =108 -9x’

v =9(12-x%)
vi=m’(AT-x7)
o=3

amplitude A = +12

acceleration a = —®’x
atx=3
=-9x0.03
=—-0.27 m/s?
SHM about x=0

(A,B,C, D)

The block loses contact with plank when the plank is at its amplitude

acceleration of block a, = g (- N=0)
acceleration of plank a = am’

to just leane A’ =g

, 10
the contact ®" = 20x10°2
o = 5Srad/sec
o2
5
at lowest point of SHM.

upward acceleration of block = acceleration of plank

=An’=g

at half waydown acceleration of block = % 0

mg 3
N=mg+—=—m,
g 2 5 g
At mean position, velocity in maximum a =0
N=mg
(B, C, D)
V=0m4A" -y

also v:ﬂ v=0 att:I
dt 2

a=-o’y=max att=T

F=ma=0 att:ET
4

N =2mg

17



6.

att:% v=0= KE.=0

= PE.=TE.
B,C,D)
U =5x*—20x
F:_—dV:—10+20 = -10(x-2)
dx
k=10

F =0 at x = 2 (mean position)

T:2n\/§
k

(A, B)

X = % = Asin(mt)

6 12

v =v,cos(mt) = \/5%

a

a=a,sin(ot) =

(A,B,C)

%m(DZAZ - KEmax

1
Emooz(A2 -x*)=0.64 xKE__

X

A?—x*=0.64A"
x> =0.36A%
x=0.6 A=6cm

KE.= %mco2 {Az _ATZJ

atx=5=é
2

18



10.

11.

12.

13.

31 3
KE. == —mo’A’==
12 4 max P.E.

(B, D)
x=23sin 100 t+ 8 cos> 50 t
=3sin100t+4+4cos 100t
x = 5sin(100t+ ¢) + 4 - SHM
Amplitude =5
maximumx=5+4=9

(D)
) a

a=-m0%x
Slope = _? X—>
straight line x50
(C,D)
x_ sin(mt)
a
(1 - X] = cos(mt)

a
x’ )’
= + ( — ;j =1 = uniform circle

dx
v, =—=awmcos(mt)
dt

X

v, = (cil_?c] = am sin(mt)

v =4[V, + v, =constant

distance o time

(B, C, D)
x’ v )
re + oS =1 ellipse
a=-mx — straight line
a’ v’

A2—0)4+ AZ—O)Z =1 vl ellipse

(A, B, C)

2 2
X \"

OO

at x=0 v=Amn=1.0

19



14.

15.

atv=0 x=A=25

2n
= =
==~ =1575

a=m’A
=40 cm/s?

v=oVA-x*

v=4J257 -1’
:4@
=221

©
y =A(l+cos2mt)

y=A(2sinwt + ¢)

(B, D)
Let x = Asin(ot + ¢)
att=0

X=+—=

2
5n
6

also v=-v, =v,cos(ot+¢)

T
¢_69

X :Asin(mt+5?nj

X =Asin(mt+£+£j
2 3

- Acos(wt +Ej
3

20



(A,B,C,D)

for equilibrium

kx=mg

x=1cm

ifreleased from natural length
A=2x=2cm

f:2n\/Ez5
k

frequency doesn't depend on value of g.

(B)

The block has v, at equilibrium

Yo
@,

\ /o
x = —Lsin(o,t)
0‘)0
initial phase is zero
since the block is moving is +ve direction.

A, 0
Distance of mean position from water level = immersed length
= maximum amplitude for equilibrium

px60xaxg=73plag
maximum amplitude = L = immersed length =20 cm
m
3pag

T=2n

A, 0

Average total energy = 5 mo’A’

=maximum K_.E.

A%
root mean square velocity = T;

mean velocity =0
(B, C)

Average KE = imo)zA2 =Average P.E.

o=2nf
KE = L mo’A2 cos’(ot) = 1 oA’ (—1 08 Zwtj
2 2 2
fo=2f

21



EXERCISE 3

Comprehension - I

1. (B)
in experiment [
frequency = no. of oscillations/sec

=—/s
60

le
3

2. (©)
frequency is independent of amplitude

3. (B)
frequency is also independent of mass

4. (D)
particle stops at extreme so it drops vertically.

Comprehension-11

5. (B)
Spring cut into 3 equal parts then spring constant of each part becomes 3k
in parallel

k. =k +k,+k,=9k

T'=2xn m
\ 9k

P T
3

6. (D)

kx
kx cos 60 kx cos 60
60 60

F_, =kx+2kxcos’ 60

22



7. ©)
k. 1nseries =k

k. 1n parallel = 9k

Comprehension-I11

8. (D)

When spring of 2k displaces x, spring of k displaces by 2s (torque balanced about mid
point)

3x
mid point displacesby 5 =Y

F . =2kx+k2x
=4 kx
_ 4Ky, _8k

net 3 3 YO

1(8k 2
energy stored = 23 (¥o)

4k
=—v;

10. (B)
w

external __ Wgrav1ty spring

w

" 2K(x) k(2x)

gravity gravity

3m3x
2

—11<(2x)2 + Lok
2 2
mg3x meg
2

1
putting mg =4kx = )

23



Comprehension-1V

11.

12.

13.

A)

Total energy remains constant

(D)
d = Asin(mt)

1. _l(dj
t=—sm | —
0) A

(B)
v=oVvA?-x’

atx=0 vV — maximum
X =xA v=0

Match the Column

14.

15.

(A)>PR,(B>R,(C)>PQ,(D)>PQ

Fres = Gg(AX)

T=2n

cAg
(B> R

X
F . =(mg—-ovg)—
e = (g g)L

©)—->PQ
Liquid will behave as a point mass
(D) —>P,Q

a—area

xl TX

A—> Q, BoR, C—»P, D>P

T=2n fL
gcff

24



16.

17.

18.

g =127

(A) 8B =

™o o N|q%9

(B) geff =

(©) g =g +(Bg)

GM
GM 5 (GM)
(d) geff R2 (Rjz RZ g
2

(A)>R,(B)>S,(C)> P, (D)> P
A)—>P,Q,(B)>PQ,(C)>S,(D)>R

A—>Q,B—>P,CHR,D—> S
y = Asin(mt)

v = Ao cos(mt)

(A) K.E.=%mv2 —> max att=0

(B) PE=minatt=0
EXERCISE 4

x =0.2cos5nt

2n
Ti iod T=—=04s
ime period 5o

Particleisatx=0.2att=0
t=0

} L 4 L
-A x=0 +A
fromx=+Atox=0
it takes 0.1s
Total distance convered in 0.7 s is
s=7xA=7x02=14m

Totaldistance 1.4
average speed <v >= " Totaltime 07 2m/s
From the given graph
X = —Ex
o
comparing with

25



-
a

1 /B
frequency f = e _-_- B
2n 2m\Na
3 T =2nmgd
2 2
[ +mL’ + j ML
12 3 4
o (2m X 3Lj .
4 m
= ”—L
18¢g

4. F=-10x+2

F=-10(x-0.2) v=0 x=0 mean position
k=10 x=2 02
m=0.1kg Amplitude

,/ﬂ =10 rad/ Ti 1 d—2—nS
0.1 _ lOrad/s ime period = 7

mean position at x =0.2
Amplitude A=+2+0.2=2.2m
equation since particle starts from extreme

x—0.2=-2.2cosmt
Xx=-2.2cosmt+0.2

S. U=x"-4x+3

() F:—gz—2x+4
X

=-2(x-2) (SHM) equilibrium position at x =+ 2

i) T= 2n\g = 2n

(ii)  V=Aow

2J6 = Ax2, 23m=A

6. Water doesn't roll as the cylinder so it is treated as point mass a.
about constant poit

T=-k(RO)R

restoring

26



Ioo = -kR?0
(2MR* + mgz)a = -kR?0

water as point mass

(02

k

B 2M +m

when water becomes ice (neglecting change in volume)
ice behaves as solid cylinder

Io = —kR?0

(ZMRZ +%mR2) o = —-kR?0

()

(b)

()

k.
2M + 3 m
2
For small amplitude, the two blocks oscillate together. The angular frequency is
. k
@- M+m
and so the time period T =2rn M ;(_ =
The acceleration of the blocks at displacement x from the mean position is
- 2y = [ —kx
a=-ox= |}

The resultant force on the upper block is, therefore,

B [—mkx)
ma = M+m

This force is provided by the friction of the lower block.

mleIj
M+m

Hence, the magnitude of the frictional force is (

Maximum force of friction required for simple harmonic motion of the upper block is

atthe extreme positions. But the maximum frictional force can only be u mg. Hence

M+m
mk A
M+m:!“lmg
M+m
or, A =X : )g

When the elevator is stationary, the spring is stretched to support
the block. If the extension is x, the tension is kx which should balance

the weight of the block.
Thus, x = mg/k. As the cable breaks, the elevator starts falling with
acceleration ‘g’. We shall work in the frame of reference of the

elevator. Then we have to use a psuedo force mg upward on the
block.

This force will ‘balance’ the weight. Thus, the block is subjected to a net force kx by the spring
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10.

11.

when it is at a distance x from the position of unstretched spring. Hence, its motion in the elevator
is simple harmonic with its mean position corresponding to the unstretched spring. Initially, the
spring is stretched by x = mg/k, where the velocity of the block (with respect to the elevator) is
zero. Thus, the amplitude of the resulting simple harmonic motion is mg/k.

The situation is shown in figure. The moment of inertia of the disc about the wire is

mr?  (0.200kg)(5.0x102m)?
2 2
The time period is given by

1= =2.5x10*kg-m?

I

T=2n C
41’1 41‘[2(2.5 x10’4kg—m2) kg—rn2 A —4
of, =—F = P =0.25 3
T (0.20s) S

If the string is displaced slightly downward by x, we can write,the net (restoring)force
= (e —2px)2g
= ~2uxg Peg

- (5ph) ¥ = 2uxg

or X=——""X

or T

When the plank is situated symmetrically on the drums,
the reactions on the plank from the drums will be equal
and so the force of friction will be equal in magnitude RT RT
but opposite in direction and hence, the plank will be in f,
equilibrium along vertical as well as in horizontal

direction. 2L B
Now if the plank is displaced by x to the right, the reaction T

will not be equal. For vertical equilibrium of the plank R, me R,
R, +R, =mg ...(1) X f, fBX
And for rotational of plank, taking moment about center of mass we have —> |

R, (L+x)=R,(L-x) ...(i1) (( ) K ( ))
m

Solving Eqgns. (i) and (i1), we get A

L—x
Ry :mg( 2L j

d R —m (L+x)
an B g Y

Now as f =puR, so friction at B will be more than at 4 and will bring the plank back, i.e.,
restoring force here
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13.

m
F=~(fy=f)=-n(Ry~R)=—p"Zx
As the restoring force is linear, the motion will be simple harmonic motion with force constant

i =H"E

L
Sothat 7' = ZW\/Z =2m, /i )
k Hg

(a) If a>p, the ball does not collide with the wall and it performs full oscillations like a
simple pendulum.

. l
= period =27 .

(b) If a<Bp, the ball collides with the wall and rebounds
with same speed. The motion of ball from A to Q is
one part of a simple pendulum.
time period of ball =2(z,,).

Consider A as the starting point (t = 0)

Equation of motion is x(¢) = Acoswt

x(t) =(PBcoswt,

x(t) = (Bcosot, because amplitude = 4= (B

time from A to Q is the time t when x becomes —/q.

= —lo = lBcosmt

N t:tAQ:I/mcosl[%}

The return path from Q to A will involve the same time interval.
Hence time period of ball =2z,

o (=2 ()
=—cos | ——|=2 |—cos | —
o p g B
:Zn\/Z—Z\/Zcosl[g)
g g p

Suppose that the liquid is displaced slightly from equilibrium so that its

Q A
level rises in one arm of the tube, while it is depressed in the second arm
by the same amount, x. -
If the density of the liquid is p, then, the total mechanical energy of the
liquid column is : f{ ;
. x|l K
E=%{A(h+x)p+ A(h—x)p}.(%] M Qlhx
A 4 M A 4

+[A(h+x)p~g~hL2x+A(h—x)-p-g~h;x}

1 dx)’ 1 s .
= Loam) L) +Ladpg) + ) (i)

After differentiating the total energy and equating it to zero, one finds acceleration
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15.

16.

=—0’x
The angular frequency of small oscillations, o, is:

24
oo [24pe _ \/E i)
2A4hp h

Suppose that the plank is displaced from its equilibrium position by x at time ¢, the centre of the

cylinder is, therefore, displaced by %

the mechanical energy of the system is given by,
E=K.E. E = K.E.(Plank) + P.E.(spring) + K.E. (cylinder)

2 2 2
E= lm[ﬂj i Lo i(f) +1[12m.R2j li[fj
2 \dt 2 2 dr\2 2\2 Rdt\2
2
= l(lm)(ﬂj _,_lkxz
24 dt 2
After differentiating the total energy and equating it to zero, one finds acceleration —g2y

4k

The angular frequency, = Tm

Suppose that the particle is displaced from its equilibrium position at ¢, and that its x-
coordinate at time ¢ is given by x.
The total energy of the particle at time ¢ is given by,

1 ( dx) ? [ dy) ?
E e — — .
zm{ o) ) (e (i)
Differentiating the equation of the curve, we get,
2x@ = 4ad—y
dt dt
2 2
E:lm(ﬂ) 1+ x2 + 8
2 \dt 4a 4a
I d. . .
-~ The oscillations are very small, both x and 7); are small. We ignore terms which are

. . . d .
of higher order than quadratic terms in x or, 7); or, mixed terms.

1 dx]2 l(mgj ) ..
E=—m| | +-|Z&
Zm(dt "\ 24" (if)

After differentiating the total energy and equating it to zero, one finds acceleration = _ 2y
The angular frequency of small oscillations is, consequently,

f mg f g
w = = _—
2a.m 2a (Hl)

At equilibrium the net force on the cylinder is zero in the vertical direction:
F,=B-W =0, p= the buoyancy and w = the weight of the cylinder.

net

When the cylinder is depressed slightly by x, the buoyancy increases from g to B+8B where:
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17.

18.

0B =|x|p,Ag
while the weight w remains the same.
the net force, F’ =B+8B-W

net
=8B =|x|p,Ag

. .. d?
The equation of motion is, therefore, psAhﬁ =—xp,Ag

the minus sign takes into account the fact that x and restoring force are in opposite directions.

dx__ pg
ar’ p,h

and the angular frequency, o, is
o= |8Pc
hp,

Suppose that the rod is displaced by a small angle ¢ as shown in the figure. The total
mechanical energy of the system is given by,

E= %mézéz - mgg(l —cos0) +%k(f9)2

A
[ k
kx «
_L e +l(kg2_m_g€]92 . 10
=3 ml*0 2 , (1) |
. . . |
the angular frequency of small oscillations is, i/ /Mg
O
(i1)
The condition for the system to be oscillation is,
3k 3g mg
ekt -3 k>
m 21 or; 720 (1)

Suppose that the block is depressed by x . The pulley (owing to the constraint) is depressed by

% . Suppose that the tension in the string are 7 &7’ on both sides. We can write:

For block: mg —T = mi ..(1)
For pulley: T+T’+mg—k(x+x0):m§ ... (1)
The angular acceleration of the pulley, o = %

(T—T’)-Rzl-% ... (1v)

From (i), (i1), (iii) and (iv) we get,

Sm I ).
3mg—k(x+x0)=(7+2szx . (V)
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The frequency of small oscillation,

19. (a)  Atequilibrium, the net torque on the pulley is zero.

mg-R=mg-Rsina ... (1)
. m,
or, sino, = —
m
m .
or, o =sin 1;1 ... (ii)
myg; A
I
T
mg
ml

S «—|

(b) Ifthe system is displaced slightly from the equilibrium
position, it oscillates. Suppose that the position of the
particle is given by the angular variable ¢, at some instant.
The total mechanical energy is given by:

E=KE+PE.
_ll z)‘z l 2702 l 242
Where’ KE—Z(ZMR 0 +2(mR )6 +2m1R9
and, PE.= lossin P.E. of m + gainin P.E. of m |
=-mgR(0 —a)+mgR(cosa —cos0)

a+6 . 6-a
sin 3
1’rll

=—m,gRS0 + 2mgR sin((x + %j sin6—2e

= —m,gR(80)+ 2mgR sin

2
=—m,gR-80 +2mgR 62—6 sina + 2mgR cosoc(sz—e)

where §0 is defined by the expression : 6 = +3860, 30 being a small quantity. Since the frequency
depends only on terms which are quadratic in 89, we can write,

1(1 . 1 . .
E= E(EM +m+ ml) R0’ +5ng cosa(86)” + terms linear in 5 or, constants.

After differentiating the total energy and equating it to zero, one finds acceleration = _ 2y

I mgR cosa

\/(1M+m+mljR2
2

the angular frequency, o=
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20.

and the frequency, f = 1 [ mgcosa

2n\/(lM+m+mljR
2

(a) Since the system is in equilibrium, we can write the tension in the string, 7 as:
T =maw;r
and, T=mg

moer =m,g .. (1)

(b) Suppose that the block m, is depressed by x . The radius of the circle of rotation is now
given by,

r=r—x-.

and the angular speed ' is given by,

mriw, =m(r—x) o

2
Oy vl

or, W = (r— x)z (11) C ’q

The free body diagram as well as the geometry of

the problem are as shown in the adjacent figure.

2
mlﬁ(r—x)zmlu)'z(r—x)—T (iii)

2

d .
mzﬁ(£+x)=m2g—T (1v)

The first term on the RHS of the equation (iii) can be rewritten as,

2 4
WIICOOI”

3
X
) = mlwgr(l —;j

3x
2 . . . .
=ma,r (1 +Tj (after binomial expansion and assuming x << r)

mo' (r—x) =

Equation (iii) and (iv) become

-mX = mlmér[l +3—xj—T
r

-m,X=T-m,g .

. . 5 3x
Adding, —(m, +m,)¥ = mlwor(l +_J —m,g
r
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2

.. 3m, o,
¥=———x

m, +m2

Thus the angular frequency of small oscillations, w, is given by,

V)

(vi)
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PYQ : JEE Advanced

Only One Option Correct

1. ©
Mg
© == Ry
RVy =PV
Mg = PyA (1)
Let piston is displaced by distance x
P{)A.JcoY = PA(xg -x)!
1 Piston
P "
p=—2%
(%o —x)"
Byx! -
Mg - 0. A= Frestoring Xo{| Cylinder
(r() = X)Y containing
ideal gas
R X
Al | .
0 (.\‘0 -X)Y Freslonng [xO —-X= xO]
i Y
P()A(l—;\ =PR4 1—(1-1\
(l—i\YJ | X0
L ).’0
= R4 1—[1 +ﬁ\}
L %0
F=—yPOAx :Mmzxzwsm = M

X0 X0 XoM
. Frequency with which piston executes SHM.

_1 YRd 1 |yRA4?
f=—] - —
27 XOM 2n J&/[VO

2. (D)
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(@ In simple harmonic motion, starting from rest,

Att=0,x=4

x=Acoswt e (1)
Whent= 7,x=A—a
Whent=27,x=A4-3a

From equation (i)

A—a=AcosoT (1))
A-3a=Acos2oT .(111)
As cos20 7 = 2 cosZ o7 — 1...(iv)

From equation (ii), (i’ii) and (iv)

A—3a =2(.A_-£J =]

A A
A-3a 24%+2d° —44a- A
- A2 3ad = A2 + 2a° - 44a = 2a* = ad
e a 1
= :—‘:—
= a A 2
Now, A — a = A coswt
A- |
— COSMT= ::COS(Dt=—2-
25T s
= T 37 g

(©)

14
(¢) As we know, time period, T = 2n \/;
When additional mass M is added then

Ty =2n £+ AL
g
Ty [0+Al [IM_JZ_E+AF
T ¢ —\UT) ¢
2
L) M [ra- )
=" (T TAY AY
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2 22 LY
d KE= —k(A —d”) and P.E. 2kd
At mean posmon d = 0. At extreme posmons d A

(©)
(¢) Time lost/gained per day = %QAO x 86400 second

12= %a(40 _9)x86400 )
4 =%a(9—20)x86400 i)
40-0
On dividing we get, 3 = 90—26
30-60=40-0
40 =100 = 0=25°C S
(B)
We know that V &N A?-x’
(2A)

Initially V = m\}A2 -| T;

2A
Finally 3V = (DVA (3J

2A
Where A'= final amplitude (Given at x = - - velocity to
trebled) '
On dividing we get
\/ 2 (ZA . ]
B3 | 2 4A7] 2
2 ) 2 | , 4A
2 :>9Lf\ Ty |=AT-—
] /AZ —( 2{\ \~- | 9
\ 3
oo IA
= AT
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(b) For a particle executing SHM
At mean position; t =0, =0,y=0,V=V, = ao

1
K.E.=KE, = j,)_-mmza2

T T
At extreme position: = — ,ot= —,y=A, V=V, =0

4 2
K.E.=KE,, =0

1
Kinetic energy in SHM, KE = Emo)z(a2 —y%)

|
ot ma?ta’cos’ot

Hence graph (b) correctly depicts kinetic energy time graph.

8.  (B)
(b) As we know, frequency in SHM
1 [k

f= — [—=10"
2n \'m

where m = mass of one atom
108

x107> kg
6.02% 1023)

Mass of one atom of silver, = (

1k _602x10% =10?
21\ 108x107>

Solving we get, spring constant,
K=7.1N/m

One or More than One Option Correct

1. (A, D)
(a, d) The particle collides elastically with rigid wall.

e=

=1 = V=0.5x,

0.5
i.e., the pamy&e rebounds with the same speed. Therefore

the particle will return to its equilibrium position with
speed u,. So, (a) is correct.
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C W, — A 0.5y,

Equilibrium position
The velocity of the particle becomes 0.5u, after time 1.
Using, equation V=V _ cos o
0.5uq = uy cos ot

3

3 g _ E y ___E m
ThctlmepenodT—21t\/: R 3\/:

The time taken by the particle to pass through the

. 2n |m _
equilibrium for the first time = 21 = -3— _k_ So, (b) is

wrong.
The time taken for the maximum compression

"AB“BA*’AC
m nm 7 /m_ \]» Lk +_]
3 3 2

= Ly .S on
6 k o, (c) is wrong.
The time taken for particle to pass through the equilibrium

position second time

e e B nfE ()30 s

is correct.

- - -~ =

(A, B,D)
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Case (i) : Applying principle of conservation of linear
momentum.

EMMMLpr. &mmmmﬁhg,

Vi=M +tm)V, )
M (A} x @)= (M+m) (Azxmz)

K {K
\/‘ =(Mim) g M+m

A4

Al
M+m

Also E, ='2' MV,?

1 1
and E= -5 (M+m)V22 = E (M+m)

M .
('.' V2 = (m)\q from €q (I)J

M2v2 2
> i) Y = _l_( M ) V,Z

(M+m)* ~ 2{M+m

ClearlyE, > E,
m+M
The new time Period T, = 2 X
Instantaneous speed at X, of the combined masses
MV,
Y rm 1

: m+M

Case (ii) : The new time Period T, = 2 X

AlsoA,=A, and E,=E

2" 2 *

In this case also, instantaneous speed at X of the
combined masses decreases.

Matrix Match Type
1. ©)
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© @ Vg2=V2+VZE-2VgV,cosh
As wy = ‘”B’ 6 90° remains constant

VBAzﬁ m/s.Sol — S.

Sn: Sms
(I UA=-—2—1+—2—J
5n (Sm » Sy (5m .
A i+ (7-10x0.1)1 _7”(7—1))
Bt--Olsec 2l 2J

After t = 0.1 sec, both projectile came in air. So there rela-
tive acceleration is zero. So relative velocity should not
change after it.

Viel = Vrel(t=0-1 sec)=l5n;—j| = \}251t2 +1.Soll->T

X . 18
=xosmt—xosm(t+§-) [ t0=l]
=sint—cost= \/E(Lsint——]—cost]

J2 J2
Zsin(t—l)
4

dx 0 n =«
rel at cos( 4) JZcos(3 4]
- /2 x \E+| \/§+l

2J_ > So, I - P
@V) VA and VB are always perpendicular
IVBAl =\[V§ +V§ =v3% +1% = V10 .
SoIV >R

Integer Answer Type
1. (2.09)
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Let velocities of 1 kg and 2 kg blocks just after collision be
v, and v, respectively.
Just after collision
vy -V
-1 kg 2 kg

From momentum conservation principle,
myuy +myty =m vy +myv,
0+1x2=—1v, +2v,

Collision is elastic. Hence e = |

2-0
v t+Vv)

=5 vy tv =2

From egs. (i) and (ii),

4 2

vy = Em/s, % o gm/s

2 kg block will perform SHM after collision, so spring returms
to its unstretched position for the first time after.

=I—n‘/5-n\/§—n—¥l4
2 kK N2 7

Distance or required separation between the blocks

e=1]=

t

2
=|vJt= 3*3-14 =2.093=2.09m

(6)
(6) We have

l’>€’0:>k—k1; [((’02](_—‘1(2
Time pcrlod of oscillation,

T= +1t—- 0.1 o1
% k, “\Jooo o016

_m, _"’_z 970 _ s 83x=6n
03 04 012
So,n= 6
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