Simple Harmonic Motion ALLEN’

Simple Harmonic Motion

SOLUTIONS

EXERCISE - O
1. Ans. (C)
Motion is oscillatory but not periodic and period is not defined. Particle moves from -a to a.
OR

X =acos (()Lt)2 = oscillatory periodic motion of small
x(t)=a cos(ou,“)2
x(t+T)=acos(at + T)2
x(t+T)=a cos(oczt2 +T? + ZoctT)
x()=x(t+T)
Hence, not periodic motion.
2. Ans. (D)

S-1:4 + 6 sin wt represents SHM about m.p. = 4
2

S-11:

is not proportional to x but to (x - 4)

tZ
3. Ans. (A)
A=5
-2 p-21)
i ®
4. Ans. (C)
4’ ay = _9y

5. Ans. (A)
x<0,|x|=-5
d=+5m/s*(t,) 5
X>0,|x|=5
a=-5m/s*(t,)

1
551,'12 =da

1
Estzz =d

T =2t +2t,
T:4‘f2—a
5
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6. Ans. (A)
Amp. = 24
I
=3
. x=2Asin (mt—Ej
2
7. Ans. (A)

4

G aNAY
VY

8. Ans. (A)

_4 away from m.p.
2

9. Ans. (B)

T =8sec
10. Ans. (C)
Ad =2.5m

s
2

distance travelled = 54
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11. Ans. (B)
3T . A . .
After — it would be at T and moving away from mean position
2
3T , 3T
A —_— ] f—> JE—
4 2

ANANAY
VARV

12. Ans. (A)

(.

-

x=Asin[(x)t+2?nj

4
1/

609 30°

-

4

13.
A¢p =135°
14. Ans. (A)
Time taken = 5T (LCM of time period)
5T
Oscillations of smaller pendulum = T =5

15. Ans. (B)
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16. Ans. (D)

17. Ans. (C)

Maximum distance occurs when mean position lies between particles (midpoint) and velocity is in
same direction.

A A
X = —-—— —
2 2
T T
:__ J—
¢ 6 6
T
Ab=—
¢ 3
18. Ans. (A)
At=1 sec
b
Adb=—
¢ 3
Vmax
V=
2
Vmax = =
A:Vmax:3
) T

T
6
.. 3a
V=—r0
T

20. Ans. (A)

dap = A sin ot

Asinwot
V=
t

[112]
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21. Ans. (C)
A
X=—
2
2
A*
a=
2
0=13
foo V3
2T 2m
22. Ans. (A)
21
W=—=T
2
At critical case
a=Aw?=g
g 10
A = — = —
o 7
23. Ans. (B)
v2 =108 - 9x?
2vﬂ =-92x | a= Zvﬂ
dx dx
= a=-9%

= a3=0.27 m/s?
v=9 (\/ﬁ)z —x°
A=412

24. Ans. (B)
F=6x2-18x+ 12

=6(x-1)(x-2)
F'=12x-18
ASF(mean)=0

x may be 1 or 2

Umin must occur at mean

F'>0 x=2

U= 4] — As for SHM amplitude is very small and hence is same for all positions.
25. Ans. (B)

KE=4] = %xev2 =v=2m/s

andA=1m
o=2rad/s
T=3.14
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26. Ans. (B)
KE = TE « pA2m?

PE = TE « gAZ2
pAZ/w?=qA?
T=2r B
q
27. Ans. (B)
%klAf :%mvz :%szzz
A _ |k
AZ kl
28. Ans. (C)
Letka=k
ks = 3k (as g'zf)
3
kB = 9k
L[,
T k

29, Ans. (A)

eq
Fret = - (4k) (4x) = - 16kx
= Keq=16K

30. Ans. (C)

31. Ans. (B)

A )
"™ m+m m
kA
fmaX:7Sl"Lsmg

32. Ans. (A)
E = -mg? (cosBo - cosB) + % WV2rel

33. Ans. (A)

0 =04 sin (ot + ¢)
= 0=3°cosnt

[114]
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34. Ans. (A)

t=2Tt\/Z=T

g

, { m |0 3T

t=n|—+— |[—=—
\/; 2\/; 4

35. Ans. (C)
y=6t-3.75t2s
a=-7.5m/s?
gesr=10-7.5=2.5 m/s?

TzZTc\/Z:2
g

¢
g/4

T'=2n =2x2=4 sec.

36. Ans. (C)
For SHM

Restoring Torque > Deforming Torque

kﬂsin9€c059+K§Sin 6§c056>mg§sin9

For small value of 6 sin6~& cos6~=1

2
k(? +ki>_mg£
4 2
k>%@
5 ¢
37. Ans. (A)
2c _k
mR* m
R= |*
k
38. Ans. (C)

2
Ix = MK2 + M¢12 but /1 = 50 cm and K— =30cm K?2 =30 x 50 cm?
~1
In=2x(30x50x104)+2x(50x10-2)2=0.3 +0.18 = 0.48 kg-m?
39. Ans. (B)

www.allen.in
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40. Ans. (A)
ks can be replaced by k's at centre of rod, such that

0
k3.€2 = k3 Z
also kz, k3" are in series and their net in parallel with k;
41. Ans. (C)
A= [1+1+2 % =3
42, Ans. (B)
A'=A2
E= %-mco2 24° =mw’ A

43. Ans. (D)
y=asin ot+ b cos ot
=+a’ +b* sin[mt +tan™’ éj
a
Itis SHM with A=+a* +b*
44. Ans. (C)
(1+cos2mt)
2

=A (1 + cos 2 wt)

Y1 =24

v, =24 sin(mt)+§

y, =24 sin((ot + g]

A1:A2=1:2
V1:V2=1:1
ar:az=2:1

45. Ans. (A)
y:sincot+\/§cosoat
2
a= d )2/ =—o’[sinot ++/3 cosmt]
dt
When acceleration a = -g than mass just break of the plank

2l:sinoolf \/§
@ 2

+—coswt |=
e

T T
ot =— = t=—
6 6m
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46. Ans. (B(C)
(A) If t1 it is moving towards xm

v

(B) At t1 speed is decreasing
(C) At t; it lies between -x, and O
(D) A¢ lies between 0° and 180°

\'%

47.

They will collide after 2 time

48.  Ans. (ABCD)

(A) — é _ \/§vmax Vmax
772 2 2
(B) v = Ymax q-N34_4A
2 2 2
T A A
C t=— =—>—
@ g V=573
A T T
D) y=— t=—<—
(®) y 2 12 8

www.allen.in
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49. Ans. (AB)

50. Ans. (ABC)
By graph we can see that Vinax = 10 cm/s and
A =2.5¢m and we know that

Amax:Am
= 10=2.50
T=2—n=2—m=2=157s:>Acorrect
o 4 2

a_. =Aw’ =2.5x4" =400cms* = B correct

v(x=10m)=W\/A2 -X? =4\/2.52 —1% = 45.25 :4\/5(2)(5) :4\/21;(2)5 =2J21cm/s

= Ccorrect & D wrong.

51. Ans. (BCD)
Velocity is maximum at mean position & acceleration is maximum at exterme position. At mean
position acceleration is zero.

52. Ans. (AD)

v
Maximum velocity for C.M. = 2 mechanical energy is equal to maximum K.E.

= %I@Z (about0)

1 vY mv
=—(2mr*)| —| =
2 2r 4

/ /2 2 ,2
and time period is given by = 2x L 2 [ o |22
mgd mgr g

53. Ans. (ACD)

Motion is periodic and SHM in straight line
54. Ans. (B)

mv,_ . =5kgm /s (m=1kg)

v =Ao (A=10m)

2

= o= i=1rad/sec
10 2

55. Ans. (C)
oA =5 [mass =1 kg]

1 0, 1 1 1\? 5
E=EkA =E(ma)2)A2=5x1x 2 x 10° = 12.5 joule
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56. Ans. (A)
x=Asinwt, v=awcoswt

A:Zm,w:\/E: ?le\/grad/sec
m \]

V= 20\/§cos ot

When both the masses collide x = 1 m so sin ot = % = cosot :73

Just before the collision velocity of 3 kg mass = v, = 20@(?} =30m/s

) . myv, 3x30
Common velocity of the blocks after collision = =
m, +m,

57. Ans. (C)
In the starting of resulting collision v=10 m/s

So o= ’9—80=10rad/s
We know v=oVA*—x*=10=10J4*-1

= A =2 = A=+2m

58. Ans. (A)
2500 =5rad/s
59. Ans. (A)

0=wo Az—x

,250
25
:_ x10x 0.1 =—
2

From momentum conservation

25x§=100xv:v=£m/s
2 8
E=lkx2+lmv2
2 2
2
=1><2500><(0'1) 1 ><100><i
2 4 2 64
25 75 175
= — 4 —=— ]
8 32

60. Ans. (P-3,4), (Q-2,3,4), (R-1,3), (5-1,2,3,4)
v-a>0 possible for all 'x' other than mean position & extreme position
Velocity is negative possible at all 'x' except extreme positions Acceleration is negative for
0<x<A vxa=0 for all points.
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Ans.y=2sin {13—0t—§j

Ans. 0.33 sec

Vmax = M.p.

2nt+£=7‘c
3

t :l:0.335ec
3

Ans.2 m/s
d=7A=14m
v=2 m/s

L[
feat=fE

TC_ZTE

EXERCISE - S

Ans. (a) T/12, (b) T/8, (c) T/6, (d) T/4, () T/8

T Ln
a 9— =
(a) Tt

~
Il
-

Sl= @

~

~ |y

(b) 6=

~
Il
S

0 | ’ﬂ G)|ﬂ -l>|"ﬂ o~

(c) t=

oom EH

(d) t=

N 0\|*ﬂ

(e) t=—

[120]
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Ans. x = (10 cm) sin Kgs‘ljng}, %nzz 11 cm/s?

J

T; ]x(—10)210.9cm/sec =11cm/s?

6.
Given,r=10cm
at t=0,x=5cm
T=6sec
So, :2—71:2—Tczzsec'1
6 3
At t=0,x=5cm
So, 5=10sin (0w x 0+ ¢) =10 sin ¢
i
=%
Equation of displacement = x =10cm sin(gt + g]
Also At t=4 sec
x=10sin E><4+E =10cm Bm+m
3 6 6
=1051n(3—nj=—10
2
acceleration =—-0’x =—0°x = —L
7. Ans. 0.06m
25
==
T
=50
R:EXSOXSO
10
=500 N/m
KE=0.9 :%><500><A2
. 18 18 9
500 5000 2500
A= i:0.06m
50
8. Ans. y = 0.1sin(4t + ©/4)
KEn=Ey = % mwn
-3 1 2
8x10 :EXO.lxm x0.01
To=4
x=0.1 sin(4t+£j
4
www.allen.in
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9.

10.

11.

Ans. (i) xo = 2m; (ii) T = /2 7 sec; (iii) 24/3
(i) v=x2-4x+3
F=-2x+4
mp=x=2
(i) F=-2 (x-2)
2

(,02

1

2
27

.'.T:—:\/E S
ﬁ T

(iii) %x 2x A

w=

:1><1><24
2

A=23m
Ans. 3
x = Asinot
dx
v=—=Awcos ot
dt
1

1
v, = Emv2 = EmAzoaz cos’ ot

1 .
v, = Zmo’A®sin® ot
2

v, cos’ ot

Vp

— =cot’ ot = cot? Z_nxl -
sin” ot T 12
Ans. 3

After displacement x against spring C

Figure-1

otz[

T

6

Deformation in springs ABC is shown in figure 1.

Figure-2

H

Forces applied by three springs ABC is shown in figure-2

kx 1

F=——7= x 2 + 2k
VZVZ *

N=3

= 3kx =

2
mw X > 0=

w
=

[122]
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12. Ans. 12
Let block is pushed down by x from its equilibrium position.
Let extension in springs be y; and y, as shown in figure.
so restoring force on block F = K»y,
Force in left spring is 2F
From constraint motion

K.K
:>2x2—F+i=x:F=#x=m2x
K K, +4K,

1 KZ
1( KK,
So o= e
m\ K, +4K,
o Toog MK +4K)
KlKZ
r=oq MK +4K)  [12m
KK, K
S n=12

2T
13. Ans.o= |2
m/
x<</
’
Net restoring force = 2T, cos 6. P £ >
A~~~ I _.-
we have, 4 T )T( ,,,,,
2ok T . L
0 =ma S ) -

NIGES'S

2T, [2T,
= a=—X=0=,—>
ml m/
14. Ans. 1/\3
&ch—2=§ (ROC
(Toc

1

RZ El

r_[R_1
—C |—& =—
T, \R 3

15. Ans. M =1.6 kg

l)
1
T
\ ¢
. . L M
The time period T of the spring is T =2n ,?

M
or,2=2m,[— (1
n«/k (1)

In the second case

3=2n M2 i)
2_|-M :>£: M =>M=16kg
3 M+2 9 M+2

www.allen.in

[123]



ALLEN JEE (Main + Advanced) : Physics

1 1 |g L
16. Ans.(a) ==—_/<, (b) =
E ARk

o 1R 1 ]g
a == | — = — | =
(@) f 2n 2n\m 2n\L
(b) A = distance betweenv=0anda =0

_mg
3R

=£ as™9 —y
3 R

17.  Ans.100 Nm-!
2n [0.9
3\ R
4x10 9 4
9 "10xR 100
— R~100N/m
Sﬁ cm

6

=0.2

18.  Ans.10/n Hz,

v :0.5><3

/15

.15 10 1

600 600 120
600

o=,—=20
1.5

2
1=20,|A? —[ij
12

1 1
A2 =—2+—2
20 120

I
400\ 1 36

J37

A= m
120

537
6
19. Ans. 2
From work energy theorem maximum extension of spring is xm KX N
_ 2mgsin0
ok

=1m/s

MgXm Sin 6 = %kxfn or x,

At lower extreme
kxm -mgsin© - F=ma (1)
a=Ra .(ii)

2
Fxr= "R

o . (iii)

: mgcos® F mg sin0
Thus F = mgsin 6 g
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20. Ans. 5
F=mg sin 6 ~ mg tan 0

tan 0 = d_y =40x
dx
-mon?x = -mg x 40 x 0
o= \/ﬂ =20rad/s
21. Ans. 1

(a) In case (a) k,, =k, +% kix

(b) x' =x cos60°
Thus making FBD kox/2
2k d?x kox/2
—(k1x+72cos60°J=m— 60°\ 60°

In this case also k,, =k, + %

Sofo=fa

22. Ans. f:i fg—g
2n \ 2R

FB=w
1% FB=AVSg=%

ng=pVg - -
0' - -
P=3

AF = oAV, = nR%gx w=ny = pVy

T= ZR\@
= (4}

3 2R
2nR o )

T=2r s— =21 |
30mR“g 39
1 [3g
" 2m A\ 2R
23. Ans. i Hz, 5 cm
27
@\E 100 g
m 1
o'= 10—0:5
4
72T _2n
o 5
.1 5
/ T 2n

www.allen.in [125]
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v:oaA:10xi:1m/sec
10

m'v'=mv(m=4kg, m=1kg,v=1m/sec)

4xy'=1x1
1
v'==
4
(D'A'zl
4
sa'=1
4
A=t
20
A'=5cm

24. Ans. 0.16 kg
x=25=0.25cm
E=5]f=5

Tzlsec
5

PE.=2kx® = Zxk(025) =5
2 2

k=160 N/m

25. Ans. 5

Let, in equilibrium position, compression of spring be x. Liquid of volume #2x is displaced from its
original position and level of liquid in tank rises as shown in figure.
FPx
A-P’
Where A = 15 cm x 20 cm (Base area of tank)
or Ax=0.5x

This rise in level, Ax =

Mass of water displaced by the block = *(x+Ax)p=15x kg
upthrust exerted by water = apparent weight of water displaced,
Upthrust F, =15x(g—a)=120.x Newton
Upward force exerted by spring
F, =Kx=280.x

Considering free body diagram of the block, (Figure)
mg—(F, ~F,)=ma

Substituting values of F; and F>, x = 0.04 m = 4cm

If the block is slightly pushed downward by dx, both F; and F; increase.
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26.

27.

Increase in F1 is dF1=120dx

Increase in is dF>= 280dx

Restoring force on block = increase in
Fi + increase in F;

= dF1+dF, = (120dx + 280dx) = 400dx
or Restoring acceleration

_ 400.dx

=200.dx = o* (dx) = ©=102

Increased level |
of water surface <

Original level ]
of water surface

Since, restoring acceleration «
displacement (dx)
Therefore, block performs SHM.

5.2

Hence, frequency, f= N2 per second.
T

a=>5
Ans. 3
Suppose origin is at the equilibrium position and the direction of increasing x is toward the right.
If the blocks are at the origin, the net force on them is zero. If the blocks are a small distance x to
the right of the origin, value of the net force on them is -4kx. Applying Newton's second law to the
two-block system gives
-4kx = 2ma
Applying Newton's second law to the lower block gives
k(x1-x)-f=ma
where x1 = initial stretch and fis the magnitude of the frictional force.
f=k(x1+Xx)
The maximum value for x is the amplitude A and the maximum value for fis psmg. Thus,
usmg = k(x1 + Amax). Solving for Amax gives

- 1

Amax_ Msmg_x =3
k

Ans. 7

® =2—n:2
T

2umg = Frax

Frax —mg = mw?A
Frax=mg+4m=14m
2umg=14m

u=0.7

www.allen.in [127 ]
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28. Ans. 6
F=-4Fsin0=- 2fX
< e > < € >
0 0
X

29. Ans.T=2(/g [n/2+sin! (a/B)]

The system can be assumed as an incomplete SHM.

Thus, time period can be calculate as twice the (time taken by the bob to travel to mean position
from extreme + time taken to travel from mean to wall)

a

T sin™ (OLJT ) ; sin™* Ej ;
4 g g

27 4 27

=2\/Z{E+sin1 E}
g2 p

30. Ans. 27: \/_ /2

Mr?
re +2y I
V \/ 2yg

r? +2y _0 y
dy 2y
- -
- 2y[O+4y] (r2 +2y") _,
4y r

= 8y’ -2r'-4y*=0

4y2 =2r°
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31. Ans. 21 ﬂ
18g

_3
cm 4
me* me* ,  17m(?
= + +ml =——
3 12 12
2
2m937f><9=17m€ x> x0
o = 189
17¢
rean 1202 170
18g 3\ 2g

32. Ans. o= _ Kk
(m+6M)

1 1 R
E:Ekx2+5mv2+2mv2+2xm—x[

== kx* +1mV2 +3mv?
2 2

dE dx dv

—:kx—+mvﬂ+6mv—:0

dt dt dt dt
= kx=-(m+6m) (-0Xx)

k
= co:"
m+6M

_1 [k
2n\m+6M

33. Ans. (a) 2sec, (b) T= 51% sec

(@) 10m2x0=10x w2x O
W=7
T=2sec

(b) g, =100+25 =545

T =27 L—isec
\}10x5\/§ s

34. Ans. (a) T = mg + mgAz? sin? \/% t(b)t=(2n+1) g\/z ;N € I Tnax = mg + mgA?
g

(@) T=mg cos 6 + mw2{

g 1-& I(p2—0*\xr = A
= mg 5 +m><€( )>< = mg

2
(b) T:mg+%Azsin2\/%xtx€ = mg[1+Azsin2\/%tJ

Tmax = mg (1 + A?)

2n+1 ’
tT — m T £
max 2 g

www.allen.in
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35. Ans. (a) o=

R
2
_ngd mg/ B ’ gl
- - 2 2
ly mR +ml? \/R+€2
2
2 gl
=
&
2
d(o’
(),
dl

= =8

V2
36. Ans. 2
From conservation of angular momentum

mv5+mv5+O:§mR2W
2 2
W:(Z_VJ
5R
C 2C
Angular freq. W, =,|— =, |——
& 4o \/: \lSmR2

w
Angular Amplitude ()= (WJ

0

2
:ﬁ SmR =V zm =20 Exi =2 radian
SRV 2C VSC \IS 80

37. Ans. 20
A B
(25-0)
) I
4x

B A

T=3sec T=4sec
1
T=2n |—
mgl
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Case-]
322 9x
=2n mal (i)
Case-Il
4x
4=12m mg(25—D) (i)
3 3x (25-1) 3 [(25-D)
—_—— — X —_— -
4 l 4x 2 l
1 25-1
2 l
1 25-1
4 1
(=100 -4¢
5¢=100
{=20cm
38. Ans. 2
I N —>ap
f
f2=ma, - (1)
fz \OL
kx —ac
fi
ks - f1 - f2=mac - (2)
RZ
(i-f)R=lca="2"g (3
ac+aR=ap . (4)
ac-aR=0 . (5)
Solving the equations we get
f :5mac o= 2mac
= kX_SmaC =3ma,
5
= kx:[—+3jma6
2
= kx:EmaC
2
2kx )
ﬁ ¢ = —= X
11m
2
= (;)Zzl > pzzi > 11pm=2
11m 11m k
www.allen.in [131]
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39. Ans. 1000

_ 1 . V3 _ . T
y=10 <ism3nt+7c053nt> = 10sin (3nt+§)

Thus, amplitude is 10 m or 1000 cm.
40. Ans. -4n2 cos nit

Equation of SHM = r = Asin[mt + gj

A=22

rzzx/zcosmt
:Z—TC:Z—TC:T: (T=2sec)
T 2
r:2\/§cosnt
x:rcos45°:2\/§><icosnt
2
a=-wXx

= - (m2)-2cosnt
Fx = mayx = -472 cos it

EXERCISE - JEE (Main) PYQ

1. Ans. (4)
x=A cos ot
Displacement in t time = A - A cos ot
For t=17 A[l-cosmot] =a
For t=21t7 A[1-cos2mt] =3a

l1-cosmot 1

1-cos2mwt 3

l-coswt 1
2(1-cos’wt) 3
Say x = cos ot
1-x 1
2(1-x*) 3
1 1
= =3
2(1+x) 3
= 3=2+2x
1
= X= —=C0SOT
2
A=2a, ot=—Ss
27 i
= —1=—
T 3
= T=6r1
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2. Ans. (2)
K.E. is maximum at mean position, whereas P.E. is minimum.
At extreme position, K.E. is minimum and P.E. is maximum.
3. Ans. (3)

v=o,|A’ —(ET
3

V= 5@
3
Vhew = 3V = /5 A®

So, the new amplitude is given by

— o[22 2
Vnew = Anew —-X

3
Anew = E
3
4. Ans. (1) *KE
x=Asin(ot + ¢)
0=0,7

x=xAsin ot

KE = 1ma)2 (A2 —x? ) leAz cos’ ot
2 2

N

NOTE : But as per options given, best possible answer will
be option (1).
5. Ans. (4)

T =21 ’%: k=4’mx f?

108x10°
6.02x10% S
_ 4x n° x108 o 10*x107°
6.02 10%
6. Ans. (2)
Frequency of torsional oscillations is given by

k=47"x

=7.1N/m
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7.

10.

Ans. (4)

v = wVAZ — x2

a=-wx

lv| = |al

wVA? — x? = wix

A2 52 = 252

52- 42 = 2(42)

= 3=0nx4
T=21/w

3:2—7t><4—
T

T="C"
3

Ans. (1)

Angular frequency of pendulum

o |91
‘

Ao _149,
O 2 g,
dw _1, 240;
o 2 10
8—m=10'3rad/s
()

Ans. (3)

Maximum kinetic energy at lowest point B is given by
K=mgl (1 - cos 0)
Where 0 = angular amp.

K; =mgl (1 - cos 6)

(1)
(2)
(3)

[ws = angular frequency of support]

K, =mg(2) (1 - cos 0)

KZ = ZK]_
Ans. (3)

1
k= EmmZAZ cos’ ot

U :%mo)zA2 sin® ot

k 1
— =cot’ ot =cot? l(210) ==
U 90 3

[134]
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11. Ans. (4)
y = 5[sin(3mt) + V3 cos( 3mt)]

=10sin (?mt + gj

Amplitude =10 cm

12. Ans. (1)

T= —2Kx§cos 0

2
= r:—(ﬂje:—ce

2
K(?
= gL €12
2e\' 1 2my| M2
12
1 |6K
= - 22
s 2\ M
13. Ans. (1)
For a simple pendulum T'=2xn L
Yeff

Situation 1 : when pendulum is in air — g.¢r = g
Situation 2 : when pendulum is in liquid

Pliquid 1 15
_)geff =g<1— qui ):g(1—1—6):1_g

Pbody
L
T 2n 15g/16 AT
So, =T 1 = T’=\/—_
T o |E 15
)
14. Ans. (4)
\/F
0): —_—
1
3k
0= —
ml :
Q = w0 = Average velocity V2
T =mQ2ry C O
T:szf :mmzegé zmiegf _ Koy ‘
3 3 me* "3/
2
m ¢
=y 02 7€z m(* m/ZQ—.—Qm
RO Tt Ty CM
2 I2 I
rn 1
—=—=n=
r, 2 3
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15. Ans. (1)
Moment of inertia in case (i) is I1 /Axis of rotation
Moment of inertia in case (ii) is I 02
1 =2MR?
R
L= EMR2
i ii
. (1) (i)
Mg Mg
J7 2MR* 2
fMRZ \/§
16. Ans. (2)
Yy =YyosinZmt
yZ%(l—COSZ(Dt)
Yo Yo
———==—-2=cos2wt
y 2 2 4
Amplitude : Yo
2
lo
Yo 9 y1=Yo/2
2 K
2 _ 5 B Z_g ....... Y.
m yO ..................
Yll equilibrium
o |9
2y,
Ans. (2)
17. Ans. (3)
[
T = 27[\/:
g
4l
T2
= Ad,100= [0 ! 2X1) 100=4.4%
g 25 50
18. Ans. (2)

M

[ﬂ)

a
E NN
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19. Ans. (3)

=Ki+K;=K+K=2K k )\

T=2x =27, |—
\/ \/21( k
1 1 a
=—=—,/— (option 3) is correct

. (op )

20. Ans. (3)

Initial phase T Ik
2 3
21. Ans.(4)

Time period T = Z—Tf
®

e la
ey

®'=20— Angular frequency of SHM
Option (3)

sin® ot = l(Zsin2 cot) = l(1 —cos2ot)
2 2
11 :
Angular frequency of (E—Ecos thj is2m

Option (4).
Angular frequency of SHM

3cos[g —thj is2m

So, option (3) and (4) both have angular frequency 2 but option (4) is direct answer.
22. Ans. (4)

—OJZ(AZ—XZ)
2 2
V. V.
2 2 1,2 2
A —X1+—2—X2+—2
(O]
2 2
2:V1_V2
2 2
X, =X
2,2
_ 2 1
T=2n 7 2
Vi =V,

[137]
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23. Ans. (3)

From potential energy curve

U = Lra :>10=1k(2)2
2 2

max

= k=5

Now Tspring = Tpendulum
Zn\/E =2n 4
5 g
4

= 1=\/;:>g=4m/szonplanet

Option (3).
24. Ans. (2)

1 1
X =5«/§ —sin2nt +—=cos2nt \/5
’ [ﬁ 2 j

- 1OSin(2nt+Ej
4

25. Ans. (1)
y1=10sin (3nt+§j

=  Amplitude =10
y2=5 (sin 3mt + /3 cos 37t)

y2=10 lsin37tt+£cos37tt

2 2
V2= 10[cos§sin3nt+sin§cos3ntj
y2=10sin (3nt+§Jz>Amplitude =10

So ratio of amplitudes = % =1

26. Ans. (2)
V... =0A

A o, 9 1 3

= — = =, —X—=—

A, o 2 2 2

[138]
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27.

28.

29.

Ans. (2)

KE=PE+%

KE = §PE
4
lm(DZ (AZ —XZ) = E X lmmzxz
2 4 2
[v=ovA® —x*]
RN
4

2
9L:A2
4

X:EA
3

x=2cm
Ans. (3)

X
ox
k1X T

On displacing m to right by x

F=- U(1X + kzX) = —U(1 + kz)X

azﬁz_(MJX:mzx

m m
P e
m 0 k, +k,

Ans. (1)

P(t)
P(t=0)

e
—~+

-

O x(t

x(t) = r cos(mt + 30°)
Xx(t) = r cos(ot + n/6)

www.allen.in
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1. Ans. (AD)

Collision is elastic so energy is conserve in given question so

i—> Uo

when it return to equilibrium, its speed is ug i
1

By v=wovA4A®-Xx° : ,
: —>

= x=—
Time period if collision not occurs T = Zn\/%

: s de 0
Now time to return for the first time at equilibrium = —

e

_ 21 [m

3 \Vk
Time for option (C)

(=) [ o
3 2)Vk 6\k
Time for option (D) = 2—n+n \/E=5—n\/E
3 k 3 \Vk

2. Ans. (BD)

Py, 0 = Maw; =b
szax = mRa)z = R
o, 1

o, n
O _

0‘)1

1

E, =-mo’a*

1 2 1

2 2 2 2

E_oa o, o0
2 2 2 2

E, R 2 W0,

E_o

E, o,

E_E

®;, o,
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3.  Ans.(A-P,QR,T), (B-Q,S), (C-P,Q,R,S), (D-P,R,T)

@ v =215

U tF

2U,
F= ?x(a —x)(a+x)

F=0atx=0,q,-a

x=—-aU=0, U
Uy ¢ = Oscillate when total ME is less then =2
X = 0, U = 7 2
A—>P,QRT
Uy rx 2
(B) Uo() ==(3)
__Upx
==
u F
O » X ‘\&\ » X
0 x=0 "
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Ug [2x x2\ | x? x2 2x
F=—Plaen(-5)+ pew(-2) (- 2)]
_ _Up2x ( x2> 2 2
=5 a2 [a® — x“]

= %e_a_z[x(x +a)(x —a)]

x=0,x=-a,x=+a,F=0
x =0, U=0 even function, hence minima
C—>PQRS

x  x3

) U =L[E-25

x=+a,x=-a,F=0

U U
xX=-q, U:——O,x:+a,U=+—O
3 3
: . Ug
Hence oscillates about x = -a if T.M.E < ?
D—>P,RT
Ans. (ABD)

T, = ZE\/E,Tf =2n /M%

Case. M (Aw) = (M + m)V
Velocity decreases at equilibrium position.
By energy conservation

M
Ar = Ai 3 5m

Case II. No energy loss, amplitude remains same

At equilibrium (x,) velocity = Aw.

In both cases o decreases so velocity decreases in both cases.
Ans. (C)

— d1
< [51
koc < 12m| w2t 2T - kx =2 ma;
2(2M)(M
(a) T=(3—M)()(g_al)
4M
=5 o)
8TM(g—al)—kx:2Ma1
%—%—kx:ZMa1
8Mg_kX:14Ma1
3 3

[142]
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8Mg —3kx

R :al

14M

_ 8Mg—3kx
14M

vdy _[8Mg _ 3kx j

1

dx \14M 14M
1
I vdv-mj' (8Mg—3kx)dx

For max elongation
p— 1 XO
14M 7o

1 3kx,
=——| 8Mgx, ——2
14M( T J

3kx?

0

0 (8Mg —3kx)dx

8Mgx, =

16Mg

w

e

0

(b) At x=

Xg/2

( 1
dv =—— 8Mg —3kx \d.
;[V Y 14M ( g X

v 1 (8Mgx, 3kx;
2 14M 2 2x4

2 2
o1 (8MgX16Mg_%X16Mg ]

"M\ 2 3k 8 3kx3k

1 (641\/1292 B ZMzng

"Ml 3k 3k

Ve 62Mg’
21k

(c) Foracc. |2a, =a, +a,|therefore a,—a, =a, —a,

@ a, :8Mg14311;x0/4
89 3kx,

T 14 14Mx4

_8g 3k 16Mg

X

14 14Mx4~ 3k
_8g9 4g
14 14
_4g9 29
14 7
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6.

Ans. (6)
(>0, —>k=k,

t<l,—>k=k,

Time period of oscillation,

LSO

m m
=1 [—+7n [—
\/; \/;

1

T
T:n\/ 0. +n\/ 0.1
0.009 0.016

T o
= T=0'—77c:> T=5.83n
0.12

03 04

T=6m
So, n=6
Ans. (C)
0 vi,=vi+vi-2v,, cosO
As o, =m,,0=90° remains constant.
Also,va=vp=1m/s
So, vy, =\/Em/s
5nm+ 5w~

11 U, =—1I+—
(I u, A

~

Vg =—5mi —

vy, =N251°+1m/s

(II) xa=sint
1
v,=cost=—m/s
2
Xp=cost
3
vy :—sint:—7m/s

3,1 A3+

m/s
m=y 3= M
(IV) v, &v, are always perpendicular

S0, [V, | =V +VE =\/10m/ s

Ans. (O), I-S, II-T, III-P, IV-R

[144]

www.allen.in



Simple Harmonic Motion

ALLEN’

8. Ans. (10)

21 I
T—U—ZTE E
C
= = |—
©= T

Where I = moment of inertia
1=(30) (4)2 + (20) (6)2
=1200 gm-cm?
=1.2 x 10-* kg-m?

1.2 x 10-8

= = _—

“= |T2x10-4
>w=vV10"*

o = (10-2)
nx103=102=n=10

1. Ans. (2)

sin(z—9]=—7=
2 4

a7
X =
4

2. Ans. (3)

Att=0,x=+4

. T

X—Asm(a)t+§)

3. Ans. (2)

S |

A e

4cm 6cm

—>

e e
30gm CM 20gm

JEE (Main) Practice Paper
SECTION-A

Since downward is positive = initial phase will be 0° and at t = 0 particle is at mean position.

4. Ans. (1)

www.allen.in
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5.

Ans. (3)

A = 75°(1) Ad = 195° (4)

Ans. (4)

N ANVA YA N I
VAAVAAVIRV

Now when gravity is switched off when box reaches its lowest position when its velocity is zero
and only force pulling it upwards is due to spring. Therefore, at this instant gravity is off therefore,
the force acting previously on box was Fs - mg where Fs is spring force and force acting after
switching off gravity is F;. Therefore, Force increases in upward direction when velocity of box is
zero. Therefore, Fs -mg = kA1 before switching off gravity now, after switching gravity off F; = kA.
We clearly see that A; < As.

While the lowest position of box remains same therefore, option (D).

Ans. (4)

t 0 1 2
s s

0 ad ad

¢ 4 2
A

pos. O — A
V2

1
d= J2 L: 2+1

L1
N

Ans. (4)
For maximum, mean position of the particle must be in mid. of time interval.
t [0} X
- -4
0 — =
T
T
— 0 0
8
(R
4 4 ND)
o 24 _ 424
= _Z ==
4

[146]
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9.

10.

11.

12.

Ans. (4)

1
t=3mg—-0
g3

2 2
I:2><mf +mx 1
3 2

a=2g0

27 T
= T ==
29 5
Ans. (1)
As E becomes twice.
A becomes \/E times.
No effect on period.

Ans. (4)
U=k(1-e™)=k-ke™
F=+ke™ -(—2x)
=—2ke ™ -x
(1) As U(O) =0 = Unin
Position is stable eq.
(2) F=-2ke™

Fis discreted towards O.

3) ME:% U=0

KE = k = KEmax
2

(4) F=-2kx(1-x2)
= -2kx
Foc-x
Motion is SHM.
Ans. (4)

(EJZ Ld
TZ IZ 1

9
6

U

1
= (=100-4/

{=20cm

COM
25-/

1/v/3m

www.allen.in
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13. Ans. (3)
mgl

cm

w=

support

R2
aupport = m ——+mR j 3mR2

mgR 2g9
mw=
3mR2 V3R

eq = —1 5m
14. Ans. (3)

/ 2”\]g+g/4=T
15. Ans. (1)

For small angular displacement (6)

Net torque on body = Ia.

= (kia sin 0)a + (kzb sin 0)b = [mL2 +

For small 0

3 kla2 +k2b2

ML
3

P 1 k1a2+k2b2
= I b Se
FeANeneY = o N L2(m+M/3)
16. Ans. (2)

Kinetic energy at mean position

-
ml? +

1
KE=EKA2

1 (F)Z F2
- K - ==
2 K 2K
17. Ans. (1)
Point O is moving as shown
Gerr=-a1 1+ (az-9)f
SO Gesr. = \/Of12 + (g - a3)?
So time period

£
=271 1
\/(0‘124‘(9-“2) )2

MI*

e

> 01

[ 148 ]
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18. Ans. (1)

T=
= T=2r @
g
19. Ans. (1)

mL2
Moment of inertia about centre = ? = mK?

L
= K= ﬁ = {; where [/ is distance between centre and point of suspension.

/Zk / L
Mini time period T=2n |[—=2 —_—
inimum p e 7 T g

20. Ans. (1)

av4 +2V3

From phasor diagram

A= j( +@+2> +(J—a+2)
Jr 2 2y

=%\/(3+\/§)2+(\/§+1)2=a\/4+2\/§

a sin60°

SECTION-B

1. Ans. (40)
Maximum acceleration = w?4A =g = A = % =40 cm
w
2. Ans. (10)
m
T, =21 |~
R A

kq1+k 1
Ty = 21 | L2 _4 ( )
(k1+k2) k1Xky ki+k,

(ky + k2)? = 4(k1ky)
(10 + k,)? = 4(10k,) = k, = 10N/m Ans,
3. Ans. (1)

Ta = 2Tb

¢ ¢ 1
HereT=2—n=2—n=27r - - = But g = 72 therefore £ = 1m
w T g g 7'[2
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4. Ans. (2)

-2A\ - 2A

7. Ans. (100)
KEnax = % X 2% 10°x 1072 x 1072 = 100/
8. Ans. (200)

.04:%1( x (20 x 1073)?
.04X%2

x 10* = 200
4x1
9 Ans. (6)
x=+§
_r
"6
_r_mT_T
A0=5-%=3
AQ T
t=— = —
) 6
10. Ans. (25)
1 1
Zkx* ==
2 2u

l><1120><x2 =1><E><49:>x=25cm
2 2 7
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1. Ans. (A) x=A/2

EEREED

Initial phase ¢ = sin™! (M) =

T
A 6 C

2. Ans. (A)

2

Energy = k%

(k/4)A%  keqA?
22

3. Ans. (A)

w.r.t stationary block
T =2m \/% (for oscillation)

So time of contact T/2

e
t===m |2+ = /2 sec.
2 2

4. Ans. (C)

_ 1 [Keq
f=onl
1 1 1

= — 4 —
keq. kl k2
5. Ans. (B)
Time for A = B & B — A will be same & equals ¢, = t;

i A
_h _1gsinf, t =t = 1;‘rhsinel
sin@, 2 7/5 59 h

Similarly

Time for B = C & C = B will be same & equals t, = t;
h _ 1 gsin6, .2

sing, 2 7/5 °

14h
. ——sin#,
\} 59

Total time for one full oscillation

= T=2t:+ 2t2=2,f%[sin91 +sin®, |

www.allen.in [151]

0, 0.

=




ALLEN

JEE (Main + Advanced) : Physics

6.

Ans. (B)

T — 27_E suppot‘c
mgl

cm

ml*) 2
Isupport = Z(Tj = gml

I, =1cos45°= 1
2

Ans. (ABC)
(A) KE.=0.64E
PE =036E

2
X

?=0.36

x=6cm
(B) PE=025E
KE =0.75E

(C)  E =KEmax = PEmax

(D) v=Ym then AZEA
2 2"
Ans. (ACD)

(A) F=(1+2c0520)t)f+(%—%c052mtj}'+(3)l:'

3
mp=1|1,—,3
(zj

(B) It does notexcute SHM about x-axis

2
3
. . 22 24 4- 3.
D) Direct fSHMis =i —-= o
(D) Direction o is E1 5 :>51 5]
2 2
Ans. (BD)
a,.. :(EJXA: 15 (B)
m

[152]
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10. Ans. (BCD)

kxo = mg

. mg 1x10

Xy———=

k 500

=0.02m=2cm
So equilibrium is obtained after an extension of 2 cm of at a length of 42 cm. But it is releases from
a length of 45 cm.

L A=3cm=03m

(b) Vi = \/EA
m

= 30\/§cm/s
(c) a,,, =(£]><A=15 m/s?
m

(d) Mean position is at 42 cm length and amplitude is 3 cm. Hence, block oscillates between 45 cm
and length 39 cm. Natural length 40 cm lies in between these two, where elastic potential
energy =0.

11. Ans. (AB)

T=2n /ﬂzﬁs (A)
360 3

_ Impulse 1 _
max = e 5 =5 m/s (B)
a=to 5 083 m
o 6

12.  Ans. (ABCD)

eq

X =Lx100=106m
200

A=1cm (A)
Xmax = Xeq T A
=2cm (B)
poL oo _t0i0 o o
2n\ 0.2 2
fis same as m and k are same (D)
13. Ans. (C)
=
dx

= At mean position net force is 0 and itisatx =2 m.
So, x=-3m s it's left extreme position and amplitude is (|-3]| + 2) =5m

14. Ans. (B)
Maximum x coordinateis x =7 m.
15. Ans. (A)

x2+ y2 = A2 which represents a circle of radius A and starting point is x = 0 so answer will be (A).
16. Ans. (A)
Time period for vertical S.H.M. is one third of horizontal S.H.M.
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17. Ans. (D)
18. Ans. (B)
Solution for Question No. 17 and 18)
(i) Force on particle at point P
p= 2mg(a-x) mg(x)
a a

F="9 (2q-3x)
a

F= (x-2a/3)

-3mg
a

>0,

o
e

So this is equation of SH.M (F = mw’x) so particle perform S.H.M with mean position

x-2a/3=0
So wz= 9 == 39/a
a
So Time period T = 2m+/a/3g

And amplitude = 2a/3 -a/2=a/6
(ii) Atpoint P velocity of particle = 0

and force = 2mgx
a
(at point q)
a

19. Ans. (5.00)

T=2m / ,[=me? + m(2£)? = 5m#?
’ / .. Leqg = —.
2mg32€ 1=

20. Ans. (3)
Speed just before collision

o=ofor=(9)

_ {3
- 2

Speed just after collision

, v w/3a k V3a
v = = —_—
m 4

= 4T6m
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