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.
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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

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


http://www.iitianspace.com/

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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