PHYSICS - OSCILLATIONS ®=
SOLUTIONS

TOPIC

OSCILLATIONS

OSCILLATIONS

Exercise-1

1. A

F=ma= o — x (for SHM) = ao — X
2 C /GC’“

The distance moved in T/4 time is A.

Hence in one time period distance travelled is Hence t = 2r _ 1.

4 (distance in T/4 time) = 4A 3.2r 3
3. B

A particle appears only once at one of the

extreme position in entire oscillation. 7. A
4. C

In the particle moves from extreme to half of y =5sinw(t + 4) = y =5sin(rt + 471) ---(1)

amplltu_de then let the time taken is t The standard equation is y = Asin (eot-+¢)---

y = A sin (ot+¢) )

. . comparing equation (1) & (2)
y=Asin wt+§ (As particle starts from ex- o
A=5m1 W=7 T:—:Zsec.

treme) ®

A 5 8. C

—:Asin(—nt + Ej Let particle A be the particle shown with initial

2 4 2 phase 135° and B be the particle at extreme.

Hence the phase difference between them is
R T T el 57[ 1350
sin| —t+ = |=sin— .
2 2 6
gt +g _ %ﬂ / \ / \
135°
A

Ty om_m -

2 6 2 13

T Y

_t + — |

2 3 <!

Yo
t=—sec 9. A

A particle has same velocity between 0 & V
and O and -V __ twice in its motion. Only V__ is
5. C a velocity which a particle attains once in its
one oscillation.

y = A(1+ cos2wt) y = 2Asin ((ot + %)
y = A+ Acos2ot V. = 2A0
Vioax = AX20 Ratio=1:1
6. A
Velocity is maximum at mean. To come back to \
mean the particle has to move (n—%j:z—;.
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PHYSICS - OSCILLATIONS @=

10. D
Total Acc" = 0O 16. A
_ Total change in Velocity in one T.P. X = Asinot ift=1ist=0
v Time Period o -
Vv = Awcos ot = 0.25=Ax—cos|_(t -1)
0 6 3
aav =—=0
T
11. B At t = 2 sec.
V2 = @? (A%-X?) =-0X? + 0?A?
a2 = 2x2 :0_25:AX2_7T><% :>A:21
= V2 = —a? + o’a® straight line with a -ve slope. | _ c T
12. B ’
4d%y 9 3
1 | 1 g9y =0 2 — 2 - =
AI | 1sec IB 1sec dtz + y = o 4 = o 2

2sec E 18. D

T
Hence Z =2sec. T = 8 sec.

13. A
We know that
X=Asinot

0.
k 60°)

E:asino)t
2
T 2r T
ot=— et _T
6 R t /6
t:i 19. C
6w
Now v = aw coswt
amcosﬁ—éaznzam/é 2: 30°| 1
6 2 T T ; 3
14 C élOcm 10cm§
y = 0.45 sin 2t 5 5
E:0.453in2t
100
sin 2t=0.167
speed = awcos2t Particle 1 and 2 are as shown and their phase
—0.45x21—sim 2t difference is 60°.
_ _ _ 0.5 20. B
=0.9x0.98=0.87 NG m/s Slope of F-x curve gives K
15. B 13.5
slope = —— - _ _
a_ = oA Pe=-+¢ F=-Kx=K=9
(1.57)?*=w? (1) K
o = 1.57 rad/sec? wzzng =3, T:Z%
2_“:1_57 21. B
T 1
T = 4 sec. EKA2=8><10’3J = A=0.1m, M=0.1Kg

www.aviral.ac.in www.aviral.co.in www.aviralstore.com




PHYSICS - OSCILLATIONS @=

y
A
@= \/£ - \/% =4 1 ‘
m ) = E = ZKA?
™ ™ 2 » d
$p=45°== = x=0.1sin(4t +-) o
4 4 28.D
22.C From mean to extrence the displacement
decreases with time whereas from externce to
cosf =2 = 0 =cos*(5/8) =ot=51 mean displacement increases with time.
t=0.17sec. 29. D
y
AF
/\ Nl
5 3
The restoring force always acts towards the
mean & increases with increase in displacement.
30. D
23. C Total M.E.= T.E. at M.P.+Total oscillation
’ energy
0="7, = ot o = 5 + 4
3
I 1,
Total oscillation energy = > Ka =4
f %/ = K =8x10*= TZZW\/N%( iT:%oo
3
\% I 31 8
T
t=—~ 2m
6 Inseries T, = Zw‘/?
—> A
> m
2 Inparallel T, = 27r1/§
A2 3A
e T/6 T Tseries
=2
24 C Tparallel
T_>o M 32. B
= — Wh her rri n slacks i
W’/K en the rubber ribbon slacks it V. — A 0, A, = oA,
will not exert any force. A
25. C K _ %% _ K
K will remain unchanged A, o, K,
v = LK constant
=%\ m 33.C
26. D E-Lkaz
Initially the COM of spere and water lies at cen- b2
tre of sphere .As water flows out the COM shifts 1
down and length of pendulum increases hence E ==mo’A?
time period increases but when water level be- 2
comes half of the sphere the COM again starts " s
shifting up and hence as length decreases time E, :E(Zm)w A
period also decreases.
7 A The value of k remains same so w'=%
Total energy is constant during S.H.M.
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and hence E, :%m w°A?

So the energy remains unchanged.
34. A
V. =Ao=V

max

o remains unchanged in this case.
Hence V., =2A®
vV =2V
ax

m;

35. A

y =2sin

T
ot + —
4

X =2 sin ot ;

from Lissajous figures if ¢ = % then the path of

particle is an ellipse.

36. C
m
a,=1, a,=1 0= 3
a=a +a +2aa,cosf = a=.3
37. B
1, .2
E:EKAE‘q A, =A% + A2
1 2 2
E = >mo (V2A) _ PaA
E = mo®A?
38. A
T=27,/0
K
T,=2rn [0 T,-2x [0
1 KZ
As kl = constant
Hence kl =k,
k,L=k,2L
Ki_ 5. Hp 1 1.1
k, -’ T, 2 2 2
41. B
<
o— |~ o
A P Q B
L/2 mean /2

Let the particle be displaced a distance x to Q
then a quarter of way from A to B means
particle is at L/2 from A so time taken is T/6.

Foe = 2[5 = x) = (5 + %) = = -ax
T=2r, ©=1, T/6:>-‘-%

www.aviral.ac.in

42.

43.

44.

45.

46.

www.aviral.co.in

- I

Tzzﬂm T, =27 ‘
P K g+a

Tp = Remain same T, decreases

A

anl = n2T2 an = 5 X n,
M _5_ n =5, n,=4
n, 4

A

When the lift is going down with constant
velocity the acceleration is zero.

When there is a retardation of 'a’ the g, ... IS
g+a.

V = constant = g =0 So there is no effect.

L
T1:T:27T\/g geﬁ:<g+a)

Iy

g+a
T, =T,
C LLLLLLL L
2
Tmax = mg + mv
vV = Ao
A\T
o =.49//
v2 — gAz v
A
T = Mg[1 + (A/0)?] mg
A
T = 2 sec.
|
T =27
mgd

Time period of a second’s pendulum is two
seconds.

second
pendulum
2mR?
2=2r R=.5m
mgR
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1. C
2A, o =A,0?
Ao = Ao,
A
If o, =20, and A, :?I

The condition will be satisfied.

2. D
0= ot
g2t T
T 8
T 0 /n
0=7 ///— z\
(:osﬂ—i K /
4 A e
X:A/\/E
«—>
3. B T/8
135x7 _ 31
180 4
1
45° 45°
2
45° Cte 3r _i
> T 4x2r 8
1]
4. D

Total max displacement
Total time

Max. Average velocity =

Vi

A
/\/5 Mean
Position

Max™ displacement will be close to pm.p. = \/2A

42
Vag = ?A
5. D
Time period = 8 sec.

2
In 15t second = §X1

A

2

Displacement =

www.aviral.ac.in
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Exercise-2

2
In 1t second = Enxl

Displacement=A = g
t=1
A~N2
A2 (V2 +1)
A2 (2 -1
Aocost=1.2

Awsin®

Awcosf =1.2 -- (1)
_4
tan9_/3 =

. Aa).gz 1.2= Aw =2m/sec.

Awsing =1.6 -- (2)

6 =53°

C
—»V —> v/2
A B c D E
«—

A
v

R
%:w\jRZ—XZ R% = oVR? - x?
R/ —R® - x2 ER
/4 =R - x 2

Distance = 2x = \/§R
B

m
T, = 2r [ T, =2r |2 T =27 |-
Kl ’ K2 Keq

K1K2 A t2 o 2mm
€K, 1K, (for series) & Ko

1

X =

1 1
T2 =2rm|— + —
and 4 [K K

1 2

2mm
K

t2 =

2

ST =t +t
C
X = A+ Asinot
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t:2.57T
®
t_2_7r 0.57
® ®
=5A
| E.P
o | T
A 2A
10. C
A=2cm. = X =1cm =
a=w?.1

w:\/§:27rn = nh=
11. A

A
2

= v=wJA? - x> =03 >
¥3
27

y = sinot + /3 coswt

y = Zsin(cot +%)

12. B
0 0 a
0
+“——> 0
3A a
J7
= Cc0Sfl = —
4
a7
= acosfh = ——
4
13. B
fpl T .
12 6 X = Asin— = —

www.aviral.ac.in
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2
PE = fkx? = LKA
2 2 4
v:AcocosezAw\/§
2
KE:—mvzle[EAz] _, KE_4
2" |a PE

14. A
27 27 27 T 27 |m
t=— =>=—t=— =2t=—=t=—,|—
T3 TT T3 3 3 VK
©
2
3
o
(]
£ il \
~ 3
2e e
15. C
_m _m
H=om™ 2
It can be considered as a two block system for
T time
— u
2
tzlzﬂm =t=m 2 =1s.
2 2K 2.7
| X | «—
16. A
Elastic Collision
17. C
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T — 3 22. B
Ky =K4, Kg=3K = &= [F=7 ,
Aeq /3 B T, \K, 1 o | | _ 2md
18. C mgd 3
for x < 0 perform SHM
2md? 242
1. T=2r _eNe
SmuUs=E 3 (2m)gd
T = \/E Gravity T =2x 2\/5d
Tk sHM = 39
NS
U=\ 23. C
" KL20 L
KL?0 + >mg.§.¢9
:>T2:E E ~
g\Vm )
m 2 [2E
T—T1+T2:>T:7T? EF _:::-%e
19. B K> 2mg/5L o
T =2n ! i
mgd
24. A
2
60°
J3 3 3
B | =mLl?/3= T = — KL Keg = > KL
AL o [Ka _3(K)
=25 I 2lm
20. C 25. D
L, =R R T, = 2r |2 1
x T 9 A mgx ()
. T, =2 le
= 7'[' ——
i mg(0.25 - x) ~T" &)
R Ring 3 2 Eq- (1) & (2)
=—mR
U 2 3 [1.(0.25—x) _3_ [9(0.25—x
4 I,x 4 \4 X
2 J—
T PR 5 R _,.3 :i:g(wj:x:o.zom
2 mgR 29 2 16 4 X
21 Tzzwy:T T —orft/ T 26. B,C,D
1 g = 2 4g 2 10
7 -, L T, T_3T mg =K% % =500~ 2™
a2 T T T4,
0= /@:10\5 rad
1 sec
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. Maximum velocity = Ao = 3x102 x 10,/5

— 3045 cm/sec. = Max™ Acc" =Aw? = 15 m/s?
27. A

1 1 m
ZXEKAZ :EKAZ = A'=+2A =T :Zw,/?

. (10 T
=2sin|—t — —
28.B Y 3 2]
29. B, C
Bh by © o X2t 27
ase = =—
y 30 3
— 27
Phase by 20 =¢+20x<7,
AT 27 27 4rm
———=0,27,4 = —,—......
T3 3 mAT 0=
30. A

31. A,B,C
_ Eqj -14
X = 5sin{4xt + tan /3)

32. C
33. B
vZ=108 - 9x? = v2 = 9[12-x?7]
dv
:>2Vd—X:—2XX9 :}a:—9X3(02=9
34. A,B,C,D

Ao’=g =0.400*>=10
b) Negative Extreme

35. B,C,D

du

= F :__:—10(X—2)

— 2 -
u=5x2- 20x ax

M.P.atx =2m

www.aviral.ac.in

36.

37.

38.

39.

40.

41.

42.

43.

www.aviral.co.in

A,B
®°Rsin60 = %
“ x| A2

v

\y
A,B,C
Lmvz = Tme? (A*=x*) = L mo?a? (0.64)
2 2 2

L mera? — Tmetx? = Lme?a? (0.64)
2 2 2
PutA=10cm. =>x=6cm.

B,D

X = 3sin100t + 4(1 4 cos100t)

X = 55in(100t +tan*t %) +4

M.P.isat4 withA=5
A

F = -Kx
C,D

X = asinwt ... )

Slope = -K

y —a= —acosot ....(2)

@ay+@7 =(y- a)2 +x2=a’
B,C,D

v? = @? (A2 - x2) F =-Kx
2

\

?+ x> =A*> - Ellipse

v: = (A2 - cozxz) , a=-0°X, a?= *x?

a’ a?
2 2
v :[A = = v2+5 =A% ——__ Ellipse
(0] w
A,B,C
10
vV=o 2.5
2r 7
T=—=—=1.57
@ o 2

(b) a=w?A=140

© v=w'A2_x2 =221

A,C

v — /9(3)—0 [22 —12) =10V3 % V3 =30 myss

www.aviralstore.com




PHYSICS - OSCILLATIONS

M.C.3x30=9xvVv =v=10m/s

10:@## ~1) = A =+2m

44. B,D
ToT_ 5t x:Asinﬂ—i—S—ﬂ]
2 3 6 T 6
x = Acos| Lt 4+ X
T 3
Y
45. B

[m
T =2r D not dependent on q_.

the velocity of particle

at M.P. =V, .V, = Aw,
v %o

............ %l 5
46.
K
l3mg
3m
2mg
kx > 3mg o= ——
k
X>3?(m F =kdé+ kx=3mg
F N
l’3mg
4 Lom | [ am |
A= ﬂ N = 6mg
k
3mg 3mg
F > 3mg

www.aviral.ac.in

47.

48.

49.

50.

www.aviral.co.in

A,C

fvz.dt

Vrms = - r .
[d
B,C
l 2 2¢£2 p2

KE Average = ZKA =mnf A
PE Average = mr2f2A2
B,C

%KAZ =%><2><106 x10™* =100

-.60J P.E. at M.P.
Max™K.E. = 100 joule

Max™P.E. = 160 joule
B

NN
| N N

| /\ ot

(b) PE T
NN ot

(©) TE » ot

N

(d) velocity| 7 /\, ot

N
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Exercise-3

1. X =(m)sin|(rs ')t +%

X = Asin(ot + ¢)
, T = 2—7T= 2sec. and
w

Viax = Ao =5mm /s

m

2. x=2.0sin|(L00s ")t + %}

A=0.2 cm, w=100, M=10gm

Vv = (2.0><100) cm/s cos

_ iy
(1003 1)t +3

a=2x10%m/s”|-sin|(100s )t + %H

= a=-10*x --F = —Kx and F=100 N/m

:>K:104><M:104><i:100N/m
100

27 2w T
=T =—=——=—secC
w 100 50

aatt=0 = a=-200 m/szsin%

=-100 m/s?
3. =20
™
a) 0 =—=owt
@ 6
o Vi
- 120
by 6= 4T 20 2T _ T
®) =377 3 3x20 30
nh
0
)
©) Same as (b)
4 K 0, =K, 0, =Kl
K2 /l 1 T2 K1 \/§

www.aviral.ac.in

10.
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m T
T = 2 —_— = —
@) K 10

(b) A, +A,=6
m

= =mA => A =—2 A
MA = MA, = A = =2
Al=4cm,A2=20m.
(©) mV . =6.0A,=24
T = 2—7T = 0.4sec.
T
Total distance 0.2x7
Av. Speed = = =
P Total time 0.7 2m/s
F=-Kx
az—ix 5=tan9:é
m m o
a
A
B B
1
“ _px @=2qf, F =47
—oL 27‘1’ (6%
B
T o2
3

T :O.6=27r4/0K;9 = K=100 N/m

F=-10x +2 =-10(x-0.2)
X =0.2is M.P.
(a) Amplitude =2 +0.2=2.2m

0.1 T
T=2no==Ts
(b) ™10 "5

(c) x =0.2 - 2.2 cos ot
U=(x?-4x + 3)

_du
dx

(a) For equillibrium

(b)w:\/%:ﬁ 3T=ZT;=\E7T

F= =-2x+4 =F=-2(x-2)

F=0 = x=2m

1 1
(C) EKAZZEmVZ = A:2\/§
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3A/8
1
11. tand = >
o » 3A/4
2 2 2
3A 3A 3A 1
= —_— —_— = 1 -
Pt [4] +[8] 2 +[2]
_35
8
12. F,__ =KA=50
F
x=2 Fokx=F2 p_Fm_g0p2
2 2 2
F=25J2 N
13. Given A=0.1m, K=100 N/m

m, =1Kg, m, = 3Kg
Energy of system is
not conserved.

% KA? = % m,v?

3Kg
m,

=v,=1m/s

1
lel=<I’nl—|—m2)V ZV=

=v =0.25 m/s

n 1 (K 1 /100 5
wfreq" = — ,[— = —4/— =—H,
27 \m 27 4 27

Now amplitude

Laz = %(ml +m)v? = A? =

2 100

= A'=5cm.

(m +m,)

S
Vi

(0.25)" x 4

www.aviral.ac.in

15.

16.

17.

18.

19.

www.aviral.co.in

.

Keg KK, + KK, + K Ky
K ¥
_ 1 Re 1 KK KK KK
2r\ M 27 M (K, +K,)

Mg =Kx20-Kx10
K:& N/m
10/100

T :27T\/E
K

General equation

. 27
X = Asin(ot +¢) A=10, 0 ===
T
Att=0,x=5=5=10sin ¢

™ - ™

= = Xx=10sin|xt +—

¢ 6 " 6]
d:asinf
2

Max distance = 2d /\
d
2d = 2asin ¢

=2ax09=18a

By momentum conservation
5x3+10x2=7v
v=5m/s

By Energy Conservation

l.5.32—|—%><2><<10)2 =1><7><52 +%Kx2

2 2
H 10

= T =2m,/— -
X=0.25m, W\/; = U =
=T =T,
| . 3T 3«
first compression occurs ==~ = S
x = 30sin(nt + 7/6)
lKXZ -2 ima)z(Az—xz)
2 2
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.

= X?Z = (0.09 - x2)

6
2 _ = X =—mMm.

20. a=87% — 4n%x

F=—47r2m{x—2} =x=2M.P.
T—2n -1 _1s
47°m

o = 27 rad/s
X =2 —4cos2nrt

| 10
21. (a) ™ ™o

7
®) T =27/~ = g, =o* +

0.5 2
T = 27T —_— = 1/4
55 (5)
22. le2=O.4 w—waé
2 T

—, ® =50, K=500

> mo? (A - x?) =

A=0.06m
23. Momentum Conservation
0.5(3) =1.5v
v=1m/s
K

0=, |———=20
m1+m2

2
V=oJA_x2=>A =——

0.72
When block does not slip

24. f=3Hz p=

www.aviral.ac.in

0.5 A% = x? +i

500

www.aviral.co.in

25.

26.

27.

28.

29.

ma,  <f=ma_ <umg
< Mg = 0" A,

amax
K9
= =0.02
Anax 47T2f 2

U(X) = —ax® +bx*

Fo —-duU 3
_dx = F =2ax - 43bx

< ug

a

for MP F = = X=,—
or 0=x=0, b

F=2a(x +x,) —4b(x + x,)°

=2ax(1+ﬁj—4bx2(1+3ﬁj
X X
_2a |2 (14X 1%
2b X X
a | —2x, a f2b
= — 2a|— [— (-2
Za\JZb{ X }3 \ 2b a(

=—4ax,

k 4a

kK,=4a =S o= |— =,—

a m m
g =

0= %sin(wsfl)t: P

=T :2—7T:23e0.
[0

T:27r\/Z:2:>/:lm
g

4 33 g
Oerr = Ot —g__—z

4
@OT=2r /ﬁ 2T,
iy 2m =My =4
(i) = O g

T =27m

T
ifT'=—
2

g+a=4g a=3g T
O =9+3, =T =27 ‘

(a) Yerr g+a
Ot =9—8, =T =27 d

(b) Yerr g-_a

l
©) Qe :giTZZW\/g
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/ A
P T, =2m |-—
30. 11 g 2 /gz+a2

4
|
e
2

L)t
T, @
4-0.01)"
:>92 :[T] (gz+a2>

=g’ =(1-0.01)(g° +a°) = a*> = 0.01g?

=a=0.1g =a=g/10
2 2
31. |=m/ +m/ m/2_£m/2
3 12 2
Exercise-3

1. KE. =8x1073J
%mmzAz =8x107%J
0—'1m2(.1)2 =8x107°

w=4

$=45°=n/4

X = (.0 sin (4t +n/4)

8m/s 7m/s 4m/s
| | | |
2. le N sle sl
MP X p 1m Q Im 'R

As V2 = 0?(A%2 -x?)

ForP, 64 = (A% - x?) (1)
ForQ, 49 =0’[A?—(x+1)?] 2)
For, R, 16 = 0?[A? — (x + 2)?] ..(3)

1)-@)

15 = 0?(2x +1)
2)-3)
33=’(2x+3)
15  (2x+1)
33 (2x+3)

1

3

Putting the value in equation above
o=3

X =

Max. Speed = Aw = /65

www.aviral.ac.in

()

©

www.aviral.co.in

q=3
4
— o 177
18g
T
T = —
2
T2=2TCL:1
g 2
T T 3
T =T +-2 T =— 4 —==
13 = 2t273°
Level-Il

<—— 30 cm/sec
Loy v

k
we know that ®° = —
m

k=mo?= (1) (10)>=100 N/m
Att =0 block of mass m is at mean position
x=10 cm.

velocity of block m=v, = 3—); =30cos10t

at t=0 v_=30cm/sec.
from momentum conservation
(M +m) v=M(30) — m(30)
v=15cm/sec

1 > 1, 5
N —(M+m)v: ==kA
ow 2( ) >

on solving A=3cm
New o of the system having mass (M + m)

o = K :1/@:5rad/s
M-+m 4

x'=10-3sin5t
Losse of energy during collision = Energy before
collision — Energy after collision

_1 2,1 2_1 2
=-m(0.3)? + 2M(0.3)? - (M+m) (0.15)

=0.135Jule
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J»
0]

(A) from figure (i) b =A+x
from figure (i) A=a + X
from eq. (1) &(2)

(i

(1)
-2

b=a+2x = 2x=b-a
and X = mg/k
2mg
K= ——
= b-a

1 K
(B) Oscillation frequency = Z\/;
_ 1 2mg
= 2z \(b-a)M+m)

(C) By energy conservation.
Both the spring have same force so.
Itis parallel equivalent of spring

Keq = Ky +K, = 0.2N/m

5.(a)

Now the problem change in two block system in which

reduced massis

m = m;m,  0.1x0.1
m;+m, 0.1+0.1

i/&_i/@_lH
2\ m  2zV005 1 2

Balls are at rest in position A & B so
Total energy is in potential energy for

= 0.05kg

f:

()

1 -, 1 2
E = =k;x7 + =k,X
5 KX+ 5KaX2

1 2 1 2 {X1:X2
=—kx“ +=kx

2 2 Ri=R;
E = kx?
X =Xq+ Xy =R n/6+R /6
=0.027tm
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6. P=

Fo = —Ay[PO +

Now E =kx?2

=(0.2) (0.02n)? = 41> x107°J
At P & Q no stretch in spring so complete energy is in
the kinetic form

mg
Py +—
o7 A

~AP
A

=P

F_=AAP =
net

XA

=—-AyP —

hA

- _APL

h

A
0} ——Y(PO

" mh

then

mg(a) = Kx b
Now rod is moved small angle 6 then

k(x, + b0)

. I

1 5, 1 2
= —my;+—myv; =E
5 MV1 +5MaVa
m; =m, =0.1kg
Vi=V, =V = 0.1v?=472x10"°

v =2rnx10"m/sec

Bulk modulus B =yp

‘ PO
lx
m A
“ |
mg
—-Ayp Av
Vo
- Av=XxA

mg | X P g1
— s k=mw* =Ay| Py +— | —
A}h: Y(o jh

m
A

mg 1 |Ay mg
+— f=— | —|Py+—
Aj: 2r\mhl ° " A

7. Atequilibrium condition we assume elongation is spring

(1)

Initial condi.

X

N final (after displaced)

= T.a=K(xg+bo).b
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T k(xq +b0)b
a
OnblockofmassmF ,=mg-T
k(xo, +b0)b
E =mg _M
net a
2 2
_mg_ KXo _Kb%0 _ kb0 {and 0= X
a a a a
kh2 2
_ kb2 X - T—21 ma2
a kb
3kg 2kg
—> 2m/sec
Viom =415
In frame of chita :-
3kg 2kg
—>2-4/5=6/5
P e LTI A
X, Xy
Let us assume that elongation in spring is x then
X, + X, =X (1)
2x, = 3X, ..(2)
(Centre of mass is at rest)
from (1) & (2)
X +ﬁ =X
1T -(3)
from energy conservation
2 2
lex(Ej +lx3x(—j —lkx2
2
Exercise-4
1. B
As we know that spring constant of spring is
inversely proportional to length of spring, so new
spring constant for each partis given by k' = nk
where, k is the spring constant of whole spring.
From the theory of spring pendulum, we know
that time period of spring pendulum is inversely
proportional to square root of spring constant
ie,
T oci T'oc —1
Jk Jnk
T
T=—1
So, \/ﬁ .
2. C

Kinetic energy of particle of mass m is SHM at

www.aviral.ac.in
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x=0.2 (3)
from (2) & (3)
x =0.12m
Maximum velocity = Ao = 6/5
X o = 6/5
(0.12) ®=6/5
=10
then equation of block A

X = (gjt+0.125in10t

Fhet =fC0S0O
X
C0SO = ——
VR? +x?
R? +x?
R
0 Fcos0
0
X
cosf=— x? =0 (for small distance)
£__GMM,
R3
M
T=2 ?2 M, = px2nR
R® 27R 21R?

Level-I

any point is,

= %mcoz(a2 -x%)

1
and potential energy = = Emcozx2

where, a is amplitude of particle and x is the
distance from mean position.
So, at mean position, x =0

- KE = %mwzaz(maximum)

PE=0 (minimum)
B
As the child stands up, the effective length of
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pendulum decreases due to the reason that the
centre of gravity rises up. Hence, according to

T=27‘C\/I
g

T will decrease.

A

At x = 0, kinetic energy is maximum and potenial
energy is minimum.

D

g

AT 1Al

20

Given, ATI =21%

AT 1 21%-10.5%
T 2
C
V. =am= aﬁ
max T
_ 2ra __ |k
[ m
2n m
k
Hence Ve 8 K0
’ Vmaxz a, k2
Vmax1 = Vmax2

- ﬁ:\/E
a, K,

= 27:\/; ..()
_on /M +m
k
M+m ..
...(i)
Dividing Eq and (ii), we have

V +m 25 M+m

OM+9m =25M

10.

11.

www.aviral.co.in

. I

or 16M =9m
or m_16

M 9
A

For amplitude of oscillation and energy to be
maximum, frequency of force must be equal to
the initial frequency and this is only possible in
case of resonance.

In resonance state, o, = o,

B

Initial angular velocity of particle = o,

and at any instant t, angular velocity = ®
Therefore, for a displacement x, the resultant
acceleration

f = (0f — ®°)X 0

External force,F = m(oZ - o”)x ...(ii)
Since, F o cos ot (given)

. From Eq. (ii)

M(05 — ©”) X o« cos ot ... (i)

Now, from equation of simple harmonic motion
X = A sin (ot+¢) ..(iv)
att =0, x =A

A = Asin (0+9¢)

s
= ==
¢2

. T
X=Asin| ot + — | = Acos ot
( 2} ...(v)

Hence, from Eqgs. (iii) and (v), we finally get

M(w: — ®”)Acos ot « cos ot

1
_ (,)2)

= A o >
m(w

C

In simple harmonic motion when a particle is

displaced to a position from its mean position

then its kinetic energy gets converted into po-

tential energy. Hence, total energy of a particle

remains constant or the total energy in simple

harmonic motion does not depend on displace-

ment X.

B

Time period of spring

o

Here k, being the force constant of spring.
For first spring
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m
t, =2n (k—lj (i)
For second spring

m
t, =2n (EJ ... (i)

The effective force constant in their series com-
bination is

_ klk2
Ck, +k,

Time period of combination

S RS
klk2

_ An'mek, +k,)

= T?
kK, ...(iii)

From Egs. (i) and (ii), we obtain

m m
[ 4752(— + —J

kl k2
1 1

2+ 12 = 4n°m| — + —

or 1 2 T (kl kzj
4r'm(k, +k
or et fERGLT)
k1k2
= 4+t =T [From Egs. (iii)]
12. C

The time period of simple pendulum in air

T=t,=2n (5} N0)

Here |, being the length of simple pendulu.
In water, effective weight of bob
w' = weight of bob in air - upthrust

= pVQer =Mg-m'g

= pVg-p'Vg

=(p-p')Vg

where p' = density of water
p = density of bob

w{pe

13.

14.

_ 1 _ 4
1. 1000 “J4-3
(4/3)x1000

=2
ort =2t
B
d?x .
ae =—-oX ()
We know that

d?x 2 N
a= e = —0°X ... (i)

From Egs. (i) and (ii), we have

0 =a

or (Q:\/a
2

2n
or TZﬁ
A

Given, Y1 = 0-1Sin(1007ct + gj

dY: _y. —0.1x100x cos(lOOnt + gj

dt
; T T
v, =10znsin 100nt + — + —
or 1 s ( T 3 zj
; 5n
or v, =10nsin 1007ct+E
and y, = 0.1 cosnt
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15.

16.

www.aviral.ac.in

= dy, =V, =0.1sin(xnt + n)
dt

Hence, phase difference

AY = ¢,-9,

(1007& + %j —(nt —n)

5
= =g (at t=0)

B
Here, y = sinwt

y
1\

O
E 2n  3n 4n
® ® ®
dy . .
a = 2msSinotcos ot = osin2nt
2
d Y 20? cos 20t
dt
For SHM dy « -y
T dt?

Hence, function is not SHM, but periodic, From

the y-t graph, time period is

T==L
(O]

A
KE of a body undergoing SHM is given by

KE :%m@zA2 cos’ ot

_ Mo?A?

and KE, .,

[symbols represent standard quantities]
From given information

75

KE = (KE X ——

KEmax) 100
mo’A? mo’A? 3
cos? wt = 7

3

or cosot =+——
2

or ot =

k3
6

17.

18.

19.

20.

21.

www.aviral.co.in

or 2t =
T 6
T 1
t=—==s
or 12 6
A

The maximum velocity of a particle performing
SHM is given by v = Aw, where A is the ampli-
tude and o is the angular frequency of oscilla-
tion.

4.4=(7x10%)x2rn/T

_7x10° 2x22
4.4 7

=0.01s

or T

A

X = (2x102)cosnt

Here, a =2 x102m = 2cm

att =0, x =2 cm, ie, the object is at positive
extreme, so to acquire maximum speed (ie, to

1
reach mean postion) it takes Zth of time pe-

riod.

. . T
Re quired tlme:Z

here ® 2n b
w =—=
T

= T=2s

=0.5s

AN

T
So, required time = i

A
Average kinetic energy of particle

:lmfﬁ
a

l 2 2
=—ma (2nv
, ma’(2nv)

= n?v?’ma?®
D

f:i fk1+k2
21 m

k, +k,
m

=2f

1
nd ff'=—.2
and o

D

T
X =X, cos(wt - Zj
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22.

23.

24,

Exercise-4

1.

www.aviral.ac.in

d*x

Acceleration, a=—
dt?

= —0°X, cos(cot - EJ
4

= w°X, COS(cot - 3_7:}

4

So, A= (;)ZxO

3n
and 6=—

4
B

2 2 2
ar _ o'xT :4752 «T=2" _ constant
X X T
C

At mean positionF__ =0
.. By conservation of linear momentum
Mv, = (M+m)v,.

Mo, A, = (M+m)n,A,

k
But (01 = M1

K
m+M

and o, =

m+M
M

. Al
On solving A =
2

A
Let x, = Asin (ot+¢,) and x, = Asin(wt+¢,) X, - X,
= A[sin(ot+4,)-sin(ot-¢,)]

— 2A COS(zwt +¢1 +¢2j3in(¢2 _(I)lj
2 2

The resultant motion can be treated as a simple
harmonic motion with amplitude

1
Potential Energy = > ky?2

1
=3 ka2 cos?ot

Illand |

.

| 1 | T
le—>i

A+ Acos ot

A

25.

26.

www.aviral.co.in

. I

2A sin(uj
2

Given, maximum distance between the particles

=X, +A

.. Amplitude of resultant SHM

=X, +A-X,=A

2Asin(uj =A
2

= ¢,-¢,=n/3

A

For spring K o« I

Ko _ 1

kK 1,
kA:IAHBkA:Ek

I, 2
A

As no relation between k, and k, is given in the
question, that is why, nothing can be predicted
about statement 1. But as in statement 2, k <k,
Then, for same force

2
W = F.X:F.E :F—
k Kk

= W« % e, W, >W,
But for same displacement
WoFx= S kxx = Skx?

2 2

= Waxk,ie.,W, <W,
Thus, in the light of statement 2, statement 1
is false.

Level-II

w.rt. = C.O.M. it perform S.H.M.
% (1) = vpt — A+ A cos ot
m;.A=m,.A,

my
A= m, A
A+A2 =4y
A, = (ly—A)
my

=Vt + m_zA (1 - cos wt)
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At E.P
a—AWZ—A—k
- )
oo A Ak
orce=r1= om = >
d2y
y = kt? :?=2m/52
ﬁ _ l
Tl—2n g’ T2—2n (9+2)

k 2
2 0 02\ 2 - 2
V m(a y<), NowH 5
Lok @ -y?)
m 29 y
y T 2gm TETTY T
B
o = 4n° y 4720 x2.dT
9= 72 T2
dg _de ,dr
g T
Ag _ ar 24T
g/ nT
V=C1VC2—X2
V2=C,2(C,—x?)
dv
= —_— = = 2
a=V C,% (SH.M)
@

mg

ng=—

k

mmmm e —————————

V = — kx
It will move towards s
Origin and will stop at origin

v=,4gRe
v> ,/2gRe

1 1

Sk = o x 4y)?
1
2

x <

www.aviral.ac.in
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\Y%

avg
Maximum displacement will be close to
MP.= /2 A
_ 42
Vavg = T A
10. D
y =Asin ot

_ 42
T

_2n_1n
®T8 T4

T
=sin —t
y I 4

V3

4
att= — sec < —
3 = Y=

12. t=Io

—

L L

14. D
V2 =u2 - 2gs
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p=mv= +m,u®-2gs

so its parabola
Initially position =0
Momentum is +ve

15. C
0)1 = 0)2
1 > 5 _ lmwzaz
E1=§m°3 (2a)-=4 S wa (@D
E. = l 2 52 (2)
255 mo<a< L.
from equation (1) and (2)
E, =4E,
16. B
17. AD
MP
TS
Im
I Wz u,/2
> Does not

/3 travel
"

/3

H U2
X = A sin ot
Vv = A o cos ot T/4 MP
%HUD
Ao _ >
> = A o cos ot i T/6
T

ot = § ﬁ | T/4 ! T/6E
Time to reach the wall = B

; . T T
Time to return to mean position = 3 + 5
_ T _2rm
~ 37 31Vk

T T
Time for maximum compression = 3 + 2

7T m
—5—1471: r

. T T 5T
Iltlme—§+5—?

A . 5T 51 m
Equilibrium position = 6 = 3\k
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