Simple Harmonic Motion ~

/\g

HINT OF SOLUTION OF SIMPLE HARMONIC MOTION

EXERCISE-1

PART —|

A-1.

Sol.

A-2.

X =5sin {nt+£}
6

Compare this equation with

x =Asin (ot + ¢) =A=5
¢:£:> T:Z—n—z—n:ZSec
6 ® ®

Vmax = Ao = 51 m/s
X =5 sin [nt+£}
6

9 FHIHRE DI 7751 FHIBROT & FI AT B WX

x=Asin(ot+¢) =>A=5

Vmax = Ao = 5t m/s

X = (2.0 cm) sin {(1003‘1)t +g}
Compare this equation with

S FHBROT B G B TR
x=Asin(ot+¢) = A=20cm

K=mo?= —0 1002 = 100 N/m
100
Xt=0 = 2.0 Sin {100x0+%} =1cm

v = 200 cos (100t + gj

Vizo = 200 COS (100 %0+ gj
= 100\/5 cm/s = \/37 m/s
a = —20000 sin (100 %0+ gj = 10000 cm/s?

=-100 m/s?
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Simple Harmonic Motion ~

A-3. (A) x =Asin [%t + 4))
0 =Asin (Eo+¢j
T
= 2_|_—no+¢:O:> $=0
X =Asin [@j
T
A:Asm @ @:E
2 T T 6
_ T
12
(D)x = A'sin @Jrq) A _Asin @w
T NA) T
4):__71;1 X = A sin @_E
4 T 4
A |20t 0w
— =Asin | ——-=
2 T 4
2nt =« T T
P — — =t= —
T 4 4 4
_ _ Vo
A-4. Vo=Ao = o= —
A
V2 = (DZ (A2 _ X2)
2
V2 = V_O AZ_A_2
A 22
v2:v02§ v:—3vo
4 2
A-5. A=10cm, T =6 sec

So 31 x = Asin [%t+¢]

= (20 cm) sin (%t+¢} =10 cm sin (gtﬂbJ

att=0,x=5cmWw

= 5cm =10cm sin (0 + ¢)
1 . T

= = =sin = —
> (9) 5

So, 31d: x = (10 cm) sin T I
3 6

2
acceleration TR a =— @? (10 cm) sin L e L (20 cm) sin TwasX
3 6 3 3 6

2
- = x10 ~11 cm/s?
9
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Simple Harmonic Motion ~

A6, |V[=|Al o = 10=|A] ®
la] = |A] ©? = 50 = |A| 2
= o=5 = |Al=2
V2 = (02 (A2 — X2)
82 =52 (22 — x?)
4—xZzﬁ xzzﬁ x:igcm
25 5
B-1.  According to question Y9N
1 mv? =3 X% mao? X2
= 1 Mo?(A2 — x?) = 2 mao? X2
2 2
=  A?2=4x? = x:J_rA Iilocm:iSCm
2 2
B-2.  Total energy e Sl E = % m o? A2
1 25\
05+04=— x O.Z(an—] A?
2 T
= 9=(502A2 = A=0.06m
cl T=o2n/0 =  2=2n /M K =0.1 N/m.
K K
2
C-2. K=me? = K:m(ﬁj
T
_ 47°m
= T2
mg = Kx equilibrium Sr=Iqee11
X = m = U= 1 Kx2
K 2
2.2 2,212 2 2 2
:leg _ mgT :2><10 x4 T
2 K2 2x4r®m  2x4x10x2
C-3. l Kx2 =5
2
2
E k x E =5
2 100
k =160
=101 = \/K
m
K
m= 5
100x
= LOZ = 1_62 =0.16 kg
100% 10m
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C-4.

C-5.

(a) Initial position of block is an extreme position. &iT® & YRMA™® 3faRAT Th AN RAfd 8
At equilibrium IR RF=KA = A=F/K
Time period 3TTacaTet

m
= LS 1§
T=2n i I L

(b) Kinetic energy at mean position |1 3T TR (ST SHofl

K.E. = 1 K A?
2

2 2
= 1e(E) = B
2 K 2K

(c) Total energy of the block. @& @1 H Hell

2 2
1 K A2 = 1 K E = F_
2 2 K 2K

(a) When spring is stretched by x then restoring force.
19 R B x | i Sfar 8, 9 U= ad I

F =K1 x+ Kz X

F = Keq X

Keq X = K1 X + K2 X

Keq = K1 + K2

T=2n . =2x m
o K;+K,

(b)  When bock is displaced by x from mean position then restoring force.
TT9 Aih P LT IfARAT | X WAl Sl & 79 YAHIT a1l
F=Kix+ Kzx
Keq X = K1 X + K2 X
Keq = K1 + K2

T=2xn L =27 m
Keq K; +K,

(c) When block is displaced by x and extension in upper spring is X1, extension in lower spring is xz

9 wdfd Bl x favenfia e Srar 8 don U R § favaR xq, 92 fFeen Ru § I xo 2 |

then @9 F = K1 x1 = X1= —
1

F =Kz x2 = X2 = i

KZ
F = Keg X = X= i

Keq
X =X1+ X2 = F :i'l'i = Keq = KiKe
T=2n i =2 —m(Kl+K2)

Keq KiKs

When space is not gravity free then answers do not change as time period of spring mass system is
independent of gravity.

9 qTdTERvl Ycd Jad 81 8 dl SR 8] deadl 8 Hifh R gerd e e &1 Aadard I |

w@ad Bl & |
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C-6.

D-1.

D-2.

D-3.

Let at equilibrium, elongation in springs are x1, X2 and
x3 then by force balance

A ARIaRe | Ry # faR xq, xo de
x38 Al 9 Ggad |

Mg
3kxs = Mg = 2kxz = k X1
Mg, Mg Mg
k 2k 3k

So potential energy stored in each spring

Id: gAH RYT # Aferd Soft

M2g2
2k
2.2

Mg”
4k

M2g2
6k

(P.E)1= %kmz =

(P.E)2 = %2km2 =

(P.E)s = %3kX32 =

and Net spring constant IR %o a1 i = L L (5<
1/k +1/2k +1/3k 11

So Time period $¥ferd Mad®dTa = 27 i=2n 11 M
keq. 6 k
( 4
T=2nJ: 2=21r\/: = /=1m
g g

[0} 2n

=2n/£2 N 1=2t =  /=025m.
T

¢

g

T-=zn\ﬁ
g

- : 2
TLF _ _24x3600 _ [g° _ Q[MJ 0=9.794 m/s?
g

24x3600+24 \ g

3601
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Simple Harmonic Motion ~ ﬂ—

D-4. (I) TOZZTCF = T=2n ‘ geﬁ:g_s_g:g
g Oett 4 4

So, time period 3Td: Mdd &1l T = 2n W = T=2To

(||) — =2r 2n \F =27
Oetf
et = 49 a = 3g upwards SR P 3MR
: : . . _ o T +md?
E-1. (a) Time period of compound pendulum is ®Ifi& e &1 sMadda T = 25 ~mar
mg

m¢?(4 +3)
48

For rod of length ¢ , ¢ TS & Bs & ferg T= 2| —=—
mg//4
T =
b) T2 oy [MrZmr
mgr
T=2n 3 Ans
g
a’ a )
s "5
(c) T=2n mgi
2

(d)
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Simple Harmonic Motion ~ H—

E-2. (a) For minimum time period /¢ = K, where ¢ is distance between centre and point of suspension
gATH SMacidld B g (=K, Tl ¢ dws do e fig & 9 & g0 @

2

Moment of inertia about centre = mr o mK*> = K= 1 =y
2 N7
P D URA STScATE :ﬂ-mK K= — =/
2

minimum time period T =2n f ,r\/_
gAaH amﬁ’cmaT =2n f /
(b) Moment of inertia about centre = ? = mK

mL2 2
(b) v & URT STScargu = - = mK
= K= . ¢ where ¢ is distance between centre and point of suspension

23
Sl (B ol e g & g @ g9 ®

Minimum time period T = 2x 2K =2n _ .
Vg \3g
2k L
AT aMacdld T =21, | — =21 |[—
Vo J3g

F-1. A= (A2 +A2+2AA,coS0

(a) A= 32 +4% 1 2x3x4xc0s0 =7 cm
(b) A= V32 +4% £ 2x3x4xc0s60 = /37 cm = 6.1 cm
(c) A= V32 +4% £ 2x3x4xc0s90 =5 cm

F-2.

From phasor diagram, &l

I
)
-3 (B

A= —\/(3+\/_) +(\/§+1) = a\/4+2\/_
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F-3.

X =sinxt, y = 2[1 — 2 sin? xt]
y=2[1-2x° or 2x2+%:1 Ans.

(a) As the damping constant, b

Zfe sraHe fadis b
(= 0.04 kg s1) << vkm

the time period T from the equation

THIHROT F MAdBIA T

2
o'= 5— b > is given by, =1 y&R e o @

\F ’02"9 -0.314s
80Nm

eZm

(b) From the equation X (t) = Xm
bt

JHHIOT H X (1) = Xm e 2™ g YRGB o qb B (ORI T WA Tz 81 |

—bTyp

the time T2 for the amplitude to drop to half of its intial value is

le/Z
2m
le/ 2

2m

or a1 Tl/ZZM = 6.93 s

40x10°3

bt

(c) E(t) = E(O)em;
_btyp

— =g M
2

or 1 loge 2=

ordr 0.693 =

typ = 0.693x0.2 _ 3 4sec

40x10°°

PART - Il

HIET - I

A-1.

Comparing = —kx

with F = —cx¥3 & 121 el R W)

= kx = cx13 = c=kx2R

As x increases c also increases. X 98- 9 ¢ ¥l dedl ©

Position where we see the particle once in a time period that is only extreme position. twice through
every other position

g Rfd SIEf &1 T maddrd § T R & I 8 daa dmra Rfd g | gad it Refoat w1 R
I

/\
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A-3.

A-4.

A-5.

A-6.

A-7.

A-8.

A-9.

- -
Vmax onlyiﬁa?r[ Vmax

N
If initial velocity is Vmax

/\g

then after one time period particle acquires same speed Vmax in same direction means same velocity

N
Vmax

N
Ifg URMAE 97 Vmax 81 O Th AMEARTA B UTA B AN QM H FAM ATA Vinax T BRI 8

5
Srafe T 4 Vimax YTaq Rl & |

(A) F. a

ma-a (|t is always non-negative] [ B9 HUTHS 2]
y = asin (ot — ¢)

y=bcos(at—¢) = y= bsin(mt—¢+g)

So phase difference is n/2

T HeTR /2 B |

y = acos ot

a
— =acos ot
2

ot = E
3
2, _ 1
24 3
t =4 sec.
/8 T/2
j—(ozASin(ot dt _sz{COS mt}
Amg = 0 — 03 0
avg — TI2 T/2
Idt
0
_ —0?A[-1-1] 40A _ 20°A
|a|avg T = =
T/2 2n T

X=A+Bsin ot

X —A =B sin ot
Hence, Amplitude = B
37c: IH =B

Consider SHM as projection of uniform circular motion.
From figure the phase difference between two particles is 120°.

A A DI THEAN i T BT YT A §Y
g W S PN B T bR 120072 |

A2

/\
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Simple Harmonic Motion ~ ﬂ—

A-10. Velocity @ v=o N2 2 = V2= @2 A2 — @2 X2 ..(1)
Acceleration TR a = —w?X = az = o* x? . (2)
From (1) and (2) : V2 =w? A2-a?/ o? = V2 + a2/ o? = w? A?
(1) T (2) |
2 2
v a
= +— =1
©’A? A2
= V2= —a® (izj+1 its straight line with -ve slope and +ve intercept
()
Y FUTHAS ST AAT FAHS AA-TTE dTefl ARl & |
B-1. At equilibrium position K.E. is maximum. |rmaxen R Tfast ol AfSddd il & |
B2, =t k(A% — x%)
2 2
A
orar  x= —.
2
B-3.  From question U39 ¥
%mmZAZ:SX1O-3 = % x0.1x ® x(0.12=8x%x10"°= w=4
So, equation of SHM is 3Td: H. 31T 1. & HHIHIV & x = A sin(ot + ¢) =0.1 sin[4t+%j.
1 1
B-4. Pav= " KA2 and iR Kav = y KA?
B-5. X = A cosot
K.E. = % k(A2 —x?) = %kA2 sinet
_1 KA2 (1-cos2wt)
2 2
2
= k% (1 = cos2at)
Frequency of K.E. is double of acceleration.
RIS Sl @) IMIRY @R B G B |
B-6.  Due to impulse force, the total energy of the particle becomes :
%ma)ZA2 + %m(ozA2 = mw?A2
Let ; A' be the new amplitude. (Apply energy conservation law)
%mcoz A2=me2A2 =  A=v2A  Ans.
Sol. 3N 1 & BRI, HU P! HA Hodl

%mw2A2+ %mo)zAz:m(ozA2
HAAET A’ T1 3R-IM 2| (o1l ARET0T & 9 )

%mw2 (A =me?A?2 = A=2A Ans.
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C-1.

C-2.

C-3.

C-4.

C-5.

C-6.

1 mv2 = 1 K1x12
2 2

1 mv2 = 1 K2 x22

2 2

K1x12 = Kax22

X |Ke

X3 K1

\ K K /

\

v /

Rubber ribbon can exert only tension not compression so at a time only one is effective.

IR Re9 dadt T IRV PR FAhell 8, FRITSH 81 31d: Ub AT H ddcd UPh o] FHTA 87|

TZZTE\/E
K

orar mz—mi=3Kkg

2
m = T—Zk
4r
x="m9
K
2
w
i

1 |K
fi= — |—
2n\(my
1 [K
NN AN
2n\\m,
fz:f—l or mz2=4m:
T=2n s
K
mg = Kx
2
x=1K3g
4% K
kx = mg sin 30°
I [0}
QZF:\/gsmSO
m X
Time period 3TTaciaTet

= \/5X100 =14.14 Ans.
25

:T:ZR\E
K

Spring divided into two equal parts so length is reduced to half

R Q1 IR A F A9 @ Y B ora: owTs 3mEl 81 SR

We know 81 STTFd & K o n

K become twice

1

Kgfgm%ﬁ\—rrraﬁﬂl

m m 1 m T
Thew=2n |—— =271 ,|— = — | 2n,/— | = —
S ol P «/5( JU 2

/\
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Simple Harmonic Motion ~ ﬂ—

2k x 2k _
2k + 2k

so, frequency, 37d: Sﬂ’cﬁlf— - fﬂ = — fﬁ

C8. E= %m ®?A?

C-7. keq =2k +k+

|

|
3
X

|
X
>

N

E is independent of mass.

E goqdE WR iR T8 dRal B

D-1.  Given time for both are same eI 97 91 & oy |9 B |

9T1=7T2
9 x2n /——7><2 f
= 9\/_ 7Y, = RO

¢, 81

D-2. Let AT X1 = A1 Sin o1t and X2 = A2 Sin wat

Two pendulums will vibrate in same phase again when there phase difference (02 — w1)t = 2n
3 AI® GaRI A Bl H S P 9d IABI DA (02 — o)t = 27 BT |

= (2_7:_2_n)t22

= (\E— ’ﬁj nx T, =2 (where n is number of vibrations completed by longer pendulum)

(S8l n N dled g1 ¥ {6 T SIe 31 61 )

= \/g— 9 nx2n&=2n = n=5
1 \!1.44 g

Thus after 5 vibrations of longer pendulum they will again start swinging in same phase.
T IS ATAD & 5P S d1& I SR A bl H QI YR B |

D-3. T=2n = 2n =—
e \lg+g/4

D-4. T= ZnJ: As it does not depend on amplitude & I AMAH TR [ & BT ©
g

*. % change in time period is 0 % Hence option (D) is correct.

Sda P § ufrerd URad 0% & ord: fde (D) & B |

2 2 2
D-5. Tmax=mg+mm2€=mg+mv7 =mg+m%=mg+m%xA— ['.'m: QJ

2 2
ordl  Tmax=mg+mg (%j =mg {1+(%) }
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E-1.

E-2.

Sol.

F-1.

F-2.

F-4.

1= 2 mre= 2 ><25><(O.2)2:E
5 5 5
1=C0 -1-0—'1-01
T=2n \/7 f =21 x 2 =4m secs
5x0.1
1 mg
27:

where, / is d|stance between point of suspension and centre of mass of the body.

Thus, for the stick of length / and mass m :

l
mg> 39

mL2/3) 2n \2¢

= \/7 \/_fo Ans.

m(€/2)
2

fozifﬂ

2n I

T2, ¢ Fiere fOg 9 a%g @ S o5 @ 919 B [ T
AT GHA m TAT £ TS D B b folg

(
m.g.E _1 [

mL2/3)  2n \2¢

fo' = L 29 \Efo Ans.
21 ¢
y =Asin (ot + ¢) and dTx = A sin (ot + ¢)
then @y = x so path is straight line. 37 U WXl Y@ ®

X =C sin wt + D sin (ot + ©/2)

= \/cz +D?+2CD cosg A= \JC? +D?

N

y =10 —sm3nt+—c053nt =10 sin (3nt + E)
2 2 3
thus amplitude is 3fd: 3MA™ 10 m or I71 1000 cm

x =Asin ot, y=A cos ot or g1 x2 +y2 = A?

Thus the motion of the particle is on a circle.  3d: &UI HI T g WR B |

/\
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Simple Harmonic Motion ~

G-1. In case of damped vibration, amplitude at any instant is
JqAfed H= o RAfT F fd &1 W 3 2|
a=aope™
where ao = initial amplitude
S8l ap = URI™E SMATH
b = damping constant 3gH== Ul
Istcaes: t=100T and delfa = %0
a_O = g eb(100 T
= @-100bT = 1
3
lind caes : t=200T
a=aoe™=ape™P@0N
1Y a
=ao (e—loo bT)2 —aox |=| = <0
3 9
G-2. Foev=F=kV
=
k=F mpg= KOS T g s
v [ms™]
PART - Il
HAT - 1
1. Vmax = A®
= A= Vinax 2% x (0.2) = 0.20m
® 2n
2
T=27 ™ —m=1X -02kg
k 4
Att=0.1, acc. is maximum
t=0.1 TR TRV HeH & —
2n 2
= amax =— @?A=—| — | x0.2=-200 m/s?
0.2
. 1 2
Maximum energy = > MVypax =4J
HEH Sl = %mv,ﬁaX =4
2. = 3—29 downwards

(A) In frame of lift effective acceleration due to gravity is g+ >

fode & %9 # To@ & SR @R = g+%:3_29 I B RE

S T=2n ﬁ
39
(B) K =mg
k_g
‘m L

/\
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Simple Harmonic Motion ~

constant acceleration of lift has no effect in time period of oscillation.

foTre &1 fFId RO, Qe & JNMAddId IR PIs R 8] STerdl g |

20
39

(D) T = 2= [m o 012 AL _, €

\|PAg PAg 2g

EXERCISE-2
PART - |

Acceleration XU (a) = w?X
2
= Amax = ﬁ A
T

When amax = g then block and piston will be separated

T4 amax = g 9% 1 fUC 37T 8l SR |

2n 2
Amax = J = (—] A ; (9= n2)
T
2
g:4i2A = A=t -025m
T 4
. —du _ —-d
Restoring force 9AIT d1 F = e = ™ (uo (1-cos ax))
X X

F(X) = — uo a sin ax

for small angle &g ®IvT & ol sin ax ~ ax

a2 2
F = —uoa?x = acc. XU = Uod X = —@?X = (@j X X
m T
So, Time period 3fad®iad T = 2n m
k k
H equilibrium H JrEgTaI] ﬁ%ﬁ%{
Position
ixo IXD
X|mmmmmmm e Y - X| =mmmmmm s Y -
maximum —>~------------===-----oooooes AfeHaH —>Ve-mmmmm e
displacement ICEICE|

velocity before collision €@ | Uget 977 = \f2gH
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Simple Harmonic Motion ~

pan is massless so velocity after collision

a9 Wl THATEA 8 3d: TFh) B 91 I
:JZQH

by energy conservation 3Gl TRETT A

1 2 1
mg(x) + Em(JZgH) = EKXZ

Kx? —2mgx —2mgH =0

x:m+m 1+2H_K
K K mg

at equilibrium FRIGRRT TR Kxo = mg = Xo = mg/K

mean Amplitude H1T 3MATH = X — Xo = % f1+ﬂ
mg

m final

S
T =
u=0--<=%-- Tq Ix g initial

LI

m

m m m

Let upper block is pushed down by x, at equilibrium mg = ky, i.e., weight of upper block is balanced by
spring When it is deformed by y, upper block will perform SHM with amplitude x about equilibrium
position, lower block will leave surface when spring is extended by y, means upper block is at distance
2y from its mean position. That should be upper extreme position of upper block. So amplitude x = 2y

AT S ld E X Hdell Sl © | ArgaR] R mg = ky © i S e I IR RS g1 Agfera
B B, 99 R § GHEd y 2| I <Ald ArgaRe & URT A x & WY [T | 99 R oy |
foeRa el &, 91 i adg @I BIe < UG Sea <ifd 3aDH! "iedawen ¥ 2y g8 W Bl 2| I8

I < @l Sed A RAfG B9 A2y *1a: ST x = 2y.
Alternative :

at equilibrium of upper block mg = ky

ATRIGRAT TR Ied Al B fordl mg = ky

lower plate will leave the surface if the extension in spring is y
Ife R 7 fawR y g a1 9 wie d9ag ers <t

Let upper plate is displaced by x downward and left

AT 2 wie x A faRenfia w=a gy 81 ol 2

so by energy conservation between compressed to extended positions
A ol AxeTT | (FNfed qern faRaRa sravemsit & #ex)
0+1/2k (x+y)2=mg (x + 2y) + 1/2 ky?

= % kx2 + % ky? + kxy = mgx + mg2y + % ky?2

= X =2y
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Simple Harmonic Motion ~

5.

Let displacement of block is x1 and of cart is x2 as shown

AT % BT AR x1 T LT BT x2 8 FRATAR

X, €<—
: k

AAAAAAAAA

MAAAAAAAAY I—‘V\I\I\l\/\;—

=T, =T,
) )

U] ]
L2 Vel
N ~ .4

by linear momentum conservation Y& FIT HRET |

mv
mvi = Mvz :>V2:V1$OX2:

mx,

For block Force equation can be written as

Ted & ford 9o FHIHRY W9 fordl S d&Fh 7 |

F = 2k(x1 + X2) = mo?X1

= 2k [Xﬁ%le = me?X1 = o? = 2K (

Soar: T=2n |—Mm

2k(M+m)

M+m
Mm

P

S

L
since all collision are elastic and total energy is conserved

b AR TP TR & 3MR Bl Holl ARIE © |

Time period of motion of right block is t1 = &
%

3 [ed HT AAADBIA © 4 =

Time period of motion of left block is t2 = %Zn

I TP BT AMIABIA B t2 = %275 —

So, total time period 3d: H AT HIA = 2 + 1 |:2n m}

2L

\Y
m

2 k

m
2 k

v 2 2k

For simple pendulum o = 1jg/f and maximum linear displacement xo = 60 and equation of S.H.M

W Aerd b ol o= \Jg/l IR RFHTH T fARATTT xo0 = (00 3R FIMA H Tl

X = Xo COS ot

X = (0o COS \/%t
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Simple Harmonic Motion ~ ﬂ—

8.

Sol.

Point O is moving as shown  fag O fRETaR 7fd &= & 2|

o) o
m
g
So acc. Of particle w.r.t O 3T BT BT O B AL @RI

= (—a1?+(a2 —g)j
S0 I gefr. = yJo” +(g— 0ty
So time period 37d: 3MATHIA

(
=271 I
\I(alz +(g—0p))"
—const
(B) For simple pendulum T= gn\ﬁ [4 gans }
g |g—change

For physical pendulum T =2z f% (g—change) I,m,/ — const
mg
For Torsional pendulum T = 27 \/g (é = Const) for any planet

For spring mass system T = 27 J%

s.mg =k¢ (E L ﬁ =Const for all planet]
g g

Both the spring—mass system & torsional pendulum have no dependence on gravitational acceleration
for their frequencies .

(B) WXl i & forw T=2nJ§F_ﬁma }

g — gRafdia

Wfoes s T=2n ,nge (g—uRafda) 1,m,¢ — 3R

TS e T=2n\/g(é:Constj w78 3 Ry
ﬁ&mamnﬁﬁwaa%mTzzn\/g

.. mg =k¢ (mzﬁzﬁzwﬂuﬁizﬁmwj
K g g

R s MR den RIS dArded aFl Bl AGRT THA™ @R R R T8 a2 |
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Simple Harmonic Motion ~

10. For small angular displacement (6)

g By fawemms & o

Net torque on body %] W $a IaTgl = [a

= (kia sinB)a + (kzb sinB)b =

Forsmall6 &g o0& f®l =a=

= frequency 3mgRT =

11. x = 10 sind(nt) ; [sin3 A=

2
(mL2 + %J o

2 2
_ kea® tkob®

2
2
3

1 [Kka® +kyb?
21 \[L2(m+M/3)

3sinA - sin(3A)j
4

~ =10 3sin(xnt)— sin(3xt) W, _ ﬁsin St Esin 23
4 4 4
So Amplitude 3Td: MTITH = % i %

frequency 3l = 1/2 , 3/2

12. AT Hell INE gIRT

6
4 3,
6

12

12

resultant amplitude TR A = 632

k k
13. W, = -1 W, = -2
! m 2 m

Ky

Ky

w_\/ kkp _ | 1 _ _
B 1 1 2 2
(ky +kz)m \jm[1+1j \/2+ o] + 05

14. K.E. = %mcozAz sin? (ot + ¢)
K.E.

> {
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Simple Harmonic Motion ~

15.

Cia8 = Cabs
c@a® —k
m
3
C2b — k‘
m

Frs = Ci(a — x)® — C2(b + x)°®

=Cia® (1— S—Xj — Cob? (1+ Fj = — 3(C1a2? + C2b?)x
a

PART - I

3X
time period = —Zn
)
b
(0,4)
B
| A (3,0)

At t =0 Particle 2 is at point B and moving towards origin so displacement
t=0WR $ 2 fdg BW 2 71 g1 g & T o1 & 2 37

Y =4 - Asin ot
Y =4 -2 sin ot

and displacement of particle 1 is

3R P 1 BT AU ©
X =3—-Acos ot
X =3-2cos ot

So distance between them 31: 3/ e & = VX° +Y?
s2 =29 — (16 sin wt + 12 cos ot) =29 — 4 (4 sinet + 3 cosnt)
- 29 — 20 (sinot + 37°)

So e s2., =49 = Smax= 7cm = Sy

SZax =9 = Smin = 3cm =S . S1+S2 = 10cm

X1 = Asin(wt + ¢1)
X2 = Asin(wt + ¢2)

= X1 — X2| = 2A sin(2ot + Ukdzd ;4)2 ) cos (—d)l —%, ]

2

To maximize 3f&HTH & foTg |x1 — x2|

o+

sin(2ot + T“’Z) =1

= a2 = 2a><1xcos(mj = 1 :cos[d)l_d)z]

n_ 01— 9,
4 2

=

2

br=2= 2
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Simple Harmonic Motion ~

3.

Sol.

f=a-Dbx
For maximum velocity, acceleration should be zero.
ie. a-bx=0 = x =alb
At x = a/b, the particle has its maximum velocity.

_vdv vi o bx?
f= — =a-hx = — = ax—-——+¢
dx 2 2
Atx=0;v=0 = c=0
Substituting ; x = a/b ; gives

a

Vmax = ——
b

Also, the velocity of the car should become zero at station B.

2
i.e. ax—bL:O = X=0:x= E
2 b
Distance between the two stations is 2a/b
N=2

Alternate : f = a— bx means particle will do SHM.
At mean position ; f =0

Af—ﬂ».c ‘
= x = alb o o
In the figure shown, 'C' is the mean position and A & B are extreme positions
Xmax = 2a/b
f=a-Dbx

™ I B T w@RUr I BT ARy
i.e. a—bx=0 = x =alb

X = a/b TR, BT AU 3fHaq a7l TR 2 |

_vdv _ vi o bx?
f= — =a-bx = — = ax—-——+¢C
dx 2 2
X=0W ;v=0 = c=0
gfRRenfd ¥ WX ;  x=a/b; YN & 2 |
.
max — T =
N
AT WIH B R SR H1 99 I 8 ST
2
i.e. ax—bizo = Xx=0:x= @
2 b

a‘iﬂh%sﬁa%‘eﬂaaﬁaﬁz%

N=2

fdpcu : f = a — bx 3rafd HU1 AR SMad A B |
e Rafd R f=0

A. a/b C

= x =alb x=0 x=alb B
yefRfa i & 'C' #e Rerfa & dom A, B =xe Rerfadi 21
. Xmaxzzajb
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Simple Harmonic Motion ~ ﬂ—

4, 1/2 K x2 + 1/2 mv2 = 1/2 KA?
mn2x2 + mv2 = mn2a?
V2 = n2 (az — XZ)

«—a—->
—>
J3a
=2
1 1 3 ? 1
Zm(v+na)Z+ = K el - 2 ka2
2 2 2 2
2
Lmver Lnzaze 2 mnave T ne 380 2 1 mn?2 A;?
2 2 2 2 4 2
2
mn2 (a2 — x2) + mnZa2 + 2mna n Va2 — x> + mn2 3% = mn2A;2
2
a2—x2+a2+2a \al—x2 + 3% = A2
11a? — 4x2 + 8a @’ —3a° = 4A:2
Putting x = gaﬂéﬁ R
12a2=4A12  Ai= f3a =153 cm k=15
5. The coordinates of the particles are
FU B D

X1 = A1 cos ot, X2 = A2 coS ot
separation §19 @1 g8 = X1 — X2 = (A1 — A2) €os ot = 12 cos ot

Now 319 X1 — X2 =6 = 12 cos ot

= o)t:E
3
2_7'!'. t:E
12 3
= t=2s
Ans. t=2s

]

20 cm 20 cm
l 30 30°
B
S= ,h ,a=gsin30,h=20cm,u=0
sin30
S=ut+ fat?

2
N {= fé _ 2x(0.2x2) -04
a 10x(0.5)
v=0+(gsin30) (0.4) =2

For BC max height reached by the particle will be same as h =20 cm (by energy conservation)
and for BA and BC t=0.4
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Simple Harmonic Motion ~

Total time period = 0.4 x 4 = 1.6 second = 16x10~!sec

N =16

éCE%%ﬁwamwmféwﬁéh:mcm%Wﬁ%

(SoTt HReTor ¥ )

doT BATGBC & fe)l t=0.4
F JAEdTd = 0.4 x 4 = 1.6 second = 16x10-1 sec . N=16

After displacement x against spring C

U7 C & favg x favemm= & 91e

Figure-1
Deformation in springs ABC is shown in figure 1.

form — 19 R A, B @2 C Saqgae femn 2|

Figure-2

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

-2 % 91 R A, B, C & gRT IIRING gof S901a1 127 8 |

N=3

kx 1
F= —=—x2+2kx =3 kx=mon?x
NN
3k
= o= ,—
m

Velocity of the particle just before collision TP & TRI=I Tl BT PBI 7T

4.5mg
K

X

u=,|29
u

Now it collides with the plate.
Now just after collision velocity of system of plate + particle

9 I8 Wic 3 THIA 8

TFPR B 918 (<ic + o) b 1 9w

mu = 3mv =

mg

Now system perform’s SHM with time period T = 2n /3?”] and mean position as e distance below

the point of collision. Let the equation of motion be.

BT SHM &1 39T Taddld T = 2n #3?”] Term A1y Refd, cox= arel Rafa & % RIERd

A B FHBRT
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Simple Harmonic Motion ~

y =Asin (ot + ¢)
fort=0 & folg y = mg/K

mg .
— =Asin (1

m ¢ (1)

Now for amplitude 31q: JTAH

- o VAZ 2

((JHTK?

% 2
By (1) & (2) JHHIOT (1) 9 (2) |

T=2n ’3m

K
X:AtoﬁX:Oﬂ'csﬁ = t:l
2 12

Xx=0 todX=A Tb = t=T/4

total time @qel {9 = T+T E 3—m:an
12 4 3\ K 3k

A=

a=3

Let block is pushed down by x from its equilibrium position.

A il B g Argaven Raftr & x & i gaven man 2
Let extension in springs be y1 and y2 as shown in figure.

AT AR RN # AR AR v Ty B |

so restoring force on block F = Kay?

Jd: i IR YA 9 F = Koy

Force in left spring is -1 RUT &R e 2F = Kuya

From constraint motion §f8d Ifd & 2y1 + y2 = x

2F F
= 2x — + — =X
Ki K
= F= | K2 )y -y
K; + 4K,
So o, o= = K2
m{ K; +4K,
N Toon M (Ki+4Ky;)
KK,
T=2x m (K, +4K,) o 12m
KK, K
n=12
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Simple Harmonic Motion ~

10.

Sol.

S W, A BA=AV2 2z W,
: S
I I

The motion starts from position A the time taken from Ato W2 (t1) = % + %

Before collision the energy of the system is conserved,

Kinetic energy of the block just before collision

Ki = % K (2A)? — % KA? = g KA? & just after collision K = % (given) = % KA?
Now during motion after collision , the energy is again conserved

Hence , Ki + %KAZ: % KA™2

A’ = maximum compression after collision = A" = A2

ie. Now motion has amplitude A2
Now time taken by block from

W2 to position B _ U + T
4 8

total time taken = t1 +t2 = I +l+I +I:£T:17—n m = 17sec F:E
4 4 8 k T

Rerfad AT 4 g™ @Rar & @1 AR W deb foran T wwa (t1)=%+l

12
TIRR B U BT B SHolt A=A B |
TIPR D OlP Usel D DI TSl SHoll
Ki=%K(2A)2—%KA2=gKAZ sﬁqawa%ammezg(ﬁm%):%KAz
3T TIFPR B 918, A B IR SHoll gIRT Ffard Rl

37, Kr + 1 KA? = 1 KA
2 2

A = TFR B 919 AfmaH TR = A = AN2
srerfa T &1 amam A2 g

39 i R W2 B da I A foran T a3 () = }+%

SRRV U P A Y 1.3 LR FZQ
4 12 4 8 2 12 VK k
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Simple Harmonic Motion ~ ﬂ—

11. Frequency (3TgfT) n=— |[———

2:\4+5 21 3  3n
By conservation of linear momentum at mean position,
A1 AT TR VWG HIT ERET |
Pi=Px
= MioiA1 = (M1 + M2) w2A2

= m; LAl = (M1 + my) LA2
\j m, m; +m,

= 1fkm1A1 = 1}k(m1+m2) A,

= A2 =2/30 m.

12. Free body diagram of bob of the pendulum with respect to the accelerating frame of reference is as
follows:
Net tension in the string is T = mg cos a
mgsina.

mgsina

mgcosa
mg

Alternative :
Whenever point of suspension is accelerating

Take T =2n ;L Where gz =g—a
et

a = Acceleration of point of suspension.
In this question a= g sin a (down the plane)

lg—a| =ger = \/g2 +(g sin a)® +2(g) (g sin o) cos (90° + a) =g cos a

T=2n L (o0 = 60°)
\ngOSa

T=2xn &
\l g

X=2
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Simple Harmonic Motion ~

13.

14.

@Ra ke 73 & e Ugad & dlad B gad 9% Y@l f=FF Q4 8|
: RN # | a9/ T = mg cos a

mgsino.
mgsina
K
(08
¢mg mgcosa
3R WW$HWgeﬁ—l:m:gc03a
m m
T=2n L a1 T=2n .
e g cos a
Jofeas
9 A Srrere fasg @RT B B |
A T=2n L S Jer =g—a

Oert
a = et fawg @1 @R
59 U9 § @ =gsin o (@d @ 9™ @ AR)
|g—a| =ger= \/g2 +(g sin a)® +2(g) (g sin a) cos (90° + o) =g cos a

L
gcosa

T=2n ,ﬁ g0 =12
g
1

~mV2 =15 x 103

2

Vm = ’\/0.150 m/s

Aw = \/0.150 m/s

m . \/g = \/0.150 m/s

\/0.150 L 0.150

= e =2~ =15m

100x10°° 0.01

T=2n (a0 = 60°)

| = Em n =15

g
The time period of simple pendulum in air R ¥ TR Al BT AT Bl

T =to= 2n (EJ ........... 0]
g

¢, being the length of simple pendulum. ¢, IR @TdAd BT =TS 2 |
In water, effective weight of bob ST § el BT AT IR
w’ = weight of bob in air — upthrust

W = a1 § MAd BT IR — JFIR DI AR I

= pVgeii=mg—m'g =pVg— p'Vg=(p—p")Vg

where p = density of bob, & p = Md® &I T
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Simple Harmonic Motion ~

15.

p” = density of water STl &l °cd

2] (2

t=2n

Thus 31, t =
to

= t=2t ;tho=2

Half of the volume of sphere is submerged.
For equilibrium of sphere, weight = upthrust

VM=%@M® -

When slightly pushed down by x weight will remain as it is while upthrust will increase. The increased
upthrust will become the net restoring force (upwards).
F = — (extra upthrust) = (extra volume immersed) (pr) (9)

or ma = —(nR?) xpLg
4

ETER?’ [p?"j a =— (nR?pLg) X

As a oc — x motion is simple harmonic

Frequency of oscillation, f = B - A ;3_9 )
21 \|| X 21\ 2R

1= fox [v=18)

(a = acceleration)

=

Tlel T 3MET AT &1 §AT 2, el I ATATaRAT & fory

AR = I&ATdh def

VM=%@M® -

39

2R

Jx

ST9 ATST AT 16 B AR X F FHedl Sl 8 HR AR I8dl IR Sl dd qef 96 offal © | 981 g3l
ITATP gel GRUTH AT g (SR DI 3NR) 9 SR |

F = — (3fuRaa Scemad 9d)

= (iR gam g3 3mad) (pu) (9)
(a = @xI)

R ma = —(nR?) xpLg
%nR3 a (%‘j =— (7R?pLg) X

P a oo — x Y TRl 3Tt &
:iF_g
21 \ 2R

f= %{nzﬁ} N=8

qred @ gl T

2n\l|x
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Simple Harmonic Motion ~ ﬂ—
16. For small Angular displacement &g @Iofiig fazemua & ford
o)

L1

k/2
Restoring torque about point O fd=g O & URT AT gl

2
(mg % sinB) + (K/sinB) ¢ = %a, (for small @ sin@~0) (g 0 ol sind ~ 6)

0/ L K2
a:w = a:|:§+%k:le = —®20

m¢? 20
3
So angular speed 37d: HIVIT 4T © = (E+%J
20 m
% 1+2—k€ N=75
PART = Il
1. x:xosin2mtzw
o Xg o : _2n _ 2n _
So3ra: A= =% Time period 3addad = =—— = =— = o
2 o 20
2. Equation of S H.M X —Xo =a sin (ot + ¢) = X = Xo + asin (ot + ¢)
3. DI FHIDBRUT X — Xo = a sin (ot + ¢) = X = Xo +asin (ot + ¢)
(A) X = sin2ot
(B) X =sin? ot = 1 cos2 ot
2 2 2

=Xx—1/2 =-1/2 cos2 wt
©) X = sin ot + 2cos ot = sin (ot + ¢) {¢ =tan-! 2}
So represent equation of S.H.M

N FHIHROT WAL B FHHIOT B YR HRCHl &

(D) But sin ot + cos2 wt cannot write as sin (wt+¢)
sin ot + cos2 ot B sin (ot+d) D T T forRaT ST FHaT B |

Soitis not S.H.M equation ¥ F.3M. B AHIHRU & 2 |

3. v2 =108 — 9x?
2\(;dv =—18x = acc. A =-9x (nhon-uniform) 3TFHTT
X
atx =3cm W

a=-27 or |a] = 27cm/s?
also a = - 9x is a S.H.M equation so particle perform S.H.M about the give fixed point

T @ =— 9x U& AN FHIHRY B 3 &91 Ry M Rer fag & Amver |.amaT. & |

V is maximum at x = 0 V, x = 0 9R 3IfdsdH g |
and Vis Zero at x = V12 H%V,x:\/l_zq’\’gfﬂ%l
So AmplitudezZ\Ecm 37d: JATATH :Z\Ecm
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Simple Harmonic Motion ~

4.

Givenfaar 8 A=0.4m,and3iR a=g

S0 3 w?A =g :>0)2=£ =25
0.4

=>w=5 T:Z—E:ZnISSeC.ﬁ?EUE
(o)

At lowest position acceleration.F=1ad fag 9 @RI =w?A+g=g+g=2g

So weight 3fc: ¥R =m (29) = 2mg

at half distance 3l 81 W} a = g/2

So weight at upper half distance 37d: R HUI AN & W = m(g-g/2) = mg/2

and weight at lower half distance @2 f=rell el g0 W 9R
=m(g+g/2) = 9

actual weight at equilibrium position (maximum v)

[E IR arereRen Refd iR (@rfdraan am)

acceleration TRUT a = o?X

2
maximum acceleration 31f&fead wRor amax = @A = (%} 100

When block and platform are separated

9 %] AT WSHH T B ® |

amax =g =10
2 2
4n” i:10:>T2:n— T = n/10sec
T2 " 40 100
For S.H.M AN & ford

y=Asin ot = Asin (%j

V= coafAZ—yz

(A) Aty = Al2 TR

V= oAZ_AZ/4 - Y30A _ oA

Vmax = ©A

2 2
V, oA
B) Forv= -1 g o = «/AZ— 2=
(B) ® y >
2
Loy A Ly=YBA A
4 2 2

(C)fort=T/8 @& feri
_asin[ZT) 2 A/ S A
y—Asm(S'Tj /2 >
(D)fory=A/2 @& fol@ A/2=Asin (@]

I
T 12

/\

Resonance”®

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Educating for better tomorrow

Toll Free : 1800 200 2244 | 1800 258 5555 | CIN: UB0302RJ2007PLC024029

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005 \



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Simple Harmonic Motion ~ ﬂ—

7.

8.*

Sol.

F= 29 _ _[10x - 20] = 20 - 10x
dx
acceleration @wor a = 20— 19X _ 100(2—X) = —@?(X — 2)
m

a=0atx=2 SoVismaximumatx=2
X=2Wa=0% 3@ V, x=2 R Jf&eHaq 3 |

This is equation of S.H.M so particle executes S.H.M
T8 AII B AHIGIO 2 AA: YT FIMI FHRAT B |

also den ®?=100= »=10
T= 2—“ = n/5 sec.

0]
U =1-e

It is an exponentially increasing graph of potential energy (U) with x2 . Therefore U versus x graph will
be as shown.

From the graph it is clear that at origin

Potential energy U is minimum ( therefore, kinetic energy will be maximum ) and force acting on the

particle is also zero because F = —(;j_U = —(slope of U — x graph ) = 0.
X

Therefore, origin is the stable equilibrium position. Hence particle will oscillate simple harmonically
about x = 0 for small displacements. Therefore, correct option is (D).

(A) At equilibrium position F = —;I_U = 0 i.e. slope of U-X graph should be zero and from the graph we
X

can see that slope is zero at x = 0 and x = £ o . Now among these equilibriums stable equilibrium
position is that where U is minimum ( Here x = 0 ). Unstable equilibrium position is that where U is
maximum ( Here none). Neutral equilibrium position is that where U is constant ( Here x = + o).
Therefore, option (A) is wrong.

(B) For any finite non-zero value of x, force is directed towards the origin,

because origin is in stable equilibrium position. Therefore, option (B) is

incorrect.

(C) At origin, potential energy is minimum, hence kinetic energy will be

maximum. Therefore, option (C) is also wrong.

_>X
U®X) = Kl-e™)
g RS Sofl (U) BT x2 & |1 TREMIS! gedl g3 UTh 2 | 37 U R X & #ed U R—ErgaR 8 |
% 9 I8 W ¢ b gafdg ) Rafds o U =aw 8 (3 s et s1ffieas 81M) iR o1 W)
T ATl 9 W TR BN R F:f—xuz—(U—xwmm)zo

I HAldg Il ArRITERe &1 Refd § o/ B0 x = 0 & A1UE Bic fAvmue & o) &9 Axe afrad i
BT | 31 faweu (D) W& 21

/\
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Simple Harmonic Motion ~ ﬂ—

(A)WQHWF:_;—XU:O%W: U-X TT% &1 3T I BT R U6 A & &g Idd 8 b x = 0 qean
X=2o00 WR T YA | AT 37 AIERNSA H ¥ W qrmeaRe . U &1 719 <JAdq 81T | (IJ&8f x = 0)
SR AFITERT TR U fwad g1kt 8 | (T8 W BIS 7a)) d7 ISR Arvaren R U faa (38t x = +
0 ) BId 8 37 fadweq (A) TTord & |

(B) x & e ff uRFT o a1 & forg 91 afeg & IR Brm FAfH

Hafdwg ol |rareRen &1 Refd & | o fAded (B) T 2 |

(C) gaifdg W Refast il YaaH & fa: st Hoi sfferwad 8 |

ara: fawew (C) Wt Toa 7|

U
A
K
_’ X
9. max™ amplitude JAEHTA A = B/
So time to travel angle o 31T o DIV TT A § T THI
X = Xo Sin ot
ol = BL sin ot
t= 1 sint
®

Now period of pendulum = % (actual time period) +2 (time to travel angle «)

G ATAAD Pl DIl = % (ARATIH IMTATDBIA) +2 (00 IV T HIA W M qHY)
= 1.27:\/Z +2\/Z sint <
2 g g p
=2 \/Z {n/2+sin‘1(gﬂ
g p

Also if time taken to travel from right extreme position to wall is t then

Ife TR W Rafd 9 aR 96 99 § o 99T t7

—o =f3 cos ot

o
= cosot=-— —
t= 1cos_1 (__aj
o B
T=2t= gcos‘1 [_—aj
o B
_ ( 1| —a
T=2 \F cos [—j
g B

10*  Given f&am 8 y = (sin ot + cos ot) y= V2 sin (ot + n/4)
Sodd: A= \/5 mandddl at t=0WRy=1m
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Simple Harmonic Motion ~

11.

12.

= Acos ati +2Acos<»t]
X= Acoswt, y=2Acos ot s03d: y=2x

| = Acos wt. \F = «EACOS ot
motion is at straight line, periodic and S.H.M

37 Y TRl Y@ W AGe] 9 G302

N
r
=
N
| r
So

From superposition principle

Y = Yi+Y2+Y3
= asin ot + a sin (ot + 45°) + a sin (ot + 90°)
= a{sin ot + sin (ot + 90°)} + a sin (ot + 45°)
= 2 a sin (ot + 45°) cos 45° + a sin (ot + 45°)
= (V2 + 1) asin (ot + 45°)
= A sin (ot + 45°)

Therefore, resultant motion is simple harmonic of amplitude

A=(2+1a

and which differ in phase by 45° relative to the first.

Energy in SHM (amplitude)®> [E = %m A2 ?]

2
Eresultant :(2) :(ﬁ+1)2 :(3+2,\/§)

Esingle
Eresuttant = (3 + 2\/5) Esingle

R Rigra |
Y = Y1+Y2+Y3
=asin ot + a sin ( ot + 45°) + a sin (ot + 90°)
=a{sin ot + sin (ot + 90°) } + a sin (ot + 45°)
=2 asin ( ot +45°) cos 45° + a sin ( ot + 45°)
= (V2 + 1) asin (ot + 45°)
= A sin (ot + 45°)

It aRomHr I WRa e Ifa 8 oIt marH

A=(2+1)a
R IE UYH B AUET 45° HATR WX & |

SHM ¥ ol ( STITH )2 [E=%mA2m2]

2
Eﬂ:(gj —(Z+1? =(3+242)

Evaa

Es =3+ 2V2)E__
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Simple Harmonic Motion ~ ﬂ—
PART - IV

1. o= ﬁ = «/200 rad/s
m

1to 3
Maximum extension the spring from natural position is X.
Then mg + ma = kx

= X = M =7.5cm
400
Extension of the spring when it is stretched to equilibrium line is x'.
mg =kx'
,_ 2x10
= X' = =5cm
400

Therefore amplitude A = x —x'=2.5cm
If upward direction is taken as positive att=0, x=—A
Using x = A sin (ot + ¢)

—A=Asin¢
_dn
0=
gcl:1t0 3
& @ ugfie Rafd & wecw Re=mE x B |
d ' mg + ma = kx = x= 21049 _s5em
400
qraxen I Ruv Reew ) s9d Riama x' g |
. ., 2x10
mg =kx = X' = =5cm
400

I M A=x—X =2.5cm
gfe SR &) foonm & g9TcHd of, A t=0Wx=—A
X = Asin (ot + ¢) BT TIN HA W)
—A=Asin¢
_3n
6= 2
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Simple Harmonic Motion ~

6.

(i)

——X—> < >

A P B
force on particle at point P
fag PR Red &1 W
_ 2mg(a—x) _ mg(x)
a a

F

F="19 0a_3x
a

F =

—3M9 ( _ 2as3)
a

(i) So this is equation of S.H.M (F = ma?’X) so particle perform S.H.M with mean position x — 2a/3=0

A F FAHIGRUT FRIMIA B FHHRY 2| (F = mo’X) A@: HU AT &M 6 A1 s/aRen g

x—2a/3=0 x=2a/3(from point A) =g A ¥
So 3 @? = 39 =S o= ,ng/a
a

So Time period 37: add@ra T = 2n./a/3g
and amplitude 3R MM = 2a/3 — a/2 = a/6

(iii) minimum distance from B & SEATH 0 = a— (2a/3 + al6) = a/6

(iv)
| -« alé
| I
Pq x B
at point P velocity of particle = 0
g PR &9 &1 a7 =0
and force @ik aa = 219 X
a
(at point g) (q fa=g R )
\ al6
acc.c_cr\fUlzng = Iv dvzjM
a ) o a

At equilibrium position TR o Reafd =) : —
KXo = m1g sin® + mzg sin 6

_ (m;+my)g sin®

- k

Block will separate when acceleration of block of
mass m1 will be just equal to g sin 6

Xo

JZga

6

9 My GFH B Al BT @RYT g Sin 0 D RTER B Al T — ST & ST |

= a=w’x=gsind = L><x:gsine

m; +m .
- X:—lK 2 gsind = xo

So, blocks will separate when blocks are at distance x =

m m .
# g sino®
K

m:mﬁiﬁmﬁﬂa’\fwﬁx=%gsin@ﬂ%@ﬁﬁﬁﬁﬁﬁwwﬁﬁr@ﬁl

From mean position

i.e. spring is at its natural position (amplitude A = (%(ml +m,)gsin 6])

/\
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Simple Harmonic Motion ~ ﬂ—

w9 R s urgfae Rafa # 81 (MM A = [%(m1+m2)gsinej)

gy

o
Blocks will separate at distance x = xo from mean position.
HITRIT I X = Xo G W &iidh AT 8 SR |

v= JAZ—XS

= K 3(m +m,)gsin® 2— My + My gsino i
m; +m, KU PT? K

B fs .

= E(ml+m2) gsin®

EXERCISE-3

PART - |

HITT - |

X:A(l—cosz(ot) + B(1+00252cot) - % sin 2ot

Choose different combinations of A, B & C to get linear combination of sin & cos functions.
A, BAA C & A== A & ford sin @ cos B & Y Aso1 ured o |
2. (A) SHM @t Ugfd &, fdwed p 9 i U ow 4 Rfoe Soii—favemus &1 wed wRaed 81
T (A) = (p)
(B) a=03d1 a=fa (@ © 71 A)
V > 0 I8 IFTHE x-31eT & I B |
y — fa=erma=

y=ut4_r%at2 for a=fTaa

y = vt for a=0
7e I Refi (o) 9 () 8R1 W= Bt 21 (B) > (g, 9)
(p) 1 =&l foramr 1 B FfF t=0 R fARRMUT Y & & qAT I HT FUMHAS 714 ¢ |

2 o
(C) S W) s TP f9d ueaor Hror & forg
g
M u=0,R=0 = (C) = (s)
2
(D) T=2n\/Z = a2l o y=2 % & D)o ()
g g g
3. Applying equation of torque about lowest point
99 a5 W gargel &1 FHeR0 e W)
(2KX) R = (gMsz a
oaR = ﬂ
3M

as there is no slipping

Tfr #1E fhaes T8 2|
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Simple Harmonic Motion ~

a=-oaR= ﬂ
M
Net force T 91 = Ma = %

Which is directed opposite to displacement

S & favenm & fquda 2|

—4KX Ans. (D)

Fret =

Fret = —%kx = _M(0?X)

o= F—k Ans. (D).
3M

2 2
1 MVo? + 1 MR ﬁ = 1 (2K)X?max
2 2 2 R 2
MV,

K

MVo2 = 2kXZmax => Xmax =

N | W
Alw

X
2kx

max

max

max

Kx

Kx

At extreme position, friction will have maximum value.

9 Refd wR, oy sffdemay 8|

2KXmax — fmax = %kxmax = fmax = %kaax

3
Mag = —k,|—
K Mg 32

Vo:ug‘/% Ans. (C)

From graph (IT% )

T=8second., A=1cm, X = A sinot. = 1sin?t.

2
a=—oX=- (ﬁj sin (Ejt cm/s?
8 8

2
At, t= gsecond ] a= [ﬁj -

8

= uMg=(

r
3

A

3

|v|]vo

2n
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Simple Harmonic Motion ~ H—

7.
0 =—-0?0
M
Sol. (C)
P& wTuel 9o Smeoi = (kx) % + (kx) % =kxL (6 = %)
t=la
2 2 »
= _&ezﬁa = ﬁ:a = (x:_6_Ke:_0)29
2 12 M M
- = %K afz 2 - 1 K
2n 2\ M
8.
E Xy, k1 X5, kz
= - !
S
Extensions in springs are x1 and Xz then
R # fiaR xiax2 8 @9
kix1 = koxo
and 3R x1 + x2 = A
= X1+ﬁ=A = X1 = koA
9. When 0 < E < Vo there will be acting a restoring force to perform oscillation because in this case particle

will be in the region [x| < Xo .
¥ 0 < E < Vo, J&T Q9 B+ & U U JToe 9 ®RIRG & ®ife 59 Rafd & &1 & x| < xo &

IEdl 2 |

/\
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Simple Harmonic Motion ~

10. V = ax?
TE. = % mw?A? = aA* (not strictly applicable just for dimension matching it is used)
TE. = % Ma?A2 = gA* (0T AT T8l & bad I8 g w9 9 fae & fog ST 2)
2
o = 207 = T i\/ﬁ
m ANa
1. f=-W
dx

asfor|x|>xo V=Vo = constant

S fF x| >x® folw V=Vo = fuais
d_U:O
dx

F=0

12*, torque is same for both the cases.

ST YR H gl FHE ©

T=2n I
mgd
Ia>1s
0A < 0B
13.
A P(t)
x=0

P = max x T and P
i E at highest point X(t)
i i P =0, x = max -
u ,} x4 and PT

Do

14. In 1st case amplitude of SHM is a.
In 2nd case amplitude of SHM is 2a

Total energy = % k(amplitude)?
1
E1 = = k(2a)?
1= 3 (2a)

Ez= %k(a)z E, =4 E,

Alternative :
Linear momentum P =mv

= mw\lA2 - X2
= P2=m?e? (A2 - x?)
= P2+ (Mw)?x? = m2p?A?
Equation of circle (bigger)
P2 +x? = (2a)?
P2+ x2 = 4a?
Equation of circle (smaller)
P2 + x2=a?
Comparing (i) and (ii)

..(i)

...(ii)
...(iii)
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Simple Harmonic Motion ~ ﬂ—
Amplitude A=2a

and (me)’=1 = me? = 1
m

N PRY:
—mo° (A
5 (A)
So energy E1 = %mco2 (2a)®
11

= == x(4a®
> (4a%)
m
Comparing (i) and (iii)
A=a
1
(Mw)? =1 = mo?= —
m
SoE:x = 1m(;)2A2 = 1><iaz = la_ la”
2 2 m 2m? 2 m

SO— 4 = E1=4E>
2

Sol. voH Refd # SHM &1 3™ a |
fedha Rufd § SHM &1 3™ 2a 2 |

q Holl = %k(emrrq)Z

Ei= %k(Za)2 = E2x= %k(a)2

E =4 E
Yopfous :
TG FIT P = mv

= mo) \IAZ - X2
= P2=m2w? (A2 - x?)
= P2+ (Mo)2X2 = M22A2 0)
g (9T dTAT) BT HHIDROT

P2 + 2 = (2a)?

P2 + x2 = 4a2 (i)
g (BICT dTel) BT FHIBROT

P2 + X2 = a2 (|||)
(i) T (ji) BT eIl B W
JATH A=2a
AT (Me)?’=1 = me? = 1

m
%mmz(A)z

3T Hoff E1 = Emco %(2a)?

= ii><(4a )

- 2
m
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Simple Harmonic Motion ~ ﬂ—

15.

(i) T (jii) @ AT P W
A=a

3

(Mw)? =1 = mo?=

Linear momentum
P=mv

— mayA? —x?

= P2 + m2w?x? = m?w?A2?
represents a circle on P—x diagram with radius of circle R = A (- m2w? = 1)

. . k
o of spring mass system remains constant and equal to , |—
m

Amplitude of oscillation inside liquid will decrease due to viscous force
So radius of circular arcs will decrease as position change

Correctly shown in option B
Momentum
A

) / \ Position

~ 7z

G FAT
P =mv
— moyA? —x?
= P2 + m?0?x? = m2@?A2?

R=Afo & WY P o R g &1 welRid #=ar & (- m2w? = 1)
@nwﬁmmmﬁuﬁm%aw\g P X&) BT ©

T9 b ISX ST BT A TH g & BRI TSI
3T FATBR A9 B B Refd aReeds & gar gl
TE UTh fdbey BH 2|

Momentum
4

B /- \ Position

< rd

/\
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Simple Harmonic Motion ~
16.

A

A

So 3 B=A, ¢=240°= %

17. Time of flight for projectile 980 & forr Sga+ &Il

T= AUt =1 sec.
g
2usin45
———— =1sec.
u= 9
NA
u= \/50 m/s

18*. X = A sinot
®A
v= Ancosot= 7

1
= cosot = —

Hindi x= A sinot

®
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Simple Harmonic Motion ~

19. For first oscillator For Second oscillator
georF aifersl & forg fgda aifers @ farg
b =mam
a = i =n2 1 =1
b mo Mo,
D2 _pe Ans. B
(&1
E1= Zmoia® ; Ez= %mmg R?
E = 0)_% X n2 = (Df & :
E, @5 O
B .o E _B Ans. D
E, 7 (2] (2]
— 2U
20. (A) == . 2 [x-a] [x] [x+a]
dx as
(A)— (P) (Q) (R) (T)
F(X)

|
N\

—du

= =y, | X
(B)Fx= = = Uy j

I~
<

a

(C)  Fx=-—

F(x)

A~

5 M-

> X

al [x + a]

U(x)
uj2

—a

U(0.37) , U(x)

2
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Simple Harmonic Motion ~

- _du_ Yo
(D) Fx = ™ . [(x—a)(x +a)]
A F (X)
—-a \_/a "
PR T
A UKX)

Just before m is placed

i—/m“Mi—é V,

Xo

Case-2
Just before m is placed

Mm:

Xo+A

:

Case-l

m &1 Y& & b Ugal

ME—% Vi

:

Xo
Case-ll

m &1 & B H gl

M

|
|

Xo+A

|

Just after m is placed

1

M|

> \/,

Xo

Just after m is placed

m &1 & & 3P 9]
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Simple Harmonic Motion ~

In case-1 #

22.

MV1 = (M + m)V2

V2=[ M le
M+m
K A= M FA1
M+m M+m )M
Az = M A1
VM+m

In case-2 ¥
A=A

T=2n fM;m in both case. =1 Refaal &

Total energy decreases in first case where as remain same in 2™ case.

Instantaneous speed at xo decreases in both case.

v Refd # @ ot gedl & Safe fgda Rafa # faa =@ 21
Xo TR eIV drel &l Reafodi | wechl 2 |

Just Before Collision T&pR & Ul

2m/s
1 kg—» 2 kg

Just After Collision Ed®R & dI5

V2 Vl
«— —
1kg ZKQWWW‘-I
Vi+V2=2 . Q)
2V1-V2=4 L (2)
3V1=4:>V1=§ V2=2—§:g m/s

Distance g3 = ntV2 = 21 (22 m=2m=200
3 7 21

/\
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Simple Harmonic Motion ~ ﬂ—

PART - Il
HIT -1
1 A® = Vmax
T= 2n = 2mA =0.01 sec
® Vmax
2*, Aw? =g
= A =glo?
3. [v| = (2 x 107?) (m)sinmt
For |v| to be maximum sinzt = 1
lv| & ifrdpad 89 & forg sinnt = 1
a= 3 t= L.
2 2 2
4, X = X0 COS| ot —— , = —xo wsin| ot — =
4 4

T B
a = —Xow? COS[(Dt - Zj , @= Xow? COS((Dt - + n}

a = Xow?. cos((ot 4+ 37?)

1 |k, +k 1 |4k, +4k
5. - — |2 - = [T o
f >\ m Frew ZR,/ - f

T/4

2
Em[ao)cos(oot)] dt , T4 Y

_ 0 _ ma‘w 2 _2mate” T _ 1
6. Kay = o = , T _([ cos‘(ot)dt = B = Zma I
0
1
= —ma?(2nv)? = i ma? v2.
7. X = A sin ot
v =A o cos ot
= Aw? sin ot
— 2 H
() 3L = [ DA Sinot ) ot = oo
X Asin ot

(2) aT + 2nv = — Aw? T sin ot + 2. Ao cos ot
3 2T - —Ao’sinotxT
V Awcos ot

2
. 2 .
(4) @°T? + 4n? v2 = + A? 0 T? sinot + 412A20? cos?ot = + A? o* (_nj sinot + 4n°A?®? cos?ot
(&)

= 4m2A20y?
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Simple Harmonic Motion ~

8.

10.

11.

C.O0.L.M.

E {9 GRET | (C.0.L.M.)

MVmax = (m + M)Vnew

MV, pax
(m+M)

new =

Now 31d:,

poma [ M A (mem
(m+M) A, M
14
EA:&, lg = % K¢ = Kala = Ka/lB
5 5
20
o=k, (&)
KA:% K :5_
2

X1 = A sin(ot + ¢1)
X2 = A sin(ot + ¢2)

X1— X2 = A{Zsin[mt + @}sin{

A= 2Asin [4)1_4)2)
2

01— 2

|
: = e = o1
2
mIX - gx—p P
dt? dt
d’x . dx

m—-+b—+kx=0
dt?  dt

This has solution of type
x = e* substituting this

THIHRT B B X = eM PB) TRE & | 3BT AF & TR

miZ+br+k=0

_ bt \Jb? - amk
2m
on solving for x, we get

b
X_eZm

A

Vhew = A2.2

MA, F
— = ,O\2
(m+M)\M

acos (o1 t— o)

, Vmax = Ar1o1

K
(m+M)

=

Ans.

here b is demping coefficient

X P foT g1 B W

o = \Jos 2> where gt wo = \/%

k:+E
2

So, average life 31d: 3iRId 3MY BT = %

Ans.

I8 b HEH TG ¢ |

/\
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Simple Harmonic Motion ~

12.

13.

14.

15.

_bt
A=Ac€ 2m
after 5 second
5 AHvS ITEq

_b(5)

0.9A0=Ao€ 2" (i)
After 10 more second
3R 10 SHvE UTETq

_b@s)
A=A€ " ...(ii)
From (i) & (ii)
JHIBROT (i) TAT (i) |
A =0.729 Ao Hence Ans. (3)
X = Acosot

displacement in t time = A — Acosot
t g H faRemus = A — Acoset
fort=1 % forg A[l-cos o1] =a
fort=21% forg A[l- cos20t1] =3a
l-cosot 1
1-cos2wt - 3
l-coswt 1
2sinwt 3
Say #HTT X = coswt
1-x 1
2(1-x%) 3
1
2(1+x)

=

W[~

:>3:2+2x:>x:%:coswr

A=2a, (m::E jﬁrzﬁ =T=61
3 T 3

K.E. is maximum at mean position, whereas P.E. is minimum.
At extreme position, K.E. is minimum and P.E. is maximum.

A1 ReIfa wR ISt St JAfddad B8R, Safe Rt Sofl =Faw s8Rl .
=¥ Refd R i ot a4 e, safe Refds ot aifdead el .

2
V= A2 _[Z_Aj
3
Ao
3
Vnew = 3V = \/gA(D
So the new amplitude is given by
I: AT I BT

2
Vhew = OJ\J'A‘newz -x* = \/ng) = m1fAneW2 _(%j

Anew = —

3

v =45

/\
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Simple Harmonic Motion ~ ﬂ—
16. X = Asin(wt + ¢)
6=0,=
X =+ Asinot

HIGH LEVEL PROBLEMS (HLP)

fA9aTH® Y99 (SUBJECTIVE QUESTIONS)

T2

(i) Equilibrium position determination Ar=razen fRerfa fHerizor

Mig =T — (from FBD of Mz) (M1 & . 4. X. ¥)

2T = Mzg + kxo (from FBD of M2) (M2® ¥, d. X. %)

- 2M1g = M2g + kxo

*. kxo =2M1g — M2g
(ii) Displace block M1 by small disp. x by & M1 ®I Bl favemua x | fawenfia &1 w®
At new displaced position = fazenfia Rerfa

1 1 vy x) 1 xV
—Mgx+ =MiV2+ =Mz |—| +M2g |=|+ =K|Xg+=| =C
2 2 2 2 2 2

Differentiating equation THI®HRU &I dHeTTd BT U

_Mlgd_x+1M12Vd_V+&2Vd_v+Md_x+£2XO 5 ld_x =0
dt 2 dt 8 dt 2 dt 2 2)\2dt
:>—Mlg+M1a+w+M+5 xo+§ =0 (whereGl%“Tazd—v)
4 2 2 2 dt
:>_Mlg+—Mzg+Ma+—M2a+Kﬁ LS
2 2
(from equilibriumWW@—Mlg+%+%=O)

Hence 31,
4 4

_ K 5 _ K
a= —| ——|x 0= —
aM; + M, (4M1+M2)

o= | i T=2 . T=o f—A’MﬁMZ
(4My +M,) ® K
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Simple Harmonic Motion ~ ﬂ—

2.

Sol(2).

Sol(1).

By work energy theorem;
Wext + Wspring = ks — ki
Let x1, x2 be the equilibrium distances of spring from natural length & V V' are their velocities at
equilibrium positions.
Initially,

Fx1— 1kxl2 -1 mv? (1)
2 2

and finally  Fxz- %k-xg = % mv? e

In both cases : force applied is same, and velocity becomes maximum when F = kx. (at equilibrium)
(after which the mass will deaccelerate)
F = kx1 = (4k)xz
= =2 (K = 4K)
Substituting in (2) :

fxo — 1 K x22 = 1 mv’ 2
2 2

2
m — 1 (4k) ﬁ =] E mv'2
4 2 4 2
= % [FXl—% kx1?] = = mv*2 3)
Dividing (3)/(1) ; we get:
2
g — v'=Y Ans.
4 2 2

Wext + Wspring = Kt — Ki

I X1, X2 PHI: YRS g ff<qq AR 8 97 v, V' Ha9: RS g 3ifad 97 B |

gR™ H Fxl—%kmz: %mv2 v (1)

3= H Fxo — %k'xZZ: %mv‘z o ()
1 Rfoai # SRING g 9 8| T F = kx WX 97 AfAGdH 81 SR (AFmaRel W)
S 918 GIAMI BT A BN

F = kx1 = (4k)xz

_ X
= XZ—I
(2) # ufoRemud |
B L e ()
LIy
N %[Fxl—%kxlz]=%mv'2 - (3)
(3)/(1) WIS B TR EH U B
2
%zv—z = v‘=% Ans.
\'

/\
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Simple Harmonic Motion ~

Sol(2). Vimax =V = Ao = E K

m,g
Net restoring torque about O O & WUl B YT Il

=mag /1 SiNO + M2g /2 SINO = (M1¢1 + M2/2)g Sind

for small oscillation ®I¢ ST @ o1y sind ~ 0

= Trestoring = (M1/1 + M2/2)go
compare with ©=C0 ¥ T H=A TR

C = (maf1 + m2l2)g
(M2 +my03)

T=2n
(Myly +myl5)g

4, For pure rolling to take place,
V=Ro
®' = angular velocity of COM of sphere C about O

ae

or o= for pure rolling

gsin6 _ 5gsin6
7
mR?

where, a=

1+

as, B mR?2
5
For small 6, sin6 0, being restoring in nature.
59

= _ 29
28R

[0
o= OL_ = ﬂ:s
0 JZSR

B Y€ dreAr i & o,

vV=Ro
® =Tt & COM &1 O & gRa: dIofy a7
-V _Ro_o

4R 4R 4

do' _ 1do ,_a

S U — a__

dt 4 dt 4
B a:%g‘g@aﬁe—rﬁﬂ%zﬁm
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Simple Harmonic Motion ~

. a= gsin6 _ 5gsin®
1+ 12 7
mR

i Izngz
I 0% oIy sing 0, IHfA # (IIIA) & |

o' = _i
28R
®= OL_ = ﬁ =5
0 \!28R
When the small angular displacement Given to rod
9 B Bl oy o faweme e s g—
()
L1
e >kx
mg sin®
mg
for small displacement
BIe faRemmE & ford
X=/sin@
kx = k¢ sin 6
Torque about point O = loa
fIg O & |M& oYl = L
(kx) £+ mgsin 0 /=mL? o
(k€2 L mgL)sine
o= >
mL:
Forsmall@ g 0@ ford
_ |:k€2 o mgL}
=/ | ®
mL:
2
Time period 3ad®Tel T = 2n Zm—L =T ;L
ke +mgL 25
Method -1
total distance travelled _ S

Average speed = _ =
total time taken 2 (2n-1
HereAt=2(2n-1)=4n-2=4(n-1)+2
From the graph it is clear that the Time period T = 4 sec.
At=(n=-1)T+ ;
Total distance travelled in one time period is = 4A
where ‘A’ is amplitude
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Simple Harmonic Motion ~ ﬂ—

Total distance travelled in At is
S=(n-1)4A+2A=(2n-1) 2A

ws= BN=D2A _ 0 d oA=vmm=4 = 2t p=y
2(2n-1) 4
= A= § <v> = § m/s Ans.
T '
Method -2

It can be observed from the graph, that average speed in time interval t = 0 to t = 2 sec is same as that
inintervalst=0tot=4sec.,t=0tot=8sec.,t=0tot=12 sec............

ort=0tot=2(2n - 1) seconds

The speed as function of time is

V= 4sinEt = |4 sin Et = 4sinTc—t
T 4 2
The average speed in time interval
t=0tot=2secis
2 2 t
Ivdt I4sinn—dt
i 2 8
v=20—=2 == m/s
2 b
Idt
0
Sol. Method -1
Jfa ard = ) G G = 3
form w1 ®a @ 2 (2n-1)
JEI At=2(2n—-1)=4n—-2=4(n—-1) +2
% ¥ AMad dlad T = 4 sec.
At=(n—1)T+£
TS 377ad B H el a9 31 = 4A
&l A T B |
AL H B T
S=(n-1)4A+2A=(2n-1) 2A
V> = —(Zn—l)ZA =A ddq 0A=Vmax=4 = 2_TEA=4
2(2n-1) 4
= = § <v> = § m/s Ans.
T s
Method -2

TG F G FAhd & [P t=0F t=2 APhUs TP 3T dTc] IRTA t=0F t=4 HHTS t=0% t=8,
t=0Wt=12 AhUs db &I I a7 T 2 |

I t=0Wt=2(2n-1) 4FHvS

TII B B H AT

V= 4sinﬁt =|4 sin ﬁt = 4sinn—t
T 4 2

FHATRTA # Id arel t=0J t=2sec
2 2
jvdt I4sin£tdt
0 0 2

vV = = =

2 2

jdt

0
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Simple Harmonic Motion ~ ﬂ—

7.

The angular position of pendulum 1 and 2 are (taking angles to the right of reference line xx’'to be
positive)

AR ATAD! 1 q1 2 B profig Reyfoat (Fed Y@ xx' F SR % BT gH1HS )

01 =0 cos (ﬂtj [where II8f T = 21 \/?]
T g
02 =-06 cos (@tj = cos (Et-i-n]
T T

For the strings to be parallel for the first time
Ugell IR IR FAFGR B O

01 =02

orar  cos ﬂt = cos Et—i—n
T T

ﬂt:2n1ti @t+n
T T

@ forg
3T
S @ fwm

forn=0,t=

ol |+

forn=1,t=
L T _m |/
.. Both the pendulum are parallel to each other for the first time after t = 5 3 a Ans.

.~.wﬁmaﬁa&ﬁ$wa§%$wﬁﬁmﬂmt:%=n\/g Ans.

(a) X2 + y? = a? (sin? wt + cos? wt) = a?

Hence the particle moves in a circle of radius ‘a’ with centre at origin.

(b) Att=0 sec, x =0 and y = + a. Hence the patrticle is at P as shown in figure.
y

P

A
NI

As ‘t’ increases ‘X’ increases and ‘y’ decreases
The particle moves in clock wise sense.
(c) The X’ and 'y’ components of acceleration are
2 2
d
&= —— =X ;ay= —Z =— w?y
dt dt

The magnitude of force = m fa% +aj = mo?a

/\
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Simple Harmonic Motion ~ H—

Sol.

(a) X2 + y2 = a2 (sin? ot + cos? wt) = a?

3 BYT ‘@’ BT drel g WR AR B

(b) 3 t=0sec, Rx=03R y=+a?| 3 &7 g §PfIg = &
y

P

9t godl ® O X d9edl § 91 'y Hedl §
JTT: BT Sf&roIad A HRA

(c) @R B ‘X TAT 'y HEh
2X d2

(@) In equilibrium, pressure of same liquid at same level will be same.
W{mﬁww,wwwmmwgl

Therefore s¥fery, P.=P:
or a1 P+(15pghi)=P+(pgh2)

( P = pressure of gas in empty part of the tube )

(P = Tell STell # A9 1 1)

1.5h1=h>
15[Rcos6—Rsind]=p (R cosb +R sinb )
or a1 3 c0s0 — 3 sinB =2 cosO + 2 sind
or i S5tanb=1

0=tan-1 (lj
5

A
1.5p
(b) When liquids are slightly disturbed by an angle 3. Net restoring pressure AP = 1.5 pgh + pgh This
pressure will be equal at all sections of the liquid. Therefore, net restoring torque on the whole liquid.

(b) ST TRA B! &b W PPV § AT B © AT Fo YA @GR AP = 1.5 pgh + pgh 8 I8 3@

T H F 9T H U A BN | 31 TR TR Gl G FATeoi
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Simple Harmonic Motion ~

10.

h =R sin (6+8) — Rsin®

ordr,

HIE cosp =1 and sinf =

or A1

Here, &l

and 3’

©=-(AP) (A) (R)
T=— 25pgh AR
=-25pg AR[Rsin (0 + B) — R sind]

=—2.5pg AR?Z2[ sinO cosp + sinB cosd — sino ]
Assuming cosp =1 and sinf = p (given, B is small)

(e &, B BRI T)
1= —(25pAgR?cos0) B
o =—(25pAgR?cCcosSO) B e (1)
126 1
0
5
I=(mi1+m2)R?

=[(§ A)p+ [?j.A(l.Sp)]RZ

=(1.257R3%p) A
coso = i =0.98

J26

Substituting in equation (1), we have

DR (1) § 7@ | YT B

__(6.11)p

= angular acceleration ®Ivi¥ @R c—angular displacement ®1ofra fazema=

As angular acceleration is proportional to — 3, motion is simple harmonic in nature.

31 PIONY @RY — B, B FAGURI 8, SAMAIY M FRSA et iy B |

T=2n E =2 l
o \JG.ll

Given — Mass of each block
Radius of circle, R = 0.06 m

A and B, m = 0.1kg

& a1 & — UAD @it A 91 B &1 &9, m = 0.1kg

g @1 31, R =0.06 m
Natural length of spring /o =

7R =0.06 = ( Half circle )

and spring constant, k = 0.1 N/m
In the stretched position elongation in each spring

X=R6.
Let us draw FBD of A

BT &1 | 18 (o = R = 0.06 7t (37ET I )
3R Ry fAadie |, k =0.1 N/m
fawRa srazen # yx¥e Ry # R

X=R©0.
AP FBD 999 9

A
((//&’: ,

/\
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Simple Harmonic Motion ~

/\g

Spring in lower side is stretched by 2x and on upper side compressed by 2x. Therefore, each spring will

exert a force 2kx on each ball.

Hence, a restoring force, F = 4kx will act on A in the direction shown in figure.

Restoring torque of this force about origin

gt A @ R 2x A RAaRa qen Sw @ R 2x § a=fifed g2 2, gafee il Ry T w

2kx g1 IMRIAT HR |

I AR U 9, F = 4kx AR fa@msg 18 fem & &rd & |

Fd fIg & IRa: TAIT 9 I HT Mol
t1=—F.R=—(4kx) R = — (4kRO) R

or I t=-4kR2.0

Since, 1 « -0, each ball executes angular SHM about origin O.

Eq. (1) can be rewritten as

I, 1 c -0, TP i 1 fdg O & IR SR e Mmad i H |
THIDHR (1) BT 71 JpR foram s\ ® -

lo =—4kR2 0
or i (mR?2 )a =—4kR?260
or i o =- (4—kJ9
m
o 1 || acceleration |
. Frequency of oscillation g 311'3[1% ,f=—
f Y 2n \Adisplacement|
fo 1[4k
2t \'m

Substituting the values, we have A9 Y@ WX

1 |4x0.1 1
— f = —Hz
21 0.1 i

Alternate ¥of®d: f= = LS
2n |\ p
where widf K =2k, p= M2 _M
m+m, 2
f:i 4_k:i 4XO'1:1HZ
2t \'m 27 A T

(ii) In stretched position, potential energy of the system is

fawRa srazen § fForg & Rafaw ot

PE=2{%k}{2x}2=4kx2 (x:%j

and in mean position, both the blocks have kinetic energy only. Hence,

areg Rerfd § ST s & UT9 dad Tfasl $Holl BN | 37a:
KE=2{ % mVZmax}szZmax

From energy conservation

Soft HRefor o |
PE = KE
4kx 2 = mv2max

Vmax = ZX\/K = ZRG\/K
m m

o [ _ 1 e
freemm|  2n \|©
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Simple Harmonic Motion ~ ﬂ—

11.

12.

Substituting the values A9 @ TR

Vmax = 2 (0.06) (©/6) /8—'1 - 0.02r

or T Vmax = 0.0628 m /s
(ii) Total energy of the system, E = PE in stretched position

fer @1 g o, E = PE fawaiRa sawen 4
ora1  =KE at mean position KE #1eg Regfaq w

E=2 (%mvﬁmj =(0.1) (0.0628)2J or E=3.9x10-4J

Between C and D block will move with constant speed of 120 cm/s. Therefore, period of oscillation will
be (starting from C).
C T D& /4 i 3FaR =Tl 120 cm/s. | TIRIAE 81, 37 &l &1 3fad diel (C ¥ Y B 87)

T=ICD+T—2+tDc+E

2 2

Here w&f |, Ti=2n ’km and @R T,=2n |
i

and 3’ tco=tpc= — = — =05s

(m=200g=0.2kg)
T=282s

If plank is displaced by x toward right then

e wic B TR AR x fawenfid &= @ a1

N,
y ! +X { =X

< 7 <

() (o)

Let N1, N2 and f1, f are Normal and friction force at Point A and B
by force balance
AT N1, N2 T fa, fo A T2 9601 91 fd5 ATT BWR B |

Vo2

N1+ N2 = Mg —()
and Torque balance ool dge |
Mg(l+x)=N2x20  ——(2)
by equation (1) and (2) &R (1) H (2)
Ny = Mg _ Mgx = Mg , Mgx
2 20 2 20
So e fi = M(@_Mj
2 20
and 3R f=p Mg , Mgx
2 20
f, f,
—> <« .
F.B.D of M M®T g, a. . | —
fo—fi=Ma
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Simple Harmonic Motion ~ ﬂ—

2
AL VI Y
20 dt?
2
o IX_ -nox
dt? 4
= Time period MEad®HIA = 27 i3
ng
2,2 3
13 @UuE)= DX _sx— %
U'(X) = —ax®+mo?X — &
A L(X)
> X
if afd D <0.m2 »*—4as<0.
AU(X)
/\\x

D>0, m2o*—4as>0.
AU(X) Au(x)

> X > X

X3

=x2_ X _ X
(b) U(x) =x2 .

U'(x)=—x2+2x—%

D=d4—4x L =2
2

u(x)

AN

<

u=o0
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Simple Harmonic Motion ~

14.

17.

%((ZXZ —6x+3) =0

6+12

x =0,
4
+
x =0, 3_2\5

. Uis (-ve). So, K.E. is +ve.

between x =0 and x =
3-43
2

So, this the only allowed region.
T B IS AFA UREH B |
The particle will oscillate between these two points periodically.

BT 59 al [dgall & HeY 3fTad wY A alels B |

3-43
2

X=0Td x = H 7eg U RKUTTTHS © | 31d: Tfoel Soff g-edd 8 |

F
J2F(M A +MyAX,)
m, +m,

@ i \/2(mle1 +MA%) _ o6 s

=0.52 ms!

(b) Speed dTcl =

F(m;AX; +m,AX
Kinetic energy ¥TfasT $ell = Y ™0 =0.40J

m; +m,
m, (AX; — AX
(©) Kinetic energy w.r.t. CM + Energy stored = MF =0.20J
m, +m,
TN ¢ My(AXy — AXy)
T T B Aue TSl Sl + G Sl = —2—+ —"2/F =0.20J

Iferd ot = 0.10 J
KE

1
1
1
1
T/2 T

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

T=27t\/E
k

= k= 4r’m x f2
, 108x102 ,
mx— %
6.02x10%
_ 4xn’x108_10%x10°
6.02 10%
=7.1 N/m

>t
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