DCAM classes

Dynamic Classes for Academic Mastery

SIMPLE HARMONIC MOTION

HINTS & SOLUTIONS

EXERCISE - 1

Single Choice
-A- 0 > A t=3T/4
-A > 0 A

A cosO=A _ t.d)_ZTCT_TC e_TC
) /N CTORY T T T,

X a
\J As cosO=— 50 x=—4
o a 2
N~
B O S, S
A2 A2 . X=Asinot=7r = at=p or
Phase difference = 2% - = = 2% 120°
= Phase difference =~~~ = or
cos0 Asz_1 9="= (0]
= = — = r
A 2 3
Total phase difference between them FYi e
6=20+m=2" ~
; \
) 0
O T g
. 2 — 2 = f:—:—:—H //
2. =T o=1=> or o7 2 z from phaser B

10 ...........
5 /—\
A/2 1
0 9 == = o
3. cos A 5 =0=60
phase difference 26 = 120°

6. x=asin(ot+¢)

att=1s,x=0=asin(ot+p) = ¢=—o

From figure
maximum amplitude A= 10

Position of particle att =0, x =5 1
v=awmcos (ot+d) .. Att=2s, —=amcos(2ot+d)

let equation of SHM is 4
x =Asin(ot+¢p) Att=0,x=5
1 2n an w) am(l
i 2t 2m = —=a| — |cos(w)=—cos| — |=—| —
5=1031n¢:>¢=n/6and0)=T=7=Tt 4 6 3 3 312
3
. 10l e T = a=—
Thus, equation of SHM x=10sin| T 6 o
7. Minimum phase difference between two position

4. x=asin (ot=asin[%)

(o (T))
L 4§ SJ , (n) a = 53°437°=90° Ran
=asin| —|=—F 3|
T TV

o\

4|5/

Att_I =asi
3 ,X=asin

Or
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PHYSICS FOR JEE MAINS & ADVANCED

10.

. T 20
:Tlmetakenfz—TfSS
Or
5 j__:\45
3| 4

2n 2n 0w
ON=—=—=
T 20 10

T
from figure 0, +0,=53°+37°=90° or P

0=t = E=lt =t=5sec
2 10

X, = asin ot, x, = a sin(ot + ¢)
Greatest distance

.9 _3a 0
=2asin_ = = sm—
max 2 2 2
Now according to question x, =X,

= asin ot =asin (ot + ¢)

3
4

= x|

X =Acoswt = a =Acosm and a + b = Acos2m
a2

= atb=A[2cos’m-1]=A [2 — = 1}
A

2 2
Z ~A=a+b = A%(ath)A 222=0

—(a+b)++a’ +b? +2ab + 8a
2
Note : Please correct the answer of the question

= A=

Maximum possible average velocity will be around mean
position.
Average velocity in time

_2(A/\/§)Z4\/§A

- T/4 T

T
4
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11.

12.

Or
M.P.
/8 171/8
A A
LT N
X X
3T/4 \\ n T/4
W
T2
- 2T =«
bmot=Tg Ty
X A
=—= COS— =—7 =D X= —F—
cos 1A 2

Average velocity

_ total displacement  2x  2A/ \/E : 4\/§A
T/4 T/4 T

total time

X =2sinmt &
y= 2sin(0)t +g] = /2 sinot + v/2 cos ot

= x*+y’ —\/Exy:2

which represent oblique ellipse

o x= Asin ot

X =Asino&x, +x,=Asin(2w)
2n  2n

®=—
T 8

TC:> A
= — X = —F=
4 N

&xl-i-xz:A

1
J2 -1

=X, :Afi. Therefore i

7z y
Or

Suppose amplitude be A and distance traveled in 1 sec
be x, and in 2 sec be x,.

-A t=0 A
27t1 T Xy ;%
=ot=—1=— 80
(I) @ 8 4 /\
o
Therefore @ = T 0
4 6 2
cos@zcosﬁzx—1 \\
4 A |~
A
:>X1=$&XI+XZZA -A 4 A

(J2-1)
=>X,= AL\/E\/E 1). Therefore ~L = 1

X, \/5_1




SIMPLE HARMONIC MOTION

13. MaximumKE=2x5=10J
Total energy =15+ 10=25J

14. Time period=4(1+1)=38

Mean
A Position

T

—

2s

W<

15. Both the spring are in series

_K@K) _2K
a4 K4+2K 3
. . u
Time period T=2xn K
eq
here e i H il
W] = ere p=—
H mq +my H 2
T=2 m 3 _ 3m
ST 2k Mk
Or
k 2k
—>V VeT—
K.,
m N XX X X I m
DI <

Total extension = 2x
By energy conservation

1 1 1
E=—-K, (2x)* + =mv? + —mv’
2 = 2 2

E =l%4x2 +lmv2 +lmv2 =ikx2 +mv’
23 2 2
E 4
9B 4 00 % m2n)
dt 3 dt dt
there is no loss of energy
dE 8 8kxv
—=0=—-kxv+2mva=0= =—2mva
dt 3
g Hx oo Ak _ |4k
3m 3m 3m
T=2E o g [3m
0] 4k
16. For maximum displacement
Vet~ Lo x M8 Mg
200=5 K@= x =t = X = 2o,

1 |k f _ My,
f=— = mt=
mym fz m1
fl M+m 1/2 m 1/2
= —= ={1+—
f, M M

19. Let the natural length of the spring = /,
From figure

4=k (0—t))..()) = 5=k (B—L,)...(ii)
9=k (y£,) ...(iii)
(iii) - (i) _5_ k(y -
U Gii)-Gi) 4 k(y-B

27 T
20. o, =7:nand ®, =[?j

They will be in phase if (o-0,)t=0, 21, 47...

; = y=5p-4a

N

271 271
— t= = =6sec
(O‘)l_mz) n_zi
3

1
20 T,=2m o~ () Ia‘]
T
T
Now -2 =27 ‘ (i)
g+a mg
+
T8 _4 = a=3 g(upwards)
g
1
2 T=toon|t —p-L 8
f g 2n\ £
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PHYSICS FOR JEE MAINS & ADVANCED

AMAANANY NN AW MMM

23. /

L' / /
T =2n |— where é':(—] SoT=2n [—/—
\ g V2 N2g

24.

mgsing mg mgeos0

1=—mgsinf/ = lo=-mg/sind

= m(tk*)a=-mg/lO(sin~0)
gl

_ _ 2 _
DA e i

gl
0 +k?

2 2
:2\/£ _;k |:g=TC2:|

® al

2
= fz—[%Jf-l-kz =0

25. Center of mass 2m of a system is at a distance from peg

Pis —— and tofinertia of the systemis 27
1S 2\/5 and moment o1 1nertia o CSYS cm 1S

2 2
= T=2—n=2n\/£ *k

P

C.M.

t=rxF mgsin 6 !
2.2
14

= Ia=-mgsin—~ (sin® = 0 for small 0)

RPN )

2ml? 3g0
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26.

27.

28.

29.

30.

31.

32.

34.

L T=2n|—=2n

For weightlessness

mg=maw’a= g=(2nf)*(0.5)

—nf=\2 g = f= —2 V2g
2n

U(x) = ax> +bx*

2a

m

Somw’=2a= ®=

. . . . m
Time period for spring block system is T = 275\/:

k
/m
does not effected. T =2n ?

1
Here E my?= 5

4
—E—Z\/_cm

1 1
kx? = E m?*(a’—x?)= 5 mw’x?

ww

A

o (AZ —%Azj :émmzA2

at x =

N|®

gL
2

1
KE is increased by an amount of Emo)zA2 . Let now

amplitude be A then total KE

1 22 1 22
KE1: gm(D A +§mc0 A

- zmmzA2 :%mm2 (Af %Az) = A, =2A

X =3sin 2t + 4cos 2t =5 sin(2t+¢)
= a=35,v_ =an=(5)(2)=10

X

Total energy

1 2
E:—mm2a2:> E OC—

+k2

mgf

. ( 371) [ n) n 1
sin| — | =sin| 2w+ =sin—=—
6 6 6 2

a
Now x =a sin(wt) = 5



SIMPLE HARMONIC MOTION

35.

36.

37.

38.

39.
40.

41.

3T
For (A):att= IR particle at extreme position

s oa=—ox . F=#0

For (B) att=T/2, particle at mean position
v =0A(maximum)

For (C) : at t=T, particle at mean position
(&=T)
= a=-x=0

For (D): att =T/2, particle at mean position
(ET2)

sox:0:>U=%kX2 =0

k
For 1* condition k = 5
.. (2k)k) 2
nd [ A i A, _k
For 2" condition k ok+k 3
k T 27\Vm
i [k/2 3
f, 2k /3 2
AT A 2 A
T 2=n 8 2= 2
T/2
I ®’asin otdt )
. o 2nm
<acceleration> = =

T/2

dt

In an artificial satelliteg =0 = T =0

KE at centre

mo? (Az) :%mﬁlnzszz

N | =

1
KE at distance x = 5m4n2f2 (A% —x?)

1
Difference = Em x 4T’ f*x* =2 Px’m

R 1 dt = — - =
equired ime 1

42. a=8m—4m’x=—41}(x—-2) => 0=2=n
Here a =0 so mean position at x =2
Letx =Asin(ot + ¢)
As particle is at rest at x=—2 (extreme position)
and Ampliutde =4 as particle start from extreme position.
Therefore

X —2 =—4cos2nt = x = 2—4 cos2mnt

43. From the graph, equation of acceleration can be written
as a=-—a__cosmt

max

velocity can be written is
v=-—v__sin ot
max

1
KE= 7 mv?= ) mv’  sin’ ot
Hence the graph is as shown in A

. T
44. y =sinot + 3coswt_25m((’3t+§]

To breaks off mg

mg = mo’, A = g=20,, = mﬂ/%

moment it occurs first after t =0
(=0)

T
2 =25ir1(o)tl +—] = C‘)t1:£ = tlzlz_ ol
3 ®

45. x=A(1+ cos 2my,t) sin (27y 1)
=A [sin 2my t+ cos 2my,t + sin 27y t]

. 1 . 1 .
=A,[sin2my t+ 5 sin (27w (y1 +y )t —E sin (2n(y1—y2)t)]
Required ratio=v : (v ~v,) : (v, +v,)

EXERCISE -2

Part # I : Multiple Choice

1. Initially

kx+F_ =mg
kx=mg-pVg
Al
kx=mg- pz_g ..(1)

Let cylinder be displaced through y then restoring force,
f . =—lk(xty)+F;—mg]
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PHYSICS FOR JEE MAINS & ADVANCED

f = {kx +ky + pA (; ] g- mg}

f . =—[ky + pAgy] = ma=—[ky + pAgy]

_ [k+pAg 1 k+pAg
m 21 m

v =A ocos ot, a = —0’A sinot

2 2
B
= [Amj ((DZAJ

= Straight line in v? and a?

(e

(0,0, t=0,2m, 4m,..

27

®; — 0,

=>t=

=4 = 2n=4 (0,~0,)

= —=(0,-0,) = k=2’N/m

|3

At equilibrium mg =kx,

Xg=—=——>=0.0lm=1cm

Amplitude of SHM = lcm

1 |k 1 200
Frequency = o\ "2\ 02 5Hz

When cylindrical block is partially immersed
F,=mg= 3pAyg=pA(60x 107) g
y=20 cm = Maximum amplitude =20 cm

I400m
IZOcm

Restoring force when it is slightly depressed by an
amount of x.

F=-(AVog)=-(Acg)x

= T=2n|— =2= ﬂ=27t n
Aocg A3pg 3g
60x107% 2=n

:2114/—:—5
3x9.8 7
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r= X;-i- yiz (A coswt);+(2A coswt)}
= x=Acosot,y=2Acos ot = y=2x

= The motion of particle is on a straight line, periodic
and simple harmonic

4
x =3 sin (100 ntt), y=4 sin(100xt) = v = 3X
Motion of particle will be on a straight line with slope 4/3.
As 1 = {x* +y* =55in (100 nt)
so motion of particle will be SHM with amplitude 5.

The position of momentary rest in S.H.M. is extreme
position where velocity of particle is zero.

Al a g/gl
Motion iA/Z

Position a=0
I ______ Tae et

2
............................................. a=gt mg

As the block loses contact with the plank at this position
i.e. normal force becomes zero, it has to be the upper
extreme where acceleration of the block will be g
downwards.

10
A= g:>0)2*0—4*25:>0) Srad/s

. 21 2%

Therefore period T=—=—3
o 5

Acceleration in S.H.M. is given by a = &’x
From the figure we can see that,At lower extreme,
acceleration is g upwards
S~ N-mg=ma=N=m/(a+g)=2mg
At halfway up, acceleration is g/2 downwards

s~mg-N=ma=N=m(g— —)— —mg

At halfway down acceleration is g/2 upwards
g 3
S~ N-mg=ma=N=m(g+ E): 5 mg

At maximum compression v, =V, & kinetic energy of
A-B system will be minimum

v 1
OV, =v, = E:KAB: vaz

From energy conservation

1 1 2 2
—mvz——m(ij +lm(i) +lkx,2n
2 2 \2 2 \2 2

= X, = V4|

R[5



SIMPLE HARMONIC MOTION

10.

11.

12.

13.

14.

16.

1 1
mgh = =(M + m)v? = =—kx*
g 2( ) 2
1 2mgl’1:|1/2
h = =kx? =
mg 2 X°= x [ ”

Let small angular displacement of cylinder be 0 then
restoring torque

3
Ia=—k(RO)R where I = EMR2
2 2 2
d—?+3kR 0=0 = 9+ﬂe=0
dt S MR?2 3IM
2

o2k

= 3m

L
AsB<asoT—2n\/§

y = 10sin (ot +¢)
. 1 2A2
MaximumKE = Emw A

64 1

— x—m@°A’ =lmm2 (A2 -x?)
100 2 2

= 64A%= (A’-x?)100 = x=0.6A
1

1
“moe’(A? —x%) = —moe’A? xx
~ 2 2
= A?-0.25A*=A%
= x=0.75 means 75% of energy

1 k

f=—
2t \m+M

. x =3sin100t + 8cos?50t

= 3sin(100t) + 4(1+cos100t)
=4+ 5sin(100t+37°)
Amplitude =5
Maximum displacement=4+5=9 cm
v

Maximum speed =v,= A =—"
(’00

. . \Y
So equation of motion x = —>-sin (coot)
(‘00

17. Velocity of 3kg block just before collision

(9&)(22 -12)=30m /s
3
Velocity of combined masses immediately after the
collision = (3K30) =10m/s
3+6

New angular frequency

_ \/E [900 .4
m 9
Therefore v'=a' /32 _ 42
a|2_12 = ar: lzm

18. - a=—w’yandatt=
maximumatt=T.

=10=10

T, y is maximum so acceleration is

3T i 3T
Also y=0 att=——so force is zero at t = ——
4 4
t*—BT y=0
(t="4"¥=0)

T
At t= 5 ,v=0 = PE = oscillation energy

19. From energy conservation

sonso)
g ’g

T

At equilibrium position To leave surface
mg = kx, kx,= 3mg

1 1
5 ko >=mg (5, +x,)+ 5 kx?

2 2
8§_2mg61_15rr12g ~0
k k
Smg _4mg
1 = 6__
k k
= If 86> —— the lower disk will bounce up
4mg
s 2
e k

97



PHYSICS FOR JEE MAINS & ADVANCED

2mg . .
NowIf 6 = T then maximum normal reaction from

. 2mg
ground on lower disk 6 = =

N=3mg+k(x,+8)=6mg

Part # I1 : Assertion & Reason

1. A 2. A 3. D 4. B 5. A 6. D
7. A
EXERCISE - 3
Part # I : Matrix Match Type
Match the column
. Extreme mean Extrerme
T2 x=4 =6

F=8-2x=-2(x4)

) . 2n . 2n
2. y=Asin ot + Asin ot cos ?+Acosmtsm?

A 3 ) T
=—sin ot + cos ot = A sin wt+§

2

3. xispositive in Il & IV; vis positive if f_ >0

Part # II : Comprehension

Comprehension # 1

<&

kx '\

1. a=aR
f
e foma R = | "R o 1= L
SEmaRE (T je= 1y
Butx =Acos ot
(.. the cylinder is starting from x=A)
kA
So f= ——cosmt
3
1 1 (0 K) 1 1) 3
2. Ek_Azz EmV2L1 +FJ :EI’I’IV2 [1 +§] :vaz

_ V:\/2kA2 :\/2(10)(2)2 :\/@msl
3m 3(2) 3

98

Compreshension # 2

. _ 0.e)1)ao) |
1. Max. acceleration of 1kg = -1 =6ms

(0.4)(3)(10)

Max. acceleration of 2kg = =4ms™

Therefore maximum acceleration of system can be 4 m/s?

N
N

4 4
:>032A:4:>A:?—(k _—54/6_§m

~
E}

1
2. @A = constant = Aoc m

Comprehension # 3

1. Both the blocks remains in contact until the spring is in
compression. In this time system complete half oscilla-
tion. By reduced mass concept time period of system

T:2n\/E:2Tc4’L2:2s
k b

T_
2

=1s

N | N

= Required time =

2. v+ 2kg| 0000 2kg —>v,

Let velocity of rear 2kg be v, and front 2kg be v, then
20=2v,-2v, = v,-v~=10

Now by conservation of mechanical energy

1 2 1 2 1 2 2 2

5 (2)(10) ) @)y} + 5 2, = v +v, =100
Butv}?+v2-2vv,=100=vv,=0=v=0asv,#0

Comprehension # 4
1. AsAdis atits negative extreme at t=0
s0x—3 =2 sin (2nt+3m/2) = x =3 -2 cos (2mt)

A (30

2. As B s atits equilibrium position and moving towards
negative extreme att =0

soy—4=02sin 2nt+ ) = y =4 —2sin(2nt)



SIMPLE HARMONIC MOTION

Distance between A & B

= X2+y2

= J(3-2cos2mt)’ + (4 — 2sin2mt)?

= \/9 +4cos’ 2mt —12cos2mt +16 + 4 sin® 2nt — 16 sin 27t

=129 - ZO[ECOSZTCt +isin2nt]
5 5

= /29 —20sin(27t + 37°)
Maximum distance =.,/29 4+ 20 = /49 =7cm
Minimum distance = /29 —20 = /9 =3cm

Comprehension #5

_2_7r_ 27 _v
T @2nR/v) R

Ay
(O.R)

Att=0, x=0, v=v,=oR
. 3n
so cos(ot + ¢) =0 & —sin(wt + ) =+ 1:>¢=?

EXERCISE - 4
Subjective Type

S =A cos ot — ésin mtfécos mt+ésin ot
2 2 8

_A

3A .
cos ot — ry sin ot

2
= %[icoswt—isinwt) _5A (ot +37°)
5 5 =3 cos(m

5A
= A'=757,8=37°

The maximum velocity of the particle at the mean
position
V... ~A0=A(2nn)

ma:

Vinax 3.14
= A=

2nn 2x3.14x20
If at the instant t = 0, displacement be zero so
displacement equation is
y =Asinot =Asin2nnt = 0.025 sin (40mt) m

=0.025m

x =Asin (1t + ¢)
Att=0 x=1cm=Asinp=1 ..(1)

d
Velocity v= d_)t( =T1A cos(mt + ¢)

Att=0 m=nA cosp = Acosp =1 (i)
from (i) & (i1) A% (sin’¢ + cos’d) =1+1

= A= \/Ecmandtanq):l :>¢:%rad

Maximum distance

=2asin [g) =(2a)(0.9)=1.8a
: . 2m
©y = Asinot = Asm? t

.'.ﬁA:ASil’l 2—7t><2 = Asin 4—“
2 T T

CLIL N
= T 3 = N

PR , 3a’ na
Asv=wm+a" —x“ sov, =n,ja” — =—

4 2
3 f 3a’
and v, = pma=n A? —%

= A=\/§a=15\/§cm

Energy at all the three points are equal

— v,=7 v,=4
X i
>}
) X+l
3 x+2

1 1 1 1
—mv? +—kx® = —mv’ +—k(x +1)°
2 2 2

1 1 1 1 2
—m(64)+=kx* =—m(49)+=k(x+1

2m( ) S kx 2m( ) 5 (x+1)
15 = @® + 20°%x (1)
lmvf +lkx2 =lmv§ +lk(x+2)2

2 2 2

1 1 1 1 2
“m(64)+=kx®’ ==m(16) + =k(x +2

2m( ) S kx 2m( ) Sk )

12 = 0® + 0°x (i)

929



PHYSICS FOR JEE MAINS & ADVANCED

10.

11.

from (i) & (i1) @=3 & x=1/3 then, total energy is equal
for the maximum kinetic energy

1 1 1 1
—m(64)+—m—=—mv> =65
2 (64) T Vix = Vi m/s

OR
v=aova’-x’ = 8=wmva® x>
:>7=(o\[a2—(x+1)2,4:(o\1a2—(x+2)2

After solving the equation

V,.=a0=165m /s

Velocity v=om 4/32 —x?

2 2
V2 _ a _X2

. .
V1 \/a2 —x?

= length of path =2a=9.52 cm

49 a*-16
100 a%-9

= a=4.76 cm

x =12 sinwt — 16sin’wt

=12 sinwt—4 (4sin’ot) (. 4 sin*0=3 sinO — sin30)
=12 sinwt — 4 (3sinwt — sin3mt)

= 12sinmt — 12sinot + 4sin3wt=4sin3 wt

= motion is SHM with angular frequency 3®

=360’

ax

So a,
(i) Atequilibrium position

F:—d—Uz 0=2x-4=0=x=2m
dx

dU
(i) F=——=(2x4)=2(x-2)
dx

= Foc—x = SHM

Here o =2 = T:Z_nzz_gz\/gnsq

o 2
2\/6

amam:ZJg:a=——9:2J§m

J2
1
5 mVanax :8 x 1073
1
:>E mo’a’=8 x 1073

= o= 4rad/s
Therefore equation of SHM

x=0.1 sin(ﬁlt + E]
4

100

12.

13.

14.

(i) Maximum speed of oscillating body

An=A 2n
= =A X —
Vinax ® T

m;

Here A=1metre, T=1.57 s

o, _zxslaa
“ Ve T 7 TS
(i) Maximum kinetic energy

1 1
Kmax:E mV%nax = E X 1 X (4)2:8J

(iii) Total energy of particle will be equal to maximum
kinetic energy.
(iv) Time period of mass suspended by spring

P

so force constant
N 4n’m  4x(314)° x1
T? (157)*
Common velocity after collision be v then by COLM

=16 N/m

2Mv =Mu = V:%

Hence, kinetic energy
1 a1
=—C2M)| = | =—Mu*
(4] -

It is also the total energy of vibration because the spring
is unstretched at this moment, hence if A is the amplitude,
then

lKN:le:A:JM-u
2 4 2K

Frequency of oscillation

:_l_/§99:219}{
um\N15 n °

Let maximum amplitude be A then

v=0nvA? —x?

where x= diference in equilibrium position

=t |
2n\m, +m,

:(ml+m2)g_mlg: 1 m
k k 120
0.5x3

and v = =1 m/s

Therefore

1 2
1=20 Az—(——J A
120)

537537
=——=——cm

600 6



SIMPLE HARMONIC MOTION

16.

17.

18.

19.

20.

. Centre of mass will be at rest as there is no external force

acting on the system.
So effective length

L N
g = m, +m,

/ I [
T=2n Lo _gp | Mt
g (m1+m2)g

Additional force

g_ _8_
4 KA= A= =245m

Moment of inertia about hinged point
I=mR?+mR?*=2mR?

_ 1 /m_gf_L
21 I 21

1|8 1+—
“on\ 2R
[
T=2n,|__, where
mg/
ml2 (ml? ,) 17mL2 3L
1= +L +m LJ & I=—
12 12 4

(Distance of centre of mass from hinge)

| 1m? 17L
120meGL/4) "\ 18g

(i) Letx,= = initial compression in spring
1 2 1 2
COME : 5 k(x,+b)*= 5 k(a—x,)* +(m+M)g (b+a)
2mg
k=——
- b-a

.. 2mg 2mg
ii) k = = 2 =
(ii) (b—a) (m+M)(D b_a
1 2mg
= f=— | =«M8
21\ (b-a)(m +M)
(iii) Let h = initial height of m over the pan

v = common velocity of (m+M) after collision

COLM m,/2g

COME: % kx *+ % (mr-M)V2 + (m+M)gtF% k(x;tb)y

[M +m J( ab )
= h=——
m b-a

21. Letblock be displaced by x then displacement in springs
be x x,x andx,
Such that x =2x +2x, +2x,+2x,
Now let restoring force on m be F = kx then

2f=kx =kx, =kx,=kx,

(m +M)v ()

F 4F 4F 4F 4F

Kk ok kK,

22. (a) Lettheliquid of density 1.5 p occupy the left portion
AB and the liquid of density p occupy the right
portion BC of the tube. The pressure at the lowest
point D due to the liquid on the left is

P =(R-Rsin0) 1.5 pg
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The pressure due to the liquid on the right is
P,= (Rsin® +Rcos6)pg + (R—Rcosh)1.5 pg

Since the liquids are in equilibrium

P =P, or (R—RsinB) 1.5 pg = (Rsind + RcosO)pg
+ (R—Rcos0)1.5 pg

Solving, we get

tan0=0.2 or 6 =tan' (0.2)

(b) Let the whole liquid be given a small angular
displacement o towards right. Then the pressure
difference between the right and the left limbs is

dP=P,-P,

= [Rsin(6+a) + Rcos(6+a) pg + [R—Rcos(6+a) 1.5pg
—[R—Rsin(6+a)] 1.5 pg

= Rpg[2.5 sin(6+0)-0.5 cos(6+a)]

= Rpg[2.5 (sinB cosa + cosb sina) —0.5 (cosb cosa
—sinBsina)]

For small o

sina ~ a,cosa~1 .. dP=Rpg

[2.5sin0+ 2.5 a.cosb— 0.5 cosB + 0.5 o sin6]

v1.04

5 dP=Rpg[2.5%02+2.50—-0.5+0.5%0.20a]

As tanb = 0.2, sin6 ~ 0.2 cos0 =

1.04

=Rpg[2.6 a]=2.6 pg
where y = Ra, the linear displacement.
Restoring force F =2.6 pgAy
This shows that F oc 'y

Hence the motion is simple harmonic with force constant
k=2.6 pgA

Now, total mass of the liquid

. ZZR Ap+ZZRA(1.5p) _ 5nRAp

.. Time period

A
Toon ™ —op [2TAP
k 4 x2.6pgA
1.93nR

98 = 2.47x/§ seconds.

=T
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23.

24.

Givena’+b*=/>+ /7

b ok
tan 0= —

a

Ly
tan o = 0,

Let OT=x,,TQ=x,,PT=d,TS=y
From geometry
d+y=/{ sin(a+0)
and d+ ¢ cos(a+0)tan 0=/ sin (o + 0)

N4

...T_zﬁﬁ _on [Ale
a g ag

= d= 12
Tsin6/ = la

2¢6

= 2mgbl=m(4/*)o = a=—4%
2

= d—?+2—ge:0 = 0= 2_ L
e a0 a0 V2o

:>T=271'%
Vg

L L
T:EXF1+LXF2 ngsinGE

L KOL L
———+LKOL > mgh—
=2 85

5 2 oL 2mg
—KOL >mg— K>——=
=% 85 7 5L

(ii) If the rod is displaced through an angle 0, then

kL \L L ML? Mg
o (S0) g oM ()
(kLO)L (2 2 8% 3 L




SIMPLE HARMONIC MOTION

L
26. T, = 215\/; (Lift is stationary)

L
T,=2n
g+a

[ L
T,=2n g-a (Lift is deacelerated upward)

Let x = total upward distance travelled

:)2 2&:> a

-, for upward accelerated motion

AT_(’[%—’[]XZ 2 ——IJ ’g-‘raj ()

& for upward decelerated motion

(1, ) ol g [}
AT—Ltli—o—thz—ZL\/; Yeza) -
(R e [
R (D ey
ax( o [a )

_\/:L g-a 9+aJ

27. From energy equation

2
1 1 X
— 2 — —b =E
21’11V+2k(a j

2 X
:>ma+&X—O:T 21t3\/E
a? bVk

28. (i) This system can be reduced to

(Lift is accelerated upward)

Keq

u D000

mym,  (0.1)0.1)
m,+m, 0.1+0.1

and k_=k +k,=0.1+0.1=0.2Nm"!
eq

_ ke 102 1
2e\ p 2nVO0.05 =

Where p =

=0.05kg

(ii) Compression in one spring is equal to extension in

other spring =2R6=2(0. 06)[ ) 575)
Total energy of the system
E- %kl (2R6)’ +%k2(2R9)2 ~ k(2ROY’

2
I
=(0.1) [g] =4nx10]
(iii) From mechanical energy conservation

1 2 1 2
Emlvl +5m2V2 =E

=0.1v?=41* x 10 = v=21x10?ms™!

29.

For small angular displacement 0, net torque towards
mean position is
1=(ka0)a+ (k,b0) b= Ia= (ka>+ K b*) 0

1
= (mL? +§ ML?) o= (k,a* +k,b*) 0

2 2
kia® +kob
- =72 L=

L2 (m +M)
3

kja® +kyb?
12 (m+
3

Hence frequency

EXERCISE - §

Part#1 : AIEEE/JEE-MAIN

1. Time period of a mass loaded spring

1
T=2n ]2  SoToc—— G
Vi D v

Spring constant (k) is inversely proportional to the length
of the spring, i.e.

1

k oc—

complete spring

l'{cut spring [ 1 j
{/n
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= l(cut spring =n (kcomplete spring )
Tcul spring kcomplele spring
= = =— [From(i)]
T ) A /
complete spring cul spring
complete sprin
=T = PP

cut spring

N

In a simple harmonic oscillator the potential energy is
directly proportional to the square of displacement of
the body from the mean position; at the mean position
the displacement is zero so the PE is zero but speed is
maximum; hence KE is maximum.

The time period of the swing is

M
T=2m <L
g

Where [/, is the distance from point of suspension to
the centre of mass of child. As the child stands up; the
[ decrease hence T decreases.

M
T=2n,/— and £=2n M+m
k 3 k
On dividing 2L = [M*m
3T M

25 _M#m  m_16
9 M M 9
As maximum value of

Asin0+Bcosd = /A% +B?

so amplitude of the particle
=417 +1% =442

A harmonic oscillator crosses the mean position with
maximum speed hence kinetic energy is maximum at mean
position (i.e., x=0)

Total energy of the harmonic oscillator is a constant.

PE is maximum at the extreme position.

v = mA

max

Maximum velocity

Given (Vmax)lz(vmax)2 = wlA:w2A2
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10.

11.

12.

13.

The time period of a simple pendulum of density p when
held in a surrounding of density G is

medium air

tzocL &tgocL:>t12+t§ocL+L
k, k, k, k
L L 1 2 24422

Buti 4o =g «T = g4g=T

The total energy of a harmonic oscillator is a constant
and it is expressed as E = %mmz (Amplitude)?

E is independen to x instantaneous displacement.

Natural frequency of oscillator = @,

Frequency of the applied force = ®

Net force acting on oscillator at a displacement x
=m(,—)x ..(0)

Given that F oc coswt (i)

From egs. (i) and (ii) we get

m(m,>~*) X o cosot ...(iii)

..(1v)

Also, x =Acoswt

From eqgs. (iii) and (iv), we get

1
m(m,—*)Acosmt o< cosmt = A o« —
m(co0 -® )
Initial acceleration
15)(0.20
:£=—( )( )ZIOms*2
m 0.3
. 1-cos2mt 1
y=sinfot= ————= ——— cos2ut

2 2 2
= motion is SHM with time period

27

b
20 ®
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14.

16.

17.

18.

19.

yl—O.lsin[l 007t + gj

d
v, = 0.1 xlOOncos[lOOnt+£j
dt 3

n
= 10%005(10()%'[ +§] = y,=0.1 cos100mt

— v, =—0.1 nsin100xt = 0.1ncos(100nt+§j

Phase difference between v, and v,

- (100m +Ej —[100nt+£j -_I
3 2 6

d?x

. —+oax=0

dt?
On comparing the above equation with the equation of
SHM

d2

dT;(+0)2X=O:>(o2:0L = co:\/oc:>T:2—7T

Ja

The expression of time period of a simple pendulum is

’Z
T=2x |-
Gt

Where [ is the distance between point of suspension
and centre of gravity of bob. As the hole is suddenly
unplugged, [ ; first increases then decrease because of
shifting of CM due to which the time period first
increases and then decreases to the original value.

Maximum velocity of a particle during SHM is

ma:

v —oA= 44 :%(7“0%) — T=0.01s

(75)
KE=|—|TE
100
1 2 2 2 3|:1 2 2:| _A
- A2 =22 A =2
:>2m0)( x)42mw :>x2

Now from x = Asinwt we have

A
—:Agin(o)t) = (2—njt_£S = t=l
2 T 6 6

x=2 x 102cosnt
v=(2x1072) (n) (-sinnt) =—2m x 10~ sinnt
Speed will be maximum if

1
mt= :>t:§:O.SS

r
2

20.

21.

22.

23.

24,

X =X,C08 [cot - Ej
4
Codx , [ t,zj
..V*If X, S @ 4
dv o
= a:E :fxomzcos[wt—zj

— 2 T
=X,0°Cos| T+ ot ——
4

T
= X,0°C0Ss (n + ot — Z) =Acos(ot + d)

= A=xo’ dS—W—E—Bn
XO(,O an 4 4

WD, = K+U, - K, - U,

1 1
S ) = o2
= -—fx 2kx+0 2mV 0

= -15x=5000x>-16=0
= 5000x>+15x—16=0=x=5.5cm

4m/s
—
[2] ToloRam
X
[T
K K,
0000000000 0000000000
The original frequency of oscillation
- 1 |k +k,
2n m

On increasing the k, and k, by 4 times, then f' becomes

1 4(k, +k,) _

fr= =2f

27 m

Mass = m, amplitude =a, frequency = v

1
(KE),, = Zm(Zch)2 a’ = ’mvia’

a=-wX,v=m+A% — x?

a’T? + 4?2 =o'’ T? + 4 (A — x?)

4r*
= — X T2 + 40 (A? - x%)
T
= 4m’w?A? = constant
aT ®?xT
—_—=- = — T = constant
X X
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1 [k
25 n, = o\ 1)
and
1 k .
n, = o \Mem (1)

according to conservation of linear momentum
Mv, =M +m)v, = MA 0, =M+mA,o,
From equation (i) & (i1)

i_(M+mj_&_[M+m] M

A, \ M Jo UM J\M+m M

2

26. X, =Asin ot
X, =X, +Asin(ot+¢)
X, - X, =X, +Asin (ot + ¢) — Asin ot

Become |X2 -X | =X, TA

i
[Asin (ot +¢)-Asinwt)] =A = ¢= g

m
27. Byusing T=2m, ~
e \ Apg

Where m = ¢/*d and A = /2

73d /d
T=2n 4|72 =T=2n .,/
"pg Pg

5

k
28. Kty =kl =kl k= =

29. Equation of damped simple pendulum

O vrgsino= X s B
g~ bvtgsin = g oV gxf

b
2

By solving above equation x = Aje ? sin (wt + ¢)

Att= A*ﬁ _z
=1,A= 5 sor—b

30. FBD ofpiston at equilibrium

lPalmA
i i
P,A l
mg
=P, . A+tmg=PA .(1)
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FBD of piston when piston is pushed down a distance x

l

P.A

[ a
l T(Pw dP)A
mg
d?x .
P, . +mg—(P,+dP)A=m e ..(i0)

Process is adiabatic

P
= pPV'=C = _dpzﬂ

2
Using 1,2, 3 we get f = — |20
2n\ MV,

31. 2 32.1
33. KE_, atmean position.
Extreme Extreme
MP
V=max
v=0
PE_,, at mean position
dT _1dL 1dg
K7 N
T 2L 2¢g
90 1
4
100 100
ldg 1dL dT

1.,01_ 17100 _ 1 1

2720 90/100 400 90
ldg 1 1

2¢ 400 90

dg _ (490 |, ., _(_4%0

¢ 400%90 200 x 90 ) ~ 020272

= dg/g x 100 ~2.72% ~ 3%
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90+91+95+92
- =9

mean 4

35. T

A,=90-92=2
A,=91-92=1
A,=95-92=3
A,=92-92=0

C24143+0

mean - 4

1.5

.~ T=92+2 s (Using significant Figure)

2
36. v=o A2 -x? V:m,/Azf% =2 35A

New SHM
30v5A 4A°
S v S
4A’
SAT= AL
49A° TA
T T AT
Part # II : IIT-JEE ADVANCED
1. U®X)=kixf
[U]  [MLT?] e
=5 = =5 =[ML'T?]
[x7] (L]

Now, time period may depend on

T oc (mass)* (amplitude) (k)*

= [MOLOT] = [M]x[L]y [ML—l T—z]z = [Mx+z Ly—zT—2z]
Equating the powers, we get
—2z=lorz=—12y—-z=0o0ry=z=-1/2

1
Hence, T oc (amplitude) ™ = T oc (a)"* = T T
a

Force constantk c ———— .. k =—k
length of spring b2

3. U®x) =k(1-e™)

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

U4
K

»X

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= o —(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). (),
(b) and (c) options are wrong due to following reasons :

(a) At equilibrium positoin F = =0 i.e, slope of

X
U—x graph should be zero and from the graph we can see
that slope is zero at x=0 and x=+oo.
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.

4. Free body diagram of bob of the pendulum with respect
to the accelerating frame of reference is as follows:

d S

mg cos a.

vmg
.. Net force on the bob is
F . =mg cos a (figure b)
or
Net acceleration of the bob is g .= g cos a

L L
T=2n,/— =T =2xn
Geff gcosa
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5. In SHM, velocity of particle also oscillates simple
harmonically. Speed is more near the mean position and
less near the extreme positions. Therefore, the time taken
for the particle to go from O to A/2 will be less than the
time taken to go it fromA/2to A, or T, <T,.

6. Potential energy is minimum (in this case zero) at mean
position (x=0) and maximum at extreme positions (x==+A).
At time t=0, x=A. Hence, PE should be maximum.
Therefore, graph I is correct. Further is graph II1, PE is
minimum at x=0. Hence, this is also correct.

7. Block Q oscillates but does not slip on P. It means that
acceleration is same for Q and P both. There is a force of
friction between the two blocks while the horizontal
plane is frictinless. The spring is connected to upper
block. The (P—Q) system oscillates with angular
frequency . The spring is stretched by A.

/ k ’k
SO = = ,|—
m + m 2m

.. Maximum acceleration in SHM = oA
kA

4= 2m
Now consider the lower block.

Let the maximum force of friction = fm

kA kA
Sf=ma = f =mx —— = =—
m m m 2m m 2

(D)

2

d%y
8. y:Ktzzd?=2K =a =2m/s’ (asK=1nvs’)

/ /
T, =2n g and T2:2n g+ a,

T g+a, 10+2 6
T g 10 5
1 1 y
9. —kx’*=—(4ky’ = —=—
7 Kx 2( )y

10. Displacement equation from graph

X = sint [ _2m_2m_ E}

Acceleration a— '(Et)

ceeleration a=—-"sin|
3 2

Att=—s,a=— T cm/s?
32
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11. Inseries spring force remain same; if extension ink, and
k, are x, and x, respectively.
kixg
Thenkx =kx,=x +x,=A = x +——=A
2
(k1+k2\_A kA
2X1L kz Jf :>X17(k1+k2)
Amplitude of point P will be the max. ext. ink,.
. . . k,
So amplitude of point P is ———~ .
(k, +k,)
12. x= GL
2
oy
2
L L
ok (055 D
T,=—k (6£] « L D
2 2
L? (kL2 ) 12
T —kO— = a=—| —0]x
net L 2 J mL2
k6 k6)"* 1 ek
=>—-|—|6 >0=|— =f= —
m m 21 \m
MCQ
1. From superposition principle :

Y=y, ty, Ty,

=asin ot + a sin (ot +45°) + a sin (ot +90°)
= a[sin wt + sin(wt + 90°)] + a sin (ot + 45°)

=2asin (ot +45°) cos 45° +asin (ot +45°)

= (V2 + Dasin(ot + 45°) = Asin (ot +45°)
Therefore, resultant motion is simple harmonic of
amplitude. A = (\/E + 1) aand which differ in phase by

45° relative to the first.
Energy in SHM oc (amplitude)?

2
. Eresultant _ (ﬁj _ (\/E n 1)2 _ (3 4 2\/5)
Esingle a
- Ercsultam :(3 + 2\/E)Esingle
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2. For A=—BandC=2B
T
X =B cos 2wt + B sin 20t = /2B sin (th + Zj
This is equation of SHM of amplitude x/§ B
IfA=B and C=2B, then X=B + B sin 2wt
This is also equation of SHM about the point X=B.
Function oscillates between X=0 and X=2B with
amplitude B.
4. A 5. ABD
Comprehension
1. For linear motion of disc
F _ =Ma=-2kx+f
where f= frictional force
For rolling motion
2
fR:,[MR j(a) = _(&) R = f;,&:,ﬂ
2 2 2 2
F
Therefore F,,=-2kx— —& = _Akx
2 3
2. Total energy of system
1 1 1 3
E==M 2( —j +2x = kx?= = Mv>*+kx?
o My 1+ 5 2 g MV Tkx
dE
- =0= iM(2\1)C1—V+2k x(d—xj =0
dt 4 dt dt
dv ( 4k j [4K
= —+|—|x=0=2>0=,[—
dt \3M 3M
3. Using energy conservation law

lMVOZ(l +l) =2x %kxlz

2 2
MR?
2kx,—f  =Ma & f R= 5 o
3uMg
Butf , =uMg =x, = 9K
S i om L (MG M
= 4 MVO—KXl =K 4 =V, =ug K

Subjective

1.

(i) Two masses m, and m, are connected by a spring of
length /. The spring is in compressed position. It is
held in this position by a string. When the string snaps,
the spring force is brought into operation. The spring
force is an internal force w.r.t. masses—spring system.
No external force is applied on the system. The velocity
of centre of mass will not change.

Velocity of centre of mass = v,

. Location/x—coordinate of centre of mass at time t=vt
mjXq + moXo

L x=
my + my

my[vot — A(l — cosot)] + myx,

= VOt:
mp; + mo

= (m, +m)vt=m/vtA (l-cos wt)] + mx,
= myVt+myt=myvitmA(l-cos ot)] + mx,
= mx, =m,vt+m A(l-cos ot)

mlA
=X, =V t+ m—2 (1-cos wt) (1)

(i) To express £, in terms of A.

dX1

X = Vt=A(l-cos o) .. a

=V, — Ao sinmt

d2X1
dt?

x, is displacement of m, at time t.

..(ii)

= —A®? cosmt

. de1
Todt?

= acceleration of m, at time t.

When the spring attains its natural length £, then
acceleration is zero and (x,—x,) = {,

D S Putx, from (i)
mlA

= |vot + (1 — cosot) | — [vogt — A1l — cosmt)] = ¢,
my

=>(,= [ﬂ + 1] A(1-cos ot)
mp

d2X1
When 3
dt

=0, cos wt =0 from (ii).

A= (% + 1] A.
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2. Asphere ofradius R is half sumerged in a liquid of density p.

For equilibrium of sphere
Weight of sphere = Upthrust of liquid on sphere.

Y,
- Vog= E) (p)g

. p .
where o= denisty of sphere = ¢ = 5 ..(1)

From this position, the sphere is slightly pushed down.
Upthrust of liquid on the sphere will increase and it will
act as the restoring force.

Restoring force

F = Upthrust due to extra—immession

U

F = —(extra volume immersed) x pg

U

(mass of sphere m) x acc(a) =-nR? pgx

U

=—nRXX X pg

= —nR’x oxa=-nR%’pgx = a:fﬁx
3 4Rc

2 fom (i 3g
AR X, [from (i)] = ZRX

= ais proportional to X.

= a=—

Hence the motion is simple harmonic.
Frequency of oscillation

_1 a 1 |3g
“onVx  27V2R”

3. A small body of mass attached to one end of a vertically
hanging spring performs SHM.

Angular frequency = ®
Amplitude =a

Under SHM, velocity v= (x)\/r’i2 -v°

After detaching from spring, net downward acceleration
of the block=g.

.. Height attained by the block = h

v w?(@@® - y?)
sh=y+—=>h=y+— "
Y 2g Y 2g
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For h to be maximum

dh

- = = y¥
dy 0,y =y*

Since aw® > g (given) ..

from mean position

*
Hence V™ = —-
®

V= [AZ _ XZ
or v’ =’ (A?—x%)
or v = @A’ — @ x
or v’ + o’x* = 0*A?

v’ x*

—_— + —_—
®’A*  A?
asA=a

or =1

1
=—— =n? (given)

a
b mo,

2 _ iven)
R n (given

1
EIZE

mmlAlzb:mmla:b:Mol: —=

a>—2..

S mo a=b

2 2 —
m o, A2 = E,=

>*.*
o a-y"y

monA=b

1
5 mo,” R?

b 1

am mn’

mo,A =R=>moR=R=0,=—
m

o, 1 1
=g xm=—3
®, mn n
E _E
(Dl O‘)Z
I,
60°
[}

Le 60

I=1+1,+2{L1, cosd

:2IO+2IOCOS60°:310 = n=3



SIMPLE HARMONIC MOTION

B MOCKTEST oy

1. Consider an observer moving with speed v with point
A in the same direction.

observer

—svV
—_
m
A

In the frame of observer, block will have initial
velocity v towards left.

Ve 1
A

During maximum extension, the block will come to
rest with respect to the observer.
Now, by energy conservation,

1 1 mv?

— - — 2 . —

2 sz - 2 kaaX o Xmax - T
2. Both the spring are in series

_Ke®) K
“  K+2K 3
Time period
H ) __mm,
T=2n Keg where p= m, - m,
Her — E T=2 Exi =21 3_m
) V2 2k 4K

Method I1

mx, =mx, =
force equation for first block;
d’x,
dt?

? (x1+x2):—m

‘ : K
sy
11

P d2X1 N k O ) 4k
ut X, =x, = — XX, =U0= o= _—
1m0 > 3m ! 3m

3m
T=2m, /—
4K

3. x,=asin(wt+¢,)

o+,
7 )

x, = asin(ot + ¢,) = [x, — x,| = 2a sin(wt +

Cos(¢1 —¢2j
2

To maximize [x, —x,| :

sin(ot + Pty )=1
2
= a\/fz 2ax1 Xcos[@j

~ % _Cos[¢1;¢2j . % _ ¢1;¢2

= ¢,-0,= g Hence (B).

4. From the given information it can be inferred that points
A and B are equidistant from mean position
Hence from diagram it is clear that time period of
oscillationis=2+2 x2+2 =8 second.

t=2sec t=2

5. Method:I

Particle is starting from rest, i.e. from one of its extreme
position.

As particle moves a distance —, we can represent it

5

on a circle as shown.
_4A/5 _4 Y

A 5
()
5 P ox
0
4 A
ot = cos™! (gj \ 4
t= l cos™! (ij = T cos™ (ij
® 5 2n 5
Method : IT As starts from rest i.e. from extreme position
x=Asin(ot+¢)

COoS

T

Att=0; x=A= ¢= 5

4 4
. . — = —_ = — -1 —
A 5 A cos ot 5 cos ot = ot = cos 5

T (*
= *21_[ COS 5
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10. Due to impulse, the total energy of the particle

6. @ =2 . 0=2t becomes :
a 1 1
LetBP = a . 5 mw’A?+ 5 mo?A? =mm*A?

. x=0M = asinb = a sin(2t)
Hence M executes SHM

within the given time period and its acceleration is E mo?(A")? =mm?A2= A' = \/E A.Ans.
opposite to ‘x’ that means towards left

A x Let ; A' be the new amplitude. (Apply energy
conservation law)

11. Conserving momentum : 2V =3V’

7. The maximum static frictional force is

2 2
—_ — | — A
f= umg cos® =2 tan 6 mg cos 0 =2 mg sind = V'= V~ = o'A 3®

Applying Newton’s second law to upper block at lower 5
extreme position = \/:xA' \/:xA =A'= \/; A

12. The extension developed in the string due to small
mean p03|t|on values of '0' is :
A x=hsin 6 =ho
f&extreme position Torque about 'O" :
T,= (Mgsin 0) L + (kx)h
or, T, = mg OL + kh?0
=(mgL +kh?)6 --- (1)

mgsing

Also;
f— mgsin® = mw’A = f=mo’A +mgsin 0 1, =l a=mL% - (2)
or @A =gsin0 From (1) and (2):
mL? o= (mg L + kh?)0
or A= 3mgsing 1 kh?
k or a=— |gLt—
L
8. The spring is never compressed. Hence spring shall
exert least force on the block when the block is at top- Now :T=2mn \/: 2n
most position.
Natural length 1 1 kh
i == =T L+
of spring =V T~ 2aL (g m
%, Sy EXtreme position 1 mg Y
A 13. f= —= 4|——
I ZS— - mean position 2m 1
where, ¢ is distance between point of suspension
2 and centre of mass of the body.

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

least

F :kxoka:mgfmmzA:mgf4%mA

9. Att=4 x=0

i.e. particle must pass through the mean position so
curve (3) is not correct

A3

The slope of x—t graph is the speed

Among curves (1) and (2), slope of (1) greater at
t=4 so(A)is correct

t=4,x=0
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14. Torque about hinge

2.5g.(0.4)cos6—1g.(1)cos6=0
So rod remains stationary after the release.

15. Letthe line joining AB represents axis ‘r’. By the condi-

16.

17.

tions given ‘r’ coordinate of the particle at time t is

r = 2./2 cos ot 1 X
w:@:ﬁ:n 0 A2, 2)
T 2 $N
s r=2,/2 cosmt 2
r B
x:rcos45°:E:2005nt g

a =-Xx=—m7" 2cosnt

F =ma :—4n cos it

. & _ g
Kliml x’ szmz X

m
Thus, Using T = 2n1/—
T =2=n /(mlg/x =T,=

Energy of oscillation :

,/ :>T T,

1
E= —mw*A?

2
Since ® and A are same for both and m >m,
= E >E,.

x =3 sin 100
y=4sin 100 mt
Equation of path is

y 4

lLe. y=—Xx
x 3 Y73

which is equation of a straight line having slope 3
Equation of resulting motion is

F=xi+y] = (3i+4]) sin 100nt

Amplitude is /32 442 =5

18. v2=108 —9x?
2vd
va =—18x = acc. A=-9x (non-uniform)
atx=3cm

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

Vismaximumatx=0 and VisZeroatx= \[12
So Amplitude =2 V3 em

19.

20.

Given A=04m, and a=g

10
So WA= g:>(02*—*25

2n
= =5 T:; =27/5 sec.

At lowest position acceleration.
=wA+g=g+g=2g

So weight =m (2g) =2mg

at half distance a=g/2

So weight at upper half distance = m(g-g/2) = mg/2

and weight at lower half distance

3mg
=m(g+g/2)= >

actual weight at equilibrium position (maximum v)
Att=0

4sm—*2\/_m

Displacement x = x, +x,=

Resulting Amplitude

A= 22 +4 +2Q)4)cosn /3 =J4+16+8 =28

21.

22.

=2J7 m
Maximum speed = Ao = 2047 m/s

Maximum acceleration = Aw? = 200~/7 m/s>

1
Energy of the motion = 3 mo* A? =28 J Ans.

x=3sin100t+ 8 cos?50t

~3sin100t+ —8[“"‘;100”

x=4+3sin100t+4cos 100t
(x—4)=5sin (100t +¢)
Amplitude = 5 units

{tan o= %}

At max. extension both should move with equal velocity.

Maximum displacement = 9 units.

By momentum conservation,
(5x3)+(2x10)=(5+2)V
V=5m/sec.

Now, by energy conservation

15><32+1><2><102*15+2V2+1k2
2 2 SR GOV Skx

113



PHYSICS FOR JEE MAINS & ADVANCED

23.

24.

26.

27.

28.

Put Vand k
3m/s 10m/s
—— k=M120N/m >
A|5kg 2kg|B
TITTTTTT T ITITTTTT]
p— 1 p—
- Xy = Zm =25cm.

Also first maximum compression occurs at ;

3T 3, [u 3, [ 10 31
2.2 rB_Sop |~ >
= T2k T3 V7120 T se

m,m,

(where p = reduced mass, p= m +m ).
1 2

PE is related to reference. Only when PE at mean
position is taken zero, the assertion is true.

Statement-2 itself explains statement-1.

. The mean position of the particle in statement-1 is x

b
:—g and the force is always proportional to

displacement from this mean position. The particle
executes SHM about this mean position. Hence
statement-1 is false

When speed of block is maximum, net force on block
is zero. Hence at that instant spring exerts a force of
magnitude 'mg' on block.

At the instant block is in equilibrium position, its
speed is maximum and compression in spring is x
given by kx =mg (1)

From conservation of energy

1 1
mg (L+x)= Ekxz-ir Emvzmax (2

3
from (1) and (2) we get v__ = E\/Q_L

ax

3 k
V. = > gl ando= ,/E :2,/%
A= Vmax _EL
o 4

Hence time taken t, from start of compression till block
reaches mean position is given by

. L
x:Asmcotowherex:Z

114

29.

30.

31.

- L -711
tof Esm g

Time taken by block to reach from mean position to

ortom most nosition s T = 2% _ % [
ottom mosSt position 1s 4 = 4(‘0* 4 g
H th ired ti _r £ + L : 711
ence the required time = 4 o 4g sin 3

T Upthrust (4 mg)
fa
‘l' mg

The density of liquid is four times that of cylinder, hence
in equilibrium position one fourth of the cylinder is
submerged.

So as the cylinder is released from initial position, it

4mg-mg=ma=a=3g

3/ . S .
moves by — to reach its equilibrium position. The
upward motion in this time is SHM.

4g

3/
a=3g=0’A=0’x—, soo=,[—.
4 l
. - 4g
Therefore required velocity isv, = o A. 0= i and
3¢ 3 ’
A= R Thereforev = EV al

The require time is one fourth of time period of SHM.

T
Therefore t= 4 20 4 o

. F=8-2x

=-2(x—-4)
At equilibrium position, F=0 = x=4m
As particle is released at rest from x = 6 m, i.e. it is one
of the extreme position.
Hence, Amplitude A= 2 m.
Here, force constantk =2 N/m = mo?> =2
or o=1

. . 2n
Time period, T = P 27
Time to go from x =2 m to x =4 m (i.e. from extreme

L .. T =«
position to mean position) = — = =

4 2

1 1
Energy of SH.M. = EkAzz Y x2x4N-m=4]

As particle has started it's motion from positive
extreme

i
Phase constant = 5
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34.

ma.

A ma_ 2% 0020
= —w—znx(.)—.m

2

m Tk
T=2n m :>m:4—n220.2kg

Att=0.1, acc. is maximum

= a

max

@A [hjz 0.2 =—200m/s’
=_ =_| — X =_
0.2 : s

1
Maximum energy = — mV. =47

A)x= ﬁ[%sinmt %coswtj

. T .. .
=x=,/2 sin(ot- Z) is periodic with SHM.

(B) x = sin’ wt can not be written
asx=Asin(w't+ ¢) so itis not SHM
but periodic motion.

(C) Linear combination of different periodic
function is also periodic function.

d?x
F is not directly proportional to x i.e. this motion is

not SHM
(D) x continuously decreases with time.

Sox is not periodic function.

. (A) If velocity of block A is zero, from conservation

of momentum, speed of block B is 2u. Then K.E. of

block B = %m(2u)2 = 2mu?® is greater than net

mechanical energy of system. Since this is not
possible, velocity of A can never be zero.

(B) Since initial velocity of B is zero, it shall be zero
for many other instants of time.

(C) Since momentum of system is non-zero, K.E. of
system cannot be zero. Also KE of system is minimum
at maximum extension of spring.

(D) The potential energy of spring shall be zero
whenever it comes to natural length. Also P.E. of
spring is maximum at maximum extension and maximum
compression of spring.

36.

The bob will execute SHM about a stationary axis
passing through AB. If its effective length is /' then

0'=10/sin®= \[2¢

(because 0 =45°)
g'=gcosb =g/ [2

5 }215 5 f2><0.2 2n
= — =27 = —
T T 9 10 5 S.

. Velocity of the particle just before collision

Now it collides with the plate.

Now just after collision velocity (V) of system of “plate
+ particle”

—3mV = V=s= \F
mu=3mV = V=7=g, -

Now system perform’s SHM with time period T=27

3m

K

m
and mean position as?g distance below the point of

collision.

Let the equation of motion be
y=Asin (ot + ¢)

fort=0 = y=mg/K

m
- =Asin¢

< (1)

Now for amplitude V= /A2 _ x2
g\/E _ K [ me
K V3m K’
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38.

116

2 2.2
m
= (@?gj —A2_ szg = A:$ Q)
By (1) &(2)
x:% tox=0 = t:%

x=0 tox=A = t=T/4

otal ime — L+ L _2m [3m
otal time 12 4 3 K

Using values, t =20 ms.

The angular position of pendulum 1 and 2 are (taking
angles to the right of reference line xx’ to be posi-
tive) /

0,=0cos (4—nt}
T

[where T =27 \/Z ] !
g X
2n

2
0,=—-0cos (?t)

For the strings to be parallel for the first time
e1 = e2

_ (ﬂt] _ (Z_HH,[]
(0] COS T = COS T
. 4—nt—2nni(—2nt+n)
T T

f —lt—13—T
orn=1, =% 2

. Both the pendulum are parallel to each other for

T
f =0,t=—
orn=0, >

o
w3

RN

the first time after t = — Ans.

39. x, & x, be the displacement from equilibrium position.

Now for hollow sphere, applylng .=l a
I: = — 2 —1 1
......
(X1 + Xz) T 3 mr ¢ ( )

X X,

u 8247(-

Hollow 43 solid

IIIIIIIKIIII TERTETTETTET e rrerrryry

By angular momentum conservation (about A) of the

5 7
system, g mvlrzg mv,r
= 25v,=2lv, L. 2)
= 25x,=21x, .. 3)

: 25 5
Using (1) and (3) we get,k(xl +EXIJ =3 ma,

46 k
= 4735 w5
1
= f=— 460k Ans.
2n \35m
Now for amplitude, A, +A,=x, ... 4)
) 25
From equation (3) we get A, :E Al (5)
21 21
By (4) and (5) we get, A, :4_6 X, A, :4_6 X, 3
25 1 46 k
A=—x ; f=— [|—— Ans.

35m
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