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JEE-Physics

EXERCISE -I
t kx?
J~ J.xdx:i
J‘ J.—dx 4

Equation of line joining the CM of two rods

[OIOOooOoIhonoIoromonm

X v
+——=
L/2 L/2

L L

3 6] satisfies this equation.

coordinate (

[oooran (E E] O0ooIOIoiodoonm

Let x =x shift of plank to the right
Ok = 000I000OI 0000000

At m,AX, + mpAxg +m Ax +m Ax
m, +mg +m¢ +m,
_40(x+4)+50x +60(x —4)+90x 71
40 +50+60+90 - X gm

A% = m;.Ax; +m,.Ax,

m; +m,
—0= m,a + m,Ax, _ Ax, __ma

m; +m, m,
Ay = m, Ay, +m,Ay,

m; +m,

m 3m

=0 =Z(15)+T(y2) =y,=-5cm

CM remains at rest if initially it is at rest.

Qoo 0oy
qoom

_ 1x2i+2 x(2cos30i —25sin 30j)
o m, +m, 3

(2+2f\A_gA
3 3

_ m, Vv, + m,v,

v

9.

10.

11.

12.

13.

14.

15.

| UNIT # 03 (PART - 1) |

v = 1)(5) +(1)(-3)
M 1+1
Position of centre of mass at t=1s

t = 1sJ0000000IDI 00000 0000mo

(1)(2) + (1)(8)
1+1

=1m/s

Xy = +(1)1)=5+1=6m

m;.Ax; +m,.Ax,

AX =
m; +m,

Let x = distance moved by ring &

(00 =I000INIo0Ioon

mx +2m(l1.2 —x)
= = x=08m
m +2m

Impulse U000
10 -1 (-25) = 35kg m/s (1)

=p;-p=1

SORE—r
Ap = 2p cos 3" 2my,, sin 6

For the I* ball (JX0I00OIIOD). g: ¢’h

For the 1"™ball 000I0100100000C: % =e>h
Impulse on first ball JUZOIO000I OIO0O0

=1, = my, (I+e;) = - my,

2
Impulse on second ball JOUIOI00IO0ILIOO0

=1, = mvo(1+ez)=zmvO

AKE = Emvg —Emvf

1

- 1- .
:Em(v2 —v;) (v, +V;) :EI.(vl +V,)

%
ve—O «—O0 O0—rv
m m 2m
0=2mv-mv+mv = Vv = -

Total mechanical energy released

OO00D0OOMIo0O

2

(m+m+2m)v2 = 2mv

N | =
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16.

17.

18.

19.

20.

6
COLM : 3 2=(3+2)v:>v=g

2
l><3><22=l><5><(9j +l><480><x2
2 2 5 2

COME :
1
=X = 10
COLM :
Along horizontal (DUMDDDDDDUDD:)
u cosh
vVe— 2 11 cosh
ucos0

O=mucosO-v)-4dmv = v = 5

.. velocity of shell along horizontal w.r.t ground

OO OIOmoooMonComolinrioo

ucose_i( )
= = u cos

=ucos 0 -

2usin 0

Time of flight (U000 T=

. x = horizontal displacement UL IHIIOO0
4u”sin26

[4 )[2usin6) Zsi
=| —ucos0 =
5 g 5g

m

mv cos 0 = E(_

COME : v cos 0) + %V'

3mvcosO m

5 :EV':> v'=3vcos0

v cosb
m
/}.;;\
0

The ball & the earth froms a system and no external
force acts on it. Hence total momentum remains

constant. (ULIUDHIDIIIIDIDILITOODODDOO
(Do ODOOIO0DoIOomy

® 'll ©,
® ® ©,

@ 3"

® ©

For collision between B and C :

@IIctibniibronboo

|3

v :(ml—emz\u m2(1+e)u
5 m; +m, ! (m; + m,) z
=(m—4m]v+0 -3y

5m

VC:

21.

22.

23.

24.

N Ty

m; (1 +e) (mz—eml\
m, +m,

(m; +m,)

For collision between A and B :

@IIsI0NI0NIDIOIOOd

m(1+1)><[3_v] _ 6
5/ 25

e i
B 5m 5 25

Vg < Ve

. B will not collide with C.
(CQUioRIsDOicInndroUmoaId
Therefore there will be only two collisions.

Oo0io0UorOin oo oomIoooomooo

v,=0 + v

A 5m

COME : myu; + myu, = myv; + myv,

u
—+mv, = —
4 274

=)= (52 -

1 u+t0=1

u=mv, ...

v,—u/4
u

= 0.6kg

g w

3 5
(i) & (ii) ZU = m(zuj = m=

At the lowest position (UDDDDDDUDD[UD[DD)

COME : M4/2gL = (M +m)v )

1
COME : §(M+m)v2 = M+m)gh ....(i0)

M./2gL ?
=V =4/2g =—g:h=[mM )L

(M +m)

Along tangent ((UUIOUIIOIOOIOM)

u cos O = v sin 0...(1)

Along normal (L. DHD]DDDDDD 0

vcosH

=

w | =

—— =cot’® = cot’ 60 =
usin©0

COLM = 2mu + 0= 2mv + mu :>v=§

Z2m 2m

%)

(v,—v,) [u;f/Zj

O
O
=03
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25.

26.

27.

28.

29.
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After Is , v,= 20-10 1 =10 m/s
and v; =0 + 10
At the time of collision (JJUIIOI000)

, V, = Vg = bm/s

after collision, velocity gets enterchanged.

(i Ep e

ez_(vz v\ __ 5-v, =v1—5
kuz ) 5—-(-10) 15
=v; =20 m/s
. Impulse on ball= m(v—-u)=1 [20-(10)]=30N-s
(a{mn )
v, v, A%

2
COLM = 2Zmy, = 3mv,= V, =§V0

1 =10 m/s

COME = 2 xlmvg =2 xlm(vf +v§)+lmvf
2 2 2
2 2
2 2
= 2mv02 = 2m [—VOJ +2mv’ +m(—v0J
3 3
2
2 v
= 2v; =2v} —3(5\/0] =v, = T;
Velocity of particle = vi +vi = 4V° gvo
O0IOmooy
For second object U0 D00IOOD)
2 w0 .a UV
20, =0+at; t=—% ) 1 5
a —d—

s; = s, +d;

1 [2\/1]
= —ax =
2 a

lat2 =ut+d
2

a

2 2
Vl[za\i}rCl L= B

Average power (LI OIHD)
AW (AK + AU] 1 (Ax’ . AMAxg(Ax / 2)
At At 2 At At

1 b4
P> = -+
P ZV 2vg

EXERCISE -II

In the absence of external forces, the linear
momentum of the system remains constant.

0DN0IOIOoNoItdoIonihoimoo
QomoomoQ

Momentum of the coin perpendicular to the

common normal remains constant. ({J0000L OO0

nioooidbotinodoooorobomooon

@6 u

y
3

s
0,0
Sy, = - 3 (constant)
yt=-6=>t=2sec &vt=-4
vy = =2 m/s

Which is given by stricker.
UIOonOmooroooomm

So initial velocity of stricker = 2ms™!

QOImonOIOIoomOmoon

Final velocity of the striker = 0.

A

f o, dm o dv

B T TR dt
m/22dm

= - —=IdV:v= 2/n2
0

In the ground frame (IR M)

: muAX, + mpAx, + mprp =0
=40 60 + 0 + 40 Ax =0

= Axp = -60 (to the left)

Hence A & B meet at the right end.

OU0NAINBIOI0IOIIDOOmm

Force exerted by one leg on the ground

(A )

N =% (Total foreel 00100

[wt + rate of change of momentum]

4
1
~ 7wt +I000000000000)
1

Z[Mg +n (mv cos 60) 2]= IN

1

h
4\ fea A[2g(h —d) = e 2gh ROk

COLM : m(0.8) + m(0) = m,(0.2) + m(1.0)

= 0.6 m, = mg = m, > mg
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8. TAt TAt
N.At
[
LA |sm[ B |m 1 Na
-NAt = m(v - u); NAt — TAt = m(v-0)
TAt = 3m(v-0)= v = u/5

3mu

.. Impulsive tension (DHDDUDD DDUD)TAt = 5

M(_a) Mfa
9. w_Mxi+Myx, 2\ 2) 2(3) __2

M, +M, M 12
o po
(Mx0)+(—Mxi)+[Mx4—L) L
—_ 4" 3 4" 6) —=
M 4
11. Agzwz():xz_l
4aM 2
12. Nmv=(M + N v, = VN
. mv = ( mjv, = =M+ Nm

VA

13.

~'/"3f
Co-ordinate of P (PIIIUOIIO)= (3,3)

<. Speed of 3rd particle (3*/JIIUIHI0O=3./2 m/s

14. Let x = displacement of ring to the left.
UIIx=00I00ND o0y

2mx +m(x + L — L cos0)
= Ax_ = =
om 3m

=X =—£(1 —cos0)
3

M
15. Mv =0+ EV22V2=1OV

16. COLM = m(v, cos 45 + v,) + mv, = 0

=V, = —2\/5.\/2
COME = K, + U=K+ U,

mgR 1

=0+

17.

18.

19.

20.

21.

Initially when the shell is empty the C.M. lies at its
geometric centre. Also when the shell is filled with
sand CM lies at its geometric centre.

(i
[OnoomiOmIoOOOromm OO nioooomiD
[DOQoIortimioUiidiIniiOoiooo
i

— Fnet _ (02)(3)(10) _ 2 -2
= = =2ms
Totalmass 1+2

OR
Acceleration of 1kg w.r.t. ground

UOIIOION0N ke OIIOOM,
=(0.1)(10)=1ms™2
Accceleration of 2 kg w.r.t. ground

(000000 I2kg OO
(0.2)(3)10)—-(0.1)10) 5
=—ms
2 2
1) +(2)5/2)

om = =2ms™
m, +m, 1+2

cm

_mya, +mya,

a

Ap = change in momentum (JUU!OIOMO00)= 2my

2(L-d)
At = time between two collision = .
0 )
. Force exerted on wall (UIUI0ITOITOOCO0)
B Ap _ mv?
oAt (L-d)

t, = % (time for Ist collision) 0OnoOrOIotmoo

L
t, :T (time for IInd collision)

(ootibiorooooo
t, = = (time for 3rd collision)
’ OIC0Mo00ION00o0g
toy %(n—l) (time for (n®) collision)
n[00000N0O0I000
iti _ n(n2—1)£

In elastic head on collision if the masses of the
colliding bodies are equal, the velocities after

collision are interchanged.(J00 0000000000
IR i R i
O00O0IDNDDDoOMMoOd

1 2Fd
For Ist bead(l[}), Fd = Emu2 =u=,—

m
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23.

24.

25.

26.
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_ m;Ax; + my,Ax, + m3Ax,

AX
m; +m, +m,
A% = (80 x2)—(50x2)+(70 x0)
- 80 +50 +70
= 30cm towards right
P

—

O+ 0O =0+ ~0
A B A B
For A: P-Jd=mv, ..()

for B : J = mv, )]

i_(ﬂ)
_(vz—vl\: m m _ g—l

U, =y 0- B p
m
mu-I =-mu. I =2mu &
mu-1,=0=1=mu (for II"bal) . I,=1,/2

Cart frame (U 00):

Ground frame 000 OO0

The velocity of rebound QOIoomnon) = 4\/§ m/s

A A -V Vs ~
mvi+mvj+m(—i——j]+mv =0
COLM = NN 4
- 1 ]7 ( 1 ]A_
Vy=—vVv|l-——F4|i-v|l-—F+]]j

) ( V2 V2

jesV \%

mv
135
mv

Total energy released (ULUIOOIOOIOMO)
2
= lmv2 +lmv2 +lmv2 +lm[v2 [1 —L) X 2]
2 2 2 2

= mv¥(3-+2)

10x(15-0
F_ = Amv (for first body)=F_ = % — 50N
COME : mlul + m2u2 = (m1+m2)v
=10 15+ 25 u,=(10+ 255 = u, =1 m/s

28.

29.

30.

31.

32.

33.

34.

35.

36.

COME : - MV + m (v cos 60 -V0= v = 10 m/s

_ mAx; + MAx,
m + M

1(¢/sin30° + /sin30° —x) +4x
- ZO
1+4

= Displacement of bar (DDD DU:UDDDUUDDF x=0.2

AX =0

mx0+mxR R
X = ———— =—
em m+m 2

W, (0) + W, (R) _ mgR _

= R
cG W, +W,

mg

. _ R R
- X6 T Xy~ R——=—

2 2
Velocity before strike (LI O OOOIO0)

u = ,/2gh

Impulse 000000= Fat = m(v-u)

m(v—u) w(0—+/2gh)
=>F= =

t gx0.15

=521W

COLM = myu; + myu, = (m; + myv
5 102 12+0=(6B+1) 10® v=v=1m/s

(m; —m,) ( 2m, )
v.=

) u1+L J
(m; +m,) m; +m,

Uy

From COLM Mv, +2Mv_ =0=v_

so v, =—2v,i+vk

A

r
2rsin@ = 5 ; sin® = Z

r/2 2r

J15

0 =——
Cos 4

=mv, + (2mv, cos60) v,

1
(KE),,~ 5 1 120514 v
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37.

38.

39.

40.

1 1 1 1)
(KE),,., = 5 (1) (5) + {E x1+ X(Ej }x 2
=0.25 +0.125 = 0.3755
AKE =0.5-0375=0.125J

Component of velocity of A along common normal
is v cos 60 and this velocity of A after collision
with B is interchanged. Hence A moves along v sin
60 which is normal to common normal.

OUUOUroOUIaTDIO IO eos60
(I T AlDID0Oo6OnOoNamUnodmnnm
UtlA, vsineo LD DIDIIHIOIOOOIDMIIONOD0ID
Uooommooin

-
l@bv
vsinb0

At the time of collision both particles have common
velocity and hence the system has minimum Kkinetic

energy. (J0O0IOIO00IO0IOOTN OO OTOOI0IDIOIT
IR M M )
COME : mu + 0 =3mv = v =u/3

1
KE, i = EmUZ =3J
1 1 u?
) 2=—(Bm)—=1J
KEcollision 2 (3m)v 2 (3m) 9
PE jjon = (3-1) = 2J

‘collision

Total energy remains constant and hence KE of
system First decreases & then increases.

CUOOOoIr oo oonoomomon
IR RAE I

At the time of maximum compression,

O
COLM : mu = 2mv for A& B )= v =u/2

lmu2 = lva2 +lkx2 =X = vJﬁ
2 2 2 2k

PE of solid sphere (ILLJIOIONIIITONIOLY)

COME :

D .| T
= mgR = mg5= pgD E

PE of solid cube (JJI0HIOIOIT00C0NMT

41.

42.

PE of solid cone UIIIIILIDOIZ0OCONN

D T
= mg-=pgD*| g

PE of solid eylinder 01000 OTIIITO0IDLI

D T
= mg = pgDi(g

COLM : mu +0 = (m + M :>V=[M ju
+m

KE after collision 00U LIONIOOOIOONM.

2 2.2
1 m 2 mu
= —(m+M =
2™ )X(m+Mj Y T 2mam
p, =-mv,p =mv+2u .. Ap = 2m(v + u)
. _Ap  2m(v+u)
. Force U000= At At
1 1
I‘Einitial = Emuz KEﬁn ! - Em(ZV " U)z

1
.. AKE = Em[llv2 + u? + 4uv - u?

= %m[llv(v +u)]=2mv(u +v)
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EXERCISE -III
Fill in the blank
1. By applying conservation of momentum

Q00IC000IOmI

0 = mv, +mv, +2mv,

U+, Vov v
B RS AR

s 2 2 2
Total energy released in explosion
(OiOhoitUomo
1 .1 1 (L) _3mv*
2mv 2mv p m ) " 2

2

2. Area under the F-t curve = impulse=5 102 N-s

F-tl00I0I0NoDNDOboOeoD

h=(e? h, = h=(0.8)° h,=h = (0.8 h,

Momentum is conserved in all collision.
OUbiOmmonDonroomooO

mv

7. COLM : mv = (m + Apx)v =V m o+ Apx

m,m,
8. Loss in KE= 2(m, +m,) (1-€?) (u, - u,)?
oo 51
eree= 1-=73
" AKE = o2 (1—1) 15)7 = 120J
- T 2@+2)\ o/ BN
Match the Column
1. By applying conservation of momentum
(MR A
Before collision After collision
© K-P V/3E 32\//3
P=V2mK @
myu, + 2m(0) = mv, + 2mv, ....(i)
Alsou = v, —v, ....(ii)
2v v 4mv _4p
A
__mv_p & _K
T R
2. Impulse = change in momentum
(A )

(A) Forbody M :p = [5,-B,|=p, = p

(B) For body 2M : p = [, - B,|= p,~2p

pP_P
vV, —V
© e=—t—t= LM g .
U; — Uy PP
M 2M
For 1kg v, = (2)] =4i; a =27 =2}

(A) Acceleration of centre of mass =

m, +m,
O A
i 221,83 _ [, 64 _N68
w3 "3 T \g g T3 M
f = macm=\/§N
(B) Velocity of centre of mass QooomooIonon,
-~ m,v, +m,v, 4~ 8-
Vem = m, +m, —(§1+§J] m/s

80

[V |= E+%:>
=W B\ g 3

120i+2(¢) _2 -

2 .
Q) v _ = ti + —t2]
© 3 j

o 1+2 3
Displacement =

2
2_. |:3(t2)27 2(t3]7:| 47 16-
Ivcmdt: —| =] i+=|—=]|j| =—i+—j
) 2\2/ "33 39

0

. 4\ (16)° 20
:>|Dlspalcement|: 3 + ry :?unlts

As no external force acts on the system velocity of
centre of mass remain same (U000 OO0 O
N A A M A
OOmoom -

B Ve 203

*—>
M 2m 4

ANTRRTRRRTTRNNN

~2m(u) 2u
e " 3m 3
In frame of centre of mass velocity of B is 2u/3
2u ZUJ
33,
In frame of centre of mass velocity of A is u/3 and

v

and It oscillates from (—

u u
It oscillates from [—§7§] . In ground frame velocity

4u u
of B 0,? . In ground frame velocity of A 3 u
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and by conservation of energy AK.E. = AU,

O0obOIoI OioooorooorelnNodieu/s LOII0O

[_%uzs_u] LOO0Oo0NmiooUOoooiodia
u

U003 DD]]DDD:(—;%] IR NI

a BUD:U]DU{O»E—U} D]DHHH]DUDH]DD]DADDJD]DDE, U} il
UUI0IDIIOI ARE. = AU

(A) Net force on block m acts in downward
direction

(U mOIOOOUmomIorhoooma

.. Acceleration of centre of mass is in

downward direction. (.. Qlo0DOoOoom
OlOI0moOmom4

(B) Net force acts in downward as well as in

horizontal direction. (L JI0OMOTO0TIO0OT
QIO IDIOo0md

N

mg

. a_ moves both in horizontal & vertical
direction.

(. a, MO0 000000 D000 O]
OO

(C)  As the mass of monkey & block is same both
moves upward.

(NN R R
[DorUDoOornooiodm

.. Centre of mass moves upward
QR A Y

(D)  Centre of mass of the system does not moves

(C0OOOrUoUDCoOnmonOonmd

Comprehension # 1

By applying conservation of momentum

(Q0000NIoIm

mv, + My, = 0 =v, = -4y, ..(31)
By applying conservation of energy
(OO0

2

1
EmVIZ +EMV22 = mgh = \12—1+2V§ =20 ...(ii)

v, = x/§m/s;V1 =4 /2 m/s

When 'm' leaves the wedge 'M' then wedge moves

distance 'x' in left side (DDDDDDMDDDmDD]DD]DmD]D:DDE

QrotimbIDxrooomnod

Som@d-x)=Mx =>x=08m
.. Co-ordinate where block will leave wedge

(UoNIOIooomioooonomd
x=4-08~=32

2%x2
10

el0N000NIN00I00ON0OoiON 0o

Time for m will strike the ground is =

2
X =32+ 42 Tl 6.8 m

a3 ms)

m,a, +m,a,
Am = m; +m, (e}
(1) a cos 60 = 4a
543
a,, =—— 2
M 3 m/s
N cos 30 = 4ma,,

Comprehension # 2

By applying conservation of momentum
U000y

2(6) + 1(4) = 1v, + 2v;; 16 = v, + 2v, ...(i)
By applying newton law of collision

(DO0IOmNDOIDIooo0m

Vo =Yy

1=

= v, - v, = 2 ..(i)
20 _1_4

:V:_avl
z 3 3

20
Impulse = change in momentum —?—4 =

DOO0000OtIoonD

w |

N-s

To change the direction of a block impulse should

be greater than 12 N-s (ILJI0IC OO 00T LO0CCO0
N0 20 N S I )

Comprehension # 3

As horizontal velocity (i.e. velocity along the surface)

remains constant so required time = ?—65

8

inced\SMP\Phy\Solution\Unit 3 & 4\01-Cenire of mass.p65

noded\E : \Data\2014\Kota\JEE-Adva



node6 \E : \Data\2014\Kota\JEE-Advanced\SMP\Phy\Solution\Unit 3 & 4\01-Centre of mass.pé5

CAREER INSTITUTE

JEE-Physics

0OomitomooooohomniInrolroo
OII007 omio DDDDz? =6s[]

Comprehension # 4

f—1 M
INSANARRRN R
dm
1. f= V?=2(20)=4O =f = pumg

m =40 = M,-2(t) = t = 5 sec
so (0.1) (50-2t) = 40 = t = 5 sec

((m) 4
2. vV=v ZnL J— gt= 20 /n 3 —-gt =20 (0.28) - 5

m,
=56 -5 =0.6m/s

Comprehension # 5

1 . =m1?10+m2?20 =1(Si~)+2(9j)=(i~+65)m
) o m, +m, 1+2
5 m, v, +m,V, _ 1(31)+2(6j)(1~+4j)m/S
o m, +m, 1+2

= (x-1)i+(y-6)]=(i+4j)t
=>x =1+t and y=6+4t = y=4x+2

1(-2i) +2(-2j)

_mya, +mya,

Y -
2. Gem m, +m, 1+2
2,
= ——(i +2j)m / s°
3
By using v =u_ +a_t; we gett =3s

1
3. By using s = ut + Eat2 for individual partiles

1
For I* particle:s = (3) (1.5) + 5(2) (1.52=2.25m

For II" particle = s, =(6) (3) + = (-2)(3)% =

5
Therefore x_ = +1 = 1.75 m and

3

Comprehension # 6

1. As no external force acts on the two blocks friction
acts like an internal forces and the two blocks will

move with common velocity. 000 oo oamoon
HnoniioOIOoininotonomoaomoama
HiOOONminIooRriiiiidordoo
(M

By applying conservation of momentum
()

(1kg) (15 m/s) = lv=2v=>v = 5 m/s

P, =5 N-s; P, =10 N-s

dp
gt e

For block of 1 kg

fricion f = umg=04 1 10=4 N

3. v=uta=>5=15-@4)t = t=25 sec

Comprehension # 7

f 1 ., f
1. Asma =f—a = — sos = —at'=| —|t2
cm cm Zm cm 2 4m
m,x, +m,X f
2. x =— 22 oy gy = — 2
cm 2m 1 2 2m
X, — X, = X,
Theref g2 420
erefore x = —
1 4m 2
F b ti ft* %,
rom above equations x, = -—
q 2" 4m 2

Comprehension # 8

1. By coLM J000I0IIoooooo

m
- m, .
Vg = Va

0 =m, v, + my v
mB

B "B’

Both velocity are opposite in direction

(WA
ALV,
2. Ifm, =m, = vV, =-V, = Graph Il
; m, > my=> v, > v,=> tan0, > tan0, = Graph IV
If m, <m, = v, > v, = Graph IV
3. v_ is not zero in graph (I), (Il) and (VI)

Cl

00, am 004vniOlv, JOM000I0000000
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EXERCISE -IV(A)

1. (i) The centre of mass remains at O as the
excluded masses are symmetrically placed.

] 0
OOIDOMD0mODn

(ii) CM shifts from 0 to 3 diagonally
N 0 A
CM shifts along OY
loOONoyIDIOOOmD

CM does not shift.

A A A M )

CM shifts diagonally from 0 to 4.
N0 A
CM doesnot shift.

A A A M )

(i)
(iv)
)

(vi)

9 B (mx0)+(2m xa)+(3m xa)+(@mx0)
) Hem m+2m+3m+4m a

~_ (mx0)+(Zmx0)+(3mxa)+(dmxa) 7a

a m+2m+3m+4m 10

a
2
7a

cm

—

w

=/13m

_(3x5)+(2x2) 19
3+2 5

Length of rod = \/(4_2)2 +(2 =

(3x2)+(2x4) 14
Xcm =—:_§ycm
3+2 5

{p n(2R)* x4R}xR+{12px4nR} 5R
3 3
ycm: 2
{pmx4R}+{12px4n4m}
3 3
2
(p2r o \( )

6. X = =

e H 7

ot

- 4R

2r
3(4-m)

(n 56 2} 08+ ( 42%)
- (nx56\_( nx42\

P i)

=9cm from left edge

x 35

10.

11.

12.

(pl*) x——(pa®)=
J (22 ~ 2 a0 -al-a =0
pt- —pa
AY
(/5 -1)¢
= a= 5 X

dem ixpydx
Idm -

Ipydx

(i) CM does not shift
Qioooonomoomuolme

Plank moves towards right.

COoroOoCoomm

(i)

m;Ax; + m,Ax, + MAx
m; +m, +M

=0

(i) AXewm =
_ 50(x +2) +70(x - 2) + 80x
- 50 +70+80

= x = 0.2m (right)

Ax, = x + 2= 2.2 m (right)

=

(iv)
(v) Ax, =x-2=-1.8m (left)

m,v, + m,v,
For 0 <t<1 fromv_

n’]1 +m2
=2 _ M) +2)vy o
3
= v, =25 ms
= x,=2.5t . I
1)(-1)+2
for 1<t<2,2= DD+ 2V2)

-1
= v, = 3.5ms

= x, =25+ 35 (t -1)
COLM => 3mv =30+/2m = v=10+/2 m /s

10
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Velocity of mass-1 when string is in normal length.

A 0 A
v, =+[6gl —2g¢ = 2./l

Now impulsive tension acts on both bodies to come

to common velocity ((-II0000TOIOITI000DO00

OOOIOI0IOODOI0D) v common = %A = Jat

Displacement of C.M. when string becomes taut.

QID0DOOIooroon OO0,

_m></i+m><0_£

A =
Yiam m+m 2

Displacment of CM when masses reach the max. height

(N R )

14.

15.

16.

17.

2

v / {7
Ayp =~ == Ay, =4 =
yZm 29 2 ycm 2 2

From work energy theorem (UIUUUOIOOOIMO)
W + W, = AKE

1

mg(h, —h,)
(h, —h,)
In the presence of gravity, the CM shifts along

vertically downward direction.

O0HDIoOoOoC OO OO mon

Ui 0ooIooomoomom4 A
For point P : y = r sin0

X =(¢/2 - r) cosO

o o I

= F_.(h, -

avg

h))-mg(h,-h)=0 = F_ =

-t/

NE
RN

Let v = velocity of wedge and u = veloicty of par-
ticle relative to wedge

(A0 O )

Y ‘~...e..
0.7 9:\u

COLM

=>mv+tucos0)+4mv=0
6= 5y 0=t=

= ucos Vi R Rcos6

TIRCETY
Zat? | +]49t—2qt?| =08
[2g 29

=>t=2s = gt() =-19.6jm /s

G, =(u-gt)j=+29.4im/s %m*% _____

_ al +ﬁ2 784 m] I

=49m/s

Vi

18.

19.

20.

21.

h=49
For the combined mass (DDDDDD]DD:DDD[UDD)

2 —%x9.8 x2x2=784m

1 2
x=ut+5 9.8t ,t=4.53

... Total time of height (D DHDDDU:DDDDDD)
=2+ 453 = 6.53 sec.

Ax = MAx, + mAx, ~ Mx+m(x+R-r)
Hem M +m M +m
m(R —r)
Distance moved by the cylinder X =—
M +m

Q000000
For motion along x-axis 0 = m(v, + v,) + mv,,....(J)

RN

..(if)

mgR - 1) = Em (vt \12)2 + EMVZZ

__[2aR-1)
27 AMM +m)

m m k 2m
c bl A YTV B

After collision (OO L) u, = v,
(i)  When (v, ) 5 = (v, Jg= mv, =3mv =v =v,/3
(i) COME

1 2 1 2 1.

—my, Bmjv + —kx,

inst)

=

g2 ™Mo = o 2
_ o 2m(v,)
3 on
u, = Y
(@] (@] (0 0)
m m, (m+tm,)

COLM = myu +0 = (m; + my)v ....(Q)

Energy equation (U UL OOIOO)

1 2 1
(Emuzj xXg = E(m1 +m,)v? i)

After " collision

(A )
%\/@ =4/2g/(1 — cos0)
cos O = %

For IInd collision (OOILCO0OIIOION)
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22.

23.

24.

25.

26.

%%@ = J2a/(1 - cos6)
For nth collision (nULLUUUIIOITD)

2\ "
[Ej =+v1-cosb = [%) =1-cos6
cosezl—[ij
5
Put n=0,1,2,3 and get answer

_4ML+M(L +5R) _4MX +M(X -5R)
em 5M B 5M

X

=x=L+ 2R

@
In this elastic collision velocity of masses are

exchanged. (JIUI00000IOIOIOOOT OIDCIOIOOIO
no0oomod

So v, = 0 = A does not rise

1 5
COME = mg(h + x,) = Ekxo #0.1kg
= mg(0.24 + 0.01)

1
= S k0.01 0.01) ....{)

& mg(h + 0.04) = %l<(0,04)2 ..(i)

Equation (i) divided by (i) h= 3.96 m

No, KE is not conserved during the short time of

collision. (IO ONOIIOOOIOINOOOOINmINO
Uoronmonmoom4d

v u=0 A 1.6v
@ @
=1
before cdllision after collision
1.6v)—v
COLM = ————"y, = 0.6V ..()
0-v
COLM = m,v = m, (0.6V) + my(1.6 v)
my
A g ,
m, ... (i)
_ l 1 2 2
AK, = 5 mg(1.6 v)7 = 0 = 2m; (0.8 v)
AK
K, = — @4mgy’ = 2my’ = — =0.64 =64%
2 K,

27.

28.

29.

30.

31.

5m/s 2 m/s
2kg 3kag
1.6 m/s
o (BB 4
(A) Ve 2+3 5

(B) COLM = (2  5) + 3(-2) = +2(-1.6) + 3v,
=>v,=24 m/s
(vz —vl\ _3

@e=- u, —u, 7

COLM: implies that V. & V are opposite to each
other. (UOUMIIINN . U, DOO0OIOIDOOIDDI)

mg-T = m(a—%j,.,(i)

m m
= T —Eg = ?a (i)

For solving eq. (i) & (ii)

4g 13
IS o T=22
g & 71g™M

a=

Velocity of B when string is in natural length

@000t OINIOoOoo,

= u, =+2gh =+2g(h =1)
Impulse equation (DUDD]DD:DDDU)
= -TAt=m [v - /2g] ..0)
TAt=m[v-0] ...(i)

_V23_ g

2 2
.. Distance travelled by A before coming to rest,

(OnDIROOOoL LAt oONoin

On solving eq. (i) & (i) : V

2
v

= —=1.25m
1+ 2g

S
vl
" s
O O o)
A B C
COLM = my, = 3mv,
a3 3¢
v=2 ) Vo Ve
3
COME
N %mv()z _ %(Sm)vf-i—%(Zm)vﬁ —v, =V—f§

Therefore velocity of A = w/vf +v§ =6 m/s

12

inced\SMP\Phy\Solution\Unit 3 & 4\01-Cenire of mass.p65

node4\E : \Data\2014\Kota\JEE-Advar



node6 \E : \Data\2014\Kota\JEE-Advanced\SMP\Phy\Solution\Unit 3 & 4\01-Centre of mass.pé5

AREER INSTITUTE
KOTA (RAJASTHAN

JEE-Physics

EXERCISE -IV(B)

__________ ucost
= cos0=4/5=0=37 wspins M 4
M0
2 .2
i) x= =20 1o0m
2 2g
2 .2
y:H:u sin 9:45m
2g
COLM:1 v, +4 wv,=5 20 cos 60=50..()
V> 2V,
20my’s, 710%
60
1 2 1 2
COME = 5 1 v vy 4 v,

1
_ [55 x (10)2} X2 (i)

= v; =-10 or 30 m/s & v, = 15 or 5 m/s
= Av = 25 m/s
Time to fall down to ground

(CUoinootruOIoony _2h _g sec.
g .

. Separation between particles (L0LI U O00I0)
= Av.t = 44.2m

Ax 0 ™o *mylx, ~hcota)+m,(x, ~h)

m+m, +m,

h(m, + m, cota)

= X = (m+m; +m,)

u, =+/2g(1 —cos60°) :,/2g X% =3.13m/s

4
COLM = 5u, = 4 u=> u, = g\fz 2.53 m/s
Energy equation (LI OOIOOO)

1 (4 )
Em(g\/g) =umg 08 =>p=04

v, —vl\ _
e=-la ) 0.8

2mg - T = 2m.a ...(J)

T - mg = m.a ...(ii) 2a 2a
g m
On solving eq. (i) & (i) a = 3 AL LB

ai ia

2
@ vy =70 = 0+2(2)a - 22

1(g 6a 3v
= —at? :0+—(—jt2 t= ==
(b) s=ut+—at” a ol3 , g g
2v
t=2—
(© g
(@) mu - TAt = mv ...(Q)
TAt = mv ...(ij)
On solving eq. (i) & (ii)
v=u/2
) 2t 4
sin120° sin®
J3
sin®=—; cos
4
mu cos 0 — TAt =
=TAt = mv..(ii)

() 20cosO=¢=0=60
mucos 30 - TAt = mv ..(i

TAt = muy3 (i)
4
0 mu
2mu cos§:2mv o
—v=ucos— ==
B 2 2 Cond
mu
06 1 0o
—=—. —=60° =12
= 0052 5 5 , 0 0
COLM = mu = (m + pAxv :>v=&
m + pAx
dX mu 150 150
—— = I (m + pAx)dx = Imudt
dt m+pAx o o
( sz\
:>LmX+p 5 = mut
_ - 107 _
= 107 + 10° 5 =107 10° 150
X = 105 m
i )
o o o
m M m

(i) COLM = (m + m)

M
v, = v
M +2m

1 1 1
(i) COME = EMW = {Em(Vf +V§)}X2 +§me

0+Mv=(M+2m)v,

13
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10.

11.

JZM M +m)
Net velocity Vo = \/Vl +V M +2m)

2mg —T=2ma;T—mg=ma;a=%

Velocity of m & 2m after falling through a distance
& UO000I000000m Ol2mi0000IOITO0)

i

Impulse equation (LJI0I OO
TAt = 2m (v— Zﬁ]
3

2gx
TAt - TAt=m |V~ 3

3gx
T'At = m(v-0), v=,—
8
COLM = my, + 0= (m + 2my, v, = —*
After collision at highest point O—v,
(R A O A IR
vlem/s(:mvlj v, 4
2m m I —>y;
(3> Yoo-----
m X2
v, =1lm/ s[: j
m
1 5, 1 5
COME = 2 MV ZEm(vl +v3)+—(2m)
= v, =V24 m/s
.
Max height attained zizl.Zm

oot on

For the block (JJ/0IONIOMN) v, = lm/s

while for the wedge it has JUOOI0OION OO0
v, = 2m/s

1
(v Jt=18& (Ut+§at2jblock =12

= t=04secand / = (2-1)t = 0.4 m = 40 cm

-V
Xwedge Xblock

12.

13.

14.

COLM : mv, = (M + 2m) v, B,
RS
mv v o
v, = 6rr:) :ZO: Im/s r;lzo/Z
COME (@) @)
) ASSUSNNSNNNNNN
1 v 1 2 1 2
= E(Zm) [?Oj =§MV1 +2m g 1'14-5(2m)v1
=>h=03m=L(1 - cos 90)
06=1 i = i 6 =37
cos 1575 =

For first collision with plate A, final velocity of ball

NN e

e /2gh, ..(0)
For second collision (UDDHDDDDDDDDD:DDD

vy T ey, =

v
mv=4mv‘:v'=z

[2gh 2
= e 4°= 2gh, e =

Height attained after first collision

(00No0I0DOOIo0Om

2

“ hy = ehy = §><§><9: 4m

Let v = velocity of the ball after collision along the
normal

N R )
J = impulse on ball (UJIUI UIOD)
=v-(-2cos30)=v+ 3
Impulse on wedge (UUIOII LD
J sin 30 = mv, = 2v,
J3 -0
Coefticient of restitution

(IU0I0mIny v

=>v=4v -

_[vz—vlj 1

e = =>_ _

U, — U 2 -
V3o, 3

>v=——-—— . (i)
2 2

Solving we get Vi =ﬁm/s

For the ball velocity along incline remains constant.

AUIOIOoNIooOntonioioooog
v =2sin30 =1 m/s

1) 2
*. Final velocity of ball = 1 +[—] =—=m/s
NEVANE]

14
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EXERCISE -V-A

v _m(2v)+m(—v) v
em m +m 2

Linear momentum is a vector quantity whereas
kinetic energy is a scalar quantity.

(OroIoboalrr o imooitntioooea
Qioanomonod

9@

[niao oo

Initial position ([

Just before collision! DO 0T OIHI 0000
For this system, position of centre of mass remains

same{ 000000 IDIOOOIOINIODImRIomoon

[+ Fpen =0]

M(0)+5M(12R)
M+5M

M(d)+5M(d+3R)
M +5M

=d=7.5R

In order to shift centre of mass, the system must
experience an external force, as there is no external
force responsible for explosion, hence centre of
mass does not shift.

OOoooNOHOIomodtdIoomoooiDo
JoornoioiitOitIttmiihoooiomo
JImoIoIoDonNoIoolo0mooo m

Let maximum momentum be p then

U OOU0IDo0leI0my

2

—=%kL2 =p=LVvM

2M

m m \/V_g
@ @ @\
Vo
before cdllision
From COLM (UOOIOOIOTO)

after collision

10.

The object will have translation motion without

rotation, when E is applied at CM of the system.

000 OIiCon oo OooImondoondobnonnrDn
i )

If P is the CM then (/0PI OCIOIOCION LZOCOI)

4/

m(2/—x)=2m(x—¢) =

On applying law of conservation of linear

momentum ((UZO0OOTITI000OI0M

P =P, =16 x0 =47, +12 x4i =7, =12(-i)

The 4 kg block will move in a direction opposite to
12 kg block with a speed of 12 m/s.The
corresponding kinetic energy of 4 kg block

(4 kg UII0IOM12 kg LIIHOIONO00OIOIN 012
mys[0I00I0I00I000N0M ke IOIOIOINIOOIOON

- %x4><(12)2 =288 J

m,
o—d x5
m,
Here m,d=mx = x= m_d

2

Since mass o« area (DHDDDDDDHDHOC DJDDD)

Let mass of the bigger disc = 4M

15
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11.

12.

{0 )

. mass of the smaller disc = M

()

~.mass of the remaining portion (IIIZ0IOIOIONI)
= 4M -M = 3M

Now put the cut disc at its place again, centre of

mass of the whole disc will be at centre O.

0O0nEtioO00IooNomo0iOionoonnm
Ul0i0lolomoomIom

Centre of mass of the smaller disc is at its centre
that is at B.
Qoo OonoromooOIoto oo ooz

Suppose CM of the remaining portion is at A and
AO is X. Let O as origin

QOoroIroioroibrot oAl oaA = X100
(o DOIIOO00m

R
.o 3M(x)=RM = x = 3

This suggests that centre of mass of remaining disc
will shift from the centre of original disc by a distance
of (1/3)R towards left.

IO moonnOooiiy /9 DOMMMO

OO0NOonnibodroorotrtll e = é

e l m,m, (u1 —u2)2
Energy loss (LU II0) 2 (m1 N mz)
~ (0.5)) 2 2
_2[0.5+1](2_0) 3

EXERCISE -V(B)

By applying impulse-momentum theorem

(LI000000000IO00O
= |(m1\7{ + mﬂé)—(mﬁ’zﬂ

= |(m1 +m2)§(2t0)| = Z(m1 +m2)gt0

Just after collision (DDDDUDDDD]D]DUD)

10x14+4x0

10+4
since spring force is internal force, it cannot change
the linear momentum of the (two mass + spring)
system. Therefore v, remains the same.

QIO DOOIoiuhoOoObUominod
A B R R BN W R
0000y

=10 m/s

v =
c

B(t) = Ali cos(kt) — jsin(kt)]

Q.

F= d_r: = Ak[-isin(kt) — jcos(kt)]

Fp=FpcosO ButFp=0=cos0=0=0=90.

™ collision

1% collision

Particle with velocity 'v' covers and angle of 120
and after collision its velocity become '2v'.
It will cover angle of 240

-omY, +tm,y, +msy,
Yn™ M, +M, +M,

76m(0)+m(+a)+m(a)+m(—a)+m(0) a
ch N ]_Om ;ch 10

Multiple choice questions :

1.

As 131+152=6 SO p; + P4 =0

For (A) B{ +B4 = (a, + a)i + (b, + b)J + ¢ k
For (B) B{ +DB; = (a, + a)i + (b, + b,)]

For (C) P +pP3 = (c, + CZ)IE

For (D) Bi +P3 = (a, + a,)i + 2b ]

16
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But a, b,c,a,b,c, =0
Therefore (A) & (D) is not possible to get

2 1

3\/5 = tan30 :>h2—h1=3:h2=6m

Velocity of block just before collision at B

@10000000 0looonoriomI I oo

For totally inelastic collision velocity of block along
normal to BC becomes zero and since there is no
impulse along BC so momentum (velocity) along

BC remains unchanged (000N OOI00NOE 00000
(OUlsclUDOOIOIDOUINIOIOI O OO0DIo0 DD
WA =Tel R RN N =Tel Wi NN
(0000000 O0ibomoonoom

Speed of block just after collision
000l OooOl oo O o ooy

3 a
Vg = 60 cos30° = @x%zﬁms

v?=vS?+ 2gh, - h)

= v=445% +2x10 x3 =105 ms™

Before callision

" After cdllision

= vertical component of velocity is zero

UL onoomrodioronoa

Subjective Questions :

1.

For body of mass m from A to B
AI0BIIOINIODNImION000IOT00)
u = 10 m/s (given)

B [mgsin9+f}__[mgsin9+pmgcose}
ar- m m

=-[gsin O + ug cos 0] = - g [sin O + p cos 6]
=-10 [0.05 + 0.25 0.99]
= - 299 m/s?

v - u? = 2as

=v=4100+2-(-2.99)x6 =8 m/s

After collision (00000 00 O00):

Let v, be the velocity of mass m after collision and
v, be the velocity of mass M after collision.Body of
mass M moving from B to C and coming to rest.

U Do0IOHm IR OO o, Do oo
MO0 OIOIN00N, 0mMI000000I0ite0iciiO
QloiCoomimOMOoroio om0
a=-299 m/s?

vZ2 — u? = 2as

u=vy;v=0,
and s = 0.5
= (07 -vZ=2(-299 05
= v,2=173 m/s
Body of mass m moving from B to A after collision
dooromUnim-Oitooortitsdiabmio
1

u=v;v=+1lmss

(KE. + PE) = (KE. + PE),_, + W

frication

1 1
Emv% +mgh = Emv2 +0 + pumgs

17
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1 1

Evl 10 (6 0.05) = 5(1)2 +0.25 10 6
v, = - 5m/s
sin 6 = g

h=6sin0=6 0.05
. Coefficient of restitution(UI0I0D0NOD Q00O

_ |Relat1ve velocity of seperat10n|

| Relative velocity of approach |

_‘—5—1.73
8-0

‘=0.84

Consider the vertical motion of the cannon ball

()

1
v S=-ut+ at? .- 120 = 50t, - 5]

= 52 - 50t, - 120 = 0= t2 - 10 t, - 24 = 0

T (—10)1[\/102 —a-2a] o,

The horizontal velocity of the cannon ball remains

the same (J0I0I0IOIONIMMOIOCIOOOININTION
o v_=100 cos30 + 53 =553 m/s

1+P u=5/3m/s

¢_

X =5V3my/s
e

=9
| oo™ ?e

A B u=0

120m

Apply conservation of linear momentum to
the cannon ball-trolley system in horizontal direction.
If m is the mass of cannon ball and M is the mass of

the trolley then (JIOTIUIIOINOI0INIDIILIOOM
(ooIomooDoNDIm OO OO0y
JOI0robOOMIDm

mv

X

my +M O=m+MV . V=

m+M

where v_is the velocity of the (cannon ball- trolley)

system (Ul I000000OIDO0DUOIOOIO00H
1x 55\/§
1+9

= 55V3 m/s

The second ball was projected after 12 second.

(OO 2sI0ID0I0NIR0I0NIOD

Horizontal distance covered by the car

R
P=12 5VY3 =60V3m

Since the second ball also struck the trolley

(M

= In time 12 seconds the trolley covers a
distance of 60V3

(12 SI000TOOOIC oo eoNsItOD
For trolley in 12 sec (12sI0000000O000O0)

From

[“*V]6of [55(+VJ 2)=v=7.8m/s

To find the final velocity of the carraige after the
second impact we again apply conservation of linear
momentum in the horizontal direction

CONmEODIDOIMDDoM MO IoonUDono
8 Y

mv,_+ M+ m)7.8 =M + 2m) v,
1 55 /3 +(9+ 1)7.8 =(9 + 2y,

= v, = 15.75 m/s

¥, =(-v, sinoti + v, cosotj) and ¥, =v,j

Vo =V, —V; = -V, sinti + (v, cosmt — v, )j

Py =MV, =—mv, sinoti + m(v, cos ot — v, )j

Vo
where ® = —
R

The string snaps and the spring force comes into
play. The spring force being an internal force for
the two mass-spring system will not be able to
change the velocity of centre of mass. This means
the location of centre of mass at time t will be v, t

COllior 0o imIotioniorOuiomor oo
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] o

OIIDDnOnoinOoooiioUNmog
(0000000000000 oIy, 0100
mqX; + MmoyXoy

Xeg =— =Vt
my; +m,
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= mvt-A(l-cos ot)] + myx, = vitm + v tm,

= myX, = vyitm, + vitm,vtm+mA (1-cos t)

= myx, = vitm, + mA(l - cos t)
my
= X, = yit+ m_zA(l - cos ot)

(b) Given that x, = vt = Al - cos ot)

dx, ]

: _t =v, - Ao sin ot
d?x,

e = - A®? cos ot ... (i)

This is the acceleration of mass m,. When the
spring comes to its natural length instantaneously

then (J0I00000Im, OO0 OMIONIOOCI0DOTEO
000000000

d?x,
e =0and x, - x; = /{,

my

m
" {voH—lA(l —coswt)}—[vot -A(1-cosat)] =

my
+1] A (1 - cos o) =(,
my

2
X1

dt?

/=ﬁ+1A
- £y m,

Since the plate is held horzontal therefore net torque

acting on the plate is zero. (UIOIIOOOMIOI OIDOC
AL O A Y

Also when = 0; cos ot = 0 from (1)

34 F

dp
F=n I (Area) = n (2mv) a .. (i)

2
b 3b
2

b
From (i) and (ii) Mg E =n (2mv) a 1

3x2

= 3 10=100 2 001 v 1

= v =10 m/s

For collision between A & B

Vo =

2(m)

Vg ="——(——(9) =

1
(m + 2m) +oms

For collision between B and C

2m
Ve =( ) (6) = 4ms™!

u’sin® a
2g
Speed of 2 particle at height H _ given as

Maximum height of first particle H__ =

2 _ 2 _ 22 2 _
vy =u;—2gH__ =u;—ugsin®a = v = u,cosa

X

By Momentum Conseravtion

P =D; = 2me =mv, Cosal +mv0 cosQ)

=, = vocosa(,+]7)

= Angle with horizontal immediately after the

llision =—
collision 4
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