Center of Mass / ﬂ_

Bl Exercise-1

. Marked Questions can be used as Revision Questions.
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PART - | : SUBJECTIVE QUESTIONS

T - | : f[d9I 9% W99 (SUBJECTIVE QUESTIONS)

Section (A) : Calculation OF centre of mass SN &g $I 0]

A-1.

Ans.

Sol.

A-2.#

Ans.

Three particles of mass 1 kg, 2 kg and 3 kg are placed at the corners A, B and C respectively of an
equilateral triangle ABC of edge 1 m. Find the distance of their centre of mass from A.
A P fS@1 s=@E 1 kg, 2 kg 01 3 kg &, T |HETg s ABC & fiF @141 A, B @21 C TR H93: W

2 AT SHD! Yol O 18 1M I AW THD SIAN dw Bl QI AT DI |

(1 cos 60, 1sin 60)
«(3kg)

(2kg)

(0,0) L(kg) 1 (1,0
_ 1x0+2x1+3x1 cos60 7
e 1+2+3 T 12
yo  120+2x0+3x1sin60 33 B
cm = = = —

4

6 12
2
o (7). (B _\/ﬁ+i_ﬁ_@_ﬁm
12 4 | " \144 16 \144 12 6

A square plate of edge 'a' and a circular disc of same diameter are placed touching each other at the
midpoint of an edge of the plate as shown in figure. If mass per unit area for the two plates are same
then find the distance of centre of mass of the system from the centre of the disc.

TP PR 'a’ Yol I ©IC T FHH AT DI GRiI ghall DI Tb i ¥ ©ic 3 &g fIg R el Had
8Y FRETgER REd 2 | Ife I el @1 Ui Uhid &b adqd 9914 o, Al gdbdl & b= 3 [ &

TTAM B DI g 18 |

a a
right of the disc centre
(4+m)
Tt B B @ qiA ok 23
(4+m)
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Center of Mass / ﬂ_
Sol.

y

<“— g—>¢—— g —>

Let areal density is p

AT Y B9 p B
2
Mc=n(%j Xp Ms=2a2xp Xs=a Xc=0
paZ(a) 4a
i E—
na 2 (4+TC)
right of the disc centre o B d F A AR

A-3.#x Find the position of centre of mass of the uniform planner sheet shown in figure with respect to the
origin (O)
o o ysRRid te 99H <ic @1 Ja 95 (0) & ANe Sgd M = & Rfd qamsd |
Y

b
lq—a—»' «
Ok——m——
2a
Ans. (5a/6, 5a/6)
SOI. llllllllll
2]
i i(aa,)
o — Sa=MA= 2w
ax| M|+ %3 (w3)
X4My + XoMy 3 2 4da -a
Xem = = = — + —
my +m2 M 3 2
8-3 5
Xem = a= —a
3x2 6

Similarly 38 U&R ; yom = %a Ans.

A-4.# Five homogeneous bricks, each of length L, are arranged as shown in figure. Each brick is displaced
with respect to the one in contact by L/5. Find the x-coordinate of the centre of mass relative to the
origin O shown.

Ufg T $¢ IS B o Ts LB RErgER eaRed e a1 8 | UR% ST Pl SHd 9IS dlell 3¢ B
|ner L/5 1 favenfid e mm 2| g O & Amel S s & x-Feene s SRy |

=

) X

3L
50
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Center of Mass / H‘
Sol.

5| Y |
4| ° |
3| Y |
2| ° I
1! °
O X
COMofbrick1and5—>% 1653‘€EBTWF{EBT§’—>%

. L L L L
COMofbnck2and4—>§+g 2a4s‘emmﬁa‘?‘;’—>§+g
COMofbrick3—>%+% 3§€EF[WEW—>E+25—L

2m E+2m E+E +m L+%
2 2 5 2 5 33L
Xcm= = e —
5m 50

A-5. A uniform disc of radius R is put over another uniform disc of radius 2R made of same material having
same thickness. The peripheries of the two discs touches each other. Locate the centre of mass of the
system taking center of large disc at origin.

R a1 &1 §H%Y Fddl Bl G U du1 §A9F Aics $1 2R a1 arell §Edl §9Rd I6hdl R I © |
ST Toiadl B IR UH R Bl W BRI 2| TS gDl b bw Dl o (g HEA I FHE B
T % @l R I18Y |

Ans. At R/5 from the centre of the bigger disc towards the centre of the smaller disk.
TS TN S b= 4 R/5 T W BIC Tadl & ds DI O |

Sol.
AY
T > >X
Mi =7 (2R)?2 x p Mz =7 (R)? x p x1=0, x2=R
2 2
S0 SHRIT Xom = M’ Xom = 4nR ng-HtRprR _ E
m; +m, 47R“ xp+nR“ xp 9]
towards smaller disc BIEI Tl B AR
A-6. The linear mass density of a straight rod of length L varies as p = A + Bx where x is the distance
from the left end. Locate the center of mass from left end.
L oS o el o & o I p = A + Bx 21 I8 X, 90 AR 9 0 B | sIIH I @ Rafy sarsd
3AL +2BL?
Answer : —_—
3(2A +BL)

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
/\ Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow [ e e300 558 5555 | CIN : UB0B02RI2007PLC024029



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

Center of Mass / ﬂ—
Solution : Let take a strip of width “dx" at distance x from one end.
dm = mass of "dx" strip = f dx
dm=(A+Bx)ax .. (1)
L
dem
|« X >|
By definition X, = & é d-x
jdm
0
L L
jx (A +Bx)d IAX+BX A7I_2+£ ,
fromeq (1) =X =29 =2 -2 3 _ 3AL+2BL ns.
oom L BL? 3(2A +BL)
BA+Bmw< ﬁA+Bmd AL+=-
0 0
AM U6 AR 9 X-§0 R dX FAIEE &1 UE A o W -
dm = st “dx” @1 seHE = P dx
dm = (A+Bx)dx ... (1)
L
J.de le—— X —»|
C || |
gR¥TT 3 Xcom = OL 0 dx
Idm
o)
L L
Ix (A +Bx)d .[(AX+BX2)dX Ail_erBil_3 ,
aRr (1) ¥ = Xeom = 2 =9 2 3 _SAL+BL s
L = BL? 3(2A +BL)
j (A +Bx)d I(A + Bx)dx AL+ o

Ans.

Sol.

(0}

A disc of radius R is cut out from a larger uniform disc of radius 2R in such a

way that the edge of the

hole touches the edge of the disc. Locate the centre of mass of remaining part.
U&% 2R 501 & 91 9%y Fddl 9 R 5501 @ aadl & 39 dvg 9 dlel ol & 6 e &1 feeaw

FHl & fFAR DI W R | IHH D AT HE & GTHH ds Dl R Iz |
At R/3 from the centre of the original disc away from the centre of the hole.
I Tl & b= GRB W R, fog & o= I g AR

Let areal density of disc is p. and COM of shaded part is X.

AT Fbel BT &3 Tcd p d BRI 91T b1 COM, X R 2|

2 2 2
Xou = pr[(2R)" = (R)“]x + pnR“R -0

prl(2R)? — (R)?] + pnR®

A y
AT
/ ™
-
/
\
ki***ﬂ:Q
~_
3x+R R
e 4 3

—ve sign means x is toward left of centre.

—ve fors <oifd1 8 f& x o= & i 3R B |
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Center of Mass / ﬂ_

A-8.»# Find the centre of mass of an annular half disc shown in figure.

Ans.

Sol.

o ¥ uysfRfa org 9oy &1 S B S BN |

4R3 -R?)
3n(RZ ~R{)
Let p be the mass per unit area of the object. To find its centre of mass we consider an element as a

half ring of mass dm as shown in figure of radius r and width dr and there we have
A1 fUvs &1 Ui THid aFhd A p B | SHB SIAM B Bl @A A B oy REAGER dm ge9H

B g r a1 g dr AsE D1 9T Efadd vy H o) B
Now 379 dm = pnr dr

Centre of mass of this half ring will be at (Oaj

T

R
_ 2 [ . MRI-R)
PE(Rz—Rﬂ Ry 2~
Alternative Solution : 3&fU® &< :
We can also find the centre of mass of this object by considering it to be complete half disc of radius Rz
and a smaller half disc of radius R1 cut from it. If yem be the centre of mass of this disc we have from the
mass moments.

39 TS &1 SHM 910 $R & ol Re 3o &1 qui /g @l 5 9 Ry a1 @1 gui srg gl dIe dR
feTell 83 A S Fahell © | I yom S FdbKT BT S D= © Ol KA MY A

) 2
(5ot -o0) - o]« ()

Section (B) : motion OF centre of mass S&HAM &% &I fd

B-1.=# Calculate the velocity of the centre of mass of the system of particle shown in figure.

o ¥ Ry &1 e & gHE B BT 99 AT HINY |

2.5m/s

I 6.0kg’T 1.0m/s
4.0kg 5.0m/s A‘” 10.0kg

Ans. +/0.65 m/s atan angle tan™ [%] above the direction towards right.

T oo ¥ W B AR tan! [%] BT R J0.65 m/s
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Center of Mass / H‘

B-2.

Ans.

Sol.

B-3.»

Ans.

Sol.

B-4.

Ans.
Sol.

B-5.

Ans.

Sol.

Two blocks of masses 10 kg and 30 kg are placed along a vertical line. The first block is raised through
a height of 7 cm. By what distance should the second mass be moved to raise the centre of mass by
1cm?

10 kg T2 30 kg ST & QI d HeAleR Y& & JIRY W T | UTA THAH B 7 cm FATS qP SN
2| SFEM < B 1 cm FW M B oIy TR g9 &1 foval & aF Famn anfey ?

1 cm downward. 1 cm ¥ @1 3R |

_ 10x7+30xAx
ST —

1 get U & Ax =—1.cm

A projectile is fired from a gun at an angle of 45° with the horizontal and with a speed of 20 m/s relative
to ground. At the highest point in its flight the projectile explodes into two fragments of equal mass. One
fragment comes at rest just after explosion. How far from the gun does the other fragment land,
assuming a horizontal ground ? and also find its speed just after explosion. Take g = 10 m/s?

TP HUT Bl &Afdel § 45° DIV TR RIS $ G198 20 m/s I ¥ §5@ 9 T4 fHan S 2| sl Ss
B AHIH a8 W HYI, &I GAH GIAH H fRpifed & omar 2| favple & die uvard ue Wi faRm
JFERAT TR 3 W & | ST 9N 958 4 fhal 1 W R e fAwwie & a6 aic swa! o 9
ffoTe | exraer &fast Jf 3, @ g = 10 m/s2 B |

60m, 20\2m/s

2><2O><20><i><i

2 .
Yo 2u®sinBcosH _ 2 2 N
g 10
i = 30 Dogim e s X My - 40=mgetm=60m
2 my +m, 2m

A mercury thermometer is placed in a gravity free hall without touching anything. As temperature rises
mercury expands and ascend in thermometer. If height ascend by mercury in thermometer is h then by
what height centre of mass of " mercury and thermometer" system descend?

@ qad &3 4§ 91 Sl o/ a%g & 999 W IR Yo U1 droardl Rerd g | 9™ 98M IR URT J9IRd
BT §, 9 9" A # gedt B Af e § UR §RT ¢ $ars h ® 9, "URT 921 arg Ard e e
TIAE B fhadl Sars 9 - R SR |

zero I[I

since it is gravity fee space com will remain at its fixed position.

TP [cdidel SITE § 3d: com ReR I |

Two men 'A' and 'B' are standing on opposite edge of a 6m long platform which is further kept on a
smooth floor. They starts moving towards each other and finally meet at the midpoint of platform. Find
the displacement of platform if mass of A, B and platform are 40kg, 60kg and 50kg respectively.

1 &ifis g8 WR R 6m &% Uee & aMl RRI IR &1 Afdd Ad B &S 8| d QM1 T g @l 3R
FA YH PR B, AR U & 7Y fdg W HeAd 2| Afd A, B T Wic & sd Hae: 40kg, 60kg T
50kg B, A1 gec &1 faRermu= §d &RA |

0.4m
14 14
40[2+xj—60(2—xj+50x
XCM= =O
40+50+60
150x = 10¢
x= -~ —04m

1
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Center of Mass /

/\g

B-6# A man of mass M hanging with a light rope which is connected with a balloon of mass m. The system is
at rest and equilibrium in air. When man rises a distance h with respect to balloon Find.

Ans.

Sol.

Section (C) : Conservation of linear momentum

(a) The distance raised by man
(b) The distance descended by balloon

M S &1 Afdd, Bed! IR §RI M &F9H & (@R H dcdh 81 © | Mer g1 4 Rer qen dmyawen

# 2| o9 A (AR & AU h ) Ioal g, A A BN |
(a) e gRT =< STS |
(b) TER ERT ST TE G |

mh Mh
(b)
m+M m+M

Mh

+m

(@)

initially IR¥ H Yeom =

since no external force is acting COM should be at rest.

R dTel el BIRARG el & SN ST+ B favH § B |

myyq + MyYo
my +m,

Let baloon descend by a distance x. AT TR X § 1 IR 2 |
_ m(x)+M(x=h)

Aycwm =

m+M
Mh = (m + M) x
X = % (Distance decend by ballon J&R g§RT I T3 )
+
h—x= mmhM (Distance raised by man @&fd gR1 =gl T3 )
+

NG HaT GRET

C-1. A block moving horizontally on a smooth surface with a speed of 20 m/s bursts into two equal parts
continuing in the same direction. If one of the parts moves at 30 m/s, with what speed does the
second part move and what is the fractional change in the kinetic energy of the system.

Solution :

initialy finaly
m — 20 m/2 —> V m/2 —— 30

Applying momentum conservation ;

mx20= 2 v+ M .30 - 2=V .15
2 2 2

So, V=10m/s

initial kinetic energy = — m x (20)2 = 200 m

1 m

N = )=

final kinetic energy =

102+ —x 2 (302 =25 m +225m =250 m
2 272

fractional change in kinetic energy =

(final K. E) —(initial K. E) _ 250m —200m
initial K.E B 200m

1
4

/\
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Center of Mass / ﬂ_
TP iidp P Idg TR 20 Hlo/Ahvs & I W dfasr fewm & 71fd o= Y81 81 I8 3™=a o Fa9 9r §

favyed 21 Siar © 9o faved B9 @ 9 W) <A1 91T I8 S e § vy #Ra B B S 9 Us 9rT 30
Hlo/AHTg, H1 AT | A FRAT & A1 TAX AN Bl A1 A St Hoit 7 A1eqd gRacd= g1d a1 ?
1

Answer : v=10m/s, 7
EINRET arf=H
Solution : m — 20 [ m2 -V m/2 — 30
AT EREOT oM WX ;
mx20="v:™ 30 20-Y 415 Vs V=10 m/s
2 2 2 2

1 m

WWW:%mx@O)?:ZOOm Arfvw fost ot = % .(10)2+§xE (30)2

1
2
=25m + 225m=250m

TRrer St § s aRad < (o1 K- E) - (RS K. E)

UR™H KE.

_ 250m-200m 1
] 200m T4

C-2. A stone of mass 5 kg is thrown upwards with a speed of 36 m/sec. With what speed earth recoil. Mass
of the earths 6 x 1024 kg (assuming that there is no external force on the system)
IS 5 kg SFFM BT TR HUR DI AR 36 m/sec a1 H BHI oA A1 YAl &I AT gt o sri | ged

HT g9 6 x 1024 kg B | (I8 A gY & e R arer aRomd 9a = 2)
Ans. 3.0 x 1022 m/s

Sol. 5x36=6x10%v
v=30x 102

C-3. In a process a neutron which is initially at rest, decays into a proton, an electron and an antineutrino.
The ejected electron has a momentum of p1 and the antineutrino has p2 . Find the recoil speed of the
proton if the electron and the antineutrino are ejected (a) along the same direction. (b) in mutually
perpendicular directions. (Mass of the proton = mp)
B ufthan & we # favmraRen § Rerg =g, WIcH, Seldg= Ud U Ul gfeAi # afia i 2| s
SIS B FA i T Gel—feAl Bl HAT p 2 g | WSH P HicEy e a1 Refoai 7 sma -
(T BT ETHH = mp)
(a) T goragia dom Tl gfedi U & faem 3§ Iafoid 8id & qefl

(b) T 9 WER orvaq fen # Sfia 8 21

2 2
Ans. (a) P1tP2 ) NP1 *P

m m

p p
Sol. (@) P1+P2+P3=0 Ps = —(p1 + p2)
- Va= PitP2
m
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Center of Mass / ﬂ_

C-4. Three particles of mass 20 g, 30 g and 40 g are initially moving along the positive direction of the three
coordinate axes x, y and z respectively with the same velocity of 20 cm/s. If due to their mutual
interaction, the first particle comes to rest, the second acquires a velocity 101 +20K  What is the
velocity (in cm/s) of the third particle? _ _

209,30 gdAT40 g & A9 dor g™ | Fden® el &1 A1 el wHe: x, y dAAz b gD Qw B
IR 20 cm/s & AT W T TR W T IR STHB WER AT fFA & BRI, ugen favmrEaRen # an
ST B, Wwﬁnmh?o}z B T ® @ AR BT BT 9 (cm/s H) T BT ?

Ans: 2.5i+15]+5k

Sol. Pi=20x20i Ps=40x 20k
P2=30x20]

Pi=P1 + P2 + P3 = Ps
— 400i + 600 | + 800k =30 (10i + 20k ) + 40v
geturd ST & v = 100i+600j + 200k
40
=25i +15] + 5k Ans.

C-5. A truck of mass M is at rest on a frictionless road. When a monkey of mass m starts moving on the
truck in forward direction, the truck recoils with a speed v backward on the road, with what velocity is
the monkey moving with respect to truck?

Th M SHAN B ©b G 89 Feb TR fIRMEERT § 8, 99 Udh m SHAN Bl g8X &b IR M Bl AR
T TR BT B, A ob ded W N &I fen 5 v ard | ufdférd giar 8, @ 9 ¢h @ anel fFa
T A PR &R |
Ans. (1+MJ \%
m
Sol. Pi=0
Pf=—mvm+Mx v .. Pi=Ps
Mv
Vm= —
m
Mv
Vapp=Vm +V = —+V
m

C-6. A boy of mass 60 kg is standing over a platform of mass 40 kg placed over a smooth horizontal surface.
He throws a stone of mass 1 kg with velocity v = 10 m/s at an angle of 45° with respect to the ground.
Find the displacement of the platform (with boy) on the horizontal surface when the stone lands on the
ground. (g = 10 m/s?)
T& 60 kg SAN BT dsd], 40 kg SHAM dlel ©Ic BH TR ST g3 &, ol a1 &fisl exae IR @1 2 |
T eRTIA & A9l 1 kg SIAME dTel @R &l v=10m/s & I ¥ &R I 452 % P GR Hhdl | o
TR fRIad R RAT 8, S9 999 0@ wich™ (dSd & A1) &1 favemus sma sRy | (g =10 m/s?)

Ans : 10cm.

Sol.

<« X < 10 >
So, ms x R = (40 + 60) x x
1x 2u® sinOcos 0

g

=100 x getx=0.1m

/\
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Center of Mass / ﬂ_

C-7.»#A small block of mass m moving with speed 'V' on a smooth horizontal part of a bigger block of mass M
which is further kept on smooth floor. The curved part of the surface shown is one fourth of a circle.
Find the speed of the bigger block when the smaller block reaches the point A of the surface.
M ST & U6 g€ @id o &fasl e IR R m A &1 U6 BieT e V' ara |9 T BRI 8

I8 R R e g8 WR @1 g3 T | ST AT Alh IS, g BT agAY 3| 99 BIel i J6 B
fig AW Yged &, 99 g lid Bl A gy
A

-----

Ans. mv
M+m
Sol mv = (M+m) Vem
mv
Vem = Ans
o M-+m

Section (D) : spring - mass system 8 gagwE o™

D-1.=# Two block of masses m1 and mz are connected with the help of a spring of spring constant k initially the
spring in its natural length as shown. A sharp impulse is given to mass mz so that it acquires a velocity
vo towards right. If the system is kept on smooth floor then find (a) the velocity of the centre of mass,
(b) the maximum elongation that the spring will suffer ?
RATER |1 <ife 596 S8 my 921 mz &, 1 k RUF Fdie arell yRe 9 giga aw=rg o R &
R TR SIST Sl & | m2 &1 U g ST f&an Sfan 8 dife I8 <™l 3R vo 991 UT<l &_al © | dfa 39
e @ el |9a8 R W - A 1 $R- (a) SIEE dw b1 99, (b) R H S g aren

I TH TR |
K s
my, V m; m Ve
Ans. (a) =9 (b) Vo _ 1 72
my + My (my+my) k
k
m —YYY m Y,
Sol. ‘ : 0
MyXq + My Xy
Xem = ————==
my +m,
dXem MyV4 +MyVy
2hem g = 1272
dt my +m,
0+myv
Vem = ——=2-0 Ans.
my +m,

F=0;p =constant adi®
Ma2Vo = (M1+mz)v

1 > 1 5 1 s 1, 2
& —mavy = > miv2 + —mav2 + Ekx0

2
Vem — remain unchanged 2mRafid v&ar g1

2
% mz V5= % (M1 + m) [Mj + lkxg

my +mj, 2
my +m my; +m, —m
me ve|1——17"2 ym, [=kx2 amevi |27 2 k2
0 5 XMy 0 0 0
(my +mjy) my +my
m;m 1 m;m
vi—2 x— =x2 =xo=vo |—"—=2— Ans.
m1+m2 k k(m1+m2)
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Center of Mass / ﬂ_

D-2.

Ans.

Sol.

D-3.=

Sol.

Two masses mi and mz are connected by a spring of spring constant k and are placed on a smooth
horizontal surface. Initially the spring is stretched through a distance 'd' when the system is released
from rest. Find the distance moved by the two masses when spring is compressed by a distance 'd'.

] SGAE My AT m2 T R ¥ s gU B, Forst R fadie k8, vd 391 T gyl ’fga i aas

W G T B IR™ A 99 e B RermeRen | viel ol v, 99 B d g0 R gg 21 S
T §RT Fell T8 g A9 BRY, o9 R 9 | FRfed @ ol 2

2m,d 2m,d

my+m,  m;+m,

Cd kXU kx’]\
m, /\W m,
Energy Conservation ol SRefoT |
= Total change in length of spring RE7 &1 =T ¥ G IRacT =2x  { .- % kxZ, = %kxgomp}
Time is same 9T 991 2 |
no external force .. centre of mass is at rest _
NS 97T 91 BRI ol & SAflY SAHM ds [aH H B |
hence 3d: mMix1 = max2 20y M & X1+ x2=2d
Xo my
or, mixi =max2 & Xi+ x2=2d
Xi= MaXz = MaXp + X2 = 2d
my my
x{ﬁnj - 2d = X (—m””“] - 2d
m1 m1
X2 = 2dm & X1 = Eelitp Ans.
my +m, my +m,

Two blocks A and B of mass ma and ms are connected together by means of a spring and are resting
on a horizontal frictionless table. The blocks are then pulled apart so as to stretch the spring and then
released. Show that the ratio of their kinetic energies at any instant is in the inverse ratio of their
masses.

ma T M EFHIF dTel &1 e Ad B, R8T 3 S g & Sl "yve &fdst 39 W X & | QM1 <ld Bl
digaw, (fe & Rea Se) sied 8 | 98 g difve sl ft &1 sdifel @t st Soft &1 o1 S9d
S & AU B FEHAIURN BT |

V —DVA VB <

A FUIT000+ B

By momentum conservation ~ HdT HRETUT |
MaVa
Mg
P> _miVi _maVi
2m,  2mp 2

maVa=msVa (i) Ve =

K.Ea = (i)

Mg V|32

Similiarly 38 wbR K.Es = ...(iii)

dividing (ii) by (iii) we get. (i) @Y (i) & 9T < W

/\
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Center of Mass / ﬂ_

KEy _ mpVi

put TRRENIT FRY TR Ve = m:qi
B
we get UT< &I KEn _Ms
KEg myu

hence proved. gfa R1gq

Section (E) : Impulse  3Md7

E-1.  Velocity of a particle of mass 2 kg varies with time t according to the equation v = (2tf+4])m/s . Here t
is in seconds. Find the impulse imparted to the particle in the time interval fromt=0tot=2s.
2 kg G 9Tl <ifd BT 97 T t B A1 FHBRO V = (2ti +4))m/s B AR ISl B | TE t b
HE| A9g RTeT t=0Wt=2s % HU W JRINT 3T qaTsy |

Ans. 8im/s

Sol. Vi-o=4] m/secmass SFAM m = 2 kg
Viee=2x2i+4] =4i+4]
J=Pi—Pi=2[4i+4] —4]]=8iN-s.

E-2. A ball of mass 100 g moving with a speed of 4 m/sec strikes a horizontal surface at an angle of 30°

from the surface. The ball is reflected back with same speed and same angle of reflection find (a) The
impulse imparted to the ball (b) change in magnitude of momentum of the ball.
100 I GFHH BT TH G 4 Hlo/Ho AT | A Bl Y U &fol Fag | 302 IV R IR 2 | I

T BV TR Td A diel 9 GRafd il 8 | 0T SIS |
(a) & B UM M (b) g & FIT B URATT § gRacH |

Ans. (a) 0.4 kg-m/s (b) zero T

Sol.

E-3.=

Pi =200 x 103 (+/3i— )
Pr=200 x 103 (\/3i+])

|Pi| = [P
AP = |Pf| = |Pi| =0
'e) ; 2m/sec
: 2 sin60°
160°
2 cos60°;

|AP| = [P — Pi| = |(200 x 10-2/3 i 200 x 10-% j) — (200 x 103/3 i + 200 x 10-2])|
JAP| = [2 x 200 x 10~ }| = 0.4 kg m/sec.

During a heavy rain, hailstones of average size 1.0 cm in diameter fall with an average speed of 20 m/s.
Suppose 2000 hailstones strike every square meter of a 10 m x 10 m roof perpendicularly in one
second and assume that the hailstones do not rebound. Calculate the average force exerted by the
falling hailstones on the roof. Density of hailstones is 900 kg/m3, take (= = 3.14)

YR SR H, 1.0 9o M\d g b 3N, 20 WMo/, 3iad o ¥ fRa 81 99 <ifviv f&6 oa &
10%Io x 10 o &FHa H UfT I Mex W 2000 Mt U AHvs o=aq RRd g d I8 A9 oifog s 9
wRmafdad & B B Al ® BRU Bd W oW dledl T g B IMUET BIT| 3Medl BT EEd
900 fhmo /Hiod B | (1 = 3.14)

3

Ans. p{%n%JVNA =1884 N

/\
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Center of Mass / H‘

Sol. Ndt=Pi-P;
= (0 —mv)

3
N = 2000 x 100 x 900 % y (%x102j % 20 N = 1884N.

E-4.= A ball of mass = 100 gm is released from a height h1 = 2.5 m from the ground level and then rebounds
to a height h2 = 0.625 m. The time of contact of the ball and the ground is At = 0.01 sec. The impulsive
(impact) force offered by the ball on the ground is ?

TH 100 gm SEHE B g 2.5 Hiex SHa1g | BIS! Wl & 91 0.625 Hiex $a18 dd I8l 2 | A5 qn

ERIAA BT TH THT At = 0.01 sec 8, T g §RI STHIH UR 9T AT A 91 81T |

Ans. 105N
Sol. | =f x At and JdATF = m(\/th +\/§gh1)
At
-3
£ _ 100x10 (V2x9.8x0.625 +/2x9.8x2.5) - E_ 105N

0.01
Section (F) : Collision Sdhy
F-1. A particle moving with kinetic energy K makes a head on elastic collision with an identical particle at

rest. Find the maximum elastic potential energy of the system during collision.
T ST K TS Soll 6 Feidl 83l SR 9 Y & 1l A E TR Tadh] HRal & ol faRmATawen #

2| CFR B SN e B Af¥eda yeare Refast ool 2 |

Ans : K/2.
Sol.
(™ (m
u =u u, = 0
OO
—>V

from momentum conservation TdI HREOT |
u
mu+0=(m+m)v = v=§

from energy conservation ol el |

1 1 uY
P.E.= —mu?2- — 2m | —
2 2 2

F-2.# Two balls shown in figure are identical. Ball A is moving towards right with a speed v and the second
ball is at rest. Assume all collisions to be elastic. Show that the speeds of the balls remain unchanged
after all the collisions have taken place. (Assume frictionless surface)

o 1 99 e Ul T 2 g A SR OB v 9T 9 I &l g iR g B favmHERen § g1 @
TFINT DI TR A | T8 gz 6wt cqaxi @ 919 Q) B A1 T I 21 (TNVEE g H1fg)

>V

A B
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Center of Mass / H‘
Sol.

—-vV rest rest

Atter first collision U2 TIHR & T

rest —vV rest

OO,

Atfter collision of B from wall B &! SR ¥ TFH: & TN
vB=—V+2x0=-v

rest

NN GO0 oMo,
@ ®

= rest

F-3. A ball of mass m moving at a speed v makes a head on collision with an identical ball at rest. The
kinetic energy of the balls after the collision is 3/4 of the original kinetic energy. Calculate the coefficient
of restitution.

Th m AN Bl AE v 9T ¥ Fedl gd) foRmEERen § Wl Uh SR UHEH s @ AU GFE IR
FRA B | TIBR B d1& QNI AQT DI FHA A Holl RIS FA AfaSl Holl DI 3/4 B S B | HITIRT
TUT Il N |

1

z

2>V

Ans. e=

Sol.
9 V2

® @ &

rest ReR

Vo, —V .

e (i)
v

mvz + mvi = mv o (1))

Va+Vi=V

(i) + (i) 2va=v (e + 1)

(e+1j
Vo=V | —
2

and vi = M
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Center of Mass / ﬂ_

F-4.

Ans.

Sol.

F-5.

Ans.

Sol

A particle of mass m moving with a speed v hits elastically another stationary particle of mass 2m in a
fixed smooth horizontal circular tube of radius r. Find the time when the next collision will take place?
r B @ @rEell e afds gareR Fell § om SgHE T v AT 9 hoRfid e S0 gER 2m S

P ReR HU I UARY TIFHR BIAT & | 31Tl cFp fba=l G 91 817 ?

fo 2mr
v
Particle B is a rest T BReR &
mv + 0 = mv1 + 2mv2
LV=Vi+2ve L ()
Vo= Vi _ g
v+0

A

B]

2m
=>V2—-Vvi=VvV ... (ii)
Adding (i) + (i) T B W
3v2 = 2v

2 -V

Vo=~V Vi=Vo—V=—

3
Now 37, (iii) + (iv)
= 2 I

Vo — V4 2l+l v
3 3

A block of mass 1 kg moving at a speed of 2.5 m/s collides with another block of mass 0.5 kg. If both
the blocks come to rest after collision what was the velocity of the 0.5 kg block before the collision?

1 kg STHM BT <dfd 2.5 Ho/H. aTad | TIfreiel 8, 3R Ig 0.5 fhiio SAE & I <Al A THT & |
I TIPR & 91 ] <ifdh KR Bl WY Al <ddx 9 Ugdl 0.5 fhillo & <ifds &I 971 &1 o |

5 m/s opposite to the direction of motion of the first ball.

g T P T & fAug e § 5 m/s
From momentum conservation &d3 TR&T |

i.e.05xv+1x25=0
5 m/s opposite to the direction of motion of the first ball.
5m/s 92 g & Al & fkem & fAauda

A 3kg block ‘A ‘* moving with 4 m/sec on a smooth table collides inelastically and head on with an 8kg
block ‘B’ moving with speed 1.5 m/sec towards ‘A°‘. Given e = 1/2

= A9 W 4 m/sec I A TAD FIN VP 3kg FHAM BT @i ‘A‘, 1.5 m/sec I ¥ fauRia fa=m A
A & IR TRl 8kg S & id $ A1 AT IJUIRY TIPR HRal ¢ | R 8 e = 1/2

(a) What is final velocities of both the blocks

! dd B AfH IT R R ?

(b) Find out the impulse of reformation and deformation

FHYUT TAT FIFYOT HT AT F1T F |

(c) Find out the maximum potential energy of deformation

freun o afeas Rerfast Soit stra & |

(d) Find out loss in kinetic energy of system.

frera @ TIfast St | 81 S1d BRI

/\
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Center of Mass /
Ans. (a)Va=+2m/s, Ve=+ %m/s, (b) 6Ns, 12 Ns, (c) 33J (d) %J
Sol.  using momentum conservation a3 RO A
4m/sec 8 kg:
3 kg 1.5m/s e= %
3x4 —8x1.5=3Vi+8V2
12-12=3Vi+8V> . 3Vi+8V2=0 ()
. V, — V. 1
coffecient of restitution ITGRRIF T[oNids —2—1 = — (2
: 4415 2 @)
55
Vo—Vi = — (2
2 — V4 : (2)
reatin (i) 3 x v1 + 8(%+V1j =0
22
3xvi+22+8xvi =0 V1=—ﬁ=—2m/sec
3 3 3
Vo=— = Vi=— = x(-2) = — m/sec
2=-g Vi=m g x =4
(b) applying momentum conservation eqn. a3 HR&UT A
m1 Vi + m2Va = (m1 + mz2)V V=0s0

|Pol=|mi(V —=Vi)|=|miVi=8x4=12Ns
| Jr|=]e.Jo|=6Ns

(c) PE= 1 mvi2 + % mava? — % (M1 + mz) V2.

x3x42+%x8x(1.5)2—0=33J

N =

2
(d) AK = Ki— Kt =33 — l><3x(2)2+1x8>< EIN.
2 2 4 4

Section (G) : Variable mass URad-eid S&q®=

G-1.= A rocket of mass m = 20 kg has M = 180kg fuel. The uniform exhaust velocity of the fuel is vr = 1.6

Ans.

km/s.

(i) Calculate the minimum rate of consumption of fuel so that the rocket may rise from the ground.
(i) Also calculate the maximum vertical speed gained by the rocket when the rate of consumption of

fuel
pis (g =10m/s?) & ( /n 10 = 2.30)
(a) 2 kg/s (b) 20 kg/s

T&H m = 20 kg ST & JAdhe H M = 180kg 3899 T | S84 &1 fIhAU 971 (exhaust velocity) vr = 1.6
km/s a2 1 (i) 399 & ST & <9 R I B Al Ade TRIAd qag 9 I8 9 | (i) Jdhe gRI

YTl P TH FHealeR I S HRY, AR Idbe & S8 & S & aX Y 2 |

(g=10m/s? & ¢n 10 = 2.30)
(a) 2 kg/s (b) 20 kg/s

() (m+M)g

m n

r

=1.25 kg/s, (i) v=v, €n(m+M]—g [MJ (a) 2.8 km/s, (b) 3.6 km/s.

/\
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Center of Mass /

Sol.

G-2.

Ans.
Sol.

mo =20 kg ; m = 180 kg.
—Fin=(m +M)g =2x103 N

dm
—Fih=v
th r dt
So 31 dm = _2000 = 1.25 kg/s.
dt  1.6x10°
V=V fn (@J —gt.
m
m 180
i tf= ——— = —— =90s.
O =G T 2
. vi = 1600 fn(zzoooj—w x 90
vi = 2.784 km/s. Ans.
M 180
i tp= ———— = — =0s.
= Gmra) ~ 20

vz = 1600 /n (@J -10x9
20

vz = 3.59 km/s. Ans.

Ans.

Sand drops from a stationary hopper at the rate of 5 kg/s falling on a conveyor belt moving with a
constant speed of 2 m/s. What is the force required to keep the belt moving and what is the power

delivered by the motor moving the belt?

T ReR R ¥ UH HIdIR dec oil 2 m/s I a0 a1a 3 9t %81 & W 5 kg/s 1 & ¥ ¥d AREY el
2| do¢ B FAR WA b N fham 91 A rawaHar & ok A gR1 9 &l & i wfdd frah 7 2

Fext = 10N; P =20 watt.

F:g‘ij_r:‘ —2x5=10N Ans.

P=F.v.=10x2=20 W Ans.

PART -1l : ONLY ONE OPTION CORRECT TYPE

T - 1l : B9eT U He! fadhed PR (ONLY ONE OPTION CORRECT TYPE)

Section (A) : Calculation OF centre of mass S&HF ®s @I VT

A-1.

The centre of mass of a body :

T BT SHAN D=

(A) Lies always at the geometrical centre (88em WA @ o= Rerd &rar 2 1)
(B) Lies always inside the body (99 9% & 3T<X BT B)

(C) Lies always outside the body (2921 a%] & dTeX BT 2)

(D*) Lies within or outside the body (%] @& 3<% AT dTEX BNl 2 )

/\
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Center of Mass / ﬂ_

A-2.

Ans.
Sol.

Three point particles of masses 1.0 kg, 1.5 kg and 2.5 kg are placed at three corners of a right angle
triangle of sides 4.0 cm, 3.0 cm and 5.0 cm as shown in the figure. The center of mass of the system is
at a point :

2.5 kg
5cm
4 cm
1.0k 1.5k
9 3cm g

(A) 0.6 cm right and 2.0 cm above 1kg mass
(B) 2.0 cm right and 0.9 cm above 1 kg mass
(C) 0.9 cm right and 2.0 cm above 1kg mass
(D) 1.5 cm right and 1.2 cm above 1kg mass

T FHHIO e @t i Yo 4.0 cm, 3.0 cm 3R 5.0 cm &1 8, & ®IHl 9R 1.0 kg, 1.5 kg 3R 2.5
kg &9 & 9 &9 ¥ gU & (BT <) 39 For &1 |98l o= 59 fog R & 98 -

2.5 kg
5cm
4 cm
1.0k 1.5k
g 3cm ¢

(A) 1 kg ¥ & 0.6 cm SR MR 3MR 2.0 cm HWR Bl AR 2|
(B) 1 kg S&¥M & 2.0 cm SRY AR IR 0.9 cm W Bl AR 2 |
(C) 1 kg S=gA™ & 0.9 cm AT &R 3R 2.0 cm HWR H 3R B |
(D)1 kg &AM @& 1.5 cm ST SR @R 1.2 cm S @ IR T |
@)

Take 1kg mass at origin
1 kg &@¥E H1 qd fdg o1 &R

2.5 kg

Y
4cm 5cm
15k X
1kg 3cm K9
X, = 1x0+1.5x3+2.5x0 — 0.9cm
5
Y, - 1><0+1.5>;0+2.5><4 _ oem

/\
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Center of Mass / ﬂ_

A-3.»# A uniform solid cone of height 40 cm is shown in figure. The distance of centre of mass of the cone
from point B (centre of the base) is :
U FAT oI ¥ foaa] Hars 40 941 2, RErgar feamrn w1 2| fig B A 3| & S| M ds &1 g3l
@mER & &= A) B —

A

(A) 20 cm (B) 10/3 cm (C) 20/3 cm (D*) 10 cm

A-4.= A thin uniform wire is bent to form the two equal sides AB and AC of triangle ABC, where
AB = AC = 5 cm. The third side BC, of length 6cm, is made from uniform wire of twice the linear mass
density of the first. The distance of centre of mass from A is : _

TP Yol U FHH IR ¥ B5S ABC &1 &l a-1eR Yol AB @1 AC §918 Wil 2 | Sigl AB = AC = 5c¢m
2 9 N gon BC fSrat &g 6cm B, U6 §9F aR ¥ e Y g9 899 U8 IR &1 AT
AT | AY STAN B DI gul BT |

34 11 34 11
A*) — B) — cm C) — cm D) — cm
(A") 37 om ®) 5 ©) 5 (D) 4z

Sol.

------ > X
yom= 2x(@P)+2x8px2 10 Py e from A= (4— 10 _ 34,
2(p)6 +2x5xp 1 11 11
10 34
Ad =(4-— ==
W =@-F =)

A-5.  The centre of mass of a system of particles is at the origin. From this we conclude that
(A) The number of particles on positive x-axis is equal to the number of particles on negative x-axis
(B) The total mass of the particles on positive x-axis is same as the total mass on negative x-axis
(C*) The number of particles on X-axis may be equal to the number of particles on Y-axis.
(D) If there is a particle on the positive X-axis, there must be at least one particle on the negative
X-axis.
e Bu-—ema o1 gEEE o 4o g W | g9 o 8, fF -
(A) TFTHS Xx—31eT TR BT P T, FHUMHD X—30& TR VN & TN B =[x 8 |
(B) gTTHE x—3M&T TR HUN BT ol SAAM, FONHD X7 TR H01 & el SIAN & IRIaR B |
(C*) x==1eT TR HUI B! FA G, Y- TR BN Bl FHf & & SRR 8 Fhdll o |
(

D) af &g\TcH® X1 WR BI HUI BN Al HH A BH Udh $HY FUMHSG x—30eT TR 37aeg BT |
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Center of Mass / ﬂ_

A-6.

Sol.

A-7.#

Sol.

All the particles of a system are situated at a distance r from the origin. The distance of the centre of
mass of the system from the origin is

frdl For & 99w &0 4 fog A r U R Rd 8| Mo & som™ ds &) 9d g & g3 81l |
(A)=r (B <r C)>r (D) >r

COM can lie anywhere, within or at the radius r.

TIAM B del )R A Rerd 8 Faal g, r e @ e a1 e w

A semicircular portion of radius ‘r’ is cut from a uniform rectangular plate as shown in figure. The
distance of centre of mass 'C' of remaining plate, from point ‘O’ is :

TE AGgAr AT R fBewn r 2 B REgaR tE tHaHe SIAaR ©ic | $1el T 2] g O 9 a
8% W< ® SH ds 'C' B g B |

2r é TO
|
|

2r 3r | 2r . 2r

(A) (B) (C) (D%
(83—m) 2(4—mn) (4+m) 3(4—mn)
A1 =2rxr=2r2
2

wr

Ac= —
=72

r 4r
X1 = — Xo = —

2 3

2

or2y L w4

Yo = 2 2 3r
cm = 2
or2 T
2

ré {1 - 2}
3 2r

r2{4—n} " 34—
2

Section (B) : Motion of centre of mass S&HIF &% @ A

B-1.

Sol.

Two particles of mass 1 kg and 0.5 kg are moving in the same direction with speed of 2m/s and 6m/s
respectively on a smooth horizontal surface. The speed of centre of mass of the system is :
1 kg AT 0.5kg & T SIAE U B A2 H HHI: 2 m/sec TAT 6 m/sec A fIFH Fdg W AT IR 7| 2 |

e & goHE B @ A1 8 |

10 10 11 12
A*) — m/ B) — m/. C) — m/s D) — m/s
()sms ()7ms ()2 ()3

1><2+1><6
Vem = —2=—m/sec

1+1/2 3

/\
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Center of Mass / ﬂ_

B-2.» Two particles of equal mass have initial velocities 2i ms' and 2] ms~! . First particle has a constant

Sol.

B-3.

Sol.

acceleration (f+]) ms—2 while the acceleration of the second particle is always zero. The centre of
mass of the two particles moves in

T GIAM B QY B B YRS 9 HHI 2ims~ T 2jms B | UUH BT BT AT w@ROT (i +]) ms2 R
Tafh A P @ROT 94 IR 2| QM BN BT GIAN dw 7 9% TR A BN

(A) Circle 91 (B) Parabola uxdera
(C) Ellipse gregst (D*) Straight line el @&
Vo = V1 +MaV,

my +mj

m(2i) +m(2j) o _ M(i+) + m(O)
2m o= om
vem has same direction as of acm

Vem @1 3R aem @1 fa=m 5 80 ~. straight line. et ¥wn

Two particles having mass ratio n : 1 are interconnected by a light inextensible string that passes over a
smooth pulley. If the system is released, then the acceleration of the centre of mass of the system is :

31 U1 {70 S BT AU n: 18, 9 TP Bob! SMAA IR A s gV & ol (P R I ol
21 3R e & BIg @ ST @ @ W E & S B B RO B |

2 2
(A) (- 1)2 g (B) [”—”j g () [”—”j 9 (D) [”—”j 9
n-1 n+1 n-1

_(m-m) ~ (n-1)
4= nm+m g (n+1)g
ai=adz2=a4a
dem = nma; —ma, (n—1)X
T (m+m)  (n+1)

_(n=1p
= 1P

A bomb travelling in a parabolic path under the effect of gravity, explodes in mid air. The centre of mass
of fragments will:
Uh 99 [Hd YA § URIAd U WR A BT gIAT 919 g1 A ARBICT B I 2| ThS Pl GH

P

(A) Move vertically upwards and then downwards
g WY FW Bl MR R A @ iR Ay Fxm
(B) Move vertically downwards

AT B MR T B
(©) Move in irregular path
I U R TY B |

(D) Move in the parabolic path which the unexploded bomb would have travelled.

I IR U R Y B 5 R fawpifes 99 T B a1 o |
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Center of Mass / ﬂ_

B-5.

B-7.

B-8.

Sol.

If a ball is thrown upwards from the surface of earth then initially (assuming that there is no external
force on the system): . .
R Yl Pl FAB ¥ TS g FW Pl AR B Ol 8, a1 IR™ H (I8 AMd 8¢ 6 o R aer 4

B3 g TRl B)

(A) The earth remains stationary while the ball moves upwards
7o ReR & B, 9afd g SR Bl 3R I Fahl 2 |

(B) The ball remains stationary while the earth moves downwards
g ReRr &l & Safd gedl < &1 3R 7T =l ©

(©) The ball and earth both move towards each other
i Torm gedl IH1 TP §AR B AR T PRI B

(D*)  The ball and earth both move away from each other

i qor gedl I1 b §AR ¥ §R I R B |

Internal forces in a system can change

(A) Linear momentum only

(B*) Kinetic energy only

(C) Both kinetic energy and linear momentum

(D) Neither the linear momentum nor the kinetic energy of the system.

e # raR® I gRafdid ) ddd & —
(A) Bt IRGD FT (B) aat 7RIS St
(C) XRa® |aw1 @ WA Bl TSt SHoit (D) e &1 9 a1 XRa®d FIw, T & Al Ihort

Two balls of different masses are thrown in air with different velocities. While they are in air acceleration
of centre of mass of the system. (neglect air resistance)

(A) Depends on the direction of the motion of two balls

(B) Depends on the masses of the two balls

(C) Depends on the magnitude of velocities of the two balls

(D*) Is equal to g .

A= Al @ A g9 # RS 9 | ol Ol 81 9 A g4 H R, A Fem & i e o @
@R (@rg URkRIg T0g A g3)

(A) T =T B A B e R R B 2 (B) &I QT & w@HMEl WX R #Rar B

(C) IH1 &I @ 97N & TRHATY TR FHR Bl | (D)g® TR B |

There are two particles of same mass. If one of the particles is at rest always and the other has an

acceleration 2. Acceleration of centre of mass is

< UM GHHE B B B MHR W AER BT | Th BU Wed ReR § dAT GER BVl BT @Ry 4§
SAN B BT ARVl BI:

(W) zer0 T B 58 (c) 8

(D) centre of mass for such a system can not be defined.
39 UBR & (HR &1 gomH o= aRaIia T8 fear 51 dadn

N - - - -
a myai +my, az mO0 + ma a
cm = = = —

my + my (M + m) 2

5
given f&a M 8 mi=mz2=ma; =0
N -

az=a
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Center of Mass / ﬂ_

Section (C) : Conservation of linear momentum Y& T GRETU

C-1.

C-2.

C-3.

Sol.

C-4.

Sol.

C-5.=

Sol.

Two particles A and B initially at rest move towards each other under a mutual force of attraction. The
speed of centre of mass at the instant when the speed of A is v and the speed of B is 2vis [JEE - 89]
IR H ReR Q1 U1 A 9 B URTR MHY 9 | T R dl 3R Y Hd 81 94 A @ a1l vd B @
Il 2v B Al I &0 R GIAM D DI a1 8RN ?

(A) v (B*) Zero [ (C) 2v (D) 3v/2
If the KE of a particle becomes four times of its initial value, then the new momentum will be more than
its initial momentum by

IR fHA Hu1 B S Foll URMIS A TR A 8 SRl 8 A TA1 G GRS FaT A b e
BT |

(A) 50% (B*) 100% (C) 125% (D) 150%

A particle of mass 4m which is at rest explodes into three fragments. Two of the fragments each of
mass m are found to move with a speed 'v' each in mutually perpendicular directions. The minimum

energy released in the process of explosion is

4m S B UH HUT fORMER § 2| I A W A fAwmifed gar 21 <1 9 e sA e m R Us
TR P dHaq el # 'V A W Fod 3, fawhie ¥ 8N arell gAqH gad el &I A1 BT

(A) (2/3) mv2 (B*) (3/2) mv? (C) (4/3) mv2 (D) (3/4) mv2

mvi + mvj +2mvs=0

S iwv) v s v
V3— 2 - 2 (I +J)_ \E
2
kf=1mv2+ lmv2+ l2mv—
2 2 2 2
2
kf=3mv
2

A 500 kg boat has an initial speed of 10 ms=" as it passes under a bridge. At that instant a 50 kg man
jumps straight down into the boat from the bridge. The speed of the boat after the man and boat attaing
a common speed is

500 a1 @1 A1d @1 YRS ael 10 ms™! 8 514 I8 U fao & 9 A [oiRell 8 | S 979 50 fbur &1
TEH IMeHl 991 & 19 # WY Gl © | A9 9 AH SHIME Fe U R o ©, a9 A1d Bl A w®a
Rl

100 10 50 5
A* - B) — ms-! C) =2 ms-t D) — ms-
()11ms ()11ms ()11ms ()11ms
500 x 10 =550 x v

500 100
= — =—m/s

55 11

The spacecraft of mass M moves with velocity V in free space at first, then it explodes breaking into two
pieces. If after explosion a piece of mass m comes to rest, the other piece of space craft will have a
velocity:

IR™ § M SRMM $T JIReI v aT | qad BRI # I HR 8T & 79 Ig ] 90N H g Il 8 | R

frgves & 918 SME m & T 91T ReR 81 S 8 A T8 W BT 97 BT |

(A*) MV/(M — m) (B) MV/(M + m) (C) mV/(M — m) (D) mV/(M + m)
MV =m.0+(M=m) Vv
oy
vV =
(M-m)
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Center of Mass / ﬂ_

C-6.

Sol.

C-7.

Sol.

A particle of mass m is moving along the x-axis with speed v when it collides with a particle of mass 2m
initially at rest. After the collision, the first particle has come to rest, and the second particle has split
into two equal-mass pieces that are shown in the figure. Which of the following statements correctly
describes the speeds of the two pieces ? (6 > 0)

m SHIE BT U Bl ATl v I x-3f&T & e T HRd g IR W Rerd 2m SegdE & 1 A ShRre

2| TIIR B 9IS, YAl HUI R H M AT B SR R U Q) RER AN B QI WA H g o ®
S & fos 7 feamn w1 1 91 § 9 B9 A1 U &1 9 @Y arel B A8 guig dHRaT 8 2 (0> 0)
m m

\% X-axis 6 X-axis \% X-axis
O ()OI O (O
m m 6 m m
2m 2m

m
Before collision After collision TFH | Ugel TIRR & A5
) Each piece moves with speed v.

) Each piece moves with speed v/2.

) One of the pieces moves with speed v/2, the other moves with speed greater than v/2
*) Each piece moves with speed greater than v/2.

) TP HFT ATl v T BT © |
B) U | v/2 ATl ¥ VI HRAT & |
C)9rll § | TS v/2 a1 | WY &Rl 8, TOT v/2 & 31 arel & 7Y el B |
(D) 9% |FT v/2 | 3Mfdd arel | 1A Hear B |
After collision by momentum conservation
Along y-axis
TIHY D G FAT HRE |
y-318 & Igfew
0 =0 + mvz sin® — mvs sin
= V2=V3
Along x-axis
X-3&T & A
mv =0 + mvz cos6 + mvs cos6
mv =2 m vz cos6

(A
(B
(C
(D
(A
(
(

v 1
Vo= —
2 cos0
Y
SO V2 = V3 > 3 - cosb < 1

Two particles approach each other with different velocities. After collision, one of the particles has a
momentum p in their center of mass frame. In the same frame, the momentum of the other particle is

Q1 BT Uh §AY DI AR A== 97 I 1 @ 2| TIPR B 18 ITH ¥ Uh BV Bl 9P ST b
T W HAT P B AN T H R BT BT AT B |

(A)O (B*) -p (C)-p/2 (D)-2p

In centre of mass frame total momentum of the system is always zero.

SIAM B B T H B BT Gl FIT WA I B B |

Hence momentum of other particle is —p .

I 3T BT BT FIT — p BRM |
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Center of Mass / ﬂ_

Section (D) : spring - mass system [T g9 fAe™
D-1.# Two blocks of masses m and M are moving with speeds vi and vz (vi > v2) in the same direction on the

Sol.

frictionless surface respectively, M being ahead of m. An ideal spring of force constant k is attached to
the backside of M (as shown). The maximum compression of the spring when the block collides is :

T wiw e Se¥E ma M g, HHSE vq TO v2 a1 A (Vi > vo) T80T IfRd a8 W) U& & feen § 1fa
PR W I M, mA AW R TP ey RO e 9 Fadie k8, M9 die #1 iR €l g% ©
(RremgaR) | 59 =ifd <obxid & 1 R § srffieedd |ddied © |

Va
vy E—
—_— K
| m | —000000—— M
(A) vi % (B) va %
(C*) (v1 — v2) Lol (D) None of above is correct. SWRITT § & B -Tel
(M+m) K
Pi = mvi + mvz
Pi=(m+ M)v
Pi=Pi=> v= M
(m+M)
By energy consarvation ol FRE |

lmV12+leZ2=l(M+m)v2+lkx2
2 2 2

(mvy +Mv,)?
(M+m)?
mM

(M+m)k

= mvi2 + Mvz2 = (M + m) +kx?

solving 8 & TR X = (V1 —V2)

D-3.x# Mass A hits B inelastically (e = 0) while moving horizontally with some velocity along the common line

of centres of the three equal masses each of same mass. Initially mass B and C are stationary and the
spring is unstretched. Then which is incorrect.

T A, B®1 &fds fen # §8 97 ¥ Fd g JUia: AR (e = 0) THIICT & 97, A+l FAM SAH
P Bal Bl HAT dTell X S ezl 2| UR™ H B CRer & 9 R # @i Rgara 981 & @1 9 4 4
T T & |

A-Y. B ©
k
m m m |/Smooth
i ( %|$'_'r| )

(A) compression will be maximum when blocks have same velocity
FAfET JfHaH BN W9 Al HT I AN BT

(B*) velocity of C is maximum when (A + B) is at rest

C &1 I JAfFwHad 8°1 99 (A + B) ReR 7|

(C) velocity of C is maximum when spring is undeformed.

C &1 I 3frwaw B oid Ry § o1 Rearg =18 §

(D) velocity of C is minimum when spring is undeformed.

C &l I A9 & o9 R § &g R 98 2 |
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Center of Mass / ﬂ_

Section (E) : impulse 31a

E-1.

Sol.

E-2.

Sol..

A ball of mass 50 gm is dropped from a height h = 10 m. It rebounds losing 75 percent of its kinetic
energy. If it remains in contact with the ground for At = 0.01 sec., the impulse of the impact force is :
(take g = 10 m/s?)

Th 50 gm SAE B g h = 10 Mex S8 I BIS! o 81 I8 75 vfawa st it &) w1fy & 919
IVl B | PR I8 &Rl & A At = 0.01 AFH0e, & oIy =t IRl 8 @ TIHR & I BT AT BT |

(g = 10 m/s2 )

(A) 1.3 N-s (B*) 1.06 N-s (C) 1300 N-s (D) 105 N-s

vi = 2gh = \2x10x10 = 10§2

ko = lk1 = Vo2 = lV12
4 4

So Ve = V2—1 = 5\/5
|AP| = |[-mv2 — (mv1)| = m |-va2 — v1|
1
AP| = 50 x 108 x S x 102 _ 1510
2 2

J = AP = 1.05N-s.

The area of F-t curve is A, where 'F' is the force acting on one mass due to the other. If one of the
colliding bodies of mass M is at rest initially, its speed just after the collision is :

F-ta% &1 &3%d A Sfel 'F Uh S&FH IR GO & SRY g 8 | 3R THIM dlell axgeli 3 4 M
TA Tl IR H ReR off A ™ & S 918 39D At 1 BN |

(A*)y A/M (B) M/A (C) AM (D) ’%
Area of F-t curve = A = Impulse. F-t ARG BT 4B = A = AT
Impulse 34T =dP =A =MV -0 v=%

E-3.=# A bullet of mass m moving vertically upwards instantaneously with a velocity 'u' hits the hanging block

Sol.

of mass 'm' and gets embedded in it, as shown in the figure. The height through which the block rises
after the collision. (assume sufficient space above block) is :

FWR B TP ARE0TS U 9T F IR m S@EE @1 ell, 'm' SIHE D <dld 9 FIEgAR THIR 8
TAT SHY &9 ST © Al 98 s gdiel Slel ddb cdhr & 918 &ifd ST |

@ 6 =i & HUR gaia SE 2 )

(777707777774

[m]

Iu
m
(A) uz/2g (B) u?lg (C*) u2/8g (D) u%/4g
From momentum conservation Jdi HRefoT J
mu = 2mv =V= u

2

from energy conservation Sufi H&0T |

1 u)? u?
—x2mx |—| =2mgh=h= —
2 2 89
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Center of Mass / ﬂ_

Section (F) : Collision TIDHY

F-1.

Sol.

F-2.#

Sol.

F-3.#

A bullet of mass m = 50 gm strikes (At ~ 0)a sand bag of mass M = 5 kg hanging from a fixed point, with
a horizontal velocity v, . If bullet sticks to the sand bag then just after collision the ratio of final & initial
kinetic energy of the bullet is :

TS m =50 gm B! TWell Th XA b oD gy I W (RRIb1 FHH= M = 5 kg 8) &fdst a1 v, W eaRiel
(At~ 0) B 3FR Tl T & S H 9 Ol & o1 <qFh) & S ygard el & Af<ad qan IR 1fas
Sl BT U R®IT BT

(A) 102 (B) 108 (C) 108 (D*) 10
0.05xvp+mx0=5.05v

L%
5 MV
. V_f=$=10—2 - %— = (1022 = 104.
V.
' Em(vi)2

In the arrangement shown, the pendulum on the left is pulled aside. It is then released and allowed to
collide with other pendulum which is at rest. A perfectly inelastic collision occurs and the system rises to
a height h/4 . The ratio of the masses (m1 / mz) of the pendulum is :

eI o # 9 Yvged @1 Ud R% Wiadbs BisT ol © | fhR 9 Blsax gay ReR Yvge™ 9 Tawv™
fean S 21 U qui e egdR Bl © aofl e h/4 Sds db Iodl @ | Urged & SEEl Bl

U (M1 / m2) BT |

(A") 1 (B)2 (€3 (D) 4
m1,/29h +0=(m1+m2)Vv

m11f2gh

(M +mj)

V =

.'.v2—u2+2gxg=6+29x =% gh

N

Also, 319 ,#% = My=gh /20 = 2M1 + M1 + M2 ﬂ:1

my +my mo

There are hundred identical sliders equally spaced on a frictionless track as shown in the figure. Initially
all the sliders are at rest. Slider 1 is pushed with velocity v towards slider 2. In a collision the sliders
stick together. The final velocity of the set of hundred stucked sliders will be :

RETGAR 100 i T gaX A A Q@ IR 9yoRRd 9d8 iR IURYA & | U™ 4 9491 RerR 8| ugal
AP® PN VAT ¥ GAY B TR% gHT QA1 T 8 TAT TIFPR S ULAN QI <l Yb goR A s & 8

ﬁquwm%aﬁwﬁﬁr@mOaﬁmaﬂaﬁméﬁwsﬁm?

1> |2 3 © 0 oo
J7777777777777777777777 77777777777
\% \%
A) — B*y — C) zero I D) v
(A) 99 (B*) 100 (C) Mg (D)
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Center of Mass / ﬂ_

F-4.

Sol.

F-5.#

Sol.

F-7.

A solid iron ball A of radius r collides head on with another stationary solid iron ball B of radius 2r. The
ratio of their speeds just after the collision (e = 0.5) is :

r o @ U dre @ S g A TN 2r B @ ReR AR @1 o/ Wi B TR ©, Al IR B Old
918 I 97 BT 3G BN (e = 0.5)

(A)3 (B) 4 (€12 (D)1

4 1
Ma = —nrd e=—
AEPxgT 2

Mg = p x %n (2r)3 = 8Ma

Mmav+0=mavi+mev2a ... (i)
ev=ve—-vi L. (i)
: : . v 3v
Adding (i) + (ii) aﬁaﬁw:ngHE:?
vV VvV Vv v Vi v/3
LViEVe— — = —— —=— — . — = —— =2
2 6 2 3 Vo, Vv/6

A particle of mass m moves with velocity vo = 20 m/sec towards a large wall that is moving with velocity
v = 5 m/sec. towards the particle as shown . If the particle collides with the wall elastically, the speed of
the particle just after the collision is :

m SHME BT Ub HU Vo = 20 m/sec | TIRI PR M, v = 5 m/sec F U Pl AR FETAR TR PRaA

IR I THICAT & A TIRA SFHR b SIh 918 DHYT DI I &1 8IT |

(A*) 30 m/s (B) 20 m/s (C) 25 m/s (D) 22 m/s

O-Vo |
V=5
Vel. of Sep = Vel of approach (.. elastic)
R S BT 97 = e oM & 97 (.. UITRe)

. 20+5=V-5 =V=30m/s Ans.

Two perfectly elastic balls of same mass m are moving with velocities u1 and uz. They collide head on
elastically n times. The kinetic energy of the system finally is :
3 M SIAME m P QU TRARY e uq TUT Uz I [ IRT BT g CHIRN 21 9 n IR TIRY WY

TNl B | e @ sifsam afos eeit B8Rl |

1m 2
A) - —u B
(A) 5 - Ui B)
1 2 | 2
C*") — m(us +u D
() > (uf + u3) (D) 5
A massive ball moving with speed v collides head-on with a tiny ball at rest having a mass very less
than the mass of the first ball. If the collision is elastic, then immediately after the impact, the second
ball will move with a speed approximately equal to:
vad 9 A SRl g8 TP 9N 3G, U B! g (R9aT S| Ugd dtell e & S W 9gd—dgd
P B ) A AT TARY TIHR BRAl & Il TIBR D qI8 G-I I Bl ATl T BT |

(A) v (B*) 2v (C) v/2 (D) o

tm

2 2
— u u
2n(1+2)
1

mn (U + u3)
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Center of Mass / ﬂ_

F-8. A sphere of mass m moving with a constant velocity hits another stationary sphere of the same mass. If
e is the coefficient of restitution, then ratio of speed of the first sphere to the speed of the second
sphere after head on collision will be :

Th m S BT A G 9 A HRAT BN A GAEE B 7 ReR Mol § I 2| AR
TATERI OTH e &, A1 FE TIHR & 918 Y Tl &) 1l Td gEx el Bl a7 BT AT R B |
o [1-¢€ 1+e e+1 e-1
(AY) | — B | — ©€) | — (D) | —
1+e 1-e e-1 e+1
Sol. mu=mvi+mva ... (i)
Uu=svi+ve L ()
YooV Lo (ii)
u
on solving we have & @ =8 L = (1_—6j
Vo 1+e

F-9.= A ball of mass 'm', moving with uniform speed, collides elastically with another stationary ball. The
incident ball will lose maximum kinetic energy when the mass of the stationary ball is
aa =ra 9 10 AR @, TH 'm' TFEE D G D 7 ReR ] A TR TIBY HRC © | 3R Irafa
g @ STAHTH TS it Bl B BNl 8 1 ReR g &1 G928 |
(A*) m (B) 2m (C) 4m (D) infinity 7=

Sol. If mass Ifd S&A =m
first ball will stop ¥ g ¥& S = v =0
so 3 K.E. = 0 (min =I7cH)

(K.E. can't be negative K.E. 0TTcH® =&l 81 Adhd)

F-10. Ball 1 collides head on with an another identical ball 2 at rest. Velocity of ball 2 after collision becomes
two times to that of ball 1 after collision. The coefficient of restitution between the two balls is :

e 1 gEl Y I g 2 i1 favrHaRen # ®, A AR SRl § | ah] @ 918 g 2 Bl 97 g 1B a7
BT AT 8l Sl 8 | &1 &l & Hed FATaRATE UNh A BRI ?
(A*)e=1/3 (B)e=1/2 (C)e=1/4 (D) e=2/3

Sol. vz =2vq

(1 +e)ur=2(1—-e)us
1

e=—
3

Section (G) : Variable mass gRadeie saH

G-1.  If the thrust force on a rocket which is ejecting gases with a relative velocity of 300 m/s, is 210 N. Then
the rate of combustion of the fuel will be :

Jfe 300 m/s, AU 9 | A Bl IqER Bl @ Adpe W YuiE g 210 N 8, O S99 & Sloid @l ox
B
(A) 10.7 kg/sec (B) 0.07 kg/sec (C) 1.4 kg/sec (D*) 0.7 kg/sec
dm
Sol. F=p—ro
"ot
210 =300 x 4™
dt
M _ 0.7 kgls.
dt
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Center of Mass / ﬂ_

PART - lll : MATCH THE COLUMN

AT - 11 : HIAH DT FAfId HIRAY (MATCH THE COLUMN )

1.a#

Ans.
Sol.

Two blocks A and B of mass 2m and m respectively are connected by a massless spring of spring
constant K. This system lies over a smooth horizontal surface. At t = 0 the block A has velocity u
towards right as shown while the speed of block B is zero, and the length of spring is equal to its natural
length at that instant. In each situation of column I, certain statements are given and corresponding
results are given in column II. Match the statements in column I corresponding to results in column 1II .

2m Tl m G & ] @i A A1 B &1 K Ry fadie o gemeEa f8 | et T 2| 98 e

R &fosT W8 W @ 81 t=0WR b A DI IR IR 97 RAGAR U2 JO1 <id B &l a1 I 8
Jorm 39 &01 RET & TS 39S UIRae s @ RIER © | diad-1 3 Ide Rafd & foy @e $um iy
Q& Tl S G GRUM Bl -1l H A T 2| Hied -1 9 A N gaqall & dfad 11 3§ S99
ROl & |1 GAHIT HRY—

B K A B K _A
o | o —>u m 000000 M+ 2m [—>U
B oo el ey
smooth horizontal surface [TIhl &S] dAda
Column I Column II

A) The velocity of block A (p) can never be zero

B) The velocity of block B (q) may be zero at certain instants of time
C) The kinetic energy of system of two blocks (r) is minimum at maximum compression of spring
D) (

The potential energy of spring s) is maximum at maximum extension of spring

o~~~ —~

Dl 1 BicH 11
(A) it A BT I (p) BT 1 T TR BN |
(B) =if® B T (q) 5t faiy (certain) &l R 3T & |l B
(C) 3! <At & AHr & TIfast ol (r) R & fddmad ddeT & T gAaq 8l |
(D) R o1 Reafarst et (s) o & fpaw faaR & 99 sifdrwas 8l |
(A)p (B)q (C)p,r (D) q,s
(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 of spring.

(A) It =i A BT 97 LI & WA GREI0 ¥, <ifd B @ A 2u g 9T b B B A Sl
m(2u)? = 2mu2 S &% e o Fo Jife Sol F e 2| gfe a8 wE T8 B, of: A BT 9T W

A 3= 98 8rT |

(B) If B &1 URMYEG I T B, IT IR W B3 |qHA (&A0N) WR TR BRM |

(C) b Fra &1 FdT A & 31 Fhrg o1 TS Foll YA 8! 8 Faball © | A Fdra 31 afast
Fol R & iffean AR W =g=aw 8|

(D) R & Rerfast ot g &Rl o9 a8 3o ugfae sraxen arell g # Y | ifdsmad fawar aref
Iraeen # Rt @ Rafos Sort sifdrwa gt
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Center of Mass /

2.x=

/\g

In each situation of column-I, a system involving two bodies is given. All strings and pulleys are light
and friction is absent everywhere. Initially each body of every system is at rest. Consider the system in
all situation of column I from rest till any collision occurs. Then match the statements in column-I with

the corresponding results in column-II

-1 B g Reafer 4, a1 fvsi &1 ve Mg f&an T 8 | wft SiRkdl o Rl gedl qen ayor
IR B | UR™ H yAd e &1 7% fUvs favm # 21 w=1-1 § 9 Reafet 3 e &1 form &
PIs TIPR B B Y4 qP aiforg o -1 Bl Rl &1 -1 7 & 1 v aRoml & gaferd

PIFSY |
Column-I
(A) The block plus wedge system is placed
over smooth horizontal surface. After
the system is released from rest, the
centre of mass of system.
m

(B) The string connecting both the blocks of
mass m is horizontal. Left block is placed
over smooth horizontal table as shown.
After the two block system is released
from rest, the centre of mass of system

Ml—p—(m

(C) The block and monkey have same mass.
The monkey starts climbing up the rope.
After the monkey starts climbing up, the

centre of mass of monkey + block system.

[m]
(D) Both block of mass m are initially at rest.
The left block is given initial velocity u
downwards. Then, the centre of mass of

two block system afterwards.

Column-II
(p) Shifts towards right

(q) Shifts downwards

(r) Shifts upwards

(s) Does not shift

(t) shifts towards left

/\
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Center of Mass / ﬂ_

Ans.
Sol.

w1 w11

(A) =ifb + a1 e e dfas dds (p) T 3R fazenfaq 2rar @

W @ g | e B kw9 e
P R 918, Mo &1 ggd H s

m

(B) m &A™ & QI Al Bl SIS dTell ST () T @ 3R faxenfad &rar 21

&t B | i < e s 39 W)
@1 g & ol & e w8 /1 <l
ffrer @1 favm | Bret & R 918,

T &1 SIA b=

M—p L

(C) =it T I7ax BT AN S 8 | I (r) U BT AR fawenfid & 2|

IR TR HUR TG YR Bl & | g%
P TR R FW TS Y6 I B LA I
+ e e &1 gHE

..

(D) m S & a1 it URE F fRE W (s) fazenfa =18 81 T |

2| 91 =il Bl I B AR IRAIB
99 u &A1 S § @1 QR 9IS &1 <ild (t) I SR fazenfia g
g &1 gHH =

A(a), (B)pg (C)r (D)

(A)

(B)

(©)

Initial velocity of centre of mass of given system is zero and net external force is in vertical
direction. Since there is shift of mass downward, the centre of mass has only downward shift.
Obviously there is shift of centre of mass of given system downwards. Also the pulley exerts a
force on string which has a horizontal component towards right. Hence centre of mass of system
has a rightward shift.

Both block and monkey moves up, hence centre of mass of given system shifts vertically upwards.
Net external force on given system is zero. Hence centre of mass of given system remains at rest.
R W o & somH o= & URMRYS I Y 7 U1 AT 9 99 R ke H 2 e
TIAE B faRemuE A @1 IR B, S SN o &1 fARIUA el A @I SR 811 |

g W 2 ¥ N g & goudd o &1 faemus 9 31 3R 21 BRA f S R Ue 9o
IR &l B fad ta & gea Tt iR 2| safer Fog & gawH &< &1 il &R
fazemu= g 7|

T <l gl g8 HUR Bl AR T B B, sAferd T T fFpr &1 g7+ B FHER HUR B

AR fazenfog grar 2|

(D) A ™ e W 7 917 94 I B | SR A M e &1 gome o< R W) =/ |
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Center of Mass / ﬂ_

Bl Exercise-2 |

. Marked Questions can be used as Revision Questions.

= Fifed e Seem arFg ueE 2

PART -1 : ONLY ONE OPTION CORRECT TYPE

Y- : DI TP el fdded YHR (ONLY ONE OPTION CORRECT TYPE)

Section (A) : Calculation OF centre of mass <A Pvg DI IOMI

1.

Sol.

A uniform sphere is placed on a smooth horizontal surface and a horizontal force F is applied on it at a
distance h above the centre. The acceleration of the centre of mass of the sphere

(A) is maximum when h =0 (B) is maximum when h = R

(C) is maximum when h = R/2 (D) is independent of h

T FHwY el e Sfdsl g IR W1 gol & I 59 W b 9 h Sz W B AR 9 F

ST B 1 39 Ml & S ®vs Pl @x—
(A) h =0 89 R 3Af&Had 87T | (B) h=R & W 3ifdbad & |
(C)h =R/2 8H W IAHIA BT | (D) h R ¥R 81 vm |

Acceleration of COM does not depend on position of force.
T B Bl @RV g1 DI KA W PR T8 dxar 21

Section (B) : Motion of centre of mass  S&IHIT ®+% Pl I

2.

Sol.

Sol.

A ball moves horizontally in a closed box making several collisions with the walls. The box is kept on a
smooth horizontal surface. During the motion of the ball, the velocity of the centre of mass:-

(A) of the box remains constant

(B*) of the box plus the ball system remains constant

(C) depends on value of e

(D) of the ball relative to the box remains constant

UF d5 dfad § I 3G, 9fed @1 SRl ¥ CHIH gg Afaol faun § I B I8 © | 9] TS el aas
R I BT & | g Bl T b IR

(A) 9T & SHM B &1 971 f9d & 2 |

(B) 91 Td iig M & SoHH d= &1 97 f9d & B

(C) So¥ M &= &1 91 e & #H R R &xar 2|

(D) dfeT & ATUE g & G s &I 99 fId 5 B |

Since no external force is acting on the system hence Vcm remain constant.

Ff fPa R 9189 9 BRIRG e & o Vou Fad = |

A ring of mass m and a particle of same mass are fixed on a disc of same mass such that centre of
mass of the system lies at centre of the disc. The system rotates such that centre of mass of the disc
moves in a circle of radius R with a constant angular velocity o. From this we conclude that

(A) An external force mw?R must be applied to central particle

(B) An external force mw?R must be applied to the ring

(C) An external force 3m»w?R must be applied to central particle

(D*) An external force 3m®?R must be applied any where on the system

m STHE P T aad, m SFAF P HU TAT M SIHE B gHbdl W 39 UBR JAd 2 & e &

AN B ddbdl B dw R Red 2| I8 Ay e 39 UBR gioid g & gedl &1 gd E e R
o & ga 3 g o 1 0 9 0 W) 39 8 ey et 96 ® 5

(A) BT HT TR UH 9181 9 Me?R eI ST 8190

(B) 98 TR UH 9Tl 9 Mw?R AT T BT

(C) =T B WR UH 9T 91 3mw?R a1 8177 |

(D*) e W FE W =T 9 3me?R L T BT |

An external force of 3mw?R is required which can act anywhere on system.

3Mw?R TP 918 9ol 3Ma3P & Sl erg W) w8 f BRIRG 8 Iahdal 2 |
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Center of Mass / ﬂ_

4. A uniform thin rod of mass M and Length L is standing vertically along the y-axis on a smooth horizontal
surface, with its lower end at the origin (0,0). A slight disturbance at t = 0 causes the lower end to slip
on the smooth surface along the positive x-axis, and the rod starts falling. The acceleration vector of
centre of mass of the rod during its fall is :

[R is reaction from surface]

T qHAY Udell M S| U L s B B y-31E @ Agfad e &R 99 R Swler WEl 8 | sHdb
e 1 9 f5 (0,0) R 81 t=0 W oY fae9 | & s Freen RR1 R I8 U grcad x-3iel
Bl AR aadr g a1 e RAT UR™ ol & ARG 999 390 S & &1 ©@R0T Afeel 81 |

[R &g & ufafsar ga1 2]

(A") gy = MgNTR (B) gy = MQNTR (C) dey =MG-R (D) None of these T & ®1$
T8 |

5.# In a vertical plane inside a smooth hollow thin tube a block of same mass as that of tube is released as
shown in figure. When it is slightly disturbed it moves towards right. By the time the block reaches the
right end of the tube, displacement of the tube will be (where ‘R’ is mean radius of tube). Assume that
the tube remains in vertical plane.

FEER Td H WiFell Afeidl H FAN GTH B i PEATIR 8ISl Wil & | 99 39 sobl |1 faRenfuq
IS BrSl ol &, I8 S R TR Rl 8| 99 g AfIdl & T (R W ggaa & 9 Afordr &
fazemus & (‘R Aferdt o &ia fBroar ®) A1 Aferdr iR dd § 9+ Y& B |
w2 @ 2 D) R

T Y

Sol. Since there is no ext. force on system
FfP P IR B a8 g1 el 2 3
m(R-x)+m(-x)=0
x = R/2.

S S<R~>
Alternate : Let the tube displaced by x towards left, then ;

A1 AfrdT x favenfia e 21 a9 —

mx =m (R —x)

R
=>X= —
2
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Center of Mass / ﬂ—

6.n#

Sol.

Two men ‘A’ and ‘B’ are standing on a plank. ‘B’ is at the middle of the plank and ‘A’ is at the left end of
the plank. Bottom surface of the plank is smooth. System is initially at rest and masses are as shown in
figure. ‘A’ and ‘B’ start moving such that the position of ‘B’ remains fixed with respect to ground and ‘A’
meets ‘B’. Then the point where A meets B is located at :

T ITEH ‘A AT ‘B WP R TS 2| ‘B Wi (Ue) B A W ® AT ‘A WP B 91 RN W 2| W
(ucen) o1 |as e 2| Fer uR™ |4 Rer © do s@wH AR § 1 ‘A d1 ‘B’ 39 USRI $Rd
2 & ‘B (T & dme) Rer Tgar & den ‘A, ‘B’ 9 fiaar 2| 99 a8 fag <8f A, B 9 fierar @ @t Refa
arfi—

40kg  60kg
A B

o

smooth
40 kg

| L (o)
120 cm

30 cm from the left end of the plank

) the middle of the plank
* None of these

) the right end of the plank E
) =6 (Ueen) & AL H (
(C*) wir (Ueel) & aifed R wR (
(C) Taking the origin at the centre of the plank.
(C) @ & &= ®I ol a5 o1 W

(A
(C
(A

smooth

M1AX1 + M2 AX2 + M3Ax3 =0 (v Axcm = 0)
(Assuming the centres of the two men are exactly at the axis shown.)
@ 9 g ] ARl BT ds Y 31E R Rerd 7 )
60(0) + 40(60) + 40 (—x) = 0, x is the displacement of the block.
X , @if® BT favemus 7 |
= x=60cm ie. A & B meet at the right end of the plank.
Ad Bwii®, @id & aid RR R e 2
M1AX1 + M2 AX2 + M3Ax3 = 0 (* Axcm = 0)
Ml & B A W qd g)
60(0) + 40(60) + 40 (—x) = 0, x <ifd BT faRATUT 7 |
= x =60 cm A ATB D ® S R R el |
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Center of Mass / ﬂ_

7.4

Sol.

A small sphere of radius R is held against the inner surface of a larger sphere of radius 6R. The
masses of large and small spheres are 4M and M respectively. This arrangement is placed on a
horizontal table as shown. There is no friction between any surfaces of contact. The small sphere is
now released. The coordinates of the centre of the large sphere when the smaller sphere reaches the
other extreme position is :

T R 3531 #1 81T el 6R 3roa & o el § X1 gAT 8 | g9 AT BIC el Bl S HA: 4M qen
M2 | I8 SHl RETgaR s 391 R @ gY 2| f50 0 |as & 99 ado IuRed =81 2| 3@ BIC Ml
Pl BISI WA & | I8 M & D= & (Qd a9 1 BN Sd BISl Mell, I8 Tl d g (R W Ugd
T R

Y
6R m
I L O\ "X
aM
(A) (L - 2R, 0) (B*) (L + 2R, 0) (C) (2R, 0) (D) (2R -L, 0)

(C) Since all the surfaces are smooth, no external force is acting on the system in horizontal direction.
Therefore, the centre of mass of the system in horizontal direction remains stationary.

f% i g e & 9 afda fazn # fer ) 315 9@ 90 sRifia T8 8, o« &fdw en 9 fer &
T b ReR 8 |

y ¢.C, = 5R (in both cases 3T g&HRUl 7 )

y

c, /G C\ G

X X
Initial Final

x-coordinate of COM initially will be given be given by—

COM &1 URf® x fAcene 8 —

B MyXq +MpXp (4M)(L) +M(L +5R) _(L+R) )
my +m, 4M+M
Let (x,0) be the coordinates of the centre of large sphere in final position. Then x-coordinate of COM
finally will be
A 93 M &1 1f~q Reafa # &= @ Rafd (x,0) 8, a1 COM &1 x - fAcenia g8rm—
xi= GMOIEMX=9R) _ o gy 2)
AIM+M
Equating (1) and (2), we have
(1) 3 (2) BT geI & W
x=L+2R
Therefore, coordinates of large sphere, when the smaller sphere reaches the other extreme position,
are (L + 2R, 0) Ans.

IA: TG BITT AT SA 3R A RIfad # 2ran 2, 99 9s Ml & Feena (L + 2R, 0)

An isolated particle of mass m is moving in a horizontal (x — y) plane along the x-axis, at a certain

height above the ground. It suddenly explodes into two fragments of masses % & STm An instant

later, the smaller fragment is at y = +15 cm. The larger fragment at this instant is at -

TH m g $1 Qafa &1 x-y afist aa 3 x-31e & o few Iy ovar 2| sRida /@ fad fAifaa SaE

m 3m

W T FEATD -l TW?ﬁwﬁﬁﬁwﬁw%lwwwﬁawy=+15w.
TR g A I$1 CHSl B |
(A*Y)y=-5cm (B)y =+20 cm (C)y=+5cm (D) y =—20 cm

/\

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 36
Educating for better tomorrow [ e e300 558 5555 | CIN : UB0B02RI2007PLC024029 ADVPM -



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

Center of Mass / ﬂ_
Sol. yem=0

m 3m
yom = Zy1 + Tyz yi=+15 y2=-5cm
SECTION (C) : CONSERVATION OF LINEAR MOMENTUM ET AT GRET
9. A stationary body explodes into two fragments of masses mi and mz. If momentum of one fragment is

p, the minimum energy of explosion is

T ReR g% my T me SIMM H T ORI 2| 3R UH 9N & G p § Al f[A@vsT & FAdq ol

Bf—
p? p? * pz(m1 +my)
A —— B) —— cr) ————==

Sol. use UgHE B  mMivi = mavz =P

1
K.E. = > mvi2 + %mwa2

1 PY 1 PY 1 P%m,+m,)
=—m|—| +=-—m2|—| =—- ————=
2 m, 2 m, 2 mym,

SECTION (D) : IMPULSE  3Ta7

10.# A system of two blocks A and B are connected by an inextensible massless strings as shown. The
pulley is massless and frictionless. Initially the system is at rest when, a bullet of mass 'm' moving with
a velocity 'u' as shown hits the block 'B' and gets embedded into it. The impulse imparted by tension
force to the block of mass 3m is :
] <fdl A 9 B @1 Mo REAER ffddry a1 Sgq-ea IR0 9 9l g3 8 | R Se|mee aen
TYOTEN B | UR™ H e ReR B | m S @l el B e | 'u' 9 ¥ RETgER <aRil § o s

g 9Kl 8 A1 3m SHAE & i DI a91d 9o gIRT AT 1T 9T BIT |

m
%
B
Al3m|
5mu 4mu 2mu 3mu
A) 24 g) 24 c) 4 px) 24
(A) 2 (B) 5 (C) 5 (D) 5
Sol.  use momentum conservation equation Hd3 & |
m.u. = Smyv
v= Y4
5

Impulse imparted by tension force to block of mass 3m.
3m SIHE & <Afd B TG I §RT UTG 1T

=3mV = 3m_u
5
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Center of Mass / ﬂ_

SECTION (F) : COLLISION TEFMP

11._

Ans.
Sol.

12.

Sol.

13.#

A ball of mass m hits directly another ball of mass M at rest and is brought to rest by the impact. One
third of the kinetic energy of the ball is lost due to collision. The coefficient of restitutions is
TH m ST @ 35 R # I M 9 & Rl g A WY Tah) B § O IR gRT fORM a@

o IR 8| TFPR B BRY ] TSl Holl $T TP B @ <dl 8, O YAERM ONd & —

(A) 1/3 (B) V2 (C*) 2/3 (D) .|=

> O
® @

mu = Mv ...(i)
pi_2pf

2M 3 2m

m 2 v
—=—=—=8e

M 3 u

A super-ball is to bounce elastically back and forth between two rigid walls at a distance d from each
other. Neglecting gravity and assuming the velocity of super-ball to be vo horizontally, the average force
(in large time interval) being exerted by the super-ball on one wall is :

TP gUR i, &I ¢ AR Ol d g W B, B A A WY T FNCAl g8 UARY ©Y W A B 2|
THAR 9 99 © T A5 P &S 9 vo 8 I ISP QIR TR GWR S gRI AT AT A g
(@19 FHaTaRTe #) B |

1 mv2 mv3 2mv2 4mv2
A) — —0 B*) —O c) =20 D) —0
(A) > g (B%) r (C) r (D) r
=2 (time for succeesive collision SHFANTA TTFHRI & dId THY)
Vo
N x t = dP = mvo — (—mvo)
VO
2 —>
N« 22 _ omve ~ o N=™o (3_
VO d VOO

«— E—
A small ball on a frictionless horizontal surface moves towards right with a velocity V. It collides with the
wall and returns back and continues to and fro motion. If the average speed for first to and fro motion of
the ball is (%j V, then the coefficient of restitution of impact is :
T&H BISl g TR 3R V I ¥ gy T &fdw |ag W T Sl B g8 AR ¥ eI g qA1 a9y
diedt 8 ok I8 1y I &N B | SR gl MM dn WM &) 3fd A (gjvéfﬁquw

e BT A1 BRT—

A oS |

(A*) 0.5 (B) 0.8 ) 025 (D) 0.75
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Center of Mass /

Sol.

14.x

Sol.

o |

Vi=V
andd vo=ev andd t= d
Vavg
<Vavg> €
avi = —
T
20 1 e
3'°7. 70 3 e
£t e+
V. ev

get U @ e = 0.5 Ans.

A ball is bouncing down a set of stairs. The coefficient of restitution is e. The height of each step is d
and the ball bounces one step at each bounce. After each bounce the ball rebounds to a height h
above the next lower step. Neglect width of each step in comparison to h and assume the impacts to be

effectively head on. Which of the following relation is correct ?

(given that h > d)

T g WG B HAR R Sl g8 A9 SNl 8 | e IR UMb 8 | TAD MGl B e d & e
T ISP IR D dIa el Aigl TR Bl 8| YD cqPpR d 918 G Al -id arell gl I h SHars
FW TH Ol 8 | IIS G DI drgls h B Joaan § 707 2| I8 A % cqams I 2| e § 9

PHITAT HIT TG |
(A)%=1—e2 (B)%=1—e

Velocity of the ball on striking €& TR € &1 I =

.
1-¢

After that ball goes to height less than (h) due to inelastic collission = \/E(h—d)
THG UTEN TS TR IR b DR (h) § FH Has = [2g(h—d) TH IS 2 |

- \J29(h—d) = \[2gh e

h—d=e2h3n= d
d

1-e?

/\
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Center of Mass / ﬂ_

15.#

Sol.

16.=

Sol.

The diagram shows the velocity - time graph for two masses R and S that collided head on elastically.
Which of the following statements is true? . .
o TR I—9HY 9% 31 SFAE RAATS & oY & Sl 999 TR TIhR $Rd o | 711 49 B

BT G B |

V(ms™)4
1.2

0.8
0.4

12 3 4 t (us)

l. R and S moved in the same direction after the collision.
Il. The velocities of R and S were equal at the mid time of the collision.
Il The mass of R was greater than mass of S.

l. TIHR B 915 RAATS TS & faem H 0 &=d 2 |

Il. RAATS &1 I TIIR & AL WHT H TRIR T |

M. R &1 S¥M S ¥ SITaT & |

(A) I only (B) 1l only (C) I'and Il only (D*) I, I'and IlI

(A) | DI (B) Il ®aat (C) 19 |l ad (D*) 1, a1

I. Since velocity of both R and S is positive they will move in same direction.

[l. At mid point velocities of R and S are same.

[ll. Change in velocity of R is small as compare to change in velocity of S. But change in momentum is
same for both in magnitude. Hence mass of R should be greater than S.

Hence all three are correct.

|. gfs RTAT S SIFI &I dF &S © | 3 d FAM Q= 3 i B |

Il 92 fdg R RAAT S & ¥ |A B |

N.R& I # gRacE S & a7 ¥ uRRacd &I goil 4 e © | fdb=g Fav 4 uRadd aF1 & forg afkamor 4
T B 31 R &1 S09M S & SIA | 31f9d 8191 a1fy |

Ird: Y A1 fadhed w8l B

A ball collides with a smooth and fixed inclined plane of inclination 6 after falling vertically through a
distance h. If it moves horizontally just after the impact, the coefficient of restitution is :

TEh g TH 0 BT R Fb ReR e 70 9 W h S8 § FeaieR AR g8 Tanhl 8 | 3R I8 caax
@ 3% 915 AfasT & SRl 8 a1 YRR Ulid e BT A BT |

(A*) tan20 (B) cot?0 (C) tan® (D) cot 6
_vsin®
~ J2ghcos6

apply conservation of momentum T GRETT |

m /2ghsin6 =mvcos6 ... (i)

e 2ghcosb xm=mvcos6 ... (ii)

% =cotd .. e = tan?0 on solving 8 &= W

J2ghcoso

/\
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Center of Mass / ﬂ_

17.#

Sol.

18.»=

Sol.

A ball of mass m strikes the fixed inclined plane after falling through a height h. If it rebounds elastically,

the impulse on the ball is :
®A

smooth

Uh m ggq & g b ReR d ddf W h S8 ¥ AR 8| 3R I8 UIRY wU W ThdY dled! g ol
e ORI B |

c) 2mMy2ah (D) 2m./2gh

(A*) 2m cos 64/2gh (B)
cosO

Here I8l e =1
if ball rebound elastically IfE 7T TR FI | THIPR IO ©

VLol = ULol
=, Along line of impact momentum conservation e @1 & (Rl HATT HRETT I

Ith =mv —(—mu)=mv +mu = 2mu
Alog LO | SR &I I@T & 37fal uLol = U cosh = /2gh cos
J = 2m cosb. \/2gh

J2ghcosod
T
2gh cos).
e focid

A sphere of mass m1 = 2kg collides with a sphere of mass m2 = 3kg which is at rest. Mass m1 will move
at right angle to the line joining centres at the time of collision, if the coefficient of restitution is :
TS GIAE my = 2kg dTell Ml mz = 3kg & ReR el | THIAAT 8| IR & d1& GIA my Bal Bl

AT arell @1 | 90° HIVT g9 §Y A BY Al YITGRAT ONH e BT A1 B |

4 1 2 2
A) — B) — CcY = D) .=
(A) 9 (8) 5 (C%) 3 (D) 3
mavcoso = 3vy

vsin®

O

vcose\\\ 7
{ ; z VY
v v
y _2 Also3lR e= —Y— = 2
vcosO® 3 vcosO 3

/\
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Center of Mass / ﬂ_

19. =

Sol.

20.=4#

Sol.

Two identical billiard balls are in contact on a smooth table. A third identical ball strikes them
symmetrically and comes to rest after impact. The coefficient of restitution is : .
TP fIh-l <9 R a1 Th g9 [Ffers @) 1T 97 & 81 T sl U 99 g 9afd v 9 S99

THIA 8 3R IR P 9IS Wb Sl 2| € BT J9 B |

"2 1 1 NG
(A%) a3 (B) a3 (©) 5 ®) -
In x direction : Applying conservation of momentum
x foem A : 9w w=eqor oo 9
mu = 2mvcos30

u u

Y7 2cos30° Na)

v 2

u
ucos30°  \f3u ) NE)

Also 3R e =

A particle of mass m strikes elastically with a disc of radius R, with a velocity v as shown in the figure.
If the mass of the disc is equal to that of the particle and the surface of the contact is smooth, then the
velocity of the disc just after the collision is :

Th G&E m $ B Th R B & g&6cl 9 v 9 9 TARY TR BRal & (REgAR) TR &0 &I

ST Thdl P aXI6ER & 9 GHH Ide b+l & dl Sh B Slb dIg Idbdl Bl I3 FT 8ITT 72

0
e [
™ 2 ® 5 (D) v
sind = w ; 0 = 30¢
LOI Vi
m R

Both have equal mass it means along LOI particle transfer it velocity to disc which is vcoso.

M1 BT FREE T § g9iog LOI & AR H1 Fadhell Bl veosO I IATART B |
&

so 3d: Vp = Vcos 0 = Vcos 302 = 5

/\
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/\g

Center of Mass /
SECTION (G) : VARIABLE MASS ufRaca-eiial gad™=

21.# Two smooth spheres made of identical material having masses ‘m’ and 2m undergoes an oblique
impact as shown in figure. The initial velocities of the masses are also shown. The impact force is along

the line joining their centres along the x-axis. The coefficient of restitution is g The velocities of the

masses after the impact and the approximate percentage loss in kinetic energy.

3 e w9 usdd & Mol e g™ M ‘'m’ 9 2m B, REgER e caar 7d & | S99l & ARG
awaeﬁﬁwi‘mwwaﬁzﬁaﬁﬁﬁaﬁawﬁm(x-aa)%&jﬁﬂ%lmmwzﬁg?H

TIIR D 91 SIHAI & I J TS SHoit # glrerd g (@) S R |

y-axis
A
v=10m/s
2 d/\/¢=sin-1(4/5) ,
N » X-axIs
V@ A
v=b5m/s

(A) 1—°?+81 , §?+4i,15% (B) = h -8j; —5I+4J , 20%

3 3 3' 3
(C* 10|—8] ; —5i+4j , 25% (D) — 10+ - 8j ,—5I+4j , 20%

3 3 3 3

Ans. E —8] ; —5I+4j , %~ 25%
3 3 9
Sol.
v=10m/s
2m | /" p=sin(4/5)

53°N/|'m

v=5m/s
6
< 4
O' 8

4 ."
3 .
Along line of impact Se&ce Y@l & Ifas
coefficient of restitution TITERATH UM e = 63V3 :g (i)
+

0O O 2V
5/3 10/3
Velocity perpendiculer to the line of impact remain same.

Heee Y@ & o eaq 97 U WEd 2 |

]4 o103

5/3 (2m) Vs

w| o
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Center of Mass / ﬂ_

22.#

Sol.

23.

final velocity of 2m S&¥ = 2m &1 3ifcH 97 = _?sf+4] form,V = gf—ﬁ
Loss in K.E. It o1t § 81f9 = Ki — Ki

2 2
;2m><(5)2+;m><(10)2—[;2m {42 +(gj };m (82+1g] ]
x 100 = 25%

% Loss B = 3

AB is an L shaped obstacle fixed on a horizontal smooth table. A ball strikes it at A, gets deflected and

restrikes it at B. If the velocity vector before collision is v and coefficient of restitution of each collision
is 'e', then the velocity of ball after its second collision at B is

AB U% L PR BT AGRIYS &, I8 T a1 &fdst 991 IR Sfeaq ¢ | U 3G 39 W fIg A W TI=h &
Jorr fa&fd Brpx B WX gH: Shxl & | A Sahx A Yd 97 Al v & AT TAD <IhR & folg Temaen
TN 'e' ® A1 B R faili edax & 918 37 &1 97 -

(A) e’v (B) —e?v
(C*) —ev (D) data insufficient aiTes sruafe & |

V' (after 1% collision)

eV,

V" (after second collision),
e
During 1t collision perpendicular component of V, V, becomes e times, while [I" component V,

remains unchanged and similarly for second collision. The end result is that both V,, and V, becomes

e times their initial value and hence V"= — eV (the ( —) sign indicates the reversal of direction).
1t TFHR B AR V & d=¥ad "ed, V, dFad e A1 8 S, Sdfeh §HR Hed |V, suRafia 8w

den 34l bR fgfod cgmr & fofg 8rm| o # uRem W@y, @1 V|, Sl 8 URMS 79 & e A
B SIQA | 3fa: V"= —eV (T8I (- ) fore fauRa faen &1 usRia &xar 71)

A wagon filled with sand has a hole so that sand leaks through the bottom at a constant rate A. An
external force F acts on the wagon in the direction of motion. Assuming instantaneous velocity of the
wagon to be v and initial mass of system to be mo, the force equation governing the motion of the
wagon is :
T MEI XT F W gE ¥ | 39H U fael Adg W 8% & R e ) A9 9 & R g 2 iy
P feen § T W) F 9189 91 1 © | g AR B ) 1 areildre 99 v o 9l URBYe S| mo
A A W B SR 8, S e @ I B e R @ R,

= dv - = dv -
A F=mo— +Av B) F=mo— —-Av
*) Cat ” ®) *at
dv dv

(C*) F = (mo—1At) = (D) F = (mo—At) d—‘t’ AV

/\
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Center of Mass / ﬂ_
Sol.

__>v

O xO
Vi =Vme
Vi= Vg — Vo =V—u=0
- since b vr=0 soFi= ngtm =0
Fret=m Z—\:

dv dv

F+0=(mo—At) — F = (mo—At) —

+0=(mo=21) (Mot o

24, A balloon having mass ' m ' is filled with gas and is held in hands of a boy. Then suddenly it get

released and gas starts coming out of it with a constant rate. The velocity of the ejected gases is also
constant 2 m/s with respect to the balloon. Find out the velocity of the balloon when the mass of gas is
reduced to half. (Neglect gravity & Bouyant force),

T TeRT S 'm ' S B I 9N €, Ub s BN H Wl § | 98 S gl dx ol @ qA I

s e [REd SR 9 aeR Mderdl @ den Mdem dell i JER & A@ue g [Afed 91 2 m/is 9
el 2, A1 &R BT 97 ST9 AY SHHF AN I8 WY, B —(THAI g IAED g 79 2)
(A) fn2 (B)2/n 4
(CH2¢n2 (D) none of these 378 | ®Ig &l
Sol.  (C) Neglecting gravity,
(C) TS TIvd A g

m
v=uln; (—Oj
m;

u = ejection velocity w.r.t. balloon .Mo = initial mass mt = mass at any time t.
u=T4R & A& I BT 9. Mo = RS gdE - my = (ol 993 t R g
—2m | 0| _ o2
mqy /2

PART -1l : SINGLE AND DOUBLE VALUE INTEGER TYPE
AT - Il : Uohel U9 f§—quifes A ISR (SINGLE AND DOUBLE VALUE INTEGER TYPE)

Section (A) : Calculation OF centre of mass <A Heg DI M

1.=»# A thin uniform sheet of metal of uniform thickness is cut into the shape bounded by the line x = a and
y = * kx3, as shown. Find the coordinates of the centre of mass.
g1y @1 Uh Udell Ub FAF AICls dTell WA HI RFAGAR Y& x = a dAM y = + kx%, A uRag Mgy &
T BIST Ol & | U9 bvs ® A9 garsy |
y

Ans. (E a,Oj
4
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Center of Mass /

Sol.

A

wne> X

length of the shaded region BTIIf&d 9T & &g = 2y = 2kx2
dm=2ydx x p
dm = 2kx? x p dx

a a
_ _ 2 _ 2kpa3
M = Idm_jzkx pax = =2
(o] (o]

a a 4
dem I2kx3pdx 2kp| &

0 4 3a
- ..

J.dm jldm : ZKP[fJ g
0

By symmetry the y-coordinate of the shown plate is zero.

FARTD ¥ & T8 ©Ic B y Fewi® g B |

Section (B) : Conservation of momentum Hd¥ HREUT

2.

Ans.
Sol.

A train of mass M = nkg is moving on a circular track of radius ' R ' with constant speed V = 2m/s. The
length of the train is half of the perimeter of the track. The linear momentum of the trian will be
M = nkg SIAN I b Iems! F9d are V = 2m/s & 'R ' 31 & gaidR 99 WR R AR @ G

TS B TS B DI URE BT el B | XA BT X AT B |

4

(B) If we treat the train as a half ring of mass 'M' then its COM will be at a distance i from the centre

of the circle. Velocity of centre of mass is :

T

(B)ﬁmﬁ'M'waﬁa@mmﬁﬁww%ﬁw%WﬁEa;\ﬁqq
T

BT | SUH B Bl oI

Vem = Rew .o

2R 2R (V V
= —.0=—.| = (o= =)
i n \R R
= Vem = ﬂ = MVcwm = 2MV
T T
As the linear momentum of any system = MVcwm
The linear momentum of the train = 2Mv Ans.
T

fdl i e &1 Y& AT = MVew
Jd: NoRS! BT YWY FdT = MV Ans.

T

/\
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Center of Mass / H‘

3.

Ans.

Sol.

Ans.

Sol.

A man of mass 60 kg start falling from building of height 80 m with a bag of 2 kg in his hand. After
falling through a distance 20 m he throw the bag horizontally with respect to him so that he fall in a
pond 2m away from the vertical lines of fall. Calculate horizontal distance of bag from the vertical line of
fall where it lands. (take g = 10 m/s?)

60 kg TEE & Afdd 80 m Hdl SART W 2 kg It & A1 iRaT ¥1 20 m fiReY & 91, @Afdd ol &I
W & Ay afea: Bear 8, R 98 afdd R & el Y@ 9 2m )@ Red areme # firar 21 sna
I afed & FRA @ oed 3@ 9 I o &8s g0 99 I 9 ) fRar 8 (g = 10 m/s2)

(&

fﬁ 2><8 F 4S
f ‘} (80-60) ‘/ =2s
10

60
T=

T-t=4-2 =2s
=i=3=1m/s

At 2
Mv = mv
= % =30 m/s Ans.

R=vAt=30x2= 60 m Ans.

A car with a gun mounted on it is kept on horizontal friction less surface. Total mass of car, gun and
shell is 50 kg. Mass of each shell is 1 kg. If shell is fired horizontally with relative velocity 100 m/sec
with respect to gun. what is the recoil speed of car after second shot in nearest integer ?
HYUEE QRS I8 WR AU Jad HR Gl © | PR, AU qAT el B Gl s@AH 50 kg B | TS el B
A 1 kg | e el &1 &fasia: 100 m/sec 971 (A9 & |U&) | SR S, A1 88 el B qOH &
T HR B Ui a1 Ndvean qofe § @ar gl
4
Vi« (i) »> 100 - Vi m/s
V1481 (i) > 100 - Vo m/s
(100 — V1) x 1 =49 V4
(100 — V2) =48 V2

100 vV 100

49 +1 T 481
Vet = V1 +V2
_ 100 100
B0 49
Vet = 100 (— + ij m/s. Ans.
50 49

/\
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Center of Mass / ﬂ_

5.

Sol.

6.=#

Ans.
Sol.

A large stone of mass % is released when centre of mass of the stone is at a height h (h <<Re). Find
speed of stone when it is at a height of g Me and Re are mass and radius of earth. Given h = % m.

T% 991 TR o sq %%,aﬁgmﬁmm%,mqw?ww%a%ﬁh(h<<Re)q'\f

%‘lx—rﬁrq—cmgmwéwsﬂaﬁwmaﬂﬁﬁlMeaRemzqaﬁa%qulﬂam&wul%‘lﬁm

T R he Somi—
20

Ans. 1
\% v'=v/2
me——> <o
2m = 6x10%
—_—
n
mv =2mV' =V =Vv/2

A block A having a mass ma = 3kg is released from rest at the position P shown and slides freely down
the smooth fixed inclined ramp. When it reaches the bottom of the ramp it slides horizontally onto the
surface of a cart of mass mc = 2kg for which the coefficient of friction between the cart and the block is

U= % If h = 6m be the initial height of A, determine the position X’ (with respect to cart) of the box on

the cart after it comes to rest relative to cart. (The cart moves on smooth horizontal surface.)
SR AR ‘ma’'= 3kg SFAN &1 Ud Jedl A, Rafd P 9 faRmT & 8IS 91 & IR a1 Fada arel ¥4
WR Yo wY A A B &1 99 g8 W B dd W UgAdl © dl I8 me =2kg TFHH DI TH S Bl

?fﬁmwwfbﬁwﬁ%lﬁmﬁﬁﬂn@awiﬁﬂwaﬁwgmfﬁ‘p=§%|!rﬁ;’AEﬁm'\ffhrc5m°T§

h=6m 2 @ Jedl Sl & AU kM TR 3 & T9 Jed Dl Ml & FUR RAR X AT B | (ML
fae &fds dag W) Fer ' 1)

i

T I Iy oorononunr

6
Velocity of A after falling height h Va = J29h .
hgd fARY . A ST I Va= \2gh.

Applying momentum conservation Hd7 A&V |
maVA = (ma + mc) V
m
V=|—"32_1/2gh
o
using work energy theorem. &1 I Y9I &

LMagX= %(ma+mc)vz—% Ma Va2

2y/2
My Va

> — Ma Va2
(Mg +mg)

2 L Mag X = (Ma + Mc)

/\
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Center of Mass / H‘

Ans.
Sol.

8.»n

Ans.
Sol.

mava (mava — mava — mcva)

2ngx. ma =
(M, +m;)
2

2ugx= —Teva_

(M, +mg)

- h
2 ugx = ﬂ = X = —h m,

1M o [14ma > 7. .

mC mC mc

A bullet fired horizontally with a speed of 400 m/sec. It strikes a wooden block of mass 5 kg initially at
rest placed on a horizontal floor as shown in the figure. It emerges with a speed of 200 m/sec and the
block slides a distance 20 cm before coming to rest. If the coefficient of friction between block and the

surface is % then find A . Mass of bullet is 20 gm. (take g = 10 m/s?)

T el &ifdst f&em 7 400 m/sec @1 W RN O © | U8 AR &fie g W Red, uR™ 3§ ReR 5
kg S & ddhs! & i A SHRC & | el 200 m/sec AT A wiid W dEX Adad 8 9 <D

ﬁwwﬁaﬁﬁq%ﬁ200m@mw%|aﬁ@ﬁmaw$maﬁww% 2 A & A
ST PTG | el BT s239H 20 gm 21 (g = 10 m/s?)

400 m/s
— 5kg
U

m =20 x 103 kg ; M =5 kg

u =400 d=02m

V =200 w="?

APBgulet = APBlock
m (u—v) = 20x10-2 (400 — 200) = 4 kg. m/s.

P2 42
KEBiock = m = 5%5 =16J=ngd
p= 16 8 1.6 =0.16 Ans.

Mgd 5x10x0.2

A bullet fired horizontally with a speed of 400 m/sec. It strikes a wooden block of mass 2 kg hanging
vertically with the help of long string. After striking with bullet, block rises a height of 20 cm. If speed
with which bullet emerges out from block is 10 A then find A . Mass of bullet is 20 gm.
(take g = 10 m/s?)

U&H el 400 m/sec AT | &fast I Sl 8 | I8 ol SR ¥ IMTeifdd 2 kg SHH & ddhS! & <dld o
THIEA B | el THIE & U i 20 cm HAE T I3 ol & | IX «ife | Fid Mel & a1

104 B T A DT A A DI | el BT g9 20 gm e | (g = 10 m/s?)

20
V= 2gh =42x10x0.2 =2 m/s.
mp = MV+mv
2x2
V=p-V=400- ——— =200m/s Ans.
20x10~

/\
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Center of Mass / ﬂ_

9.

Ans.
Sol.

10.=

Ans.

A small ring A of mass m = %kg is attached at an end of a light string the other end of which is tied to a

block B of mass 2m. The ring is free to move on a fixed smooth horizontal rod as shown. Find tension in
the string when it becomes vertical.

U& BT aog A R qommm:%kg 2 TP Eool IR B TP R R I & e gy v w® 2m

S P e B AR 1 8 | REgaRr 9o Rer e afds 8 w® 1 a1 & foy wa= 2 |
Feler Refd § S H a1 =1 a1 |

%

>3
w

Al
>
3

70
VI’

ﬂ n=0 g a E
a S E T 2m

4—

Ve

mg

By mechancnical energy conservation Jifd Soil Hver0r |
1 2 1 2
—(2m)V$ +=mVS =2 mgl
2( Ve + oMV g
2 Vi? + V2 = 4g| ()
using momentum conservation Hd¥T HRET0] mVi=2mVb  Vi=2Vp ..(2)
2Vp? + 4Vp? = 4 gl 6Vb? = 4gl Vb = ‘éggl

f.?
Vi=2 Vb= 2,|]=4dl
b 39

when string be comes vertical velocity of block wrt to string.

STY SIY SEfER B Sl & ol S ® TUel sl Bl I

Vor = Vb — (= Vi) =3Vb = 31 ’%gl

2m(\€/br>2 T=2mg+ 9ng;;<2)m

A symmetric block of mass m1 = 1kg with a groove of hemispherical shape of radius r = 5m rests on a
smooth horizontal surface in contact with the wall as shown in the figure. A small block of mass
m2 = 1kg slides without friction from the initial position. Find the maximum velocity of the block mj.

TUh my = 1kg SHAM BT FHAT <did fSTd =R r = 5m B5a1 &1 FGg<ig 91 $el 8, P axvad W)
AR & U 9D H AR @ § | T BIel me = 1kgSeddM &1 <ie 39 W URMG Refa & =1
TY0 & At ¥ | =i my &1 ABaH AT A1 BRI |

T-2mg = =14 mg

10

/\

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 0
Educating for better tomorrow [ e e300 558 5555 | CIN : UB0B02RI2007PLC024029 ADVPM - 5



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

Center of Mass / H‘
Sol.

m,

A m | 2o

ANAANRRNRRRRRRNNY

Velocity At A T8 9T — V2 = ,[2gr
Constant losses \ud: wedr &

[m]

A m,

Applying another momentum in horizontal direction conservation when mz again reaches pt A.

me ® a5 A TR U Ugarl UR &ifcrel faem §  Hd¥ AReT0 o R

= ma+J2gr =myV; —m,V, (1)
energy conservation eqn. ol ARETUT HHIBROT
megr = %m1V12 + %szz2 ..... (2)
ma2gr —m;V; = —m,V, putin (2) we get. (2) H Y@ W BA U & & |
Vi o 2m2ﬂ/29r
m; +mj,
11. Two blocks of mass 3 kg and 6 kg respectively are placed on a smooth horizontal surface. They are

connected by a light spring of force constant k = 200 N/m. Initially the spring is unstretched and the
indicated velocities are imparted to the blocks. Find maximum extension of the spring in cm ?
3 kg 3R 6 kg STIHM dlel &1 Ald fordl sl dag R I €| I8 &M k = 200 N/m s fadia arel

e fBIT 9 9 8| UR™ 4 8 4 918 Raame 781 @ vd il & 99 S W 2] R A sifdaaH
Raara 9. § 10 I |

1.0 m/s 2.0 m/s
& ﬂ
B VYWV
Ans 30
Sol. Inthe centre of mass frame SIHE &< & dF H,
Toe =1 MM g,
2 2my+my
200 x2 = (ﬁ (2+1)°
3+6

x= 2 _03m=30cm
10
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Center of Mass / H‘

12.

Ans.

Sol.

13.=

Ans.
Sol.

Two blocks initially at rest having masses m: and mz are connected by spring of spring constant
k= gN/m (as shown in the figure). The block of mass m1 is pulled by a constant force F1 = 4N and the

other block is pulled by a constant force F2= 2N Find the maximum elongation of the spring (the spring
is initially relaxed) Assuming mz = 2mj

TR™ H ReR 31 <l N S@@ T HHR: my J2M mz 8, B AR, k = %N/mﬁdﬂﬁ'&ﬂiﬁﬁ P RET |

Sirel ST 2| Al SAE my @ Fr= 4N o a8 9 do1 g &9 &1 Fo = 2N a0 9 9 died
21 R ¥ afeaw yaR ga aifog | (ReT g1 § wfas oarg | 2 1) eI T 8 me = 2m;
F K

F

2 (mF +myF) _10
k (my+m,)
Fe—m.| [m.}—F,
Wrt to center of mass. THAE D D ATUE

Net force actingon ms and mz2 m{ 9 ma2 U qHel e

F,
—m]
F, ‘—I I—’ F,
(F-F) m, (R-F)
m, +m, m, +m,
Applying work energy the same on system. e W) HRI SO YRT A W

Fx+Fx—%Kx2=0—O

mi

2F
— =X

» (i) when Fis 919 F 7 |

FoFy+mi2=h) (i)
my +ms

o myF; +myF + miF, —myF (i)
my + My

Put value of F from (ii) is (i) use get x. THIHRYT (ii) § F &1 A (i) § 1 W)
2(myF +miF;)
k(my +mp)
Two blocks of masses 10kg and 4kg are connected by a spring of negligible mass and are placed on a
frictionless horizontal surface. An impulse gives a speed of 14 ms-' to the heavier block in the direction

of the lighter block. Then, find velocity of the centre of mass ?
10 fpan. e 4 {1, s&@9H & &1 @did, U Tvg S| &I U 9 Sfg & a1 =yl I3 &fs |ds

TR Y 2| 9N i BT Th AT Bob sdid Bl dRB 14 MA- B o7 U BT & o SIATT bg bl
I B |

10
VCOM = m1V1+m2V2 _ 10X14+4><0 =10m/s
my +my, 10+4
v,=14 m/s
— v,=0
m,= 10 kg m,= 4 kg

—> +ve

/\
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Center of Mass / ﬂ_

14.# A particle A of mass 2kg lies on the edge of a table of height 1m. It is connected by a light inelastic
string of length 0.7m to a second particle B of mass 3kg which is lying on the table 0.25m from the edge
(line joining A & B is perpendicular to the edge). If A is pushed gently so that it starts falling from table.
After some time string becomes tight. If the impulse of the tension in the string at that moment is 3A/5
then find A . Assume all contacts are smooth. g = 10 m/s?
TEH B A (SFTH 2 kg) <9 & IR W et Sa8 1 /. 8, W™ 3@ 83N 21 I8 0.7 Hiex a1 =
¥ BHY (FMM 3kg) 9 T 2 W fHIR & 0.25 Wex g W 2| (A TAT B B e aren ¥l fFIR &
A 2 1) R A D8R A 3BT < § qU1 I8 <9 ¥ ARAT B | {B G99 ygar & a9 o 2 | A}

IR A qEId BT AT IH &40 W 358 A A D AE 1 BN ? (F8 A 5 el awe faee @

g =10 m/s?)
B A
3Kg 2Kg
\f\/\/\/\/—/
S 025m
1m
Ans. 6
Sol.
T
P
T |45cm
A

string will taut when A waves a distance of (.7 — .25) m
SR a9a § B8R 59 A §RT @3 S0 (.7 — .25) m 811

at that Pt Va = a/29h and Now B starts on using with same velocity as A.
9 9 Va= \f2gh 87| 59 @9 B, A D 971 & IR avm |

let us suppose it is u.

AT I8 AT U R |
det —msu+0 (1)
_ ITdt =ma (U —Va) -(2)

from (1) and @) u= —ma¥a _ 8
my+mg 5

TP (1) 7 (2) & u= TAVA _

My + Mg 5

ITdt=3xg =3.6 N-s
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Center of Mass / ﬂ_

15.#

Ans.
Sol.

Two particles A and B each of mass m are attached by a light inextensible string of length 2¢. The
whole system lies on a smooth horizontal table with B initially at a distance ¢ from A. The particle at end

B is projected across the table with speed u = 43 m/s perpendicular to AB. Find velocity of ball A just
after the jerk ?

A STAE m B & T AT B Th godl AITRA 2/ 18 @ IR A IS 2| IR e e

ST AT W@ 2| IR H B AN 0 (2| B9 B A AB W & odq edal TR U = 44/3 m/s a
A BDHI O 8| 3D D S1b 915 A BT o9 BT

A

u sin 30°

When the string becomes tight, both particles begin to move with velocity components v in the direction
AB. Using conservation of momentum in the direction AB

S ST T gs B, Il BUll bl AB I H 99 @1 wed v BT | AB fARIT H Hd9 HRET I W

mu cos 302 = mv + mv
u3

= U:{g Hence the velocity of ball A just after the jerk is v = TRt
w3 2
4

ordl \"

FTH (jerk) T & SIb 91 A G BT I v =

Mathod II. fafer i

0
: 20 2t
u sin 30° u,
30°7 / u 30°7 r/
0° 30°
o 5 T 5
. u cos 30° . v
Before the jerk after the jerk
A A
N I
: 20 RNPY,
u sin 30° u,
300 " 305"/‘/
00 00
o B B EJ\{%
u cos 30° v

F... =0, using conservation of linear momentum along the string.
Fo =0, S/ @) faem & Y& Ha \veror o W)

m u cos 302 =mv + mv

& N

2v=U. — = V= —1uU
4 4

/\
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Center of Mass /

/\g

16.

A block of mass 2 kg moving at 2.0 m/s collides head on with another block of equal mass kept at rest.
If the loss in kinetic energy of system is half of the maximum possible loss of kinetic energy of system ,

If the coefficient of restitution L . then find A.

N

2.0 m/s =1 ¥ WRrENe 2.0 f6dlo Seq|M ®1 U CdI, FHM S0 & ReR [edb A W TIPY Bl
2| afe g &1 wfast Soit &) Bify 3if¥edd Ifast ot @) 8if @ 99 @) e 2, d9 afe g

OIS BT A 2 A AP A G I |
2
Ans. 1
Sol. M = 2kg , u = 2m/sec.
Max loss in K.E. means e =0
K.E. # 31fdwaH &1fa siafq e =0
mu = 2mV V= %
Loss 81 = Ki — K
= 1 mu?— — (2m) V2 = 1 mu? = 4 x2x(22=2J
2 4 4
If loss TR BIRT =1J = + mu2= + 4 1me2
8 4 |2
- 3 1 3 . S
Reamaining 3§ K.E. = 255 mu2= = mu? (finally 3ied:)
. . : V2 - V1
coeff of restitution YITaRATT I0MH € = —=—— Va—-Vi=eu (1)
By momentum conservation Hd HReTOT |
mu =mV1 + mV2
u=Vi+Ve (2)
(1+e)
V2 = x U
2
1-e
Vi = ( ) x U
2
1 mVi2 + 1 mV22 = gmuz ...... (3)
2 2 8
2
(1-e) 1-e g »
xu| + xul =—u
2 2 4
1
2+2e2=3 L e= — Ans (A
N (A)

17. A projectile of mass m is fired with a speed v = 20 m/s at an angle 6 = 45° from a smooth horizontal
field. The coefficient of restitution of collision between the projectile and the field is e = % How far from
the starting point, does the projectile make its third collision with the field?
= &St A9 9 0 = 45° B0 WR TS U89 v =20 m/s T 9 ¥afid fan /@ 8| #g den uerd &
A TIHY BT YA 0N e = % 2| ved fog A fhael ¥, ue ASE & A1 AR IR THIRAT ?

Ans. 70

®
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Center of Mass / ﬂ_

Sol.

18.=

Ans.
Sol.

19.

Ans.

vsin o

+——R —>¢«—R—N—R,~>
Ri=Vcos 0T
R2=Vcos 0 T2
R3=Vcos0Ts
R=Ri+R2+R3s=ucos0[T1+T2+ T3]

2usin® 2eusin® 2e2usin®
+ +
g g
(1+e+e?) VZsin20
g

=V cos 0

R=

A body of mass 5kg moves along the x-axis with a velocity 2m/s. A second body of mass 10kg moves
along the y-axis with a velocity of V3 m/s. They collide at the origin and stick together.

If the amount of heat liberated in the collision is % then find A?

5kg SHM B Uh d%g X-318 D Ifgfa¥ 2m/s & I ¥ A PRl 2| 10kg THAF B U GAY IR
y-3181 & I V3 m/s & I | I B B | 9 Al TR THIN © AT AUH H F$ AN B |

aﬁa&wﬁﬂaﬁmiﬁw%ﬁaﬁkmaﬂﬁl

35
Px=5x2=10 ;P =Pxi +Pyj
Py =103 =10i +1043 ]
=(5+10)V
=E(f+ 3])
15
Vv =E(i+ 3])
3
M =im/s. Ans
3

1 1 1
H=AE=Ei—Ei= {Emwf +§m2u§} -3 (m1+mz) V?

2
x5x22+%x10x(\/§) —%x(10+5)(4/3)2=25—%=33—5 Ans.

1
2

A ball released from rest collide elastically to a fixed inclined plane of inclination o = 30° after falling
through a height h = 3m. Find the distance between the points along the incline where it strike the
incline.

ReRTeRe ¥ Jad &1 T 8 h=3m. HAE A R & 918, o = 30° I el ReR Ssaq Tadal d TR
TFBR HXA B | Ad9d B AfRw I fag SEl i I ©, B " g B |

12
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Center of Mass / H‘

Sol.

20.

Ans.
Ans.

u=e\ 2gh = \2gh

Agsina

X g cos aui g
Ball again collide on the inclined plane when y = 0, as shown in the figure.

forg ¥ T SR i R 79 O W THIEN 8 9d y =0, T |

y=uyt+yT = 0={‘/29h coso — m}t

2
2«/2 h. J
t=0 & = 2 «/29h. cosa = g =2 x el
g cos a g Ja
Now x-co-ordinet of the ball at the time of striking

T THM b G g BT x-Mwd 7|
X=2gh sinat + % g sin a t? = X = 1/29h sina. 2 /2—h+%gsino{@]
g g

= x =2h sina. . 2 + 4 h sina = 8h sina. (along the incline plane) (7d dd & 3131%‘21)

A ball of mass ‘m’ is suspended by a massless string of length ‘¢’ from a fixed point. A ball of mass 2m
strikes in the direction of O = 452 from horizontal & sticks to it.

TP SIEE m Bl d| ¢ TS el SHe IR 9 dcaHl 8s o U 2m SFHM drell e & |
0 = 45° BT BV IR ¢ M THAE P g A THIN 2 R 399 fyues ol 2 |

45° m

If the initial velocity of 2m is x\/g_ﬂ so that system deflects by ¢ = g and if string is cut at ¢ = 602, and
(
the velocity at highest point of trajectory is ﬂ ,thenfind x +y:
y
2 m THM BT IR 3T x,[gl %,gﬂwﬁsﬁm¢=%wﬁa#ﬁﬁﬁm|w§aﬁgwﬁm

¢=6093ﬁ,aaw?$rwaﬁmaﬁqua%afﬁwmwaﬂ@ 2, T4 x +y S S|

5
x=3,y=2,x+y=5

/\

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow [ e e300 558 5555 | CIN : UB0B02RI2007PLC024029



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

Center of Mass / ﬂ_

Sol. (a) V = \[2g]

21.x#

Ans.
Sol.

Yy

Inx dir xfeom d /t—>x

2me=3mV

2
3 3

v= — V= —x./20l = v = 3./l Ans.
NN Ve

Vo = V2 —2gl(1—Cos6) = /29— 2gI+2gICos6

For 6 = 60°
Vo = ol = Vx = \fgl Cos 60° (at heighest point I=add fd=g W)
Vx = @ Ans.

A wedge (free to move) of mass ‘M’ has one face making an angle o with horizontal and is resting on a
smooth rigid floor. A particle of mass ‘m’ hits the inclined face of the wedge with a horizontal velocity vo.
It is observed that the particle rebounds in vertical direction after impact. Neglect friction between
particle and the wedge & take M =2m, vo = 10m/s, tana = 2, g = 10m/s2.

S M @1 U el dol- & ol W@ad & $9d] UH |ae &fdel ¥ o BIv g9Ki & 91 I8 P g3
AAE W @ 2| T ‘M’ SHAM I BV SHD] Ad T8 IR Vo &fol 99 | SHIAT & | I8 <& ol 7 fb
P THIH @ dI€, HW QM H ST T | TAddel 9T B b A G g Y AH IR M = 2m,

vo = 10m/s, tana = 2, g = 10m/s2 @i |

Vo
c—>
o M

Assume that the inclined face of the wedge is sufficiently long so that the particle hits the same face
once more during its downward motion. Calculate the time elapsed between the two impacts.
IS B T AdE DI IS DI UG AT AMMD HU AD! A DI AR AR B SR IR Fd8 TR I |
T IR D A B FId FHT ST BN |
3

0\%:\
Applying momentum conservation in horizontal direction &iftrst fa=m # wdaw1 &Revr |
mVo = Mu M =2m
Lo Y,
M 2
Eqgn of e along normal

I B I e BT FHIBROT

/\
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Center of Mass / ﬂ_

224

Ans.

V, .
VCOSOL-F?O sina

_ Vcosa+usina
Vo sina Vp sina

e= lcotow 1 (i)
Vo 2
Along incline surface of wedge friction is negligible so change in momentum

IS P A YO D I TY UG g I HIT H gRac
mVo cos a =mV sin a
v =cota (i)
VO
Put value of (i) in (i) (i) & A9 (i) § @ W
1

e=C0t20.+2 given f&am 1 ® tana =2

= l+1 = 3 Ans.
4 2 4
(b) h = (ut) tan &
By (2)nd eg. of motion T B FTHDB (2) A
1
—h=Vt- — gt
5 g

— (ut) tana = Vit — % ot?

or —utana:V—lgt
2

3 gt=V +utana

2

t= 2 (Vo cota + ﬁ tana )

g 2
t= 2 Vo tana (cot?o + l)
g 2
te 2V tana (e) = 2e Vptana
g g
B D2
substituting values AF &9 W : 41—0 = 3sec

A hemisphere S and a particle P are of same mass m = 2 kg. P is dropped from a height ‘h’. S is kept
on a smooth horizontal surface. The friction between P and S is also absent. P collides elastically with
S at the point shown in the figure. After collision the velocity of the particle becomes horizontal. Find
ratio of impulse of ground on hemisphere to speed of hemisphere after collision ?

TP SFETS S G B P BT godE @A m = N2 kgd | P Bl b S W Bl Wi 81 S R af
RO R G 2| PIS P ALY g9 981 2| P, S & A1 @R N g R IR TIIR Bl © | TIDY
P 91g B BT 9 AfaS B ST 2| A TFPR b 9IS OTHIT BT A UR I VA g DI ATA Bl

U A1 B |

2
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Center of Mass / ﬂ_
Sol.

when particle P starts at PtA  u= JZgh
T $O1 P, g A9 YA &Rl © u=./2gh

; _ (Vo +Vy)sin® 0

af2gh cos0
Now applying momentum conservation equ. I e e |
m x Vi =mV2 Vi=Vz ..(2)

using ME.C Jif3/® o1l |=er | = mgh = % m V12 + % m V22 ..(3)
as solving 8 @1 W Vi = Jgh

1
on solving alone (3) equ. we gettan 0 = —

g (3) eq g N
W(S)aﬁmmﬁwwsﬁmtaﬂ:i

N

(b) Impulse of ground on hemisphere. ¥fA &1 FERM B Y I

J=m.u=m. ,f29h

23. A uniform chain of mass m = 1kg and length ¢ = 1m hangs on a thread and touches the surface of a
table by its lower end. Find the force exerted by the table on the chain when x = 0.5m length of chain
has fallen on the table. The fallen part does not form heap.

T FH GFHH m = 1kg T @18 £ = 1m @1 Udh YHAAN SiviR, 11 §RT dcd I8l 3 o e R

SR {8 $I W BR & B d A9 §RI SISk TR ARG g1 59 37N =18 391 W R gal & den A

HIT ¢} T8l AT 2 |
Ans. 15
Sol.  Weight of the portion BC of the chain
lying on the table, W = % (downwards) Using v = 1/QQx
Thrust force Ft = v (d_m]
dt
A 3 0y =
Jv=2a( 5]~ ar
Vr=V
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Center of Mass / ﬂ_

d_m = AV
dt
Ft=2v2 (where, A = R is mass per unit length of chain)
2 m X
2 _ = . — -
V2 = (Jng) = 20X s [ ﬁj (29x) = 2mg 7 (downwards)

Net force exerted by the chain on the table is

F=W+Fi= mg%+2mg%:3mg%

So, from Newton’s third law the force exerted by the table on the chain will be 3mg% (vertically

upwards).
Sol. TF & BCHF &I HR Wl A9l R
W=%(ﬁﬁa€rsﬁq) v=J20x @

FJR P AR IRIUT 91 Fi = v (ddt

Vr=V
d_m =V
dt
Fi = Av2 (ST, k_% 9 © SHIS ANg Bl SIA )
2
v2= (\gx) =2gx = - Fi= (%} (2gx) = 2mg% (= A @)
TF §RI H9l R AR Bl 9o
F=W+Fi= mg%+2mg5 :C’;mg5
T =9 gRT IRIUT ol g 3mg (SR )
24, A plate of mass M is moved with constant velocity v = 40m/s against powder of dust particles moving

with constant velocity u = 40m/s in opposite direction stick to plate as shown. The density of the dust is
p = 10-8 kg/m?® and plate area is A = 10m? Find the force F required to keep the plate moving uniformly.
Th M SHM B @i g @ BN (S B a3 u = 40m/s & Rodia feem & 1fd o) @ ® vaq wie |
ue B B) @ 9% F9d 91 v = 40m/s ¥ 0 &=l 81 g &1 8 p = 108 kg/m® TAT wie &1
g% A =10m2 B | @ic &I UHHAM T § I8 & foIY 3Maead a1 F &1 J19 81

R a4
S | SRS F‘H}:}.f‘ff:f}.}f}
f‘U/‘ Q/ ‘F/‘
Plate dust particle N GREal
™ I

Ans. 64

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
/\ Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 61
Educating for better tomorrow [ e e300 558 5555 | CIN : UB0B02RI2007PLC024029 ADVPM -



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

Center of Mass / ﬂ_

Sol.

Force F on plate = force exerted by dust particles
©IC WR 9 F = § Ul §RT RN 9
= force on dust particles by the plate
©IC gRT gd $Y1 R 9d
= rate of change of momentum of dust particles
gal U & HI § URed &
= mass of dust particles striking the plate per unit time x change in velocity of dust particles.

Ui Yl A @IC W THI dTel gl HOI1 P G x g BN & 97 § GRac
=A(v+U)px (V+U)=Ap (v+Uu)? Ans.: pA(u + v)?

PART - lll : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE

AR -1l : P T U 9§ 3% 981 by UdR

1.2

2*

3.n#

A system of particles has its centre of mass at the origin. The x-coordinates of all the particles
(A) may be positive (B) may be negative

(C*) may be non-negative (D*) may be non-positive

TS Ul B & GTHM b Jo—iag IR 3 | §49 01 & x—{Iesid —

(A) ITTHG B Thd 2 | (B) FUTHS & D & |

(C*) I—FUTHS & Ahd & | (D*) IF—ETH® & DA B |

In which of the following cases the centre of mass of a system is certainly not at its centre ?
(A*) A rod whose density continuously increases from left to right

(B*) A rod whose density continuously decreases from left to right

(C) A rod whose density decreases from left to right upto the centre and then increases

(D) A rod whose density increases from left to right upto the centre and then decreases

/1 7 9 5 Raftdl & o e &1 oM o< AT U 9 398 o= W) -TE 8rf—
(A) TF B8 foT@T 89 91 9 1 IR FR=<R 9edi @ |

(B) U& B @1 o9cd 9l 9 ST IR FR<IR &4 BT T |

(C) & Be forae! o 9l 9 I 3R w2y g 9% &9 Bl I8 qoIvdn 9 |

(D) vo Bs o a9 it 9 it iR 7oy fAg 9% doal I auva B Bl 32 |

Two particles of equal mass m are projected form the ground with speed vi1 and vz at angle 61 and
02 (61 , 620, 180°) as shown in figure. The centre of mass of the two particles

HA SFAE M & QI BT vi TAT V2 I | SRTAA 4 01 94T 02 (01 , 02 = 0, 180°) HIvT R RAFER vafua
f5d I | &1 SO B SIHE b

Vi V,
m m

A) will move in a parabolic path for any values of v1, vz, 61 and 62
B*) can move in a vertical line

C) can move in a horizontal line
D)
A)

will move in a straight line for any value of vi1, vz, 61 and 62

Vi, V2, 01 AT 02 & fHdl WY A & foy wRaafss 9o 4§ 7Ifd & |
B*) SafeR &1 § 4 R Fhar 2 |
C) afast Y@ # 7IfT &R Far g |
(D) v1, vz, 01 AT 02 & A1 Wl A9 & forg WRer v  fq & |

(
(
(
(
(
(
(

Solution

Centre of mass will move in a vertical line if vi cos 61 = vz cos 62. Otherwise for any other values it will
follow a parabolic path.

SIAM B Her em § & wfy &, IfT vi cos 01 = v cos 02 =R fH ft 3=y A B oy s dI
Tl IRATITHR BT |

/\
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Center of Mass / ﬂ_

Mathod Il.

5.%a

Vi = Vi cosOr i + (VisinB1—gt) | — > Parabolic path TRaeITHER T2

R

V2 = _Vocos02 |+ (V2 sinB2 — gt) j — Parabolic path TRIATHR T
M=MmM2=m

N

Vem - ViV, (V4 costy -V, cos0)i +(V; sing, + V, sind, —2gt);
o2 2
- .
Ifafd Vemx =0 [ Centre of mass of the Particle move only along Y axis | [®YTf &1 S99 &=

Saa Y feem | & wfq s

V1 COS 01 — v2 cos 02 = 0 = v1 cos 01 = v2 cos 02
then path may be straight line. 9 9 Rel X@T 8111 |

In an elastic collision in absence of external force, which of the following is/are correct :
TEH YR TR ¥, 9189 9 o SuRAf # 7191 § 4 S19d1/q $HAF 9 B |

(A*) The linear momentum is conserved

YR AT AR YEdT 2§ |

(B) The potential energy is conserved in collision

Tar # Refas St w-fed & 2

(C) The final kinetic energy is less than the initial kinetic energy

rfvs wIferel Sol, RS I Soll | B Bl 2 |

(D*) The final kinetic energy is equal to the initial kinetic energy

rfeaw nIfqst SHoff, IRMIE A Hoft  axIsR Bl © |

A small ball collides with a heavy ball initially at rest. In the absence of any external impulsive force, it is
possible that

(A) Both the balls come to rest

(B*) Both the balls move after collision

(C*) The moving ball comes to rest and the stationary ball starts moving

(D) The stationary ball remains stationary, the moving ball changes its velocity.

foRmaTaen d ) P AN T W TP B! dig <Rl o | B A ar e g9 @ srquReifa § uw
g g fd —

(A) ST e faRTHERen # 31 9 |

(B) TFHR & UTAT QI I faeie &

(C) wifrefa g ReRr &1 9 d2n ReR g TIfd g &R < |

(D)

D) Rer T Rer r, e Tig &1 o971 gRafid 8 9 |

/\
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Center of Mass / ﬂ_

6.

Sol.

A block moving in air explodes in two parts then just after explosion (neglect change in momentum duet
to gravit

(A’% Theyt)otal momentum of two parts must be equal to the momentum of the block before explosion.
(B) The total kinetic energy of two parts must be equal as that of block before explosion.

(C) The total momentum must change

(D*) The total kinetic energy must increase

g1 ¥ TN T Yedl & wE A fRwwifed B oirar @ A1 fIvele © qr| 9% (Thd & PR [T
Red= g &)

(A) SFT 9RT &1 FA G, f[ITBIC & U8l i & FAT & IRER 8RN

(B) &1 AT B! et TSt Hotl gl M Sl fawpie & ggadl b @1 off

(C) & waw fAR=a wu & uRRafkia &1 SR |

(D) T WIRreT Soff FR=d w9 ¥ 98 MU |

Two bodies of same mass collide head on elastically then

(A*) Their velocities are interchanged

(B*) Their speeds are interchanged

(C*) Their momenta are interchanged

(D*) The faster body slows down and the slower body speeds up.
HAT SIAN dlell &1 a¥31 DI TR YA SIHR H —

(A) 37 I IRER qRAfdd 8 9 R |

(B) 3% dTel UREER URaftid & Sl & |

(C) 371@ HI ¥R gRdfid & 9 & |

(D) el 9% &l 81 S & a1 €1 a%g dol 81 9l o |

External force F (F #0) acts on a system of particles. The velocity and the acceleration of the centre
of mass are found to be vem and acm at an instant, then it is possible that

el Fu—fer TR 9T 9 F (F = 0) o <&l 2| fbefl &0 R SN B BI 97 Vom TAT R aem
2| 98 999 B fo—

(A) Vem =0, @aecm =0 (B*) vem =0, @aem = 0 (C)vem= 0, acm =0 (D*) vem = 0, acm = 0

A bag of mass M hangs by a long thread and a bullet (mass m) comes horizontally with velocity v and

gets caught in the bag. Then for the combined system (bag + bullet) :
U6 M S Hl Al Th o g1 A dcdl & a2 Uh m SHHE Bl el v 8fdst a1 | o7as Io |

g9 ST & Al Al qA7 el & Fgdd b B forg—

(A) Momentum is mMv/(M + m) (B) KE is (1/2) Mv?

(C*) Momentum is mv (D*) KE is m2v2/2(M + m)

(A) T mMv/(M + m) BT | (B) st Swt (1/2) Mv2 &1l |
(C*) I mv BRI | (D*) wIferst @it m2v2/2(M + m) BT |
KE - p2 _ PReve

2M+m)  2(M+m)

/\
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Center of Mass / ﬂ_

10.

Sol.

11.

A set of n-identical cubical blocks lie at rest along a line on a smooth horizontal surface. The separation
between any two adjacent blocks is L. The block at one end is given a speed V towards the next one at
time t = 0. All collisions are completely inelastic, then
e Afds e dd8 W Th §HM n-1eY @e U YW@ P ARy fRM W W gd Bl fFE QA
FHOA i & 9/ O L 2| fHN G973 (1= 0) T RN R Red <difd & TR <fd & IW® V ard <d
2| W cHP QUITT RY § -
(A The last block starts movingatt=n(n—-1) %

W@Wt:n(n—ﬂ% TR Tl YR Rl & |

(B) The last block starts moving att = (n — 1) %

Waﬁmt:(n—n% TR Il YR Gl 2 |

(CY The centre of mass of the system will have a final speed v/n

P & g9 B @) If~TH AT v/n BT

(D) The centre of mass of the system will have a final speed v

e & s B & 3if<aq =1l v B8 |

L
—>V <> n
I | [ I
“—>
L
mv = nv'm :>v'=X
n

time for first collisen is UM Tadm: & oI 9T 41 = % ( 2nd block fgtia =difw @ wmer)

2nd collisions fga cdax & oy t2 = % = 2t1 (3rd block T <ifd & H12)
SO 3 t=1+ 2t + 3t1 + att ........... (n—1) t1.
t=t[1+2+3] i (n—=1)]
_ (n=1) (n=1+1) 4 n(n—1) S0 t= = n(n—1)
2 2 2V

A ball of mass m moving with a velocity v hits a massive wall moving towards the ball with a velocity u.
An elastic impact lasts for a time At.

VI A A BT §g M SIEE DI TS G, U 9 ¥ g B AR A PR IE R QAR F THIN 2 | At
T B oy g T Bl B |

m(u+v)

(A) The average elastic force acting on the ball is

m(u+vVv) s

T IR HRIRT 39d TIRY Il I

(B*) The average elastic force acting on the ball is 2m(u+v)

2m(u+v) 3
At
(C*) The kinetic energy of the ball increases by 2mu (u + v)
i o TfS it 2 mu(u + v) 9 98 ST 2 |
(D) The kinetic energy of the ball remains the same after the collision.
TFPR D 915 g P IS Foll g8 Y&l B |

T R BRI 39d TR 9ol

/\
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Center of Mass / ﬂ_
Sol. ui=v va=—(v+2u) e=1.

[N.dt| = m (vi — uy)

N.dt=m (+v + 2u + V)

N.dt =2m (u + v).

N 2m(u +v)

dt
ur=v Vi=2U+V

Ak = %mv#— %mu#: % [m (2u + v)2 = V3] = % [4U2 + V2 + 4uv — v2] = 2mu (U + V)

By energy conservation ol A& |
mv2 +0 = (2m) + kx?
at maximum compression 3MfI&HTH FAET W K = (M+m)v2

Since final velocity of ball is 2 (u + v), its K.E. increases
fF g F1 | 97 2 (U + v), STD! K.E. 9Eil B

12.* A man of mass m is at rest on a stationary flat car. The car can move without friction along horizontal
rails. The man starts walking with velocity v relative to the car, work done by him

m SIAE BT A ReR Tl dR TR ReRr WeT @ dR 1 gdvr & afds fewm § wfd &= gadl 2|
AMEHT R B AU v I | T BT = | MSH §RT fham 1 &R

(A*) is less than % mv? if he walks along the rails

(B*) is equal to% mv? if he walks normal to the rails

(C) can never be less than %va

(D) is greater than %mv2 if he walks along the rails

() afk eR @ R 4 e & A 2 mve S o A

(BY) I} 98 e & araaq faen ¥ =er & %mvezﬁwgw
(C) &+t W %mvzﬁamﬂ%"rgﬁm

(D) afg Ut & feenm ® Fcrar g o %mvh#wmg‘rfﬁl

Solution
If the man walks along the rails, some velocity say V is imparted to car also. Let M be the mass of car.
Then from conservation of linear momentum.
Iy el uedll & SRy FAM B, A BR FH 9T U BR ofdll 8, AF 98 VB | AN BR B SIAHE M
2, 99 VR I ARET q
M.V =m(v-V)
_omy
T m+M
work done by man 3T gRT fhar T Frd

2 2
T myoves Dwves I M), Ty v
2 2 2 \M+m) T2 (M+m

l mM
2 . m+M

jv2< lmv2
2
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Center of Mass / ﬂ_

Hence, option (A) is correct. If the man moves normal to the rails then car will not move. Hence, work
done by him in the case will be %mv2 and option (B) is also correct.

I fadwey A |8 2 IfY e ued & orvaad dodl 8, 99 BRI T8 B | o1 SHD gRT A
m%mwﬁrmaﬁaa—oq(B)ﬂﬁﬂ%“raﬁml

Mathod Il  fafgni

13.#

Ans.

Man of mass m was initially at rest on the statianary car of mass M. Now man starts walking (Say
parallel to the rail) then car moves with vc

Watching from the ground

m SH BT MEAl YR H fIRMEERT 3 M g9 &1 R R TS §AT & | 379 ASH! A=l YR DRl

2| (@ 9T & FHR) 9 PR ve I I B | ({1 B e @ W)
MVc =m(v—-Vc) = Vc =
ERll

velocity of the car towards Left hand side @R @1 d7 9 &%

mv
(m+M)

m
ﬁ——ﬂv—vg

Voe— |
O @)
Work done by the man  3eH! gRT frar T &R = (A K)man + (A K)oar

% m (V —Vc)?2 + % MV2¢

1 mv 2 1
—m|V + —MVe?
2 2

T m+M
T (nTJliAM)Z (M + m) V2
S v < lmv2 [ M <1}
2(m+M)?2 2 " M+m

A bullet of mass m = 1kg strikes a block of mass M =2kg connected to a light spring of stiffness
k =3N/m with a speed Vo = 3m/s. If the bullet gets embedded in the block then.

UH m = 1kg STAM HI Tlell U M =2kg SHE & did 4 (W1 f R faie k =3N/m - arell Ry |
FST 1) I Vo = 3m/s. I TIRTAH & | I el e & < &9 ARl 2 a

A Kk
= | M
m

(A) linear momentum of bullet and block system is not conserve during impact because spring force is
impulsive.

(B*) linear momentum of bullet and block system isconserve during impact because spring force is
nonimpulsive.

(C) Maximum compression in the spring is 2m.

D*) The maximum compression in the spring is 1m.

EA)cw<$Q|<H it a el Fer &1 Y& w9 G} 78 ® Fafds Ry qa1 omaht 7|
(B*) TFIR B IR i g el BT BT W& a7 Gxfard & wnfd R gt amaft 71

(C) Rt # arfydpaw d=isd 2m 2 |
(D*
(

D*) R # 3ifirad T fied 1m 2 |
B,D)

/\
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Center of Mass / ﬂ_

Sol.

14.

Sol.

Velocity of the system just after the collision TFHR & SIdb TG BRI BT I

Mvo = (M + M)V ~  v=_Mo_
(m+M)
Using work energy theorem. & 3ol U8T A
AK =Wai =Wg +Wn +Ws  (Assume friction force is absent) (A1f f& ador 1 argulRera ) ... (i)

0—%(m+M)V2 =0+ 0- %szmax

2.,2 2,,2
& = KX2max = Xmax = mVO = m VO
(m+M) JK(M+m) K(M+m)

A particle strikes a horizontal smooth floor with-a velocity u -making an angle 6 with the floor and
rebounds with velocity v making an angle ¢ with the floor. If the coefficient of restitution between the
particle and the floor is e, then :
TP PO Yo &ifcrol [ ERIT | U 9 | G R 9 0 PV 9914 §Y SHICT & T ¢ IV I 8T v
I I dAle Il B | PR SV g HY & AL YATaRA 0N e § al —
(A*) the impulse delivered by the floor to the body is mu(1 + €) sin 6.

gRTAe §RT A% @I &A1 T mu(1 + e) sin § BT
(B*) tan ¢ = e tan 6.

(C*) v = uy1-(1-€?)sin?6

(D*) the ratio of the final kinetic energy to the initial kinetic energy is (cos? 6 + e? sin? 6)
AT\ TR ol Jo IR TS SHoll b1 ST (cos2 0 + €2 sin2 0) & |

vCOoSs¢ = ucoso

vsing = eusin®

V2= u\cos20 +e2sin2 0

v = uy(1—sin0)+e? sin0
LOI

u \

V= U\1=(1-¢?)sin® 0
tan¢ = etan®.

I =m (viol —uLoi)

=m (eusin® + usino)
=mu (1 + e) sino.

ki = lmu2 ki = 1 mv2
2 2

2
k—’ = 1/2—mv2 = C0s20 + €2 sin20
ki 1/2 mu

/\
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Center of Mass / ﬂ_

15.#= A striker is shot from a square carrom board from a point A exactly at midpoint of one of the walls with a

Ans.
Sol.

speed 2 m/sec at an angle of 45° with the x-axis as shown. The collisions of the striker with the walls of
the fixed carrom are perfectly elastic. The coefficient of kinetic friction between the striker and board is
0.2.

TH WEH D 2 H,/JH0S A 4 (@ TNMHR dIAES @ Th g A I x- &7 & | 452 ST W
fRrAMgaR arm S 21 A i 39 U AR @ 7 g R Red g1 RerR &% 91 @1 <R &
TIEPR DI TP YOIA: TARY & | FRIPR AT HIA dIs & AeG T ayv ol 0.2 © |

Y

T O
\S
S
O V gise [ X
© A

=112
(A*) x coordinate of the striker when it stops (taking point O to be the origin and neglect friction between

1
wall and striker) is —.
) 202

(B*) y coordinate of the striker when it stops (taking point O to be the origin and neglect friction between

1
wall and striker) is — .
N

(C) x coordinate of the striker when it stops (taking point O to be the origin and neglect friction between

1
wall and striker) is — .
) \E

(D) y coordinate of the striker when it stops (taking point O to be the origin and neglect friction between

wall and striker) is L

2\2

(A% @s‘maﬁrxﬁéw%%m%w%l(oﬁaﬂ@gﬂmﬁgqawéﬂmsﬁ?wfk
d= =91 P 0T A V)

(B*) Wﬁﬂﬂiﬁlyﬁ%ﬂi’cﬁ%%WWW%I(O@W@W@QHNW@?WEEW
YU P TI0Y A )
(C) mexﬁéﬁ%%mmw%@ﬁw@gﬁgawéﬁmaﬁqw%@a
YU BT I9Y A 8Y,)
(D) wEH &1 y F<ei® 12 2 99 I8 ©ohdl 2| (O B qafdg Ard gy do1 aR 3R FRAHR & 94

2\2
YU P 0 A gU)
(A,B)
For the striker : ISR & forQ
02=(22-2(02)(10)s = s=1m

1Y (1% [T 1
FromAtoB:A¥ B Sas = [—] +(—] == ==-m
2\2

Similarly : 39 U&R Skc = %m

.. The striker stops at the point C having coordinates (i i) .

- i g C W wET R e (ﬁ%}%ﬂ

/\
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Center of Mass / ﬂ_
16. Two balls A and B moving in the same direction collide. The mass of B is p times that of A. Before the

collision the velocity of A was g times that of B. After the collision A comes to rest. If e be the coefficient
of restitution then which of the following conclusion/s is/are correct ?

FAE fa=m & i SR g3 QT S AT BTHIRIH © | B S99 AW p AT 8| TIHR B Ugel A BT I
BH q T | cqR & 916 A faR & oman 21 I} e ymewems qoniss &1 @1 1 § /@ dear/ae
frpy |1 B ?

+ * *
(N)e=§§% @)e=£;%- <C>pzqf2 (D) p>1

Ans. (ACD)
Sol.
QA—>qU oB—>U
m mp
maQu + MpuU = mp Vi

,, - (aspu
p

yu

p_q+p

qu-u  pg-p

(9+p

PART - IV : COMPREHENSION
AT - IV : TS (COMPREHENSION)

Comprehension-1x.
The inclined surfaces of two moveable wedges of the same mass M = 2kg are smoothly placed just in
contact with each other and placed on the horizontal plane as shown in the figure. A small block of
mass m = 1kg slides down the left wedge from a height h= 9m. Neglect the friction and both wedges
can move independently.

RETGAR & GAF g8 M = 2kg & Idgd addl bl &fdel e dd IR Udh gAY & a1 dd
TP § G AT 8| Th Bl m = 1kg STHE &1 i 919 dd o h= 9m Sa1s o fhaerar 81 g0
U B AT S Ad a1 IR WAy 99 9 A BR dhd 2 |

T m

h

1.a Find velocity of left wedge just after when block leave the wedge

(A%) 30 m/s (B) /50 m/s (C) 25 m/s (D) \45 m/s
IRI Fdde BT I R B 99 i Adddd bl Bredl 2 |
(A%) 30 m/s (B) /50 m/s (C) V25 m/s (D) V45 m/s
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Center of Mass / ﬂ_
2.n To what maximum height will the block rise along the right wedge?

(A) 5m (B*) 4m _ (C) 2m (D) 3m
<lid S Aadd R ARSI fhadl A% d& SR |
(A) 5m (B*) 4m (C) 2m (D) 83m
3n Find velocity of right wedge when samller bolck is at maximum height on right wedge.
40 20 15 42
AY) L |— B) ,[— C) .|— D) ,|—
(A%) 3 (B) 3 (C) 4/ 3 (D) 3
9 &l T Tadd UR IMfAGTH HAE R § 99 S Tdddd Bl 9T B |
40 20 15 42
AY) | |— B) ,[— C) .|— D) ,|—
(A%) 3 (B) 3 (C) 3 (D) 3

Sol.

By momentum conservation |4 HRET A

m Vv
u— 44—
Mu = mV (i)
M
= —u
m
By energy conservation Wd¥ A&l |
2
mgh = lMu2+ lmV2 = lMu2+ lm M u?
2 2 2 2 m
2 2
mgh=lMu2+ lM_uz =1u2 M
2 2 m 2 m
2m2gh = u? (Mm + M?)
2 mgh
—= = U
Mm + M?
2 gh .
u=m  |——— ... (ii
\fl\/|m+|\/|2 )
— V,

h,

By momentum conservation Hd HRETOT A

mV = (M + m) V4
mV
Vi= (i
'S Mim (i)
By energy conservation %ol A& |
1 1

EmV2 =5 (m + M) V42 + mgh
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Center of Mass / ﬂ_

2
Tovee L mamy [22Y) & mgh
2 2 M+m
2\/2
I I . LA
2 2 (M+m)
2
lV2 [m— m j: mgh
M+m
2
- T MOVE _ nghs ...(ii)
2 (M+m)
Put ¥&9 TR V=—(iju and 3R u=m 29h2
m Mm +M
2gh :
V=M |—— (iv
Mm + M? W)

put value of V from egn (iv) to (iii)
JHEHI (iv) F V BT A (iii) § W W)
M2h

h= ——
(M+m)?

Comprehension-2

Sol.

Sol.

Two blocks of equal mass m are connected by an unstretched spring and the system is kept at rest on
a frictionless horizontal surface. A constant force F is applied on the first block pulling it away from the
other as shown in figure. (initially system is at rest)

A SIAM M & &1 &b P B A IS & a1 Mea ouvRfed dae W 9l 2| Ue MiREd a1 F

Ugel &l R G A R o oM & oIt REgER RIfd axd &1 (IR™ # e Rer e@wen # 1)
m-\Nvl\(/W\r—m—>F

Then the displacement of the centre of mass in time t is
t I H GIAE B B [IRATAT B |
Ft2 Ft? o Ft2 Ft?
(A) 5= (B) — C) —
2m 3m 4m m
(C) (a) The acceleration of the centre of mass is
(C) (a) STHAM ®& BT @RI
acom = —
COM om
The displacement of the centre of mass at time t will be
TAE Bs P IO t FHT | B |
1 t?
= —acomt2= — Ans.
2 ST Um
If the extension of the spring is xo at time t, then the displacement of the right block at this instant is :

Ife Ry &1 Ra=ma + T9T | xo B A S &0 R T i bl fA=AIH B —

o 1[Ft? 1 [ Ft? 1 ( Ft? Ft?
(A%) ry [%fooJ (B)_E {%HOJ (®) ry {%—XOJ (D) [%HOJ

/\
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Center of Mass / ﬂ_

6. If the extension of the spring is xo at time t, then the displacement of the left block at this instant is :
afe R &1 Reama t T H xo 81 A1 I &V R U i Pl fARemI= 81T |
Ft? 1 [ Ft? 1 2Ft? 1 [ Ft?
A | —- B) — | — C) - | —-x D*) — | ——x
()£2m Xoj ()2[2m+xoj ()Z(m 0 ()22m 0

Sol. 1 (A) & 3 (D)
Suppose the displacement of the first block is x1 and that of the second is x2. Then,

A USel i B fARATIA x1 TAT §AY BT X2 8 T9 —

mx, + mx Ft2 X, +X
X = # or _ = #
2m 4dm 2
2
t .
or X1+ Xe= — (I)
2m

Further, the extension of the spring is x1 — x2. Therefore,
i1 &1 Rgama x1 — xe BT Sc:

X1 — X2 = Xo .. (ii)
: . 1 [Ft?
From Egs. (i) and (ii), X1 = > [%+ XO]
FHHI (i) 9 (i) |
2
and 9 X2 = % (ZLm = XOJ Ans.

Comprehension-3=

Two smooth balls A and B, each of mass m and radius R, have their centres at (0, 0, R) and at
(5R, — R, R) respectively, in a coordinate system as shown. Ball A, moving along positive x axis,
collides with ball B. Just before the collision, speed of ball A is 4 m/s and ball B is stationary. The
collision between the balls is elastic.

m SEE a1 R s @1 31 @ ]l A9 B, & &= AR ey 9= § HAI: (0, 0, R) den
(5R,—R,R) W 2| g A g=Tqid x faem #§ 71fd &<t g5 i B9 <ol B | <qR & 1% Ugal g A P
ATl 4 m/s TAT 3§ B ReRr B | gl & g cqax IR B |

y

A
()

7.=  Velocity of the ball A just after the collision is :
TIPR B Il UTAN s AT 9T © -

(A% (i + /3 )) m/s (B) (i— +/3j) m/s (C) (2i + f3)) m/s (D) (2i + 2j) m/s
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Center of Mass / ﬂ_

Sol.

8.»

Sol.

During collision, forces act along line of impact. As collision is elastic and both the balls have same
mass, velocities are exchanged along the line of impact. Therefore ball B moves with velocity Vg, that
is equal to u cos 30°. Ball A moves perpendicular to the line of impact with velocity Va 1 = u cos60°.
Along the line of impact, ball A does not have any velocity after the collision.
Therefore velocity of ball A in vector form after the collision
CFHR B QRM, IR DI QR § g1 RINUT B 8, fb <IPR TIRY 8 AT Q1 &l I GeFH A
2| 3 bR B X@T B fwm #H 9 b1 e U BT ® 1 G g B BT 99 Vg =ucos 30°2 | T A
TIHR DI W@ S A=aq 97 VaL= U cos60° ¥ T FHT 2| TIPR DI X & Q¥ g AH TP &
UTAI DIS I el BRM | 37: & A BT TP & UTAI A wd H I 7 -

y

Va1 cos60° + Va1 cos 30°
(u cos 60°) c0s60° + (u cos 60°) cos 30°j

1 £ I+\/_j) m/s

22

Impulse of the force exerted by A on B during the collision, is equal to

TIPY B SR A §RT B IR IRIUT §af & BRI AT BT -

\/_m|+3mj) kgm (B) {?mi—ﬁmjj kng
(C*) (3mi—/3mj) “Q’T’“ (D) (23mi +3)) '@Tm

Using impulse-momentum equation for ball B

T B® folU masT—xaT TR0 o

Ith =p;—p; andas p,=0

J.th = 5](
= (mu cos 30°) cos 30 i — (mu cos30°) cos 60°j
=md4.— \/_ \/_ m.4.§.%.j

=(3mi—ﬁmj>kg§

/\
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Center of Mass / ﬂ_

~\
-
J

. Marked Questions can be used as Revision Questions.

= Fifed e Seem arFg ueE 2

* Marked Questions may have more than one correct option.

* fafeed U9 1o A I 98 e a U 2-

PART - | : JEE (ADVANCED) / IIT-JEE PROBLEMS (PREVIOUS YEARS)

17T - | : JEE (ADVANCED) / IT-JEE (R5at a8l) @ o=

1%

Sol.

A point mass of 1kg collides elastically with a stationary point mass of 5 kg. After their collision, the 1 kg
mass reverses its direction and moves with a speed of 2 ms-'. Which of the following statement(s)
is/are correct for the system of these two masses ?

TE 1 kg BT [Sg—aa T T ReR 5 kg A5—aMM 9 TR R &l © | TP & a8 1 kg BT F01
2ms' ATA A Ugd $I fuRa fenm # 99 el g1 39 ] SHMl @ R A R H 9 S/
YFHAT Fal & 7 [JEE-2010, 3/163]
(A*) Total momentum of the system is 3 kg ms-!

(B) Momentum of 5 kg mass after collision is 4 kg ms-

(C*) Kinetic energy of the centre of mass is 0.75 J

(D) Total kinetic energy of the system is 4 J
(A
(
(
(

*) freTa &1 Ga FaT 3 kg ms' ©

B) THM & dI& 5 kg SIH &1 HdT4 kg ms—' B
C*) Hefi—o= &1 Tfast Sotf 0.75J ©

D) frema @1 g TIfdst ot 4 J ©

: u @ 2m/s : : v
Before collision After collision

Since collision is elastic, so e = 1

Velocity of approach = velocity of separation

So, U=SV+2 e (i)

By momentum conservation :
Txu=5v—-1x2

u=5v-2
v+2=5v-2
So, v=1m/s

and u=3m/s
Momentum of system = 1 x 3 = 3 kgm/s
Momentum of 5kg after collision =5 x 1 = 5 kgm/s

2
So, kinetic energy of centre of mass = 1 (M1 + m2) ( mu J
2 my +m,

2
- Lss (WSJ =0.75J
2 6

Total kinetic energy = — x 1 x 32=4.5J.

| =

/\
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Center of Mass /

Bal.

2.#

Sol.

: J ® 2m/s 0 G

TIDY ¥ UgA

AP TFAY TR B 3 e = 1
I I = IASTG I

TFR B 9IS

3 U=sv+2 (i)
T TR0 |
Txu=5v-1x2
u=5v-2
v+2=5v-2

3a: v=1m/s

MM u=3mss

@I &1 [T =1 x 3 = 3 kgm/s

5kg &1 TFBY @ dI& | =5 x 1 =5 kgm/s

2
%zWﬁEﬁ{‘cﬁTﬁﬁWﬁ:%(mwmz)[ mu J

my +my

2
Ly [EJ ~0.75J
2 6

@anﬁmmﬁ:%x1x32=4.5J

A ball of mass 0.2 kg rests on a vertical post of height 5 m. A bullet of mass 0.01 kg, traveling with a
velocity V. m/s in a horizontal direction, hits the centre of the ball. After the collision, the ball and bullet
travel independently. The ball hits the ground at a distance of 20 m and the bullet at a distance of 100

m from the foot of the post. The initial velocity V of the bullet is

TH 0.2 kg THAN B! 35 5m $d Th SHEdieR T U faRMEEReT § 81 Udh 0.01kg & Mell Vm/s &ferst
IT ¥ FoId Y NG B D TR THIN 2| CIHR B 9% g g Mol Wad wU ¥ del 3| g @ A
20m @ & TR FAT MeAl 100m B T W THHT R AR 7| el &1 9IRS 97 V &

V m/s
AILS) S
\\ \\\\
\ \
\ \
\ \
\ \
1 \
\ \
1 \
1 \
\ \
| \
0 20 100
(A) 250 m/s (B) 250 N2 m/s (C) 400 m/s
R=u &
\A g
o 20= Vi 222 and 100 = V, |22
10 10

= Vi=20m/s, V2 =100 m/sec.

Applying momentum conservation just before and just after the collision

TIPR A Yd g TIPR D 918 G XAV A
(0.01) (V) = (0.2)(20) + (0.01)(100) = V = 500 m/s

[JEE-2011,3/160.-1]

(D*) 500 m/s

/\
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Center of Mass / ﬂ_

3.=n#

Ans.
Sol.

Ans.
Sol.

A block of mass 0.18 kg is attached to a spring of force-constant 2 N/m. The coefficient of friction
between the block and the floor is 0.1. Initially the block is at rest and the spring is un-stretched. An
impulse is given to the block as shown in the figure. The block slides a distance of 0.06 m and comes to
rest for the first time. The initial velocity of the block in m/s is V= N/10. Then N is

0.18 kg &&HM & TS Ycd H 2 N/m Fa—adis & R 4§ Ford a1 g1 [ea IR 9 & =
HYU—TOTH 0.1 3| R¥ H el ReR & ok fBi 4 B 781 8| I 9 Sl R U& 311 e
31 e a1 & 9 edt 0.06 m WRab IR whHdl § (T8l 9R) | AR [ed 1 ARG 97 (m/s H)
V=N/A10< a N & 94 srfm— [JEE-2011, 4/160]

v

ANNNNNNNNNNY

7//_75???5?“6“

_—

p=0.1

%muz = umg x 0.06 + %kxz % x 0.18 u2=0.1 x 0.18 x 10 x 0.06
N

04=— = N=4 Ans.
10

A bob of mass m, suspended by a string of length /, is given a minimum velocity required to complete a
full circle in the vertical plane, At the highest point, it collides elastically with another bob of mass m
suspended by a string of length k, which is initially at rest. Both the strings are mass-less and
inextensible. If the second bob, after collision acquires the minimum speed required to complete a full

. . . oy
circle in the vertical plane, the ratio Ii is :
2

TS m SHAM Bl AdAd h oT=Tg DI SR ¥ el 83l © | 39 Yo I9 Q1 el & o1 & Fealer da 4
TH g IR SR b f8 FATH & | U Soaad [dg IR I8 Mad SO m SIHN & s d TR
HHTe FRAT 8 | O AD b ARIS DI SN W ASHl g3 & dA URH H faRmEwen w® g A Skt
T (fed g ffdar § I Face & 91 gux e $I Ul I UK Bl 8 Sl fb iR ad d gl

Jd T A & o] =IAaH ©, a9 lli 1 U © : [JEE (Advanced) 2013; 4/60]
2

5

- —

/594,

,15961

To complete the vertical circle

Jaty = \JBgt; ;—1 =5
2

/\
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Center of Mass / ﬂ_
Hindi.

FeafeR g Ul B @ folg

\/EE = 590>

5= A particle of mass m is projected from the ground with an initial speed uo at an angle o with the
horizontal. At the highest point of its trajectory, it makes a completely inelastic collision with another
identical particle, which was thrown vertically upward from the ground with the same initial speed uo.
The angle that the composite system makes with the horizontal immediately after the collision is :
TH M ST & Y Bl IRMBIS I uo F 8fds | o—DI01 W F&fid foan San 8| I8 &1 veas 9 &

Iz fIg W Uo 99 SFFH & BU1 B A1 YUK IR HHUE $RAT B, Slid Ydd ¥ FHeaeR fawm
H A IRMS A uo F Bdl T o | YA P S B Al gI8 &fast 9 PIor g= e
[JEE (Advanced) 2013,3/60, —1]

T T Y Y a
AY) — B) —+a C) —-a D) —+—
(A%) 2 (B) 2 (C) 2 (D) 175
Ans. (A)
Sol. At the highest point
Vus—2gH v,
m®—> U,CoscL mI om®—>V,
before collision after collision
V1= @ (by applying momentum conservation in horizontal direction)
Vo = @ (by applying momentum conservation in vertical direction)
2 42
(H= DS &) =  0=45°
29
Hindi S=ordd fag w
/\/uoz_ng Vz
m® > U,Cosa mI ZmI_’W
TIR B U TIR B 9IS
w=@ (Ao feem H | WRe0 T W)
V2 = @ (SeateR fem § {IT FREAT I W)
2 ain?
(H= DSN &, = 0=45°
29
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Center of Mass / ﬂ_

6.= A tennis ball is dropped on a horizontal smooth surface. It bounces back to its original position after
hitting the surface. The force on the ball during the collision is proportional to the length of compression
of the ball. Which one of the following sketches describes the variation of its kinetic energy K with time t
most appropriately? The figures are only illustrative and not to the scale.

e < @1 AT B Ue Afde e was R AR S g1 98 998 ¥ ChIH & uwEnd G U qd
WM W g9 Il 8| |ug (collision) & SRM, T R & dTel 91 IS AUIST @dIs & AU
T A e N, St @ WY g B s Soil K d aRadd o daifte Sfud w9 9 uehid
AT | (R B Adhfad © SR A0 & AJHY 8l ) | [JEE (Advanced) 2014, 3/60, —1]

A

A

K K

v

v
v

Sol.

(Before
collision) J/

1 20
K= —mg-t
5 g

2 .
Kot : parabolic graph
then during collision kinetic energy first decreases to elastic potential energy and then increases.

Most appropriate graph is B.
Hindi

(TIFHR t

& ) !

L
= —mg-t
5 g

Koo t? - ReerareR o
T9 <Fh) D SR Tfael ol Ugd gl yaare Refas $oif 9 vd d9 fas Sl 9ei | Jad Ia1
ANG BE |
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Center of Mass / ﬂ_

7.

Ans.

Sol.

A block of mass M has a circular cut with a frictionless surface as shown. The block rests on the
horizontal frictionless surface of a fixed table. Initially the right edge of the block is at x = 0, in a
coordinate system fixed to the table. A point mass m is released from rest at the topmost point of the
path as shown and its slides down. When the mass loses contact with the block, its position is x and the
velocity is v. At the instant, which of the following options is/are correct ?

JATHR A I TF qcd $H gq9H M 2| A IeHT Tah by 2 a9 W Red 2| 99 & 99T (in a
coordinate system fixed to the table) Jca& @1 &Ife<T BR (right edge) x = 0 W Red 2| =@M m T
& fd=g &1 (point mass) 1 JUIHR =19 & Swaad o5 ¥ faRmrEsen | 8Iel 9@l (released from rest)
21 Y g &Y PR U R A @I AR ARl 51 59 {Ag 301 e F §us A 8 orar g, 9@
P! arerfdres Rafd xRk 1 v 81 799 & 19 1 () Fa9 98 B/8 ?

[JEE(Advanced) 2017 ; P-1, 4/61, -2]
R

: —>
m A
R
Iy
X M
ix=0
. . : ._ 2gR
(A*) The velocity of the point mass mis : v = -
1+—
M
(B*) The x component of displacement of the center of mass of the block M is : — MmRm
+

mR
M+m

(D) The velocity of the block M is : V = —%JZQR

(C) The position of the point mass is : x = —/2

(A*) fa=g ®o1 (M) &7 TV = 20R &

1+%
(B*) e (M) & Wefd &= & faveIua &1 x ¥e& (x co-cordinate) _M":LRm
mR
(C)%W(m)mwmx:_\/imrm 3

(D) &S (M) @1 47 V = —%ngR 2
(AB)

. . . . . mv
If speed of point mass is v, then using conservation of linear momentum V = M

uﬁﬁngﬁmvam%@uwaw@,h%

2 M

V= 20R XM=—( mR]
M+m

2
mgR = lmv2+lM mv mgR = lmv2 1.0
2 2 M

/\
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Center of Mass / ﬂ_

8.

Ans.
Sol.

A flat plate is moving normal to its plane through a gas under the action of a constant force F. The gas
is kept at very low pressure. The speed of the plate v is much less than the average speed u of the gas
molecules. Which of the following options is/are true ? [JEE(Advanced) 2017 ; P-1, 4/61, -2]

(A*) The pressure difference between the leading and trailing faces of the plate is proportional to uv.
(B*) At a later time the external force F balances the resistive force

(C*) The resistive force experienced by the plate is proportional to v

(D) The plate will continue to move with constant non-zero acceleration, at all times

U AUTe Wi (flat plate) 3Ted g91@ & 14 (gas at low pressure) H, 3109 T &1 31fved feen 4, fga g«
Fa& g9d § RRd 8| ©ic @1 7T v, 39 3rvpett & fa 1fd u & 9gad &4 B 71 & 9 &9 91 ()
FHUF T8 B/8 ?

(A) IRFTT Ta TR I8 & IA1@ BT R uV & FAEGUT © |

(B) H® |HI & 18 d1gl 9 F R UfRig® o1 dgferd 8 g |

(C) @i R 31g9d g1 URRITS 9 v & FHGURH © |

(D) wie |dqT YATR ReR @RI (constant non-zero acceleration) | =efdl 2 |

(ABC)

u' = au, o = constant
+—> v

u u'

A
w.r.t plane
w-=v) [  W+v

.. Before collision
Before collision

After collision

(u'+v)
(u'=v) -
A After collision

Firailing L Fieading Fo B F oo
Fieading= 2pA(U" + V)2
Firailing = 2pA(U' — v)?
Fleading - Flrailling = 2pA(4U'V) = 8pAU'V

F. . _F._.
Pressure difference = —229n9__taling _ g,y — 8pawuv

Area

Net force on plate
Fret = F — 8pAauv = md—ot"’

After long time v will be sufficient so F = 8pAauv

After that v = constant, i.e. plate will achieve terminal velocity.
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Center of Mass / ﬂ_
Sol. u' = au, a = =g

— <
u u'
A
e & e
u-=v) 1 W+v)
TIPY W U= "
TIPR B 915 (U + V)
(u'—v) B
A TIIR B 9IS
F o B F oo

F o= 2pA(U' arF V)2
Fogm = 2pA(U' — V)2

Furms — Fagma= 2pA(4U'v) = 8pAu'v
_ Bt 2P

& 3Thd
e R G 9

SCIGN =8pu'v = 8pauv

Feer = F — 8pAav = md—“t"’

T80 IR §HI 918 v 9IS B 31k F = 8pAauv
3G U v = (9d, Ia: wie AT 99 UT B |

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

®
/\ Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Educating for better tomorrow Toll Free : 1800 258 5555 | CIN : UB0302RJ2007PLC024029

ADVPM - 82



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

Center of Mass / ﬂ_

9.*

Ans.
Sol.

A small particle of mass m moving inside a heavy, hollow and straight tube along the tube axis
undergoes elastic collision at two ends. The tube has no friction and it is closed at one end by a flat
surface while the other end is fitted with a heavy movable flat piston as shown in figure. When the

distance of the piston from closed end is L = Lo the particle speed is v = vo. The piston is moved inward
at a very low speed V such that V << %vo. Where dL is the infinitesimal displacement of the piston.

Which of the following statement(s) is/are correct ?

TP AR, WEell 3R el Al & 31& B Qe 4 v m geg[E &1 Biel dv1 a8 iR g8 Aferdr &
T RRT 9 gaRefl |ug (elastic collision) &Ral & | Aferdl @ Idg R $Ig gy 781 8 IR 39@1 Uah Ry
U HHCl Wag ¥ 98 8 Sidih gEr IR R UP FHG g el WK1 FgdE fUked B oo 6 R A
ST B O fiReT S AR A L =Lo @I U W 8 T S &l T v = vo 2 | fiRET &1 8icx &1 IR 950 A
Ty V << %voﬁaaﬁ%*mﬁdLﬁaamsrm&q (infinitesimal) faRema 8 | f=iforRaa womi 7 4

DI A1 (A) 98 2E) ? [JEE (Advanced) 2019 ; P-2, 4/62, —1]

l
‘k"i..""-..‘

l< al
1 g |

L
(A*) After each collision with the piston, the particle speed increases by 2V.

(B) If the piston moves inward by dL, the particle speed increases by QV%

(C*) The particle's kinetic energy increases by a factor of 4 when the piston is moved inward from Lo to %LO

(D) The rate at which the particle strikes the piston is v/L
(A*) e & UA® HUE & 915 BT B T 2V A 9§ Sl B

(B)Uf%ﬁwsia?a%dwqu;ﬁwm%a’s[wa%Tﬂ%Qv%‘éaaaﬁr%l

(C*)\—ﬂ%rﬁme:rLo@%LoWw%mwaﬁvmmﬁ4waﬂzﬁs‘fﬁrﬁﬁ%|

(D) BT & fIRed W ThRH B X VL B |
(AC)

.
*—>Vv=\o V<—p"’

before collision gs ¥ U8l

<+—9
Vo + 2V Ve

K"’iﬂu

After Collision §8E & dT%
Therefore change in speed 31d: @Tal # URad = (2V + vo — vo) = 2V
In every collision it acquires 2V
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Center of Mass / ﬂ_

v+dv
4—.<—V

A
v

X

Rate at which the particle strike the piston = f = zl
X
lf x = Lthenf= —
2L

Rate of change of speed of particle = 2—\{ =fx2V

A

2X

dv = - 2(~dx)
2X

dv = 2Vdt

Vﬂ_x_dx
v X
Vo ¢
= fn—z—fn5 = v=v—Of
Vo X
Whenx:L—O,the v Voo x2 = 2vo
2 L,
KEatx:"—°=Kf=lxmx4v§
2 2

PART - Il : JEE (MAIN) / AIEEE PROBLEMS (PREVIOUS YEARS)

AT - Il : JEE (MAIN) / AIEEE (i5et auf) & o=

Ans.

STATEMENT-1 : Two particles moving in the same direction do not lose all their energy in a completely
inelastic collision.

STATEMENT-2 : Principle of conservation of momentum holds true for all kinds of collisions.

(1*) Statement-1 is true, Statement-2 is true; Statement-2 is the correct explanation of Statement-1.
(2) Statement-1 is true, Statement-2 is true; Statement-2 is not the correct explanation of Statement-1
(3) Statement-1 is false, Statement-2 is true.

(4) Statement-1 is true, Statement-2 is false. _
FHYF-1: T &1 e | el &1 B Y Uil AUIR FEE ¥ U Tl FSIl BT B T8l DR o
FYF-2 : 9 IR & FHEl B oY A9 & GREV FT R 99§ [AIEEE 2010, 4/144]
(1*) PAT—1 TR 8, DAT—2 A & ; PAT—2, PAT—1 BT AL WL 2 |

(2) HUF—1 VT B, FIT-2 T ¢ ; BAT-2, FAA—1 HI W&l WG & 2 |

(3) PATT—1 I B, HAT—2 A 2 |

(4) PIT—1 T B, FAT—2 3N & |

(1)
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Center of Mass / ﬂ_

Sol.

2.n

Sol.

Ans.

If initial momentum of particles is zero, then they loss all their energy in inelastic collision but here initial
momentum is not zero.
Principle of conservation of momentum holds good for all collision.

IS FU1 B YRS FAT T B, AN IR TIHI H I 370 YU Foll I B 79, fbg 59 gavor 4
URMS FIT A e8! 2 | I PR B TP & ol [T H=eror Rigia 99 2 |

This question has statement I and Statement II. Of the four choices given after the Statements, choose
the one that best describes the two Statements.
STATEMENT-I : A point particle of mass m moving with speed v collides with stationary point particle

of mass M. If the maximum energy loss possible is given as f[%mozj then f = (Mlj .
+m

STATEMENT-II : Maximum energy loss occurs when the particles get stuck together as a result of the
collision.

(1) Statement -I is true, Statment -1I is true, Statement -II is the correct explanation of Statement -1.

(2) Statement -I is true, Statment - II is true, Statement - 1T is not the correct explanation of Statement -
I

(3) Statement -1 is true, Statment - 11 is false.

(4*) Statement -1 is false, Statment - 1T is true. -

9 U Y U [ Y9 U 11 fed gd 8| Yool & uvdr ¥ T IR fAeedi 4 4, 39 Adey o1 g
S & S UHHl BT HalH auid $HRdl ¢ |

B -1 : 91 v 4 TR SHE m 1 U6 fdg B9 ReR S|\ M & U fdg $U1 3 Fag PRl 2 |

Ffe =g AfrHan SHort &g far i f[%muzJ |, T9 f=. [ﬁj [JEE (Main) 2013, 4/120]

Y - 11 : ST SHoil & T4l BT § o e & IRUTAEHY $HYT T gox 4 f&Iud o & |
(1) UH2H-1 I B, IHIUH-I G 7 | THUA- [[ YHUF- 1 d1 Fel AT el © |

(2) YHI-1 T &, UHH- [ 9T B | THUF- 1] THUA- 1 &) F&) AT T8l el ¢ |

(3) UHYH-1 9 &, UHYH- 11 3 7 |

(4) UHUA-1 3T &, UHH- 11 9T B |

p2 p2
Maximum energy loss 3ifffeaq Sl 8fff = — —————
e o 2m  2(m+M)
P2 M 1 o[ M M
= = =—mv (N
2m| (m+M) | 2 m+M m+M

Hence Statement -1 is wrong and statement 2 is correct Hence
T qIIF -1 TTAd B TAT gdqey 2 el 2 | 3t Ans (4)

A particle of mass m moving in the x direction with speed 2v is hit by another particle of mass 2m
moving in the y direction with speed v. If the collision is perfectly inelastic, the percentage loss in the
energy during the collision is close to :
x-fa=m 3 2v are & e 8¢ m SHM & US B W,y - fQR H v I | Ao g 2m SIHE B D
HUT, THAAT 2 | A I8 Huce (ST YUI: URARY & @I, TIPR & SR Holl &1 & (F7) B

[JEE (Main) 2015; 4/120, -1]
(1) 44% (2) 50% (3*) 56% (4) 62%
(3)
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Center of Mass / ﬂ_

Sol.

Ans.

Sol

Sol.

Just before collision Just after collision
TIRR B SIb UBd TR & fo® TeErq
A&
3
2v
@—>2v 3 3
\%

2
Energy loss Suil 819 AE = % m (2V)? + % (2m) V2 — % (3m) 2 [%j

4mV?  5mV?

= 3mV? - = 55.55%

Distance of the centre of mass of a solid uniform cone from its vertex is zo. If the radius of its base is R
and its height is h then zo is equal to

P THHAM SN T| b SIHT D= bl SAD N A X 208 | e A P MER B AT R qq W

P Sag h 8 @ zo® A =ifba § 9 foas =R B 2 [JEE(Main) 2015; 4/120, —1]
h2 .. 3h 5h 3h2

(1) R (2%) 7 3) "y (4) my

(2

COM of uniform solid cone of height h is at height % from base, therefore from vertex its %

hm”aﬁzﬁwwawmgmmﬁ?ﬁawﬁ%mwm%laﬁ:ﬁﬁ %mw
BT |

It is found that if a neutron suffers an elastic collinear collision with deuterium at rest, fractional loss of
its energy is pq, while for its similar collision with carbon nucleus at rest, fractional loss of energy is pe.
The values of pa and pc are respectively : [JEE (Main) 2018; 4/120, —1]
I TP YEH D UH ROR AT & SICINIA H YR T Y@ FECC s8Rl & Al SAD SHoll B
JRE & pg TR ST § | SHD KRR JARRAT & Bl Al9d § FH6Y GESc H SHoll & fMfd &
Pc U1 STl & | pa AT pe @ AT HA: B

(1) (0, 0) (2) (0, 1) (3%) (.89, .28) (4) (.28, .89)

Case-l

JBC

@ @
V@ ey

JAC

2Vo—-Vi=V
Vo+Vi=V
3V2 =2V

V2=&

Vi=

W< ¢
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Center of Mass /
1 1 1
—mV?——mV? 1-—
Po=2—2 9_8 _4.89
7mv2 1 9
2
Case-ll
JBC
v @
JAC
e @
12V - Vi =V
Vo+Vi=V
13V2 =2V
2V
Vo= —
13
1 E 1, 1 121
2 —mv? _1=et
V1=V—%=% = Pc:2 3 2 = :69:14—8 =0.28
1 o 69
6. The mass of a hydrogen molecule is 3.32 x 1027 kg. If 102® hydrogen molecules strike, per second, a

Sol.

fixed wall of area 2cm? at an angle of 45° to the normal, and rebound elastically with a speed of

103 m/s, then the pressure on the wall is nearly :

[JEE (Main) 2018; 4/120, —1]

TEh BRI Y] &1 G99 3.32 x 10727 kg 8 | 2cm2 &F%hd @ Yo <laR 4R 108 4 d%Hve &l 3% |
BISRIoM Y] Ifa el | 45° TR YIRS bR R 103 m/s @I TIfd H dled &, d SaR W ol &4

&1 fread 79 I

(1)2.35 x 102N/m2  (2) 4.70 x 102 N/m?

Fovg = 2NmV cos6
2NmV cos0
A

2(10%)(3.32x107)

Pressure 19 =

o

NA

x10°

2x10™
=2.35 x 108 N/m?2

(3*) 2.35 x 103 N/m2

(4) 4.70 x 103 N/m2

/\
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Center of Mass / ﬂ_

7.

Ans.
Sol.

Ans.

In a collinear collision, a particle with an initial speed vo strikes a stationary particle of the same mass. If
the final total kinetic energy is 50% greater than the original kinetic energy, the magnitude of the relative
velocity between the two particles, after collision, is : [JEE (Main) 2018; 4/120, —1]

Th UHed Huee (collinear collision) #, 3RMA® AT vo BT U B FHM SA & Tb gOR Wb 8
FU H THAA 2| AR FA iftm IS Hol, qmfre Ao T § 50% wITET B @ <R B 9Ig aFi

HU B FrIer Ty BT gRATT B

(1) V?‘) ) % (3)

\CTO (4%) Vav,

(4)
By conservation of linear momentum Y& HaT HRETOT FIRT

mv, +0=mv, +mv,

Vo=Vi+V2 ... (1)
3 1mvg :lmvf+1mv§
212 2 2

“Vi=vidve o )

Solving equation (1) and (2)
THIDHR (1) TAT (2) BT &A B TR

1_\72
VO
?[1+\/§—1+\/§J
VO
= 242
5 x2\2
V2v,

|
X

A

A body of mass m1 moving with an unknown velocity of V4i, undergoes a collinear collision with a body
of mass m2 moving with a velocity ng . After collision, m1 and m2 move with velocities of V3’i\ and
V4T , respectively. If m2 = 0.5 mi1 and v =0.5 vy, then v1is :

SIHE m1 BT T UUS ST I vﬁ,ﬁaaﬁngam%amﬂmmzawéﬂ ng H W g g fuve

¥ ARG WESE B d1G my AT mz HAW AT Vel TAT V4i, | Terd Bl IR” mz2 = 0.5 my @

Lg =0.5 VB Tl L1 BT : [JEE (Main) April 2019; 4/120, 1]
L, Y,

(1) vy ——~ (2) va— v2 (8) va+ v2 (4) v, ——=
4 2

(2)
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Center of Mass / ﬂ_

Sol.

Ans.
Sol.

10.

Before collision TdR 4 Td

Vi V2

Atfter collision TTFHR & TZaTq

0.5V1 \
By conservation of momentum before and after collision
TIH] A U4 qAT 91§ H FAT AR 4

2mvi + mvz = 2m (0.5v1) + mva

V4 =V1+ V2

A body A, of mass m = 0.1 kg has an initial velocity of 3i ms-'. It collides elastically with another body,
B of the same mass which has an initial velocity of 5] ms-!. After collision, A moves with a velocity

vV =4(i +]). The energy of B after collision is written as % J. The value of x is

A m = 0.1 kg &1 & fvs A &1 JRf¥EH 997 3ims—' 2| I8 YIRS T W GAM STHAM B G
fivs B & edhvrar @ s aRBie 97 5jms 8| €hRM & d1g, v A V=4(i+])) 97 ¥ Fd & 2

3R fJvs B &1 it %J B x &1 A B . [JEE (Main) Jan 2020; 4/100]

1
For elastic collision Ucamer cadr & ferdl KEi = KEs

1 nx254txmx9= tmx32+ Lmv?
2 2 2
34 =32 +V?
KE =1><O.1><2= 0.1J = 1

2 10
Xx=1
A particle of mass m is dropped from a height h above the ground. At the same time another particle of
the same mass is thrown vertically upwards from the ground with a speed of 1}2gh . If they collide
head-on completely inelastically, the time taken for the combined mass to reach the ground, in units of

\Eis : [JEE (Main) Jan 2020; 4/100]

m ST & Th Y Bl eRIAT ¥ h A8 A BISl oidl 2| SH I87 W I 9 & Ub B bl
ERITA § HEAleR e § SR A iR (f2gh IR & uafid &1 oran 21 Ak A &) FU1 -\ (head-

on) Juid: YR wI H THIC 8 I s gY BN B \/g?ﬁ’r §HTs AMA gY SRIAS O Ugad § o

el FHI B
3 3 1 1
(1) 7 ) ) 3) 2 (4) >
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Center of Mass / ﬂ—

Ans.

Sol.

11.

Ans.

(2)
AQO

B(BV: 2gh

1777777777777

h

time for collision TFHR & forw FxY t = _h
2gh
After t1 & q1g
gh
Va=0-gti = ==
A a4 >

and 921 Ve = ,/2gh—gt1 = @{ﬁ—%}

at the time of collision

TIPR B IR
P =P,

f— m\7A +m\7|3 = 2m\7f
gh 1 -
—— 20 4 Jgh|V2 - — |= 2V
e E[ @} :
Vi=0
h  3h

and height from ground 3R &RTd ¥ S5 = h—%gh2 =h-—-=2

4 4
w
so time 3d: ¥HI = 2xi: %
g9 29

2
A rod of length L has non-uniform linear mass density given by p(x) =a + b (Ej , Where a and b are
constants and 0 < x < L. The value of x for the centre of mass of the rod is at :
2
mﬁfLaﬁwwm%@umﬁaﬂap(x)W%wmmp(x)=a+b(ﬂ 2| 98 W a

IR bReRTH B IR 0<x<L. TS & TTAH dg & A X BT H9 B ;
[JEE (Main) Jan 2020; 4/100,-1]

) i[ a+b jl‘ @) §£2a+b]|_ 3) §(2a+bj|_ ) g(a+bj|_
3\2a+3b 4\ 3a+b 2\ 3a+b 2\ 2a+b

(2)

/\

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 90
Educating for better tomorrow [ e e300 558 5555 | CIN : UB0B02RI2007PLC024029 ADVPM -



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

Center of Mass /
Sol.

7 E

A
v

/
Xem = %J.XdM

2
dM=}“dx=[a+b(%]].dx

J.de kadx x(a+de

!
" faM o fadx j(a+

2 P
_ a?+b7 (2a+b)(
a0l (3a+b)4
3
B % 2a+b
"~ 4\3a+b

wp
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Center of Mass / ﬂ_

Il High Level Problems (HLP)

. Marked Questions can be used as Revision Questions.

= Fifed e Seem arFg ueE 2

SUBJECTIVE QUESTIONS
faSAITI% Y99 (SUBJECTIVE QUESTIONS)

1.# A uniform rope of linear mass density A and length ¢ is coiled on a smooth horizontal surface. One
end is pulled up with constant velocity v. Then find average power applied by the external agent in
pulling the entire rope just off the ground ?

TP GHOT / NS Td A YGRS g9 B G Uh e 8 9dg WR due R I 8 | sHdT
T R g 99 v 9 Wi Oar 2| 99 9 BRS gRT R IR BT oHE | @iew # eRifd eirad

NG ISE
v
Ans. L VO.58
2
Sol.  Fnet= %(mv) F-mg = CL—T v+0
dm
F=mg+v—, (m=VviA
g+v ( )
= ViAg + VZA
P =Fv=v2)gt + Av3
T
j Pdt
<P>=2 = V2\g T +AV3 [ T =4N]
T 2
<P> = Mg + A8
2
2. In the above question the maximum power delivered by the agent in pulling up the rope is

IRIFT T3 H KT B HWR IoM § 918 RSP gRT Ued ¥ Afdd s
Ans. gy +Vvih

d
Sol. Fret = — (mv
=g ™)

F—mg = %—Tv+0

dm
F=mg+v—/, (m = vtA
g+v gl )
= ViAg + VZA
P=Fv=v2agt+ A3 P 7T as ol f& t1 so 81 Pmax = V2Ag (ﬁj + A3 = /AgV + AV
v
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Center of Mass / ﬂ_

3.#

Ans.
Sol.

A particle is projected from point O on the ground with velocity u = 5 \/gm/s at angle a = tan~' (0.5). It
strikes at a point C on a fixed smooth plane AB having inclination of 372 with horizontal as shown in
figure. If the particle does not rebound, calculate.

S R Rerd g O W U@ &9 B u = 5+/5 m/s I T o = tan-' (0.5) BIvT TR gaifdd fhar S 21
IE P Afds | 372 P W IS I 0 a8 AB B C g R RAGER cavran 21 I &o1 amd 78
IV B AN AT B |

5J5 m/s B

m A D

(10/3) m
(a) coordinates of point C in reference to coordinate system as shown in the figure.
o weffa Fdsis wefy & fig C & fdwis |
(b) maximum height from the ground to which the particle rises. (g = 10 m/s?)
SHIE ¥ SIHaH SHaTs Siel db Bl Ugadl © | (g = 10 m/s?)
(a) (5m, 1.25m) (b) 4.45 m.
Let (x, y) be the coordinates of point C.
A a5 C & Fe=n® (x,y) & |
Now x component of point C = OA + AD
fdg C &1 x M<wi® = OA + AD
X = 10 +ycot37° = Y
3 3
As point C lies on the trajectory of a parabola,
gfd fog C Raed & 9o R Rerd 5 |
h g x*
we have 3d y=xtan a Yy
Given that, a = 0.5 and hence cos o = 2/+/5
fear & a =053 cosa=2/+5
Solving egs. (1) and (2), we getx=5mand y = 1.25 m.
FHTHIOT (1) TAT (2) DT BA A IR 89 UTH IR & X =5m Ty =1.25m
Hence the coordinates of point C are (5m, 1.25m)
I fag C & ==& (5m, 1.25m)
(b) Let vy be the vertical component of velocity of the particle just before collsion at C. usingv =u + at,
we have

(b) AT vy FHeEATER 2N H fag CUR TP & R<I Usel SV & dI Bl P o | V=U+atd A A

vy = U sin o — g (x/u cos a) (* t=x/ucos a)
=55 x (1 x \5)=10x5/5 /5 cos a
55 10x5

— =0
V5 (655x2/5)
Thus at C, the particle has only horizontal component of velocity

3 fag CWR U1 & I &1 dHad &fISl ¥cH 8N |

ux=ucosa=5£ x (2 x \E)=10m/s
Given that the particle does not rebound after collision. So, the normal component of velocity (normal to
the plane AB) becomes zero. Now, the particle slides up the plane due to tangential component ux cos
37° =8 m/s.
fean g 1% Ho1 THRM S URAT IBAAT Bl ©, A I Bl A TCh I Bl SIRAT | AR HU Fqdd D

Igfa 97 & Wl RGT TCH uxcos 372 =8 m/s B BRI T W HWR B! 3R el G A M |

/\
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Center of Mass / H‘

Let h be the height raised of the particle. Then
AT h 7 §RT YT HI T8 SHaTs 8l al

mgh-= %m(8)20rh=3.2m

Height of the particle from the ground =y + h
AT THF A BT GRT YT P T8 HaTs =y + h
: H=125+32=445m.

u,cos 37°

4.4 Two blocks A & B of mass ‘m’ & 2m respectively are joined to the ends of an undeformed massless
spring of spring constant ' k '. They can move on a horizontal smooth surface. Initially A & B have
velocities 'u ' towards left and '2 u' towards right respectively. Constant forces of magnitudes F and 2 F
are always acting on A and B respectively in the directions shown. Find the maximum extension in the
spring during the motion.

T ‘m’ AR 2m & q @d A MR B 'k, R e arelt sereE sifdga i & R | et
SITaT | U8 QM e &fS eRIde UR A #R Wahd B IR H A G B &1 99 HAS: 'u' 9t iR qen
20" TR SR 2| R IR fFud 9@ F e 2 F &93m A @ B R SRIRd 8| Wfd & IRME R 4

frpan Re=ma 2 |

m 2m

F k 2F
Ue— A —www | g I—— 9y

TTITTTTTITTT T T AT ITITIT
4F+ «/16F2 +54mu®k
Ans.  Xmax =

3k
Sol.
U— A B—2u—>
F m YN 2m ——2F
acm=2F—F=_F ch=—mu+(2m).(2u)=u
3m 3m (m+2m)

Applying work energy theorem &R $Holl YHI TH TR
AK = Wnet = Wsp + Wext + Wg + Wi
At the position of maximum extension : 3ffS&Had JaAR & Rl o :

% (Sm) Vc2m - [1 mu2 + l (2m) (2U)2:| == g X?max + Wrext + 0 + 0

2 2
2
K
3n21u _% u?[1 + 8] = - X2max + Went
A B
o<—{_ TS o
A B
M 13 g1 e KXo s W
2 - 2 max ext
_ 2 N 2
6 mu = K XmaX + Wex (a)
2 2
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Center of Mass / H‘

Sol.

Now the total work done by the external force. 3/ aT&l a1 g1 a1 =1 ol BRI

<« X, —> X,
Wext = (F + ma)x1 + (2F — 2ma) xz = Wext = (F+mij X1 + (2F—2mij X2
3m 3m
Wext = f X1+ E X2 = E (X1 +X2) = fXmax
3 3 3 3
Putinthe eq. (a) FHIHRT (a) T ™
_ 2 —Kx? 2
6mu” _ ma , AF Xonax N N 8F Xy — 6mu® _ 0
2 2 3 3K K
+8F 64F% 6 mu’
+ +4. 5 =
3K 9 K2 K 4F + J16F2 +54 mu2 K
Xmax = — 5 = Xmax = 3K

Two identical buggies 1 and 2 with one man in each move without friction due to inertia along the
parallel rails toward each other. When the buggies got opposite to each other, the men exchange their
places by jumping in the direction perpendicular to the direction of motion. As a consequence, buggy 1
stops and buggy 2 keeps moving in the same direction, with its velocity becoming equal to v. Find the
initial velocities of the buggies vi and v: if the mass of each buggy (without a man) equals M and the
mass of each man is m.

31 gHwY MSAT 1 T2 2 54 Th—Ya afdd 401 8 ST @ BRYUI U qax @I dR% guUEH TR
9 TR T HY I 2| O I UH SR B U 9 JoRd B I < Afdd I @ oraq fem # gees
ol Rerfa aRaftid &xd &1 Rie R M6 1 ©6 Sl 8 a0 el 2 999 faen § fd el |l &
qAT $HBT 97 v B Il & Al I Ml B YRS 9 vi IAT vo ST BRI | AR IS TSI (fd If2a)
BT T M T TP Afdd BT SIHE m 2 |

[Ans :vi=—mv/(M—-m), vz =Mv/ (M —-m)]

man jump perpendicular to the velocity of buggies so velocity remain constant

JATEHT ST & 9N S oIEad hadl 8, $AGY I fURdfid Y&l © |
Before jumping (& ¥ Ugd) After jumping (e & d1g)
(B-1) (B-1)

(B-2) (B-2)

v2<—|j'{2 I <—|nj§1

for Buggy B1  Piinai= Pintan  (using linear momentum conservation Law)
M BB AT, Pinal = Pt (YT FAT TRETT B 9 Q)

=>M+m) 0= Mvi—mv2 = Mvi=mv2 (1)

for Buggy Bz TSI B2® folt (M+m) (-v) = M(=v2) + mvi = (M+m)v= Mva—mvis = (M;n:\/l—m)w

Vi= —— L 2
= 1= (2)
From (1) 9 vz = MV in the vector form. wfeer <a ¥ v, = al Ny = Mv
m (M-m) M-m
Myv
V2 =
(M-m)

/\
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Center of Mass / H‘

6.

Sol.

Case fRerfa li

Two identical buggies move one after the other due to inertia (without friction) with the same velocity vo.
A man of mass m rides the rear buggy. At a certain moment the man jumps into the front buggy with a
velocity u relative to his buggy. Knowing that the mass of each buggy is equal to M, find the velocities
with which the buggies will move after that.

T FAM SIEE M @1 MEAT Tb FHE 99 vo 4 (91 9907 &) U SR & G Sfecd & HRYI Il I8l 3 |

Th m TSI BT ASH G el ST TR Iodl & a1 fhedl fAf¥=a &or o Sy arell Ml ™R u I A
(@1 MY B |UE) HIAT 2 | I B a8 Ml BT 9T HG BN |

mMu
[ANS : Vrear = Vo — u; Viront = Vo + ————— |
M+m (M+m)

5
Now 31§ Fexx =0, P =constant faa
N (Vi +u)

| : v
After the jump from the rear buggey el TSI & FHad & 91|
(M+m)Vo =m (u + Vi) + MV;4
M+m)Vo—mu=(m+MVi =  Vi=Vo- U
m+M
From front buggy 31 dTell TSl A

MVo+ m@u+Vi) =(M+m) V2 = MVo+mu+m(Vo—

(rear buggy) (f&eh arell T & form)

m u
=(m+ M)V
m+Mj (m+M) Ve

2
w+mnm+mwxﬂgm“=(m+ww::W+fﬁ%%=wumnm%mmﬁwﬂm@$
m +
ferg)

Two men, each of mass m, stand on the edge of a stationary buggy of mass M. Assuming the friction to
be negligible, find the velocity of the buggy after both men jump off with the same horizontal velocity u
relative to the buggy: (i) simultaneously; (ii) one after the other. In what case will the velocity of the
buggy be greater and how many times?

M SIHME m $ ]l Afdd M 9 & ReR M W) @< & | g0 g ®, a1 9 Rafoal #§ srefiat
T TH T AfAS 97 u (TS @ GUE) W HEd D GG ST B 9 A B (1) 9 M UH AT FHEd B
(2) 519 U & d1a U dHad o | [ R § ST H1 971 SATRT 8RN SR fha=1 1 SATET B2

. e, —2mi i) v o —ME@M+3m)d
Ans (V1= 4 om) Ve = s myM=2m)
(2M+3m)

(Torh )

vz > vi by a factor of
2> Vi oy (2M+2m)
m

= ,"‘l’ ,‘{ Note : velocity of the man is w.r.t. buggy given, so velocity of the man w.r.t. ground is

fewof : M1 & AMe s @1 9 A WA B, i Y & |E SAeHl BT 97 BT |

— — - - - -
Vve = VYwe — Vea Vme = Uws + Vag
N 5 g - > - - 2m U
Case Rafdl F,, =0 = P =constant3mR (M+2m). O =MV, +2m (U + V,) = V; = ——
@2m + M)
2 m L@V v Sy
m & & m —> 1 vV, —> %’(U V,)
7T M 7L
A
(A) (C)

N

(M+mn5=m+M)w+m(U+w)

/\
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Center of Mass / H‘

- -
Figure (Aand B) f&rF (A9 B) — mU =(m+M+m) V,
- “mu
= V, = ————— Note buggy, move opposite to the man w.r.t. ground
M +2m)

e — MR, IMEHl & A & e 99 & fauRa AT wRed B
Figure (Band C) fa= (Bd ()

- -
_ " - _ - -
m+M) — Y m(usv,) + My, SmaM) Y mUu o mM) v,
(M +2m) (M +2m)
-
— -
N [(m+M)+(M+2m)}(-mu) “(m+M) v,
(M+2m)
- -
> (2M+3m) (-mu) -m(2M+3m) u
27 M+m)M+2m)  (M+m)(M+2m)
-
- -m((2M + 3m) u|
V,
17 (m +M)(M+2m) ‘ _Mism _2mM)  m
\71" om T 2m+ M) 2m+ M 2m + M)
(M+2m)
m - -
=1+ ————>1 (andtheterm 3R ug=08) = |Vil> |V]]|
2(m + M)
8. A stationary pulley carries a rope whose one end supports a ladder with a man and the other end the

counterweight of mass M. The man of mass m climbs up a distance ¢' with respect to the ladder and
then stops. Neglecting the mass of the rope and the friction in the pulley axle, find the displacement
¢ of the centre of inertia of this system.
T Rer Rl 9 UIRG =1 & T R IR ol didl IR e @Sl § 21 S8 4 M S339H &1 <ld
ST 8| m SIHM B A WSl S AUE (' Hdls aP dedl & I Bb Slidl 8 | RN P Sqq= a0l
RN # =dvr oG B | @ e & S@HE B B [9RIud ¢ Fd B |
Ans: /=/m/2M

Sol. In the frame of reference fixed to the pulley axis. the location of c.m. of the given system is described by
the radius vector o _
o= 317 | Rerg e @3 4, ¥ W soH o= o Rafa Bsg afke gm1 <wifd g
Algg =

M+ (M-m)+m

Note that &9 <

—

- -
Afy == Al and 3R Ayvm)

m [F ma —1 (M—m)G] MAGym) M7’

AF = = =
cG oM M M

(M-m)

_\\\}\\\\\\\\\\\
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Center of Mass / ﬂ_

9.

Sol.

A particle of mass m1 experienced a perfectly elastic collision with a stationary particle of mass ma.
What fraction of the kinetic energy does the striking particle lose, if

(a) it recoils at right angles to its original motion direction;

(b) the collision is a head-on one?

M1 SAE HT T M ST & ReR T § Yol JIRY TIHY Bl & | THIA aTel BT DI TS Fpoft Bl
e w1 B B | At

(a) I8 THIM B 91€ URSG T o) feem & orgaq i w |

(b) AT TFHR F=F B |

Ans: (a)n=2mi/(mi+mz); (b)n= 4m1—m22
(my +my)
(a) Fex =0 P =constant 3=R
m1 u1 = m2 V2 cosO
miVi=mz2Vasind ... (A)

(Mav2)2 = (M1)2 (Uf + vi?)
( collision is elastic so kinetic energy of the system remain constant )

(TFPR TIRY B, ST My &) it Sot emRafia &< 21 )

lm1 U12 =
2 2
using equation (A) \HIHRT (A) |

1
m1 V12 + ) mzvg

2
2 my 2 2 2 2 2 2
m1 (uy — Vi) = P (U + vi) = my(uy —vy) = my(uy +Vvy)

2
= u2 (mz—mi) = v& (M1 + my)

2 2
Vi mp-my o my v

f— = =

uf o mp+my o myuf

m; u¥ my vZ

AK B 2m

= R, Tmoam
5 Ui L e

(b) Collision is perfectly elastic collision, so for particle m1

TFPR UG TARY &, SAfAY T my B folg

Ki = ¥ mi ui?

2

(Kr) = %m1 vi2

where &
Vi = (my —my) yy
(my +m,)
(AK) = (K)i = (Kp) = 1 mrue L omive
2 2
m m (m1 _m2)2
(AK)= —Lu—- L — <7y
2 2 (my+m )2
1+ My
2
(AK) = D2ty {1——(”’1 m”g}
2 (m; +m,)
AK m, +m,)? —(m; —m,)? 4m, m
1()=(1 2)(12 2)=n = n= LS
M u2 (my +my) (my; +my)

/\
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Center of Mass / ﬂ_

10.

Sol.

Body 1 experiences a perfectly elastic collision with a stationary Body 2. Determine their mass ratio, if
g 1 7P ReR I 2 9 ol YR TaIR Sl B | I8 SIAM BT AU A1 B | AR

(a) after a head-on collision the particles fly apart in the opposite directions with equal, velocities;

At (F@) TR & 918 FHU GAE 97 e fen # =@ o 2

(b) the particles fly apart symmetrically relative to the initial motion direction of particle 1 with the angle
of divergence 6 = 60°.

IfT A BT, B 1 P A DY e T G wU ¥ 0 =60° HoT wR fAIgdd B B

[Ans : (a) 2L = 1/3; b) T =1 4 2086 = 2.0]
my my
Collision is perfectly elastic collision, particle 2 is at rest (uz = 0)

TIHR Ui YA B, HUT &I faRmaRen § g (uz = 0)
Vi=—V2 (given) (& gar ®)

(A) (m —my)u; _ —2my
(my + my) (Mg + my)
mi — M2 = — 2mj = 3my = mo2
m _1
m, 3
/V1
0 m,
® M M50
N u=0

Given total angle of divergence 6 = 60°

From momentum conservation

In the direction of us

f&ar ganm & @ A& ®Ior 0 = 60°

HAT EREAT A

U1 I és ﬁ

m1uU1 = M1vi cos 6/2 + mavz cos 6/2

Miu1 = COS 6/2 (M1v1 + M2v2)  .......... (i)
and in the direction perpendicular to that of u1

AR ur & ofaq fe=m 4

0 = — mi1v1 sin 6/2 + mav2 sin 6/2

m1Vv1 sin 6/2 = mavz sin 6/2

MIVI = M2V2  ceeeeeiiieeeeens (ii)

Collision is elastic, so from the conservation of kinetic energy
TFPR YIARY ®, AT AN SHoll TR0 |

1 1 1
Em1 u12+0=§m1 v2 +Emzv§

mi U2 =mMive +mM2 V3 e, (iii)

From equation (ii) putting m1vi = mavz in equation (i)

JHEHRT (i) | mivi = mave FHIHI (ii) 7 @A )
M1Ut = COS 6/2 [M1v1 + M1vi] = Mm1Us = 2 M1V COS 6/2
u=2vicos02 L. (iv)

Putting above value of u1 in equation (iii)

U1 ®T SURIGT AT FHIERYT (i) # I@H W)

/\
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Center of Mass / ﬂ_

11.

2
m1(2 vi cos 0/2)? = my vf + m2 [%} {from equation FHIHRT (i) | vz = %}
2 2

4c0s20/2 =1+

ms
2(2c0s2 0/2) = 1 + (- 2082 0/2 = 1 + cos 6)
ms
2(1 + cosb) = 1+ My
ms
M _142c080=2 (~+ 6 = 60° given fa garm ¥)
m;

A ball moving transitionally collides with another stationary ball of the same mass. At the moment of
impact the angle between the straight line passing through the centres of the balls and the direction of
the initial motion of the striking ball is equal to o = 45°. Assuming the balls to be smooth, find the
fraction n of the kinetic energy of the striking ball that turned into potential energy at the moment of the
maximum deformation.

TEH g YWY A B g8 g GAN ReR I8 W TR IR Bl © | THRII GHI QA Rl B Dl
BI A drell ¥ d1 URMBIS G B e & 99 DI o = 45° 7 | AM s el § | Sif¥ean fawue
o Rerfa § it Soit @1 Refost swif & aRafia wrr v @ 8 |

Ans :n = % cos?a = 0.25

Sol.

Let one ball strikes with another ball with velocity u.

To determine the x components of the final speed, apply the equations for conservation of linear
momentum.

AMT U & g%l g ¥ u a9 | THIE B |

AT a1 BT x TSH S B & 1Y, I FAT HRETT B FHHROT T R,

M1 Uix + M2aU2x = M1Vix + M2aVax
putting mi =mz=m &7 W)
Uix + U2x = Vix + Vax

orar  Uix + 0 = vix + Vax (i)
YA

w U sina
5 1
@ X

ucoso. \ A2/

at the instant of maximum compression vix = Vax = Vx

(compression between them will increase till balls get same velocity in the x direction)

hence from equation (i)

JANTFHTH AT & FHT W Vix = Vox = Vx

(39 A e d9 TF 9l 8, 99 dd e x e § F9H a7 ur T8l B ol 2)

AT FHIHRT (i) |

U CoSa = Vx + Vx = Vx = % ucos a ... (ii)

- balls are smooth so -+ g forw ® gAferg

In the y direction ball 1 will continue with u sina, perpendicular to the line of impact and at the instant of
maximum deformation loss of kinetic energy will be in the form of potential energy

g 1, y f&=m # usino | & 10 Sl 2, 1A Y@ B A=A IR SEHTH fawue & 9\ TIRkaSt ol
H o9 Rofas woff & w7 7 &1l 2|
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Center of Mass / ﬂ_

After collision velocity of ball 2, TFHR & 1€ WG 2 BT AT Vo = Vx = % Cos o

- . : o u
After collision velocity of ball 1 TFHR & 1§ TG 1 & 9T = vi = ,,vf +Vv5  (where STEl vy = 5 C0S )

2
Hence 3rd: vi= \/[%comxj +(usina)?

P.E. = Loss of K.E. of the system & &t wfast Soti 9 &+

AKE. = * m, v12+lmz v3 L
2 2 2

1 u z 1 (u 2
= —m | -cosa| +(usinaf{ + —m|—cosa| — — mu? {-m=m,=m}
2 2 2 2 2
1 (u) 1 1 (u) 1
AKE.= = m|=| cosa+ — mu2sinfa+ — m|—=| cos?o— — mu?[sina + COS?al]
2 2 2 2 2 2
u) 1 1
hence 3d: AKEE.=m (Ej cos? o + 3 mu? sin? o — > mu? [sin? a + cos? o]

2

= AK.E.=m UT COSZ(X—% mu? cos? o
= AKE. = % mu? cos? o — % mu? cos? a
= AKE. =- % mu2 cos? a {~ sign indicate loss of energy — forg it § & &1 gurtar B}
Fraction of energy in the from of P.E.  P.E. @ ®U # $uff & 37
1 2 2
—mu® cos” a
n=A—k:E=4— = n=10082a=l(cos459)2=l=0.25
ki kK 12 2 2 4
—mu
2
12. Particle 1 moving with velocity v = 10 m/s experienced a head-on collision with a stationary particle 2 of

the same mass. As a result of the collision, the. kinetic energy of the system decreased by n = 1.0%.
Find the magnitude and direction of the velocity of particle 1 after the collision.
v=10m/s I ¥ Tl 8371 b HYI 1 FAM S b Ay ReR B 2 § W CSIFPY PRl © | TR D
FHRY BRI & TGS HoIf n = 1.0% HH 8 SR 8 | BT 1 BT SaH) & ggar 997 &1 gRATT 9 fen sma
Ell

Ans. Will continue moving in the same direction, although this time with the velocity
v=(1- ﬂ/1 -2n)v/2. For n << 1 the velocity v’ =nv/2 =5 cm/s.

Ans. @V SH ReT # N s w@W, WA W EFE v = (1- [A-2n)v/2. n<<1B AW v =qvi2=5

cm/s.]
Sol. Givenf@T & mi=m2=m3aRui=v=10ms"’

Acoording to the question IR —

1 2 1 >
_ }(i_}(f _ 1 B K_f _ 1 _ §m1V1 +Em2V2
T T KT 1
i i —m,v?
2
2,2
T]=1—V—2
Snv2=v2-vZi-vi = Vi svi=(1-nv@ ... (1)

From linear momentum conservation law Y& G G071 | —
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Center of Mass /
m\7=m\71 +mv_; :\7:\7:+v_;
V=Vi+ V2 (magnitude) (aiRHTo7)
V—Vi=V2 (put in equation (1)) (FHHROT (1) § W W)

13.

Sol.

viZ+ (V=vi)2=(1-1m)Vv?=0
2vi2—-2v.vi+nv2=0

o BT,

2.2
positive sign only
HIdA TAHD g
larger value for v2 and smaller for v1

Ve & AP HAF T vi B YA A B g

Vi = %[1—(1—211)”2] n << 1

using Binomial theorem we get fg&Td & SUART ¥ &9 YT &_d & Vi = % n=>5cm/s

A particle of mass m having collided with a stationary particle of mass M deviated by an angle n/2
whereas the particle M start moving at an angle 6 = 30° to the direction of the initial motion of the
particle m. How much (in percent) and in what way has the kinetic energy of this system changed after

the collision, if M/ m = 5.0?

m SAE BT B ReR M d M @ ReR $U | <hyral 8 91 /2 v R fagfa & oar 81 M g9+
BT DU, M GAET D DU bl GRS T B ;M A 0 = 30° BV W A HIAT YH a1 8 | TIBR D
g1 fod ufera 9 fea wu 8§ Moy & afes Sorf aRafda 29, afe M/m=5.0 21

Ans : AT/T = (1 + m/M) tan20 + m/M — 1 = -40%

Fox =0, so linear momentum of the system remains constant. SHfey e ST Y@ FaT wRfda =W

(along ox @ 3Tf<eT) mu = Mvs cos 6
(along oy @& 3Tfa=T) mva = Mvs sin 0
mu
Vi = :
Mcos6

V2=MV1sine=utane
m

Ki mu? mu2 u? m M cos? 0
2

AR (M tanz e+ ™1 = —40%

Ki ~ \M M

1 2 1 2) mu2
SMvi+omvy |- ——— 2 .2 2
&_ 2 2 2 =[MV—1+V—2J—1 [Mm—+tan29]—1

/\
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Center of Mass / ﬂ_

14. A closed system consists of two particles of masses m1 and m2 which move at right angles to each
other with velocities vi and vz Find:
(a) the momentum of each particle and
(b) the total kinetic energy of the two patrticles in the reference frame fixed to their centre of inertia.
TFh 95 P my T me SEHE & &1 BN 9 AAd 991 § ST vi T v2 I 9 U SR B oFgad
P B | A BN
(a) P HIT BT FAT 3R
(b) ST SIEH B B AUE IEI DI FA ST Hodl
Ans:(a)p= p\fvf +v22 ; (b) T =1/2( v12 +v22) . Here ot L= mimz/(my + my)
Sol. P, =miv; =mi(vii +0]) =N P, =mavy =m2(0i +V2)
working from the center of mass frame &H M &= & dF H
V*) _ m1V1’|\+m2V2]
em m, +m,
VTC =\7:—V_;= M2 (=vii +v2j) = Mo (Vii —v2])
my +m, my +m,
Linear momentum of the particles in centre of mass frame.
TEAE BE D aF H BN BT @G AT
= Pe = Mi1Vy, = [ Mo J(vﬁ “v2])  (where M2 _ )
my +m, my +my
= i mym 2 4 2 2
Poe = mavy, =—[m11+r;‘;2J(V1I —Vv2j)=—(vii —vzaj)
magnitude TRATT Pp| = pyvZ +v3 = ‘ﬁzc
Kinetic energy (ground frame) 7fist Sl (S &= @& a7 H)
2 2
KE. = IR + MaVa
2 2
Kinetic energy (centre of mass frame)
RIS Sl (STHE D= b ¥ATUEd)
Pk PZ% - =
KE. = 1o+ 2 “|Pg | = |P.
2m1 2m2 ( I 1c| | 2c I)
2 2
KE = e i+l = Pe = 1p(v12+v§)
2 m1 m2 2“ 2
15. A particle of mass m1 collides elastically with a stationary particle of mass mz2 (m1 > m2). Find the
maximum angle through which the striking particle may deviate as a result of the collision.
M1 SSTAT BT BT me2 (M1 > M2) SIFE S RER HU1 A YARY TIHL. HRAT & | TFHY S HRUT SIA1 BT
Afean fras w11 R RFafa 8 9ad 2 |
Ans . SiNOmax = M2/My
Sol.  Collision is elastic so K.E. = constant

THFPY JARY © 3dfert K.E. = g

Pt + P2 = Py + i = Pf = P + i —(1)
2m;  2m,  2m 2m, 2m, 2m, 2m,

Linear momentum conservation law in 2D. (6 is angle of deviation)

2D % I AT AReTT fm W (0 fages dIv )

-

2
- - ) > o
P, + P, = P1 = (P'Z) = [P1—P'1] = P12 + P'12 —2P1P’;cos 6

/\
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Center of Mass / ﬂ_

16.

P2 from equation (1)  &¥1&xvT (1) A P73

2 '2
m{P—1—P1—} —P? 4+ P2 _2PPicos§ = Pf{ —ﬂ} + P2 {1+ﬂ} —2Picos 6 P, =

m, m, m, m,
0
(1 4 @J P2_2(P, cos 0)P"; +P2 [1 —@J -0
m1 m1
Forreal root of Py, P, & ar<fd® A9 & forg
B2>4AC
4P12c0s20 > 4( —&J (1 +&j P42
m, m,
2
cos20 > 1° — m_22
my
m 2
(—ZJ > 1 —cos20 ("~ 1—cos20 =sin2 0)
m;
[&J > sin 0 = (SiN 0)max = M.
m; my

Three identical discs A, B, and C as shown in figure rest on a smooth horizontal plane. The disc A is set
in motion with velocity v after which it experiences an elastic collision simultaneously with discs B and
C. The distance between the centres of the latter discs prior to the collision is n times the diameter of
each disc Find the velocity of the disc A after the collision. At what value of n will the disc A recoil after
the collision; stop; move on?

A, Bderm C i U a1 Al (o] &ifsl ddf IR IR 3 & g8 & | Il A Bl 59 v 39 a1 S §
dql I8 Tl B TA1 C A U 12T YR TFHPR Bell © | 918 aTell dabell @ bl @ 91 I Q¥ IAD
FHA B AN H 1 [ STGT 2 | TITHL D 916 A BT 9T 1 BN | D fbd A1 & forg A a1 s g,

™h S, Ferdl Nai?

]

/

B~
A
e
oo%
~u

Ans : v’ =-v (2 - n?) / (6 — n?). Respectively at smaller n, equal, or greater than 2
Ans:v'=—v(2-1?)/(6-12).1P 2 3 o9, e 7 s @ foig

Sol.

d
n, 4-n?
sing=—2 -1 cos 0 = 1
B Vg
Vs = Ve
A ﬁ
v ':)ﬁg; --- l - l """""""
C Ve
IEext =0, so linear momentum of the system remain conserved.
gAfere e &1 Y& Ja9 GxiE| @m

= b d
P, =constant, 3R Py = constant 3R
(along x-axis)  (x-31&T & 3w mv = 2mvp cos 6 — mv’

/\
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Center of Mass /

V=2vwbC0SO—V =W «f4—n2 -V’

For elastic collision TR TFpy & foru

_ |\7rel—sepration | -1

|Vrel approach |
=V Cos 0 =vp+V cos 0

V«f4— 2 ’ v’
v Cos 0 = 1 v,

(If 2 > n2 then disc A recoil with v°)

(@ 2 >n2dd F&Ed A, v’ A ufaey 8l

17. A spaceship of mass mo moves in the absence of external ' forces with a constant velocity vo. To
change the motion direction a jet engine is switched on. It starts ejecting a gas jet with velocity u, which
is constant relative to the spaceship and directed at right angles to the spaceship motion. The engine is
shut down when the mass of the spaceship decreases to m. Through what angle o did the motion
direction of the spaceship deviate due to the jet engine operation?

TP TGAT (Mo SHHH) 9181 Il & 391d H vo F1Id 971 &1 I FRall & | A= & faen uRafda & &

foQ aTga™ &1 919 d1el HRA & | 98 u I 9§ I FTHIT FRar g | Sl {6 agae & |mne frad § den
ArGA BI T DI Q=M S FFE 2 | 99 IGAF BT SFAE m BT & d9 S99 &8 8l Sl © | YA b
S & PHRYI AYIAE A DIV o TR Afa dI feezn | fa=fera s |

Ans : a = (u/ug) In (mg/m)

Thrust force act as centripital force to turn the jet in circular path.

9 =P &1 99, A= 9 &I I8 agIH DI JaIdx 99 H gA ©

Sol.
2
mv

Fthrust= _0
(- m continuously decrese AR B & ?)
N _y 9m _ mVeVo

dt r

-u dm v
uam Vo4, M
v, m r v,

(da _ds_ Vo_dt]
r r
—-u
= — [logm—log mo] = a
VO
My

u
> o=— log —
m

Vo
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Center of Mass / ﬂ_

18. Two smooth spheres of the same radius, but which have different masses m1 & mz collide inelastically.
Their velocities before collision are 13 m/s & 5 m/s respectively along the directions shown in the figure

in which cot0 = % An observer S’ moving parallel to the positive y - axis with a constant speed of
5m/s observes this collision. He finds the final velocity of m+1 to be 5m/s along the y - direction and the

total loss in the kinetic energy of the system to be 71—2 of its initial value. Determine;

T e M NFd g8 mi 3R me 2 T 3501 989 8| SQARY TFh) BRd & | 396 97 HHAI:
13m/sam5m/sew®qgéasﬁ?ﬂmﬁﬁw$a—ﬁ31§mﬁcot6=%%lwﬁwmy@m
% gfew 5m/s Fd ara | Rl @ Ao I8 caax <@l B 98 SHH my B AfTH 9 y-1e @
ﬁmsm/sammﬁwmﬁ@mmaﬁ% T AT R | S BN

5m/s
Sl
X
m, m,
(a) The ratio of the masses
ST BT AT
(b) The velocity of m2 after collision with (respect to observer)
Mz &1 TIHR & 915 971 (U&7 & ¥Tued) |
Ans. @™ -2 m)omis
m, 13
Sol.
Y TSm/s
(a In the frame of reference of observer. Y&i® & e 91 &
: 12
m, O e
w.r.t. observer after collision
TR D 91 YADH D AN
V,,
A Vs,

In x direction x f&em #
12m1 + 0 =0 + mavax
M _ Vax
m, 12

Iny direction y fa=m #
Miviy = Mavay  (W.r.t observer U&Td & ATUE & viy = 5)
ﬂ V2y V2y

=—=—" (2
my vy 5 @)

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
/\ Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow | e e300 558 5555 | CIN : UB0B02RI2007PLC024029

(1)



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

Center of Mass /

19.

Ans.

Sol.

So g4ferw vox = 12 (ﬂJ & V2y=5(ﬂJ

mp mp
Apply K.E. loss (w.r.t. observer) (9&T% @& HTU&l TS Sl # 1)

KEi — KEr = Al KE:! or KEr = Al KE:
72 72

1 1 71( 1
—m1Y12y +§m2 (V22x +V22y ) :—(—m1(12)2j

2 72\ 2
Put3@= W viy=5 &V2x=12[ﬂj,V2y=5[ﬂj
my my
& solving we get a1 &1 UR 8H U<l & & %:%
2

Using this find vax & vzy and final velocity of mz wrt. observer is a/vgx + vgy =9m/s
TABT IUANT BRD oy TUT 2y ST R & Ud YeTd b ATUET m BT A I ﬂ/vgx +Vv5, =9m/s

A cart of total mass Mo is at rest on a rough horizontal road. It ejects bullets at rate of A kg/s at an angle
0 with the horizontal and at velocity ‘U’ (constant) relative to the cart. The coefficient of friction between
the cart and the ground is p. Find the velocity of the cart in terms of time ‘t". The cart moves with sliding.

e Ml T Sgq = Mo 8, GRa¥! &l |8 IR TSl & | I8 A kg/s B &% ¥ &fdsl 9 0 Pior 0= qon
M & |el 9 ‘v’ (FEd) | Tiell SFlt 8| TS don |de & A gul YONd g | M B WHI L D

uel § 99 S DIy | Ml fhEerd g Al © |

N © N © N—

. M
v = (ucos6—puusin@)/n| ———— [—ugt
( u ) [(MO—M)J ug

us;i[leu N
4 ?
/50
ar Fx kN
mg
Fg
N=mg+Fy=mg+ (usin®) xA ... (i)
dv ,
Fx=uyN=m — =ma ... ii
1 i (if)
ucosexk—uN=m%
Put value of N in eq. (i) from (i) FHI&R0T (i) & N &1 719 ISR (i) § 7@ W
ucosek—u(mg+usinexk)=m%

u coso A J.dt—pusinej.xdt—umgj‘dt =mdv put T&- TR m = mo — At

t

(uA cosO — upAsing) J. dt
0

t \Y
il !dt:!dv

M
= v = (ucosf) — uusind) /n 0| — gt
( )—n ) [Mo _MJ hg

/\
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Center of Mass / ﬂ_

20.

Ans.
Sol.

A bullet of mass M is fired with a velocity 50 m/s at an angle with the horizontal. At the highest point of
its trajectory, it collides head on with a bob of mass 3M suspended by a massless rod of length gm

and gets embedded in the bob. After the collision the rod moves through an angle 120°. Find

(a) The angle of projection.

(b) The vertical and horizontal coordinates of the initial position of the bob with respect to the point of
firing of the bullet. (g = 10m/s?)

TH M G @ el & afast § f&A &1 W 50 m/s & 9 ¥ vafia fEar S 81 39d U @

S fag ©R I8 %maﬁﬁmﬂéﬁwﬁdcw 3M S dTel e § AW THIN & Al 3HH
gq Il 2| TFPR b 918 BS 120° PV T gH SRl & | A BIIY

(a) 9eTgOT BHIOT
(b) Tl & w&UYT fdwg & AUE ed (bob) T URMEG Feaier T &fd Fen® (g = 10m/s?)
//_\\vB
y 50r11//§)
0

(@)

At highest point S=aad fawg W
V=50cos0 ..()
After striking bullet get embedded with bob so by momentum conservation.

THIE B YA el Meid H G Sl & 3N a9 Axeqor |

MV = 4Mu

Vv ..
U= — (i

1 (ii)
from (i) & u= 50(;039
By energy conservation after collission T&hR & UIATq SHoll AR |

2
1 am)uz=amgr (1 + cos 600 = 120080} _10x10(, 1
2 2 4 3 2
2
50x50co0s“ 6 - 100
16
c0s?20 = 16 = cosO = 4 0 =37°
25 _ 5
(b) Max height s1feraaq Sars
. 012
y=M=iX5OX50X§X§ =5x9=45
29 20 55
2 i 2 i o o
(©) x = E_l u-sin26 _ 50“ x2sin37°cos 37 —120m
2 2 9 210

Ans. (a) 6 =372 (b)x=120m andT&My =45m

/\
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Center of Mass /
21.

/\g

A steel ball falling vertically strikes a fixed rigid plate A with velocity vo and rebounds horizontally. The

ball then strikes a second fixed rigid plate B and rebounds vertically as shown. Assuming smooth
surface and the effect of gravity on motion of ball is to be neglected. Determine
TH WA B g Fe@leR fRIR g e A vo I 9 THRA & den afast faen § Sua o 21 99 R

T §¢ wWic B ¥ THRIIR WM (AR Feaier AR 21 g e § 9 99 W [ocd g91d T0g 974 |

T BRI |

VWI
- Q0= =

B

1

1
Jus

[}

(a) The required angles o and .

IS BII o TAT B

(b) The magnitude of the velocity vi & v2. Consider coefficient of restitution for both plates as e.

I v1 3R vo HT GRATT | SHI ©ie & foly Famawem Tonid e = |

Ans.
Sol.

3
V.
VoSina = ViCosa

eVoCosa = ViSina
Sq. & add

V1 = Vo+/Sin?a + e2Cos2a.
Dividing (i) & (ii)

1 1
—tana =

e tana

Vi Cos = V2 Sin B
eV1 Sin g = V2 Cos B
Dividing

N

(i
(ii)

=

(iii)

(iv)
1

—Cotp=tanp

e

Cotp = \/e_
Now 319

Ans.

Je+1

. e
Sinfoa= —
e+1

Cos? o = L
e+1

Sin2 o + €2 cos? a

(i) @

tano = \/g,w = \/e_vo, cotp = \/e_, V2= evo

T PP Siled N

(A)
(ii) DT 9T BRA W

tan a = \/e_

AT R A

e+1
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Center of Mass / H‘

22,

Sol.

2

e e e
= + = (1+e)=e
e+1 e+1 e+
Sol, eq. (i) gives FHHI (i) A B W
Vi = Voﬁ Ans.
Similarly U UBR
V2 = V4 \/e_ = V2 = Voe Ans.

A small spherical ball undergoes an elastic collision with a rough horizontal surface. Before the
collision, it is moving at an angle 6 to the horizontal (see Fig). You may assume that the frictional force
obeys the law f = uN during the contact period, where N is the normal reaction on the ball and p is the
coefficient of friction.

TEh BIE TATPR & G &fdol 908 ¥ UIRY TTHY Bl © | SHPR A Usel I8 8ol & A1 0 HIoT

I U T FRAA B, T8 AW DI GD GHI B AR G0 9 f = uN FRE &1 gt @Ran 21 o' N

JFfferg ufafshar 9 § q1 p |99 IoNs € |
y

Surface

> X
(a) Obtain 6m (u) so that the subsequent horizontal range of the ball after leaving the horizontal surface
is maximized.
(a) Om (p) ST PINTY arfs &S T8 B B & 918 1 B SIS W If¥Ha 2|
(b) Find the allowed range for Om.
Om @1 W= URTH (allowed range) FT ¥ |
From Fig. fo3 &

vy = vsin®
Note that the surface is rough and there is frictional force along the x-direction. Hence elastic collision
does not constrain the velocity along the x-direction. it implies that the y-component of the velocity vsin®
changes only in sign. From Newton’s second law along vertical y-direction, change in momentum is
given by the linear impulse, which yields :
& < D] g GReY ©, AT Jel "6l 9ol x-fa%0 & e B, A< YIRS cqdR H x faen & Srgfawr 9
g T8 B | U8 YR dRal 8 {6 99 &1 y-ucd vsin® daa fa | uRafdd g8rm| SR y fawn &
e <ge fefoa w1, Fav # gRads Y& o7 g7 &A1 & Sl 39 UPK ©

2mvsing = j Ndt ()

From newton’s second law along x-direction, we have

xfaen & srgfew =ge fgfom fm & &9 T &=a B
mvcoso — udet = MVx (i)

Inserting Eq. (i) in Eq. (ii) we obtain
THDHROI() T FHDHROI(i) T T U DR 2 |
Vx = v(cos(0) — 2u\s/in(9))

@)

f=uN

r mvcoso

y

| mvsing mg
X (a) (b)

/\
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Center of Mass / ﬂ_

23.

Figure : Free body diagram of the ball in contact with the floor.

o wel & ¥ ¥ ] P ga 9 NG

2v
Range WRTH = vx x time of flight SSSIT & = vy x —
2
R©) = 2"t (0)
g
where T8l

f(8) = sinB(cosH — 2usinb)
To maximize R, set

R® 3ffdapaq 719 & forw

f(0m) = 0
which yields
S g B R |

Om = %cot’1(2u)

(b) Possible range of 6m : 6m € ]0, /4]
Om DT THIAT W © Om < ]0, /4]

Two skaters (A and B), each of mass 70 kg, are approaching each another on a frictionless surface,
each with a speed of 1 ms-'. Skater A carries a ball of mass 10 kg. Both skaters can toss the ball at 5
ms~! relative to themselves such that when A tosses the ball at t = 0 s to B then the ball leaves at 6 ms-
T with respect to the ground. Further, they start (t = 0s) tossing the ball back and forth when they are
10m apart (see Fig. (1)). Assume that the motion is one dimensional, all collisions are completely
inelastic and that the time delay between receiving the ball and tossing it back is 1s.[1 +2+2 + 1.5 +

3.5=10]
: y
A " B
(] : .
3;@11”'51; 1ms™ <— X
1
_5I T 0 T é
Figure-1
(a) State initial momenta of skaters (just before t =0 s).

(b) Att = 0 s skater A tosses the ball to skater B. State momenta of both the skaters immediately after B
catches the ball.

ISA = ’ ISB =
(c) Indicates the minimum number of tosses by each skater required to avoid collision.
Number of tosses by A = ; Number of tosses by B =

(d) Indicate motion of each skater on the following x—t plot if no tosses are made. [Note : For this and

next part you must select the scale on the time axis approximately. You may use a pencil for sketching].
X(in meters)
A

5

0 >t(in seconds)

/\
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Center of Mass / ﬂ_

(e) Indicate motion of each skater on the following x—t plot from t = 0 s till just after one round trip by the
ball (from A to B and back to A).

X(in meters)
A

5

0 »t(in seconds)

5

Tl WheR (A TAT B), TS BT SgAM 70 kg Th TR DI AR 1 ms! &1 =1 A G¥7 f2d 98 R 9 =

B R AD U 10 kg B Uh g 2| Il Whex A€ B WI & AU 5 ms! P AT A 39 TR Bh

AGA 2| T A B BHI AR t =05 W Hdhal g, d g FAag & AU 6 ms™! & I A WH 8| 99

ITE TR A IOMD T W e, A d (t=08) TR I B UH X DI 3R Bl UR™ I3 o | (77 H

<) AT AT b [ B | T SahY Ui QTR B T A Pl UHed d hbd H ol T FHI 15T |
1 y

A ; B
0 | . L
1
—>1ms’' | 1ms” <— %
I
! T . T f
-5 0 )

Figure-1

(a) TRf™H Ry IR hext &1 FIT (t=0s WR) B

|3A= ,ﬁB=
(b)t=0s T e A TheX B & T g Bhdl & | B gRT 78 B Uhed & U QI Whel & Fai
BT |

Py = ; P =
(c) TP Fhex & oy TIBR 7ol Bl D [y =IAGH Hbl HI [T Bl |
HH! B & A = ; P B T B =

(d) TP FHeR B x—t T% YR B AR g BHAT 9 81 WY [FIc: IHH TAT FTA U H YA 3y
Y fZAE | A Wahd g | AH 94 B oIy U=ATad &1 5anT & ).

X (frev )

5

(0 > (v #)

-5
(e) T & TP TFHR & QAR YD IHe BT x—t Th F&RId B | (AW BTH T21 999 BH A ).
X (e %)

A

5

-5
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Center of Mass / H‘
Ans. (a) P, =80i kg.m.sor P, =70i kg.m.s'; PB,=—70 i kg.m.s™
b) P, =20i kg.m.s; P, =—10 i kg.m.s'ora B, =—70/8i kg.m.s™

)
JA=1,B=1
) See Fig. form (1) <&

(
(c
(d

x (in meters)

Motion of skater B

_" -
— (in seconds)
0 1 4 5 6 7 8 910
Motion of skater A “‘4“‘—————-——--- S EaaEs
=5
Figure 1:
(e) See Fig. oz (2) <=
X (in meters)
) 5 .
Motion of i+ Coordinates (x,t)
skater B T S =TTl P=(3614)
P, \\P/ P,=(3.5,2.4)
R A P,=(-3.9,3.8)
(in seconds)
0 1 2 3 4
L Anmay _P: ——b-
Motion of i A i s bty p Skl
skaterA g L >
Figure 2:

Sol. (a) P, =80 kg. m.s™' i, also acceptable ¥®R A P, =707 kg.m.s;
Ps =—70 i kg.m.s™'
(b) P, =20 i kg.m.s';
P; =—10 i kg.m.s™', also acceptable T&R A7 Py =—70/81 kg.m.s™
(C) Number of tosses by A =1 ; Number of tosses by B = 1
(C) AERT SToTall dI I =1 ; B §RI SOl &l 98] = 1
(d) See Fig. forzr (1). <

x (in meters)

Motion of skater B

R
of 1 s 5 6/;’—8 9 10 (in seconds)
IS IO 7 O O A

Motion of skater A

-5

Figure 1:
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Center of Mass /

24.

Ans.
Sol.

(e) See Fig. (2).

X (in meters)

Coordinates (x,t)
P, =(3.6,1.4)
P,=(3.5,2.4)

P, =(-3.9,3.8)

(in seconds)

. 5
Motion of
\
skater B -_____.$
1
0 1

Motion of i
skaterA g >

Figure 2:

A neutron is scattered through (= deviation from its original direction) 6 degree in an elastic collision

with an initially stationary deutron. If the neutron loses % of its initial K.E. to the deutron then find the

value of 6. (In atomic mass unit, the mass of a neutron is 1u and mass of a deutron is 2u).

T&H = (neutron), ReR SATEH (deutron) I U TIHY & HRUI AUl IRMBAS faem | 0 0 Biror
R frafad 8 S 21 afe g U IR™S it Hefl a1 %ﬂmsﬁfm(deutron)ﬁéa‘m%aﬁe

BT AF FAT BT (WRATY], ST SHIS H Joid BT A 1u TAT SAGH BT G 20U B 1)

90
mu = mv1cos6 + 2mvz CoSd
mvs1 sinB = 2mvz sing

2 1mu2 1 o V22
3\ 2 2

A,
3\ 2 2
Solving equations, FHIGYYT 8 B TR

Vi=Vo= u/\/?j
6+ 0¢=120°
and e 0 =902

o3
Cvy
oM

Vz

/\
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Center of Mass / ﬂ_

25.

Ans :

26.

Ans.

27.

A shell flying with velocity v = 500 m/s bursts into three identical fragments so that the kinetic energy of
the system increases n = 1.5 times. What maximum velocity can one of the fragments obtain?

Td Ml v =500 m/s I | ga1 H TN 8, I8 I T F9H ghel H faafvsd 8 o 2 s e
1 TS Soll = 1.5 1 9 T 2 | TP gl fhaal AfHaH I U HR Fohdl &, I Diford |

vmax = V(1 + f2( 0 '17) = 1.0 km per second farfiex ufd Feve

A particle moves along a closed trajectory in a central field of force where the particle's potential energy
U = kr? (k is positive constant, r is the distance of the particle from the centre O of the field). Find the
mass of the particle if its minimum distant; from the point O equals ri and its velocity at the point
farthest from O equals ve- _

TH B UH bisd 9 89 4 (& < 92 & Irgfey Wfefia 2, o8l &0 @ Refdw oot U = k2 §
(k gD FRIAT6 B, r& 3 & 7 O W $U & g ©) | B H1 SIAM F1d Do, e g O F B I
AT QW 1P RER 8 TG 59 P9 B O T g R dTved IR & |

m= 2k|‘12/V22.

This problem is designed to illustrate the advantage that can be obtained by the use of multiple-staged
instead of single-staged rockets as launching vehicles. Suppose that the payload (e.g., a space
capsule) has mass m and is mounted on a two-stage rocket (see figure). The total mass (both rockets
fully fuelled, plus the payload) is Nm.

9 U | JHIEE IF b HY H Uhel RV DS & WH W IgARY DS b SYAN B TN AT B |

HMET &1 =RV G DS & AP 9F IR m SIAN BT dadR 91 ( payload) RETER ST 831 2 | B
SEAN (FUgad B B QM WA + 31T JATBR AR Nm B |

Ist Stage 2nd Stage  |Pay
load
le— m——
nm
Nm

Ist Stage (J2E =R) 2nd Stage  |Pay (FTTHR

nm

Nm

The mass of the second-stage rocket plus the payload, after first-stage burnout and separation, is nm.
In each stage the ratio of container mass to initial mass (container plus fuel) is r, and the exhaust speed
is V, constant relative to the engine. Note that at the end of each state when the fuel is completely
exhausted, the container drops off immediately without affecting the velocity of rocket. Ignore gravity.

YoH TRVl & G UG G b UTAN 3 =RV 4+ JEdR 9N & A9 GHAN nm B | UAD AR H
uTE Tl 89 Jad URMG U B GIAMI BT AJUN r 7, AT o b AvE rprad g V Ra B, I8

AT ST § 6 S8 & gl So @ 31 U Udd ORI H UTF R Y9 ¥ BT B I DI YIS
A gY QR T Bl W © | [Rocd AT0G AT |

/\
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Center of Mass / ﬂ_

(a) Obtain the velocity v of the rocket gained from the first-stage burn, starting from rest in terms of
{V,N,n,r}

(@) UM TR & T8T D YA ADC b §RI UK I v B ford &t {V,N,n,r} & T& # &0 &I | Adhe
faRTHTaRe | YRS B B |

(b) Obtain a corresponding expression for the additional velocity u gained from the second stage burn.
fgd RO & S84 & T U AfIRE 9 u & oy o = a7 |

(c) Adding v and u, you have the payload velocity w in terms of N, n, and r. Taking N and r as
constants, find the value of n for which w is a maximum. For this maximum condition obtain u/v.

(C) vTATU D ¥ | I WIT &I I w HFL: N, n, TATr & Ul # U &1 8| N T r &1 fad are
8Y n &1 A 91d BRI, s ford w aifdead 81| 59 siffieas Rafa & oy u/v &1 /9 911 Y |

(d) Find an expression for the payload velocity ws of a single-stage rocket with the same values of N, r,
and V

(d)N, r, T V& FAE AMT & o el 2RO DT & ST U & 97 W B foldl &oids a0 B |

(e) Suppose that it is desired to obtain a payload velocity of 10 km/s, using rockets which V = 2.5km/s
and r = 0.1. Using the maximum condition of part (c) obtain the value of N if the job is to be done with a
two-stage rocket.

(e) WM AHCT & M N & 99 10 km/s T HRA &, 39 ford V = 2.5km/s @l r = 0.1 B | U (c) B

g R B od Y N BT 719 91 BRI | SHDI a1 =RV Jakf RADbe A PR Bl DRI |

Sol. (a) Variable mass equation gives

IR SHN FHIHRY |

av = dm
ma = I:external + Vrelative E

No gravity hence % &l 8 1T Foyorna =0, Vyerive =V - Solving rocket equation 8 &<+ TR

m:
=Vv= Vlnm—; (1)
Here =t
initially mass URf™® &A™ mi = Nm 2)
Final mass 3ifd| §&9= mi = [Nr + n(1 —r)Jm 3)
(b).  Now 3@ mi = nm, mi=m(nr + 1 —r). Equation (1) yields dH&=o1 (1) &
u=Vin—" 4)
nr+1—r
(c) From equation (3 to 4)
o=VIn Ny
[Nr+n(1=n)] [nr +1—r]
VIn f(n)

Maximizing o is equivalent to maximizing f(n). Differentiating and setting equal to zero, we
obtain

e N U INAN+(-np
vV In[N/Nr+N(1=r)}]
where we have used equation (1 and 4)
FHIHRT (3 79 4 )
In Ny
[Nr+n(1—r)] [nr+1—r]
Vin f(n)

(%)

o=V

/\
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Center of Mass / ﬂ_

28.

Ans.
Sol.

f(n) @1 AWHTH A Y 0 P ol & B |, MAHAT BRD LA B GRER B §Y 89 YT Bl & |
N U IIWNAN(1-n) 5
n=WN= Vv In[N/Nr+N{1-r)} ©)
JHHIOT (1 T4 D YA )
(d).  Here I8 mi = Nm and T ms = m + r(Nm —m). Using equation FHI&=T (1) & UaRT |

ws = Vin L
Nr+1-r
(e) Payload velocity
w=u+v=2Vin L
r\/N+1—r

For the desired value of w, N = 649.4. Answer should be an integer number for the number of state.
Hence N = 650.

T T BT o
N
r\mﬂ—r
w @ Jifsd A9 & ford | N =649.4 8 | STR &1 Mdhead guriel # A= ©* N =650 2 |

w=u+v=2Vin

A (trolley + child) of total mass 200 kg is moving with a uniform speed of 36 km/h on a frictionless track.
The child of mass 20 kg starts running on the trolley from one end to the other (10 m away) with a
speed of 10 m s~! relative to the trolley in the direction of the trolley’s motion and jumps out of the trolley
with the same relative velocity. What is the final speed of the trolley? How much has the trolley moved
from the time the child begins to run and just before jump?

TF (SIell + aTetd) o1 da sead 200 kg &, 9991 Ifed 99 R 36 km/h &1 =1 4 7T &R B 2|

20 kg S BT 9Ictd, BR TR Th R 9 TR R & RS (10 m ) Slell & |et 10 ms—! 3 giell B
T @ feen | Srear @ qun S e 9 ¥ giel | dadl & | giell @l AfsaA arel aar gRf | Srell, 9w
® el Y B W, hal b Slb Ugl b b qHI W fba A Fbl BIN?

9m/s, 9m
mc = 20 kg
mt = 180 kg

Pi =200 x 36 x % = 2000 kg m/sec

just before jump HEA & b T8 Vog= Vor + Vog = (10 + V1)

So 3T MrVr + moVe = Py = P;
180V + 20 x (10 + V1) = 2000
_ 1800

V= —— =9 m/sec.
200

Time takentocover 1I0m =t = % =1 sec.

10mqﬁmﬁﬁmm:>t=%=1sec.

distance covered by trolly ETell RT G &1 =9 x 1 =9 m.

/\
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