DACE Centre of Mass & Collisions Phy. XI
JEE Main Exercise
(A)
Ay
; B
| Al
:' 3cm
e Laom. | S ,
# (4.0) A
C
_ m1x1 + m2X2 +m3X3
Xem =
_ M3)2) +M(5)(2) +(21)(6)(4) _ 34
A(5) + A(5) +2A(6) 11
2. ()
ey = Myl — Myl — My,
2 3 or A .
- [om(4R)*)1(0i + 0j) - (0 TR?)(3Ri) ~ (67R?) (3R])
o (4R)? —onR?2 - TR 2
=R, i)
14 °
3. (D)
Sac =2L =5, =2L + 5,
SBC =_2L=$B =_2L+SC
Mp +Mpg+mec
m@2L+sc)+2m(-2L +5sc) +3ms, =6
6m "
L
= Sp=—
€3
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4. (B)
SAP=+4=>SA =4+Sp
My Sy +MySy +MyS3 +Mmys,
0= 20(4+5,) +60(-4+5,)+50s, +90s,,
40 +60 +50 + 90

Sem =

1 :
=S, = Em towards right

5. (C)
Y4
: 3m
i \\\\‘\ (X,O)
(0,00 m m (100,0) m
«—100m —
m1X1 + m2X2 + m3X3
Xem =
m1 + m2 + m3
= j00= MO+ MBO)+mX . _s50m
3m

6. (B)

Friction on wedge will be acting towards right. Due to
friction, centre of mass of (wedge + block) system will
move rightward and due to gravity centre of mass will
move downward.

7. (D)
External forces on the (Earth + ball) system is zero. So to
keep centre of mass stationary both will move away from
each other.
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8.  (B)

dm= rae=M 4o
IR T

dp=dmv sinef + dmvcosei

_Mvoer . t My n 2
:Jdp_?fo sin0dBi +7_[0 cos0 do j

9. (A

Applying linear momentum conservation in horizontal

0+0=1v;y +2(-v,)

= V1 = 2V2
Applying work-energy theorem,
wgravity + vvinternal normal T Wnormal from ground = AK

= 1x10(11-01)+0+0

1
=(5x1v12+%x2v§)—(0+0)

1
= 10=E(2v2)2 +v3
10
=) Vy =,[— m/s
3
10. (A)
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11.

12.

13.

14.

m, will break off the wall when the spring acquires natural

length,
Applying work-energy theorem,
Wspring +Wmg + Wy = AK
= %K(x2—02)+0+0=%m2v2—0

)

m1V1 + m2V2
m1 -+ m2

Vem =

m,(0)+ m JK X
3 4 ms =(,}Km2)x

m1+m2

(©)

m1+m2

Using energy conservation in CM reference frame,

K1 +U1 _Kz +U2
36 (0% += L %2002
2 3+6 2

[3(6)][2 O +
213+6

= x=30cm

(B)
qu(%Tj 400 0.05=20 N

(B)
F:d—mv
dt
F.. :A—mv_ix4 8 dyne
At 25
(A)

Website: www.iitianspace.com

online.digitalpace.in


http://www.iitianspace.com/

PAC E Centre of Mass & Collisions

Phy. XI

2. (a)l1=m[x/2_3_h —{— \[23—%— H 3m f2gh
A

2gh = o PR
3 5
15. (D)
l10m/S Tv
A5m/s 45m/s
| |
Before Collision After Collision
_ v—-5
10—-(-5)
- v=20m/s
I=ml(v, — vq)=2[20 — (- 10)]
=60 N-s
16. ©

5. (c) Let time be t when string again gets taut

s, =5, =$4t=2t+%(10)t2 = t=04s

Att=0.4s, velocity of lower block

v=u+at=2+(10)(0.4)=6m/s

Using linear momentum conservation,
4(4) + 4(6) = (4 + 4)v
v=5m/s
I= [ Tdt=4(5—4)=4N-s

17.  (A)
7. (a) mu+ m(0) = mv + m{2v)
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=5 V=-
3
U=y u-0 u 3
18.  (A)
11. (a) mu+ m(0)=mv, +mv,
= Vi +Vy=u ()
e=22"Y1 .y _y = i
T 2 —Vy=eu ..(ii)
Solving Egs. (i) and (ii), we get
vy =(1—e)u' Vs =(e+1)u
2 2
Yy _[1=¢
v, (l1+e
19.  (A)
Speed of 2 kg just before collision,
vZ =u? 42as
= v2 =(1)? +2(- 02 % 10) (0.16)
= v=06m/s

Using linear momentum conservation,
2(0.6) + 4(0)=2v4 + 4v,

v, +2v, =06 ... i)
o= Va—Vy =1
06—-0
= v, —v; =06 .. i)

Solving Egs. (i) and (ii), we get
v, =—02m/s and v, = 0.4 m/s
Separation between them when they come to rest,
2 2
=1 . Y2 _005m=5cm
2ug  2ug

20. (A
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21.

22.

13. (a) When A collides with B, they will exchange their

velocities.
A B c A B &
mT Y |m 4m m mT?V |am
LTSI CII G777/ P 77 PIOLIL Ol 77 7P 7S/ 77e7 777777

For collision between B and C
mv +4m(0) = mv, +4mv,

= Vi +4v, =v (i)
Va —Vq

e= =1V, —v, =v .

V—0 2-V; ... (ii)

Solving Egs. (i) and (ii), we get
vy =—06v,v,=04v

Now, B will collide with A and they will exchange their
velocities. So, finial velocity of A will be 0.6 v, left.

(B)
17. (b) Velocity of ball B just after collision =+/2gh

=,/2><10><5

=10m/s
Using linear momentum conservation,
m(16) + m(0) = mv, + m(10)

= vi;=6m/s

(D)
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21, (d)T = \F 2(ey/2gh) 2(82J2?) 2(e3J2?)

\/’(1+2e+2e +2e3+..)
=\/:[1+26(1+e+e2+...)]
g
ot
g 1-e
. @(1+e)
- g \1-e

23. (D)
27. (d) mu+0=mv, + nmv,
=> vy +hv, =u (i)
e=Y2"V1_4
u-0
= Vo —Vy =U ..(ii)
Solving Egs. (i) and (ii), we get
2u
V2 =
(n+1)

Ky = L inm)v2
2
Fraction of incident energy transferred to the heavier ball
2
2u
—( m) | —
B n+1 _4n

= - 2
_;_ i (1+n)

24, (A
31. (a) tano = tan® tan45°

©(#

= ¢=tan"'(2)

vi= \/(ev cosB)? + (vsing)? = ? v
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25. (D)
32. (d) tang =120
e
=  tang=12n00"—6)
(1/3)
= tan?0=3
= tanf=+/3
= 6 =60°
26.  (A)

.

n=Qi+2j+3k)- (41 +3j-5k=—2] =+ gk

_Veep _|von|
_Vapp _m
_4-2+24
" |-8-3-40|
186
T51 17
27 (A

Velocity of ball just before hitting the inclined plane

=./28h=10m/s

e(10 cos 30°)

m
10cos30°

T 2u,  2[05(10cos30°)] 1
g cos30° 10cos30°
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28.  (B)
(b) Fext + Frhrust = mMa

dm
= —mg+7Vrel=ma
dm
= —5000><10+7(800)=5000 % 20
= d—m=1875 kgs"1
dt
29.  (C) )
v
(c) FThrust_mI
3 _dm av
dt ™ dt
v m0/2
dm
= J.dV=— J — Vel
0 Mo
= v=2In2
30.  (9)
L _Mmixy—myx, _on(28)°(0)-on)°7) __,
M my-m, on(28)? —om(21)?
3. (4)
6 X
xdm | xpmy?dx joxpn' v |ex
i — p — k =4m
T Jam T oy (fonf¥a
oP k
Yem =0
So, o+P=4+0=4
2. (3
m, S, +
(Sem)y = 221 myS,
m1 + m2
25 +1(S,, -9
=~ 0=—=1 2+1m )=>sm=3m
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33.  (8)
my +m,
B 50(—3+sp)+1005p
50+ 100
— Sp=1m

Sm=—3+1=-2m
Distance travelled by plankin 55s=2%5=10m

Distance travelled by man w.r.t. ground =10-2=8m

34. 4R from O

Mass of cone = p[% m(2R)? (4R)] = 1?6 pnR?

Mass of sphere — 12p(§- nRs) -16 pr:R3

-=>

Y

Centre of mass of solid cone is g = %R =R above base.

_ MYy + Myy;

Yem
—pnR(R) + 16pmR” (5R)
?ana +16pnR*>
35. 2r
3(4-m)
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Let mass per unit area of plate be .
my = mass of rectangular plate =0(2r xr) =2<5r2,

2
m, = mass of semi-circular plate =5("2L)
MyXy —MyXy
Sy o————1 &
my =my
(20','2) (_r.) -0 Lz (ﬂ)
2 2 3n
20r? -o i
2
_2r
" 3(4-m)
36. g/4
37. 1670 N

ZFext =Macyy = myay + mya, + M0y 4
= T-40g -60g -50g —20g 494
=40(=2) + 60(0) +5
0
=  T=1670N @+ 20(q)

38. L/
Let displacement of plank = Sp

Displacement of man w.r.t. plank =s
= Sm—Sp =L =Sm=L+s,

mp =L

Since, external forces on (man + plank) system are zero in
horizontal direction and initial velocity of CM of (man +

plank) system is zero,

mqs, + mys
=] (Semlx=0=>—2L 20
m1 + m2
3Ms, +M(L+s,)
4M
L L
39.  40/3cm
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40.

41.

42,

Let displacement of boat =5,

Displacement of Ram w.r.t. boat =5, =+2

— $A=2+5b

Displacement of Shyam w.r.t. boat =sg, =—2

= Sg=—2+S5,

(Sem)x =0
40s), +50(2+ s51,) +60(—2 +5,)) -
40 + 50 + 60 -
2 40

=> Sb=—m=—cm
15 3

0

hcot0/6

Let displacement of wedge =s,,

Displacement of block w.r.t. wedge in horizontal
=5y =—hcot0

= Sp=—hcotb+s,,

m(—hcot®+s,)+5ms,, _

m+5m

0

(Scm)x =0

_hcot®
6

= Sy

(871.5)

For 8 kg block, vZ =u? +2as
= 0% =u? +2(-05x98)(08)
= u=28m/s

For 6 kg block, v2 =u? +2as

— 0% =u? +2(-05x 9.8) (1.25)
o= u=35m/s

Applying conservation of linear momentum,

0.05v=8x28+6.05%x35
= v=8715m/s

(32)
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Applying linear momentum conservation for throwing of
sack,

0+ 0= 150 v} + 50(6)

Vboat =—2 m/S

Applying linear momentum conservation for landing of sack
in the second boat,
50 X 6 + 150 X 0 =200 V{,at

Vioat = 1.5 M/s

2u 2u
e N 05=-—V=>uy =25m/s

g 10

p o 2y _ 2(6)(25) _
4 10

Initial separation between boats =3m
Distance travelled by first boat while the sack is in the air
=2X05=1m
Distance =yt =[2—-(-15)](8) =28 m
Total distance =3+1+4+28=32m

3m

43. (22

2H [2n 1 4
T=|—-. [—=—=(y2%x50 - /2% 18)=—
\/; g «/EJ v 8

s.=utl=1=u ( 4 )=>u
x = Uy _xT P a—
g 4

Applying conservation of linear momentum in horizontal,

Vg

= 0+0=—-2Vbag+56(—4—)

oy

22
— Vbag :7,\/§=7X7=22m/s

44.  (60°)
According to work-energy theorem
W = Change in Kkinetic energy

Fscosezimv2 —lmu2
2 2

Substituting the given values, we get;
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45.

46.

47.

20x4xcosO=40-0 [+ u=0]
cosezﬂz1
80 2
(1
0 =cos (—j:GOO.
2

15m
_ Myuy +myu,  2(0) + 4(15)

my; +m, 2+4

Ucm =10m/sT

mya; + mpa, 2g+4g
m; +m, 2+4

L um _(10)? _
max
2acy  2(10)

Initial height of CM from ground

=My + My,

my +m,

_ 2(30) + 4(0)

T 2+4

=10m

Maximum height attained by CM from the ground
=10+5=15m

(@) 288J (b) 384J
(a) Applying conservation of linear
16(0) = 4v, +12(4)

= Vi==12m/s

Kinetic energy of 4 kg mass = —1—(4)(12)2 =288 )
2

momentum,

(b) Energy released = Ky +K, = l(4)(12)2 + 1(12)(4)2
2 2

=384

@ v/\2 (b) (3/2) mv?
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(a) Applying conservation of linear momentum,
4m(0) = m(vi)+ m(vi) +2mv

= V=—-._i__j

2 2
Speed of third fragment = (XJ + (1) =%
2

(b) Energy released

¥ 2
=Zmv2 + 12 +1(2m) LA 8
2 2 2

48.  3Jgl

- Applying conservation of linear momentum
mv +2m(0)=3mv’

= v=Y

3
Applying work-energy theorem after collision,

2
= —3mgl(1—c0560°)+0=0—%(3m)(zJ
3
= V= 3\/;!
49. 220 m/s

Speed of block just after collision = /2gh

= ,/2 X98x 0.1

=14m/s
Applying conservation of linear momentum,

0 (500)+2x0= (_ﬂ)v+2x1.4
1000 1000

=5 v=220m/s

50. v, =45m/s, v, =3m/s

Let their velocities be v4 and v, when spring becomes

unstrectched. %
Vi v
k=600N/m

40kg|—nsr— 60kg
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Y

52.

Applying conservation of linear momentum,

40(0) + 60(0) = 40\/1 + 60(— Vz)
3v2 (i)
V4 =——
= 1 2

Applying conservation of mechanical energy,
K1 + U1 = K2 + U2

1 1 5
= (0+0)+-;-><600x(15)2= (§x40v12 +5x60v2)+0
= 2vZ +3v5 =675 ... (i)

solving Egs. (i) and (i), we get
v, =45m/sand v, =3m/s

SRRSO | S PN

10 m/s
Let velocity of platform = Vp

Velocity of man w.r.t. platform = Vimp =30
= Vm =V, =30
= Vi =(30+ Vp)
Applying linear momentum conservation for (man +
platform) system in horizontal,
0+ 0=100(30 + vp)+200vp

= v, =—10m/s

(M+2m)(M+m)

Applying conservation of linear momentum when A jumps

0+0=M+mlv.+m(-u+v,)
mu

M+2m

Applying conservation of linear momentum when B jumps

= VC=

M+m)| —= =My, +mu+v.
M +2m ¢ Fmlutve)
" 2
- i m?u
M+2m)(M +m)
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2gh 2h
53. a = by —
(a) S (b) 3
(a)
0
V
Fooh it
2m m 2m
LITTTTIT 7777777777777 7777777777 77

When the smaller block reaches maximum height from
ground, its velocity w.r.t. the larger block is zero.

Using conservation of linear momentum,
2m(0) + m(y/2gh) =2mv + mv

\2gh

= V="
3
(b) Using energy conservation,

K1 +U1 =K2 +U2

2

= Em(xlzgh)2 + o] +0= %(Sm) (—2‘/3?3] + Mgha
= hmax = '23£
54. 3)

2
3. For ball B,T—mg =%

1v§
= 40—10=E=> v, =3m/s

Using momentum conservation,

2V0 =2V1 +3 soe (l)
1 3-vq
e=—=
2 Vo = 0
=5 6—2v, =vg ...(ii)
Solving Egs. (i) and (ii), we get
Vo =3m/s
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55.  (4)

7. Collision doesn't affect the vertical component of velocity.

So, total time of flight will be unchanged.

T=t + ty
2usin30° 50 50
= = -+
g ucos30° eucos30°
100
= U=—=m/s
W7
56.  1/2
1kg i
1kg 10 2k L
u/§----og-- oo 3‘25 ------------ »X
a2k
o
‘{O/

Using linear momentum conservation,
In X-direction,
1% 10+2x 0=1v, cos45° +2v, cos45°

= Vi +2v, = 1042 v (i)
In Y-direction, 0+ 0 = 1v, sin45° —2v, sin45°
= Vi =2V2 asv (ll)

Solving Egs. (i) and (i), we get
v —Em/sandv ——s—m/s
g &g

Line of impact will be along the line of motion of 2 kg after
collision.

_ Vp—V,€0890° _ 5/2 _1
10c0s45° -0 10/42 2

(1+e)v,sin®
2+sin” 0

S7.

Website: www.iitianspace.com | online.digitalpace.in


http://www.iitianspace.com/

DACE Centre of Mass & Collisions

Phy. XI

Using linear momentum consevation for (wedge + ball)
system is horizontal,

V2
L POLEOrLI7 GG
Before collision After collision
mv, sinB = —mv; sin@+2mv,
= 2v, — V4 sinB = v, sin® o \))
- Vsep _ VitV sin®
Vapp Vo
= vy + vy sinf=evg (i)

Solving Egs. (i) and (i), we get
_ (e +1)vg sin®

V2
2+sin%0

58.  Viyedge =1.5M/s
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8. Component of velocity of ball perpendicular to the line of
impact remains unchanged.

Yy

P77 Prl Pl LIS i LI P rr7 Y

Before Collision After Collision

Using conservation of momentum for (wedge + ball) system
in horizontal
1(10) +3(0) = 3v, + 1((10cos37°) cos 37° — v, sin37°)

= S5vy,—vy =6 o)
e=V2 sm37' —(=v) =0
10sin37°
= 5v4 +3v, =12 <)
Solving Eqgs. (i) and (ii), we get
v, =15m/s
59. (a) 5.32x10°N (b) 3.22x10°N (©) Vo—gt+vy |n% d) 2718 mis

dm = _490x2800
(&) st =~ Vret = 170

=532 X 105 N

(b) et = Frivrust — mg
At blast off, Fyet =532
~322x10°N

%10° - (21000) (10)
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0 Mg Vo
M
S — gt-{-[ln(-ﬁo-)] Viel =V = Vg
M
= v=v°—gt+v,e,ln(—M£)
(d) Time taken to burn all the fuel = 15000 s=7895s
0
v=0-10(7895) + 2800In (21000]
6000
=2718 m/s
M ) Myv{
60. (a) T(gy+v0) (b) oL
. _91)
a =— = M
(@) Frhrust dt Vrel dt (0~ Vo)=~ -L—VS'
dv
Fext + Frhrust =m?t
M M
= P | — —_—— V2 —
R =0
=

M
P=T(gy+VS)

(b) Energy lost during the lifting = Work done by applied
force — Increase in mechanical energy of chain

P ((Eb(8)19)

_Myvg
2L
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Frrrrrrerre R CILEIEI I SIS TS

Initally Finally

2mgx , mgx _ 3mgx
R
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1.

(b)

Given, m; =4g,u, =300m/s

m, =0.8kg =800g,u, =0m/s

From law of conservation of momentum,

m,u; + mM,uU, =MV, +m,V,

Let the velocity of combined system =vm/s then,

4><300+800><0=(800+4)><V:>V=%=1.49m/s

Now, p=0.2(given)
a=pg=a=0.3x10 (takegzlom/sz)
=3m/s?

Then, from v? =u® + 2as

2
(149)° =0+2x3xs=>5= (1'29) 5= 2'52 =0.379m

(a)
zy-n 3
4 4
(b)

Einitial = % m(2v)2 +%2nm(V)2 =3mv?

Eﬁna,:EBm AV AV R
2 9 9 3

| &

3-—

Fractional loss = =56%

w
w
oo

(©)

B(0.0) Y

(pX)(;j;w yg

p(x+y)

X
Xem :E
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U
+

R X<

+
&<

X |< N

=1.37

J

(b)

From impulse momentum theorem

j'tht:mv
0

s v=3m/s

So, work done by the force = AK.E. = %(1)(3)2 =45]

(a)

According to law of conservation of linear momentum vertical component,
2mv'sin® = mvsin60° + mvsin 45°

omvising=M M3 (i)

22

Horizontal component,
2mv'cos0 =mvsin60 —mvcos45
omvicosg = Vo (ii)

2

B Y
-\- ‘v sin 45°
X x 459

vcos 60° —vcos 45°
For particle A For particle B

Dividing equation (i) by equation(ii),
1.3

wnp_NZ 2 _N2+43

ano = =
11 1-%
2 2

v 8in 60°

Y A

30
60°

(b)
Given: m =5kg; m, =10 ky; p=0.15m
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10.

FBD for m, mg-T =ma

= b50-T=5xaand T —0.15(m+10)g
=(10+m)a

Fromrest a=0

Or, 50=0.15(m+10)10

o= SON
= 5:i(m+10) e
20

% =m+10 .. m=23.3kg; close to option (b)

(b)
2MV, cos30° + mv, cos45° =10 M cos 30° +10cos 45°

V, i
= v1\/§+$_5\/§+5\/§ (1)

2MV, sin30°—-mV, sin 45° =—-10 msin 30°+10Msin 45°

V-2 - 54502 (i)

NZ]
B 5(\/5—1)+10«/§ B 17.5
o J3+1 27

V, =6.3m/s

=6.5m/s

(©)

ki =1.5k; ¥ _— A— —
VZ+Vi=15Vv] @ O @ @
From conservation of momentum m m m m
vy +V, =V,
From (i) and (ii)
2v,v, =—0.5V;

Before collision After collision

So, V, —V, = \/vg +VE-2V,V, = \/1.5v§ +0.5v2 =42 v,

(b)
Before collision After collision
HKU [e] O
K
Neutron (1) Neucleus (A) ()= (A) K,

s K = «/Kl +«/AK2 (from conservation of momentum) and K, = K, + K, (for elastic collision)
So after solving

(1+A)E—z—2\/:::;:(A—l)
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For Deuterium, A =2, 1—% =0.89

0

For Carbon, A=12, A —% =0.28
0

11. (b)
2 45°
P= (2mv CZS )n (P — Pressure, A — Area)
2x3.32x107%' x10° ><i><1023
_ 2
2x107*
=2.35x10° N/m?
12.  (b)
Vom =Vs =V, = 0.7=v -V
0=20(0.7-v)—-50v
Or v=0.2m/s
13.  (d)

Using conservation of momentum

a v
— 0 @

After collisior
o

- '@ >V,

v

%mvl2 = 0.36x% mv{ [.. M = massof nucleus]

m
=V, = \/%XO.SVO

=1.6m=0.8mM = 4m? = mM -~ M=4m

14, (c)
Kinetic energy of block A
1 5
k,==mv
1= 5o
.. From principle of linear momentum conservation
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mv,

mv, =(2m+M)v; = v; ey

According to question, if gth the initial kinetic energy is lost in while process.

— — — — ('

. _ maaa + mbab + mcac + mdad -

cm — >X
m, +m, +m, +m, >

I —mai + 2m]+3maf—4ma]
om 10m - D

2 A a A 1
=2ma|—2majzg€_gjzg(i_]) =

10m 5 57 5

16. (©
Applying linear momentum conservation
My V3l +MyVyi = MVl +myV,i
Vi=Vy =V,

17.  (b)
By conservation of linear momentum: n

v v 3 /4
2v0:2(70)+mv:>2v0:?°+mv2 — = X,
kg m kg m

3v
= Tozmv (1) — =

Since collision is elastic —
V. =V

seperation approch

= v—ﬁ:v0 = m:§:1.2kg
4 5
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18.

19.

20.

(b)

\_'
nl
”:-\- ”’\’ 8 o e e—

-

m .\{if:

‘ -
2m i

\

v

Linear momentum conservation
x 2

’

2

ma2v+2mv=mx0+m

v =2J2v.
(b)

Given,
Mass of block, m; =1.9kg

Mass of bullet, m, =0.1kg
Velocity of bullet, v, =20m/s

Let v be the velocity of the combined system. It is an inelastic collision.

Using conservation of linear momentum
m; x0+m, xv, =(m+m,)v
= 0.1x20=(0.1+1.9)xv=1m/s

Using work energy theorem
Work done = Change in Kinetic energy

Let K be the Kinetic energy of combined system. (m1 +m,)gh

= K—%(ml+m2)v2

=2xgxl= K—%><2><12 = K=21]

(d)

25kg

4 cm 5em

1.0 kg 1.5 kg X
3cm

Take 1 kg mass at origin
1x0+1.5x3+2.5%x0

Xcm = 5 =
1x0+1.5x0+2.5%x4

ch = 5 =

09cm

2cm
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21. (b)
om0 @3

oC,
0,04+ e

(0, l) (‘:

>

x

(0, 0) Lo 20
For given Lamina
m =1,C; =(1.5,2.5)
m,,C, =(0.5,1.5)
_mx +mX, 15+15

X =0.75
cm m1m2

Y - My, +MyY, _ 25+45 175
m, +m,

Coordinate of centre of mass of flag shaped lamina (0.75, 1.75)

22. (d)
Time for collision t, = L
J2gh
gh
After t, V,=0-gt, =— =
1
and Va =/2gh —gt; = gh {\/_ —T}
AQ
h
Bct)vwz?h
7777777777777
At the time f collision
= MV, +mVg =2mV,
gh 1} -
= — = +oh|2-—=|=2V
[ | V- |2
) 1, h 3h
and height from ground =h—-=gt; =h—-—=—
: J h 4 4

O
So time = 2><i: %
g 29
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23. (b)
Conserving momentum

mvi-+m Ef+£] =2m(ui+u ])
2 2 1 2

On solving
u _3u and u -4
Ly 24
Change in K.E.
2 2 2

1 -, 1 (u 1 9u° u
—mu+=m| =2 | |-|=(2M)| —+—
{2 2 (2\/_)} {2( )(16 16}}
_3mu® 5mu® - mu?

4 8 8

24.  (d)

If collision is elastic, C comes to rest after collision. When compression in spring is maximum,
velocities of A and B are same, (say V).
Using conversion of Mechanical Energy, we can write

1mv2 :2x1mv2 +lkx2 = x:v,,m
2 2 2 2k

25.  (b)
@+
” Rest y ‘ " v

—_— —_— : — ————
9 @& | @
State of motion of bodies ; State of motion of bodies

just before collision @ just after collision

N

With the help of Conservation of linear momentum, we can write
With the help of definition of e, we can write

v, u e
Putting the value of e in equation (1), we have
2v m, 2+e 2
m,—=(m,-m,)v=2m, =em, —em, = —2="—"=14+->2
1 e ( 2 1) 1 2 1 m]_ e e
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27,

Let 6, =0, =0. Then

Mv, =mv,cos6+Mv,cos6 ... (1)
And, 0=mv,;sin6—Mv,sin6 O (1))
From (i) &(ii), we get

Mv, =mv; cos0+M (%) cos0

My, =2mv;, cos0 R (11}
By conservation of K.E.
1opo 1o 10 5
—Mvy ==Mv] +=Mv;
2 2 2
1 (2mv,cos0Y 1 1. mv?
L d[amastf L Ly
2 M M
2
1(4m*Zcos?’0) 1, m?V:
= | ———— | ==mv; +
2 M 2 2M
2
o Ameos Oy M 4eos2o-M g
M M m
For largest M,cose=180, M:B
m m
(b)

After the collision the objects move in opposite direction let with velocity v,then from law of

conservation of momentum P, =P
mv =(m, —m,)v,

Before collision

my my

After collision
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SV, __ My (i)
(my—my)
If collision is elastic then, e =1= vi=(-v1)
v-0
A% ..
Also, 2v,=v=v, = 5 (i1)
From equation (i) &(ii)
1__m .m_3
2 m,-m, m 1
28. (b)
m = 0.05 kg m = 0.05 kg
10 m/s
10 m/'s
10 nT:O QITm S
Change in momentum of any one ball
AP| =2x0.05x10
AP|=1
. |aP
Fav|=—
At
Fy =200 N
29. (b)
P, =P (no any external force)
0.2x10=10xVv
v=0.2m/sec
Loss in K.E. =%><(0.2)><102 —%xlO(O.Z)Z
=%><10><(0.2)[10—0.2]
=9.8J
30. (b
P, =0.15x12(i}
Py =0.15x12(—)
‘@‘ =3.6kg—m/s
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31.

32.

33.

3.6 =FAt
3.6 =100At
At =0.036 sec

(b)

2m
v A
m 30 m/s

By law of conservation of momentum
Pl =[P

0= m(30i+ 40}) +2mv
v =—15i —20]
So, |[v| = -15 +(-20)’

=4/625=25m/s
(©

Let the velocity of striking particle by u, . Then, mu, =mv, +5mv,
Up=Vvy+5v, (1)
As, collision is elastic
So, e=1= Yoo Vi 1

Ug
=V, —Vv;=Ug ....(10)
Adding (i) ad (ii), we get

6

2
j -0 500
S0, BAK.E, = x100 = == = 55.6%

(d)
20x1073 x%xlOOleV

= v=0.6m/s
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34, (©
The velocities will be interchanged after collision.
Speed of P just before collision = 4/2gh
=+/2x10%x0.2 =2m/s
35. (d) \
v
20
& 1“”' 5
h 120m f
30 120
V,=——, V, =—
an” [0
g g
30 120
(0.01)u = (0.2)+\/§+(o.01)+\/5
J2h J2h
u=300+60=360ms*
36. (b)
|
|
mig-Ls ZH-T
|
P = Nmui P =—Nmuvi
N is Number of balls strikes will wall N = 100
=—200 Nmvi
~ AP 200mvt
I:Total = E == t
‘r:‘ _ 200mv
t
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37.  (120)
m
vy
{ 2m
Fa >
6 M \-',72
vh
m
Momentum conservation along x direction,
2mv, cos 0 = 2mV—20 SN %ore =60’
Hence angle between the initial velocities of the two bodies
=0+0=60 +60 =120".
38.  (10.00)
From momentum conservation in perpendicular direction of initial motion.
mu, sin®, =10mv,sin6, ... (1)
It is given that energy of m reduced by half. Ifu, be velocity of m after collision, then
LI e S
2 2 2 Y02
. L 1 , (1 u?
If v, be the velocity of mass 10 m after collision, then =x10mxv; =| = M| — |=> v, =—=
2 2 2 J20
From equation (i), we have
sind, = J10ssin 0,
39. (1
For elastic collision KE; = KE;
1m><25+3><mx9:3m><32+3mv§
2 2 2 2
34=32+VE=Vy =2
KEg =1mv§ ~Lloax2=0m=21)
2 2 10
Sx=1
40.  (30)
Using Conservation of linear momentum along X-axis, we can write
mv, =mv, cos = cosezﬁ=%:£ = 0=30°
v, 20 2
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41.

42.

43.

44,

45.

(4)
4

Xem =Yom =
3n

1)
Before Collision After Collision
Ly
A @———Pvec--. ®B ”.1.- 3.0.3 ........
m  9m/s m m

From conservation of momentum along y-axis,
Piy = Pfy

0+0=mv,sin30 j+mv,sin30’ (—j)
mv,sin30" = mv,sin30°

Vi
A

(12)
)
(0. 3)
X 3V3
3n
(0.0 = (3.0)
M(0i+0j)+M(3i)+M(3]
., Ml (s s
Fcom :i"']
|fcom|:\/§:\/;
X=2
(4)
u=>0 2ms
(Gl =)
1l kg 3kg kg 3kg
IxU; =—2+3v = u1:—2+3v (1)
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_V++2

m

Solving (1) and (2)
u, =4m/s

1

= V+2=u, .(2)
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