PHYSICS FOR JEE MAIN & ADVANCED

EXERCISE - 1

Single Choice

1.

Equation of line joining the CM of two rods

* Y
L/2 L/2
. LL . . .
coordinate 3% satisfies this equation.

k
fxdm i .([x%dx -

Tam e 4
Jam -l
L
_ 1 31
x:—cos30°:£
4 8
AX = m,.Ax, +m,.Ax,
m, +m,
. 0:m1a+m2Ax2
m, +m,
= AXZ:—mla
m,

Let x = x shift of plank to the right

—  m,AX, +myAxy + m AX, +m AX,

m, +my +mg+m,

0= 40x+4)+50x+60(x—-4)+90x

1
— X=—m
40+50+60+90 3

1x2%42 x 2 cos309-25sin 309
o m, +m, 3

r r
_my, +myy,

f2+2\/3_\ 2
(RS

CM remains at rest if initially it is at rest.

A?: mlAYI +m2AYZ
ml +m2
0="05)+2 2,
= 4 4

= y,=-5cm

HINTS & SOLUTIONS

10.

11.

12.

13.

14.

15.

O3+ AX-3)
v o= SATEATE)
M 1+1

Position of centre of mass at t =1s

1 m/s

x., = D)+ 1)

+(1)Y1)=5+1=6m
1+1

3

\ T . (m
/ Ap =2p cos ——=2mv,sin 3
X3

Ax = T AX, +m, AX, ﬁ - F
m, +m, ;
Let x = distance moved by ring |:| o’
mx+2m(l.2 —x)
0= = x=0.8m

m+2m

Impulse =p,—p,= 1 x 10-1x (-25)=35kgm/s (1)
1, 1 5
AKE = Emv2 —Emv1

1 r r.1r r 1T r r
:Em(v2 v (v, +V)) :EI.(V1 +v,)

s h

For the I ball : i e’h
nd h

For the IT ball : Te = eih

3
Impulse on first ball=1, =mv, (1 +e,) = 5 mv,

Impulse on second ball =1, =mv,(1 +¢e,)= il

I 3/2mv, 6
=——L—— 5], =6,

'
= 1 5/4mv, 5

6
COLM:3x2=(3+2)v = V=2 m’s

COME-lx3 x 22 —lXS ><(g]2+1—><480><x2
"2 2 5 2

1
=—m
= X=7

I3
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CENTRE OF MASS & COLLISIONS

16.

17.

18.

19.

20.

v —
R TR & ® ® ©,
0=2mv—mv+mv' 21. @ V.@,v»
= V=-v VA@ "©
Total mechanical energy released For collision between B and C :
1 (m, —em, ) m,(l +e
= —(m+m+2m)v2:2mv2 Vg =| — ZJ u + 2 ) 2
2 m, +m, (m, +m,)
COLM : m—4m
. = v+0 =_3/5v
Along horizontal Sm
u cosb
_m (1 +e) (mz—eml\ m(l +1) v
u Ve = u, + Vy=———v+0=—
Ve— U cos0 (m, +m,) m, +m, 4m

0=m(ucos 6 —v)— 4my For collision between A and B :

. cosd 0+_nﬂ1+1)x(§X] _6
5 Va 5m 5) 25
velocity of shell along horizontal w.r.t ground
ucos6 4 vl= 0+ m-4m)( 3v)__9v
=ucos0— 5 :g(ucose) B 5m 5 25
_ . ... 2usin® > Vg <ve
Time of flight T= B will not collide with C.
x =horizontal displacement Therefore there will be only two collisions.
=[iucosej [2usin6) - 4u’ sin20 22. Along tangent
g S8 ucos0=vsin@ ()
The ball & the earth forms a system and no external force
acts on it. Hence total momentum remains constant. Along normal
m - _veos® o, o 1
COME : mv cos 8= ?(fvcose)+ ?V' ¢= Usin® =cot 8 =cot 60*3
3mvcos® m 23. At the lowest position
—— =5V = y'=
2 2 K gycos® COME: M\2gL = (M +m)v ()
Vv COS
m m 1 2 ..
V) Vv COME : 5 (M+m)v" = (M+m)gh ..(11)
(
2
COME : myu, +myu, =mv, +m,v, — v=42g _ My2el = h:( M j L
u (M +m) m+ M
I1xu+0=1%x —+my,
4 24. After 1s,
= Tu=my, ) v,=20-10x1=10m/sand v =0+10 x 1 =10m/s
4 At the time of collision, V,, = V= 5m/s
- _( v, — VI\ \ _(VZ -u/ 4) V- u/ 4 after collision, velocity gets interchanged.
u, —u, 0-u u u
5 25. COLM = 2mu+0=2mv+mu = VZE
= V, =Z+u :T ...(1) , ,
_ _ m m m m
3 (s 3 e:_(u\:_[wjzlo 0-0 O
(,)&(")4u—m " :>m:§:0.6kg u, —u, 0-u 2 v Vi U
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PHYSICS FOR JEE MAIN & ADVANCED

e ()
’ Luz_ulj
__ 3~V :Vl_s = v, =20m/s
5-(-10) 15

Impulse on ball= m (v — u)=1x [20~(10)]=30N-s

27. For second object

2v u=0_a u=v,
2v,=0+at; t=— ..() T
a ——d—

1
s, =s,+d; Eat =ut+d

2 a

28- \O\IO @

2
COLM = 2mV0: 3mV1 = Vi = gvo

1 (2vY 2 2 2
= —ax[lj =v1(lj+d = d:2v1 v =0
a

1 1 1
COME = 2 xEmvf) =2 xEm(vf +V3)+ Emvf

2

2
2 2 2 2
= 2mv, _Qm(gvo) +2mv, +m(§V°]

2 2 2 Y Vo
= 2vy =2v; -3 gvo = v,= ﬁ

. . v v; 7
Velocity of particle = /v +v; = ;O + ‘;—0 = %Vo

29. Average power

AW [M) =l (AAX)V . LAxg(Ax/ 2)
At At T2 At At

1., A
<P>=—AV +—V
2 ) B

EXERCISE -2

Part # I : Multiple Choice

1.

Momentum of the coin perpendicular to the common
normal remains constant.

v, =— 3 (constant)
vi=-6 h .55 ...
= t=2sec&vt=-4 Y

_ a
vy =—2m/s (0.0)

Which is given by striker.

So initial velocity of striker = 2ms™!

Final velocity of the striker = 0.

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

F —md—V+V d_m
ext dt ™ dt
dV dm m/22dm v
& pdm 2 gy
AP TI A TR g ™ !
= v=20n2

Force exerted by one leg on the ground

1
N = 1 x [Total force]
= L [wt + rate of change of momentum]
4
1
=7 [Mg+n(mv cos 60°)x 2]=IN
In the ground frame

:mAAxA-i-mBAxB-l-mprp:O

= 40x60+0+40xAx =0

= Ax,=-60 (to the left)

Hence A & B meet at the right end.

T.At T.At
N.At
y . m
LA Pm B Im  fa
—NAt=m(v—u); NAt—TAt=m(v-0)
TAt=3m(v-0)
= v=u/5
. . 3mu
Impulsive tension TAt = 5

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

=06m,=m; = m_>my

I3
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CENTRE OF MASS & COLLISIONS

1

d 1-¢
-2
12
"" M+ Nm
11. Tipeo
M -L M 4L
o[ (4]
_ MO e ) L
X =
M
12, Ax = Mx+Mx+2) 1
4M
13. Letx =displacement of ring to the left.
= Ax_,
_ 2mx+m(x+L—LcosB):O N x:—é(l—cose)
3m 3
YA
14. Z-2=1
2 6

x'/Vy‘
Co-ordinate of P =(3,3)
Speed of 3rd particle = 332 ms
15. COLM = m(v,cos45°+v,)+mv,=0

= V1:—2\/5.V2
COME = K +U=K+U;

gemeR L1 V_1+(V_1_V_1
V2207 22 (V222
gR
= V, = |—F—
2 3\/5

M
16. Mv=0+ EVZ =v,=10v
17. Initially when the shell is empty the C.M. lies at its
geometric centre. Also when the shell is filled with sand
CM lies at its geometric centre.
18. Ap = change in momentum = 2mv
. . 2L -4d)
At = time between two collision = v
. donwall< AP = MY
orce exerted on wall = AL L—-d)
19 acm — Fnet y (02X3X10):2ms72
’ Totalmass 142
OR
Acceleration of 1kg w.r.t. ground
=(0.1)(10)= Ims™
Acceleration of 2 kg w.r.t. ground
_ 0.2)3)10)-(0.1x10) _ ims’z
2 2
) - ma, +m,a, _ OD)+EX5/72) —Ims
m, +m, 142
20. Inelastic head on collision if the masses of the colliding
bodies are equal, the velocities after collision are
interchanged.
1 2Fd
ForIstbead, Fd= —mu?> = u=,—
2 m
L . .
21. t = - (time for Ist collision)
2L . ..
t, = o (time for IInd collision)
L
ty = 3L (time for 3rd collision)
v
L . .
b= - (n—1) (time for (n™) collision)
Zh:t _n@m@-1)L
i1 i 2 v
P
—
2. O+0O=-0O« =0
A B A B

ForA:P-J=mv, ..(i) forB:J=mv,

J{Pﬁq
.:e:_[vz—vlJ:_ m 2J_1

m
U, —u, 0_£ p
m

3
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PHYSICS FOR JEE MAIN & ADVANCED

AR = m,Ax, + m,Ax, + m;Ax,

23.
m, +m, +m,
B0x2)-(50x2)+(70x0)
80+50+70
=30cm towards right

AX =

24. Cart frame :

L
-
-

Ground frame :

The velocity of rebound = 4+/5 s

. mu—I =-mu
[[=2mu & mu-1,=0
= L=mu (forI™ball) .. [,=1/2

26. COLM =

mv$+mv§+m[—v v

NN
I %] i %]aﬂ

m AV

]+m{/4 =0

m,v
135°

m,
Total energy released

2
= 1—mV2 +1—sz +1—sz +1—m v [1 —1—] x2
2 2 2 2 2
=mv3(3-+/2 )

27. COME:-MV+m(vcos60-V)=0 = v=10m/s
28. F_=Amv (for first body)
y 10 x(;5 —0):50N

COME: mu,+myu, = (m+m,)v
= 10x15+25xu,=(10+25)5
= u,=1m/s

29. x =

30.

31. v=

32.

SR

34.

r/2

3s.

36.

m><0+me_5

cm

m + m 2
_ W,0)+W,R)_mgR
W, + W, mg
~rR-R_R
2 2
mAx, + MAx,
m+M
I(1sin30°+1sin30°—-x)+4x
1+4
= Displacement of barx=0.2

\

=R

CG
o XCG_ X
AX = =0

=0

(m, — z)

(
(m, +m2) Lm +m2
2m, (m —m\
Lm +m,

1

V.
2 (m +m2) b2

2mu 2
ForC:v.= im =§

Velocity before strike  u= ,/2¢gh
Impulse = FAt = m(v—u)

m(v—-u) w(O0—42gh)
F= = =521W
t gx0.15

COLM = myu, +m,u,=(m, +m,)v

5x10°x1.2+0=(5+1)x10°xv = v=1m/s
A

=-2v

From COLM MVXA + 2MVXB =0= Ve, “

So v, =-2v b+ vt

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

.e

vcos6Q%~

«G‘ 60° v

vsin60°

I3
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CENTRE OF MASS & COLLISIONS

. mx 1 =mv

+ o
(2mv, x c0s60°) " 1 . 1 ,
KE, = Emu  KE;,, = Em( v+ u)z

1
v, .. AKE= 5 m[4v2+u?+4uv —u?]

(KB, =

1
initial 5 x1x12=05]

= %m[4v(v +u)]=2mv(u + v)

1 1Y |1 1)’
(KE) g = 5 (1) x (5] + {E x1+x (5] } x2 Part # I1 : Assertion & Reason

=0.25+0.125=0.3755 . A 2. A 3 A 4 A 5 A 6 C
AKE =0.5-0.375=0.125] 7. C 8 B 9 @
. . . EXERCISE - 3
. At the time of maximum compression, Part#1 : Matrix Match Type
COLM :mu=2mv (forA&B)=v=u/2
1 1 1 m 1. Impulse = change in momentum
COME: —mu’ =—2mv’ + —kx’ = X = v,[— r r
2 2 2 2k (A) ForbodyM:p=|p,—p| = p, =p
. Atthe time of collision both particles have common velocity (B) Forbody2M: p= | 1r7 = 1r71| = p, =2p
and hence the system has minimum kinetic energy.
COME :mu+0=3my = v=u/3 _ P_P
_ V=V M M _ _
© e= = =0 =e=0
= —mu=3] u - 2p _p
initial 2 u M 2M
1 1 2 2. By applying conservation of momentum
KE_,..= = (3myv==(3m) — = 1] S 4 g
colision 2 2 9 Before collision After collision
PEcollision = (3_1) =2] K=P2 vi3 2v/3
Total energy remains constant and hence KE of system O p=\2mK_ @_>
First decreases & then increases. mu, +2m0)=mv,+2mv, .. )
. COLM:mu+O—(m+M)V:>v=( e ju Alsou=v,=v, e (i)
M+m
2v v 4mv _4p
o N VT adviT TR T T
KE after collision = —(m + M)x u
: B __mv__p 8K K
m e P 3 32 971 9
" 2(m+ M) 3. Forlkg v,=2)$=4%;a=2%=2%
T For2kg v.=t*9=49; a =2t9=4
. PE of solid sphere = mgR = mg D _ pgD* (—J &% ? ? : ? ?
2 1 2 mlal + mZaZ
D 1 (A) Acceleration of centre of mass = m +m
PE of solid cube = mg— = pgD*| = R
2 2 ro_2g 8 4 64 o8
a, == +—§ =a, =Tt —=> —mfs
PE of solid cone =mg 2, =pgD* [l) 33 >0 3
' 48 f=ma =68 N
PE of solid cylinder = mg% = pgD* (gj (B) Velocity of centre of mass
+
DMy mv, [ih §§] s
. p,=—mv,p=m(v+2u) .. Ap=2m(v+u) m, +m, 33
Ap 2m(v+u) r 16 64 80
Force=E:T = |v, = ?4_? :g
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PHYSICS FOR JEE MAIN & ADVANCED

4.

1207+2()) 242 2
© V.. :L(J)z—thr—tzj
1+2 3 3
2 2?2 3 :
Displacement = J-‘r} dt= {i[t—j ;+E(LJ}}
VT 122 TR\ )
_4;.165
9 J

. 4 (16 20
= |Dlspalcement|: 5 + 3 :?umts

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

Acceleration of centre of mass is in downward
direction.

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

direction.
N

mg
a_ moves both in horizontal & vertical direction.

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

Centre of mass moves upward

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

As no external force acts on the system velocity of
centre of mass remain same

B vcm.=_2>u/3 A
M 2m 4
TR TR
_2m@)_2u

Vo T3 3

In frame of centre of mass velocity of B is 2u/3 and It

oscillates from [_2_11 2_u]

>

3 3

In frame of centre of mass velocity of A is u/3 and It

u

u
oscillates from (— 3 gj . In ground frame velocity of B

3
and by conservation of energy AK.E. = AU

4u ) u
0,—|. In ground frame velocity of A g,u

Part # II : Comprehension

Comprehension # 1

By applying conservation of momentum
20600+ 1@ =1v,+2v;16=v,+2v, .. (1)
By applying newton law of collision

Impulse = change in momentum = 3 —4= 3 N-s

To change the direction of a block impulse should be
greater than 12 N—s

Comprehension # 2

By applying conservation of momentum
v, =-4v, .. >1)

By applying conservation of energy

mv, +Mv,=0 =

1 1 2
S mv? +>Mvi=mgh = VZ—‘+2v§ =20 ...(i)

v, = \/Em/ S;V1:4\/5m/s

When 'm' leaves the wedge 'M' then wedge moves
distance 'x' in left side
m(4-x)=Mx = x=0.8m
Co-ordinate where block will leave wedge
x=4-0.8=3.2
2x2
10

Time for m will strike the ground is =

2
X, =32+ 4.2 % ﬁ:6.8m

2
ma, +m,a, a (5V3 m/s%)

Bom = m, +m, 60

(1)acos60=4a

N cos 30 =4ma,,

N£=4(1)£
2 8

= N =5 Newton

I3
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CENTRE OF MASS & COLLISIONS

4. N,=Nsin30+40 =N, =42.5

Comprehension # 3

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

remains constant so required time = 5 =6s

Comprehension # 4

T r " ~
. im _myG, tmyn, 1(31)+2(9_]) =(Ai+6})m
m, +m, 1+2
T r A o)
r My, Am,y, 1(31)+2(6J)(i+43)m/ s
o m, +m, 1+2
Now Azl’m :{/Emt = 71’;,,, —’l’;;mn :5cmf

= (x=Di+(y=6)j=(i+4])s
= x=1+¢ and y=6+4t = y=4x+2

T

Cma, +mya,  1(=21)+2(-2))

o m, +m, 1+2

T
2. a
= —%(i +2})m/ s’

. 1 1 1
Byusing v, =u_ +a_t; wegett=3s

cm

1
3. Byusings=ut+ 5 at? for individual particles

1
For I*particle :sx =(3) (1.5) + > (2)(1.5%=225m

1
For II"particle =s =(6) (3) + 5 (-2)(3)’=9m

Thereforex = +1=1.75mand

2(9)
You= T3 6=12m

Comprehension # 5

dm
I f=v===200)=40 = f=pmg
m=40=M,-2(t) = t=5sec fe— 1 1
50 (0.1) (50-2t) =40 = t=5sec >

(m) 4
2. V:VOan_O)—gFEOOn 3 —gt=20(0.28)-5

=5.6—-5=0.6m/s
Comprehension # 6
1. ByCOLM

T m,r r
—__A
Vg = Va

B

0=m, v, +m,vy;
Both velocity are opposite in direction
ILIV,V

2. Ifm,=m, = {/B:—{/A:Graphll

;m, >my = v,>v, = tanf,>tan6, = Graph1V

Ifm,<m, = v,>v, = GraphlV
3. v, isnotzero in graph (I), (III) and (VI)

Comprehension # 7

1
1. Asma =f =>a = —5sos :—atzz(i)ﬁ
cm cm 2m cm 2

_my X, +m,X,

2. x; m :>x1+x2:%t2 = X, —X,=X,
Theref f i
erefore x = —
' 4m 2
F b ti L
rom above equations X, = —— ———
4 2" 4m 2
Comprehension # 8
1. As no external force acts on the two blocks friction

acts like an internal forces and the two blocks will
move with common velocity. By applying
conservation of momentum

(1kg) (15m/s)=1v=2v = v=5m/s
P,=5N-s;P,=10N-s

dp
2. —=f
dt ext
Forblock of 1 kg
friction f =umg=0.4x1x10=4N
3. v=u+tat =>5=15-(4)t = t=2.5sec

3
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PHYSICS FOR JEE MAIN & ADVANCED

EXERCISE - 4

Subjective Type

_ (mx0)+@Cmxa)+@Bmxa)+@mx0) a
m+2m+3m+4m 2

cm

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

(ii) CM shifts from 0 to 3 diagonally
(iii) CM shifts along OY

(iv) CM does not shift.

(v) CM shifts diagonally from 0 to 4.
(vi) CM does not shift.

_(mx0)+2mx0)+@Bmxa)+(@mxa) 7a
m+2m+3m+4m 10

cm

3. Length of rod = \/(4 —2FV +Q2-5) = J13m

_Bx2)+@x4) 14

Gx5)+@2x2) 19
5 :YCm =T A T %

o 3+2 342 5
{pn(éR)zx4R}xR+{12px:nR3}x5R
4. Yem = ; —4R
{pn(ZR)x4R}+{12px4n4R3}
3 3
a a
Mx—|+ x 0 +[M —j
( 2] M 0)+{ M>x)
5- Xcm: e
M+M+M 3
Mx0)+| Mx2 |+ Mx 2
_ 2 2)_a
Yem M+M+M 3

1 a
e1*)x ——(pa’)>
2 2 _.= o _10-2=0

T
6. Jo——t s
P P AY

f—
~UNCUT PART

ET‘CUT OUT PART
(-al2,al2)

»x

2

0 <T|

( nx562) 42%)

p 1 1 J><35

< ([ wx56) ( mx42?)
Py )Py

x28 +{pn

=9cm from left edge

rf nrz\[:;)

8. x,- )y - "2
(p2r2)—(pn;]

J'de Ja'xpydx
9 om = == =-—a
.[dm .[pydx

10. COLM = 3mv=30+2m = v=10+2 m/ s

30m/s
m

¥
3m.v

11. (i) CM does not shift
(i) Plank moves towards right.
~ m Ax; + m,AXx, + MAX

iii) Ax.,, = 0
(i) oM m, +m, + M

_50(x+2)+70(x-2)+80x
50+70+80
= x=0.2m (right)

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

= 0

W) Ax, =x-2=-1.8m(left)

m,v, +m,v,
12. For0<t<1 fromv_ =

m, +m,
— 2= M) +(2)v, 6m
3
= v,=25 ms '
= x,=2.5t 2.5m
1Y-1)+2
for1<t<2,2= M

3
= v,=35ms | = x,=25+3.5(t-1)

13. From work energy theorem W+ W =AKE
= Favg(hZ - hl) - mg(h3_h1):0

F _mg(h3_h1)
= Tee” (b, -h))

I3
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CENTRE OF MASS & COLLISIONS

14.

15.

16.

17.

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

vy =+f6gl —2gl =2./gl

Now impulsive tension acts on both bodies to come to
. v

common velocity Veommon = TA =4/gl

Displacement of C.M. when string becomes taut.

mxl+mx0 1
Achm:—

m+m 2
Displacement of CM when masses reach the max. height

2

AYZm = =
g

| <

11
LAy, =—t—=1
.. ycm 2 2

[\
N | =

Let v = velocity of wedge and u = velocity of particle
relative to wedge

07 0:\u

COLM

= m(v+tucosf)+4mv=0
0=-5 Lo=—= oV

= ucos 0=-5v; R Roosd

In the presence of gravity, the CM shifts along vertically
downward direction. A
For point P : y=r sin6

x=(®/2—-1)cosd

R
o)

ec )+ 490 Jer
Loe|+la9e— Lo | 2os
[2g 2 8

U, =gt®=-19.63m/ s

/,
/.

= t=2s

U, = (@u—gth=+29.4¥m/ s

I +r
u u
vy = 1 2

98m -

=49m/ s 784 m I

h=49x 2 —%x9.8 x2x2=78.4m

1
For the combined mass x = ut + 5 X 9.8t2,t:4.53

Total time of height =2 +4.53 =6.53 sec.

18.

19.

20.

21.

22.

2m

I B

After collision u, =v,
(i) When (v, ) A= (v, Jg = mv,=3mv = v=v,/3
(i) COME

m m Kk
c —"| A

1
2

2 1 2 2 2m(v,
il — + — 70
= > mv,, > (Bm)v kx, = k 3 kxo

_ MAx, + mAx,

07Mx+m(x+R—r)
em M+ m

M+m
Dist d by the oylinder x = — 2R =D
1Stance move y (] Cy mdaer M+ m

For motion along x-axis 0 = m(v, + v,) + mv, ...(1)

AX

1 1
mg(R-r)= 5 m (v, + V2)2 + 5 Mvz2

v, —m. [2ER=D)
MM + m)

After I collision

%\/ZE =42gl(1 —cos0)

..(i0)

1
= 0=—
cos 5
For IInd collision

%%\/ZE =42gl( —cos0)

th ..
Forn  collision

[%}n:m . [%JH:I—COSG

4 n
cosf=1- [—] Putn=0,1,2,3 and get answer

5
-y
o (o] (0]
m m, (m+m)
COLM = mu+0=(m, +m,)v ..()

Energy equation

1 2 1
[—muzj 3= E(m1 +m, )V’

5 ..(i0)

In this elastic collision velocity of masses are exchanged.
Sov,=0 = Adoes notrise

3
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_4ML+M(L +5R) 4MX +M(X - 5R)

M 5M
= x=L+2R

CRD

23' Xcm

24. No, KE 1is not conserved during the short time of 3¢,

collision.

1
25. COME = mg(h+x,)= Ekxf)
= mg(0.24+0.01)
1
= Jkoorx00n .. (i)

¢0.1kg

1
& mg(h+0.04)= k(0.04)’

Equation (i) divided by (ii) h=3.96 m
u=0
v \% 1.6v
5 OO OO

before collision
1.6v)—v
COLM = —%VAZO.GV (D)

COLM = m,v=m, x (0.6V)+my(1.6v)

m,

after collision

m, 4 (i)

1
AK, = 7 my(1.6 v)'=0=2m,(0.8v)’

A 0.64 =64%

A

1 2 2
K,= 5 (4mg)v =2myv =

27. COLM: implies that {/C & {]B are opposite to each other.

5mls 2m/s

2kg 3kg
1.% m/s
2x5)-(3 x2 4
(A) Vem = [%P;: §$ m/s

(B)COLM = (2x 5)+3(-2)=+2(-1.6) +3v,
= v,=2.4m/s

28.

Ce__(vz—vl\_i
©e= Luz—u1 %

29. Velocity of B when string is in natural length

= u, =2gh =\2g(h =1)

Impulse equation

— TAt=m[v— \2g ] ()
T.At=m[v—0] (i)

31.

32.

) (ucos(&)]z_z [S_R]
0] 4 =28~

omsoineen & 1y v Y28
n solving eq. (ii ):v=—F—=—"1=
SO geq > \/5
Distance travelled by A before coming to rest,
2

s=1+—=125m
2g

mg—T= m(a —%) ()

T-2g=2, ii
= 5 g= 5 .(i1)

For solving eq. (ii) & (ii)
4g 13
a=—& T=—m
g & Tig™e

COLM :1 X v,+4 % v,=5x 20c0s 60°=50 ..(i)

20mis oo
s 1kg 4kg
60°

1 2 1 2
COME = 5><l><V1 +5><4><V2

1
- [55 x (10)2}2 (i)

= v,=-100r30m/s & v,=15or 5 m/s
= Av=25m/s
Time to fall down to ground

—N2h _ £ sec.
g 98
.. Separation between particles = Av.t =44.2m

Vo
D L "

A B C
COLM = mv,=3my, B
M .
v, = ?" (D)
covtr A 30
2 2

1 2 1 1 v,
= Jmy, =3 (3m)v12+5(2m)v§ = v, :TO3

Therefore velocity of A= ,Ivf + V; =6 m/s

=cos0=4/5 = 6=37°

R u’sin’@

i) X=—= =120m
(1) > 2g
2 :.2

yop oS0
2g

I3
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1 1 1(g 6a 3v
34. u, =4/2g(1 —cos60°)=,/2gx—=3.13m/ s = —at’ :0+—[—]t2 t= [— = —
8( ) \/ g 5 (b) s ut+2at ,a ACVAR 5 .

4
COLM =5 Su,=4xu, :>u§:§J§:253mm o=
Energy equation g
1 (4 ) 38. COLM ~ (m+pA .
Em(g\/g] =umgx0.8 = p=04 20 = mu=(m+pAx)v = ot pix
( \ dx mu 150 150
v, -V m+ pAx)dx = | mudt
e=—|—7>—+|=08 = dt m+pr :>~([( pdx) !
u2
Ax®
35. Ax, =0 = mx, +m, (x, —hcota)+m,(x, —h) = mx"'PT =mut
m+m, +m,
) 3 ) -2 3
h(m, +m, cota) = 10 x+10 " x x =10 "x 10" x 150
= X,=
0" (m+m, +m,) <=10'm
39. 2 % omv Mo
. 2mucos— =
36. (1) mu-TAt=mv  ..(0) 2 e
s v
0 _u T 2m
TAt=mv ..(ii) = VTHuCosT=5 mo/v‘
u
On solving eq. (1) & (ii) = v=u/2 u
cosg—l 9—60O ,0=120°
20 1 RONCRPED)
® Sn120° " sind o
40. 2mg —T=2ma; T-mg=ma;a= 3
B J13
sin@=—; cosf=——
4 B
mu cos 6 — TAt=mv ..(1)
= TAt=mv ..(11)
A |B
ose m 2m
On solving eq. (i) & (u) =v
m[c
° =0 =60°
(© 2®cosd = 6-&8 Velocity of m & 2m after falling through a distance
mucos 30°—TAt=mv ..(1) >
X= VZax = ﬁ
mu+/3 . V' 3
TAt = ...(i1) .
4 Impulse equation
TAt—Zm(V— zﬂj
37. 2mg—-T=2m.a (D) 2a [ |ea 3
T-mg=m.a .(i1) om m
2gx
g A% a® TAt-T'At=m | V =y~
On solving eq. (1) & (ii) a = i E 3

2ag Ae _ [3gx
(a) v, =u? +2as = f0+2 —,/ T'At=m(v-0), v = _8
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41.

42.

43.

30
30

—> <
VoV,

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

M
v, = \%
M+2m

1 1 1
(ii) COME = EMv2 {Em(vf +v§)}x2 +Emvf

V2MM +m
Net velocity Vo = \/VIZ +v; = v(—)

M+2m)
COLM :mv,=(M+2m)v, .
v, = %=2—°:1m/s 2;‘;;/2
COME: VYQY“Q“\

1 S 1
= E(Zm) [\;—Oj =EMV12+2I1’1>< g x h+5(2m)V12
= h=03m=L(1-cos0)

3 4
cos9:1——=§ = 0=37°

15
v
COIM = my,+0=(m+2m)v, = Vv, = —
After collision at highest point
L—>V:

v, =1m/ s(:—mvlj :
2m
v, =1m/ S[:mxz)
2m
1
COME = —mv, =—m(v; +V§)+5(2m)vf
= v, =24 m/s
V)

Max height attained = i =1.2m
For the block v, = 1m/s
while for the wedge it has
v, =2m/s
1
Ve " Vraa E=1 & (ut t gatz j block=1.2
= t=04secand ®=(2-1)t=0.4m=40cm

44.

Let v = velocity of the ball after collision along the

normal

J=1impulse on ball
=v—(-2co0s30°)=v+ [3

Impulse on wedge

Jsin30°=mv, =2v,

= v=4v,- f3

Coefficient of restitution

ﬂ

_[Vz Vlj 1_
v T 2 2cos30°

1
Solving we get v, = —=m/s
NG

For the ball velocity along incline remains constant.

v'=2sin30°=1m/s

2
Final velocity of ball =, |1 + (L) _2 m/s

N

. For first collision with plate A, final velocity of ball

v,=ev,=e42gh, .. @)

For second collision mv = 4myv'

v 2gh 2
= V=g = e g4° =y2gh, = e=7

Height attained after first collision

h1:e2h0:§x§x9:4m

I3
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CENTRE OF MASS & COLLISIONS

EXERCISE - 5 ' 8. Onapplying law of conservation of linear momentum
. _ 1 1 1 N T n
Part # I : AIEEE/JEE-MAIN B =P, = 16x0=4b, +12x4) = Vv, =12(-])
. m 2v)+m(-v) v The 4 kg block will move in a direction opposite to 12 kg
Lo Ven = m+m ) block with a speed of 12 m/s.The corresponding kinetic
. . . L f4 kg block
2. Linear momentum is a vector quantity whereas kinetic cnerey o g bloc
energy is a scalar quantity. _ T % 4 x (1 2)2 ~288 ]
2
O« m
3. ‘ 9. o d X %
| 12R m, d
Initial position Just before collision Heremd=mx = x=_—
2
For this system, position of centre of mass remains same | Qince mass o area
.
I:Q Fsystcm = O:I
M(0)+5M(12R) M(d)+5M(d+3R
(0)+SM(12R) _ M (d)+SM(d+3R)
M +5M M +5M
4. In order to shift centre of mass, the system must
experience an external force, as there is no external force Let mass of the bigger disc = 4M
responsible for explosion, hence centre of mass does mass of the smaller disc = M
not shift. mass of the remaining portion =4M-M =3M
5. Let maximum momentum be p then Now put the cut disc at its place again, centre of mass of
R the whole disc will be at centre O.
2 1, L. . .
o EkL = p=LJMk Centre of mass of the smaller disc is at its centre that is at B.
v Suppose CM of the remaining portionis at Aand AO is X.
m m 3 . .
@—»v @ é @\ Let O as origin
6. v, _ _R
before collision after collision 3M(x)=RM = x= 3
From COLM This suggests that centre of mass of remaining disc will
- shift from the centre of original disc by a distance of
v, = @wf+[m—lJ Ly 2 (1/3)R towards left.
’ V3 NG oL
3
7. The object will have translation motion without rotation, 1
1. . m. m
when f is applied at CN: of the system. 11. Energy loss = Em(ul —u, )2
[ [ ]
0.5)01 2
031 oo 2,
2[0.5+1] 3
Ple|lcm
L n
o[2m |2( X
x j xdm Jk(f) xdx n+1
12. X, = = — = 5
n+
| dm jk(fj dx
cl o L
i L
If P is the CM then Forn=0,x_= — andfor n — §,x,. =L
41 2
m(2l —x)=2m(x-1) = = 15. 1

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
+91-9350679141

3



PHYSICS FOR JEE MAIN & ADVANCED

_3h
4

(From class theory)

16. z,

_ Mx?
6
edge length : (x)

17. I

2R:\/§x :>x:2—R

&

Now, mass of cube :

3
( 3M j 8R3 2M 4
— 3| | = | m= K
4nR* ) | 33 V3n e
4MR?

I:% (%MJ [422} " 943x

)

After collision

before collision

p R p

P, =2mv j P, =3mv'cos
Y _ A P _ '

P, =2mv j P, =3v'sin6

By momentum conservation ;

in horizontal - 2mv =3mv' cos 0
in vertical - 2mv =3mv' sin 6
from (i) and (ii) tan 6= 1; 6 =45°

2«/§v
3
initial KE.;— 1/22(m)2vP+12(2m)(vP=3m>

()
(i)

final speed v' =

242v
final KE.; >1/2(3m) | =5 | =4/3 mv?

(KE), - (KE);
(KE),
=55.55 ~ 56%

% loss —> x 100%

Part # 11 : IIT-JEE ADVANCED

Sol.

5.

lor3
By right hand thumb rule

By applying impulse-momentum theorem
= |(ml{/1’ +m,V, ) —(ml{/’2 )|
= [(m, +m,)g(2t,)|=2(m, +m,)gt,

Just after collision

Lo lox14+ax0 o
° 10 +4

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

p(©)= Alfi cos(kt)— jsin(kt)

I dp . .

F= m = Ak[-isin(kt)— jcos(kt)]

L1 Lr

F.p=FpcosOBut F.p=0 = cos0=0 = 0=90°.

£
%

1% collision

1I” collision

Particle with velocity 'v' covers and angle of 120° and
after collision its velocity become 2v'.

It will cover angle of 240°

lel +m2Y2 +m3y3

ch: M1+M2+M3
6m(0)+m(+a)+m(@)+m(-a)+m() a
em 10m ’chi 10
U,Co80l
Hm:\x
. . . u; sin” o
Maximum height of first particle H = 2¢

Speed of 2" particle at height H _, given as

2 .2 .2 2 .2 _
vy =u; —2gH =up —u; sin® o= v, = u cosa

max

By Momentum Conseravtion

Lol r 2 2
P; =P, = 2mv,; = mv,cosai +mv,cosaj

I3
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Multiple Choice Questions
1.

Comprehension type questions

r :Vocosa(iJrj) 2. v2=vS+2g(h,~h)

= Vi
= V=45 +2x10x3 =105 ms’

= Angle with horizontal immediately after the collision

3.

Before collision

After collision

r r ! r o r L
As p, +p, =0 s0 p; +py =0
L . R A = vertical component of velocity is zero
For(A) p! +p; =(a, +a)i+(b +b)j+c k . .
(A)Pr+pi =(a,+a)i+(b,+b) ! Subjective Questions
1 1 ~ ~
For(B) P/ +P3 =(a,+a)1+ (b +b)]J 1. For body of mass m from A to B

For (C) 1131' +Il>2’ :(cl+c2)f< u= 10 m/s (given)
{mgsin9+f}__[mgsin9+umgcose}

For (D) P{ +P3 =(a, +a,)1 +2b, ] -

m m
Buta,b,ca,b, cz.;tO . =—[gsin 0+ ug cos 0] =— g [sin 0 + u cos 0]
Trherefore (1:\) & (D) is not possible to get = 10[0.05+0.25 x 0.99] = —2.99 m/s>
p{ +p; =

Vo u?=2as = v=+100+2—-(-2.99)x6 =8 m/s

A

A

M

h, v
60°A\B mg sin

After collision
Let v, be the velocity of mass m after collision and v, be
! 30N.C the velocity of mass M after collision.Body of mass
B 35 ( M moving from B to C and coming to rest.
u=vy; v=0, a=-299m/s’

h_l =tan60° = h =3m ands=0.5 v?>—u’=2as
V3 = (0P-v2=2(-2.99)% 0.5 = v,2= .73 m/s
h, —h, Body of mass m moving from B to A after collision

=tan30° = h,—~h =3 =h,=6m I

u=v;v=+lm/s

343
Velocity of block just before collision at B (K.E.+PE.), ;= (K.E.+PE); ,+W

= 2gh =2 x10 x3 =+/60 ms" ;—mv% + mgh :%mv2 +0 + umgs

initial frication

1 1
5v§ £10x(60.05)= 3 (17 +025x10x6
v, =—5m/s

s1n9:E

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

Speed of block just after collision

h=65in6=6x0.05

.. Coefficient of restitution

\/_ o |Re1ative velocity of seperation| -5-1.73
v, = \/ﬁcos30° =60 x 73 =/45ms™! | Relative velocity of approach |_ 8-0

‘:0.84

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
+91-9350679141



PHYSICS FOR JEE MAIN & ADVANCED

2. Consider the vertical motion of the cannon ball

1
r S=utt —af

50t,-120=0 = £-10t,-24=0

o 10)£[100 —4(1x-24)]
0
2
The horizontal velocity of the cannon ball remains the
same

v, =100c0s30°+ 543 =553 mys
$+P u=5V3mis

¥ [ZRv=53ns
C‘ < im=9kg
A B u=0
Apply conservation of linear momentum to the
cannon ball-trolley system in horizontal direction. If m
is the mass of cannon ball and M is the mass of the
trolley then

~120=50t,~ 5t
= St -

=12o0r-2

120m

+Mx0 +M)V Vv Vs
X = "' =
mv_ (m )V, Y

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

1x5543

1+9

system V = =5.5V3m/s

The second ball was projected after 12 second.

Horizontal distance covered by the car
P=12x5V3=60\3m

Since the second ball also struck the trolley

In time 12 seconds the trolley covers a distance of
60\3

For trolley in 12 sec

From

( jﬁof (5 5*B”j(lz) — v=78ms

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

mv, +(M+m)7.8=(M+2m) v,
L 1x55. 3 +(9+1)7.8=(9+2)v, = v,=15.75m/s

B =V —Aosinot =

. A A T o
v, = (-v, sinoti + v, coswtj) and v; = v, ]

r r 1 oA ~
Vy =V, =V, =V, sinoti+ (v, cosot — v, )]
T r . ) ~
p,; =mv,, =-mv, sinoti+m(v, cosmt—v,)j

A}
where o= —
R

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

m, +m,
= m,[v,t-A(1-cos wt)] + m,x, = v tm, + v tm,
= myx,=v,tm +vitm—vtm+mA (1-cos wt)
= myXx,=v,tm,+mA(l - cos wt)

m,
= Xx,=Vit+ — A(l-cosot)
&>
(b) Giventhat x, = v t—A(1 - cos wt)

dx, d’*x,

dt e =—Aw’cosmt ... (i)

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

d’x,
=0andx,—x,= @,
dt’

m
{Vot + m_lA(1 - COS‘Dt)} ~[vjt—A(l-cosot)]=®,
2

(mﬂj Al t) =@
m, (I —cos wt) =@,

2

Also when

m,
° - —+1|A
m,
Since the plate is held horizontal therefore net torque
acting on the plate is zero.

m
1

=0;cos ot=0 from (1)

3b4 F

V)

<b/2
Mg

b 3b .
= MgXEXFXT ..... (1)

I3
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F= d—px A =nx(2 X XE 11
=n at (Area)=nx (2mv) x a y (i1)
. . b b 3b
From (i) and (i) Mgx — =nx (2mv) xax — X —
2 2 4
3x2
= 3x10=100%2x0.01 xvx1x
= v=10m/s
For collision between A & B
(m —2m) _ 2(m)
Va = m(% 3ms'= Vp = m(%:%ms*l

For collision between B and C
V. = ( 2m j 6)=4ms"
¢ 2m+m (6)=4ms

B MOCKTEST ooy

Since T Fgyy = 8

Momentum of system will remain conserved, equal
to zero.

The line of impact for duration of collision is parallel
to X-axis.

The situation of striker and coin just before the
collision is given as

coin  striker line ofimpact ~ Coin  striker

Figure (A Figure (B)
before collnsnon after collision
Because masses of coin and striker are same, their
components of velocities along line of impact shall
exchange. Hence the striker comes to rest and the x-y
component of velocities of coin are u and 3 m/s as
shown in figure.
coin

1 o
u -
o

For coin to enter hole,
its velocity must be along PO

6 3
tanO= —=— or u=2m/s
4 u

If we treat the train as a ring of mass 'M' then its COM

2R
will be at a distance T from the centre of the circle.

Velocity of centre of mass is :

2R 2R(V \%
Vem =Ry - 0= 7.0): ~ R (® o= E)

2 2MV
=V = T = MV ="

As the linear momentum of any system = MV

. . 2MV
The linear momentum of the train = ——
T

As shown in figure the component of momentum of one
shell along initial direction and perpendicular to initial

direction are P, =104/3 Ns and P;,=10Ns.

y
A

10 P,= 20
30°

- -»X

10/3 ~\

2y initial direction
v of motion of shell
For momentum of the system to be zero in y-direction
P,, must be 10 Ns. 2" part of shell may or may not have

momentum in x-direction

Let h be the height of water surface, finally

_,aa 32 ald |
azh—a.2.2,h74 I J:

C.M. gets lowered by

a_ a 3a 5a s 1]
el [ P
a"l4 8)7 % 8 8

5a
.. Work done by gravity = mg )

Neglecting gravity,

mg
=u®n| |
vunmt,

u = ejection velocity w.r.t. balloon

m, = initial mass

m, = mass at any time t.

20| 0| ren.
N my /2

Let the tube displaced by x towards left, then

mx=m(R-x)=x= D)

3
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8.

Taking the origin at the centre of the plank.

40kg  60kg
A

B
AWl
1
\ smooth
ke e’ ttnduk)

[
60 cm |

Al

Ao

<«
X

mAX, +m, Ax, + myAx; =0 (" Ax,=0)

(Assuming the centres of the two men are exactly at

the axis shown.)

60(0) +40(60) + 40 (—x) =0, x is the displacement of

the block.

= x=60cm

i.e. A & B meet at the right end of the plank.
mAX, +m, AX, +mAx; =0 (- Ax,=0)
60(0) +40(60) +40 (x)=0, = x=60cm

9. For 1% collision

e=1;

»)
V=V, tv, = v, =v-yv,
By momentum conservation :
m,v=—-m,v +m.v,
or myv=-m,v +4m,v, (@ m.=4m,)

VitV
= v, )

Since

Viem —Vp

®)©

()

3 2
From(1)to (2): v, = 5V and v, = 5V

For second collision :

Viem — V'

® (®

— h 1 = 1]
e=1= v,=v/'tv, = v, =V v,
By momentum conservation :

— '
—my Vv, Tmg v, —m, vy
- ' —
or —m,v,=m,v'-4m_v, (@ m,=4m,))

e (3)

V) +Vy
4
From (3) and (4) :

\¥ _EV ;g(gvj 71
175155 ) T25"Y

(@)

= vV, =

10.

11.

12.

13.

2
= <=
25" 5"
Therefore ‘B’ can not collide with ‘C’ for the second

time.

Clearly %

Hence ; total number of collisions is 2.

Force on table due to collision of balls :

denamic:(:j_f =2x20x20x103x5%x0.5=2N

1
Net force on one leg = 7 (2+0.2%x10)=1N

1
.
T3 3 4
(i) Since, both have positive final velocities, hence,
both moved in the same direction after collision.
(ii) att=2 sec, both had equal velocities.
(iii) by conservation of linear momentum, we can say
that mass of R was greater than mass of S.

By conservation of linear momentum along the string,

u

mu=(m+m+3m)v or v= 5
) 3mu
and impulse on the block A=3m (v-0) = 5

Let the three mutually perpendicular directions be
along x, y and z-axis respectively,

Pp1 =mv,i
p “ 1 2 _E
P, =mv,j where, EmVO =Eg

pp3 :vaR and 54 = m{7'
By linear momentum conservation,

0= 51"‘52 +53 +54 or gz—Vo(i+]+R)

or v=vy 1% +1% £ 12 =v0\/§

1 1
total energy = 3(Emvgj+5mvz =3E, + 3E, = 6E,

I3
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14.

16.

Letv,, v,and v, be velocities of blocks 1, 2 and 3 after
suffering collision each.

mv=mv, +Mv, and V, -V, ==V
. - m-M
solving we get v, = M <0 Om<M
m—v, |[M}—yv,
~ M-m {
Vil= gV (1)
dv. = 2mv
MY T M
o 2m 4 Mmv
Similarly, v, = M Xv, = (m+ M)’ ...2)

—mv_ 4 Mmv
+m (M +m)’

or M?—m? =4Mm.

=2+44/5 Ans.

Bl E|IR

. After collision by momentum conservation :

Along y-axis
0=0+mv, sin@ — mv, sin0

= V,=V,
Along x-axis
mv = 0 +mv, cos0 + mv, cos0
mv=2mv,cos0

v 1

2= Ecose

A\

v
So V2:V3>§ J cosf<1

Idp =p;—Dp;= Ith = Area under the curve.

pi:()

NetArea =16—2—-1=13 N-s
13

% A= o> =6.5 | m/s

[As momentum is positive, car is moving along
positive x axis.]

"17. During 1* collision perpendicular component of v, V|

becomes e times, while II" component v, remains un-
changed and similarly for second collision. The end re-
sult is that both v|; and v, becomes e times their ini-

tial value and hence v"=—ev (the ( —) sign indicates
the reversal of direction).

V\I
V' (after 1% collision)

1
1
1
1
1
ey
1

1

V" (after second collision)

eV

. It can be shown that

1
K,=K,,+ 5 MV, .2 where M is the total mass of the

systemand V_ is velocity of centre of mass with respect
to ground.

Due to internal changes K. can change but V__ will
remain same. Hence only K, portion of kinetic energy
can be transformed to some other form of energy. Thus
D is the wrong statement.

5
. For first collision v=10m/s. t; = 1(—0: n/2 sec.

velocity of sep = e. velocity of opp.

1
V=V, = E(IO) = v,—Vv,=5m/s
for second collision

2n(5)

t,= 5 =27
5

total time t=t+t, =n/2 + 2n :>t:§7t

. Just before the particle transfers to inclined surface, we

resolve its velocity along and normal to the plane.

Before impact 7 7
After impact

using

For the trajectory of the particle to sharply change from
the horizontal line to the inclined line, the impact of the
particle with inclined plane should reduce the usin®
component of velocity to zero. Hence the particle starts
to move up the incline with speed u cos6.

Hence as 0 increases, the height to which the particle
rises shall decrease.

3
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21. Friction force between wedge and block is internal '
i.e. will not change motion of COM. Friction force on
the wedge by ground is external and causes COM to
move towards right. Gravitational force (mg) on block
brings it downward hence COM comes down.
>U

R

P

22.U >U >U
Q S
7> M >M >M >M and CM of cone is on smallest height
Q S P R

23. Since,F =0
Hence, momentum will remain conserved equal to mv.
mv
m+M

mv=(m+M)v or v’

Iy .1
and final kinetic energy is 2 (m+M)v?2

A M my B m2v?
= mEM) M - 2(m+M)
24. (B), (C)
. . .. u wall
in an elastic collision m
_ o— Vv
Vsep ~ Vapp
or vv—u=v-+u
or v .=v+2u

change in momentum of ball is [p;— p|
=m(-v)-mv| =m(v' +v)=2m (u+v)

Ap  2m(u+v)

B At

average force = At

1
change in KE=K,—K;= > my'2— 2 mv2 =2mu (u+v)

25. (A, B, C, D)

1
i
i eusin®
N

u coso
\
u

usin®

Impulse (J) = AP =mv sin ¢ — m(—u sin 0)

=m(vsin ¢ +usin Q) = m(VScp + Vapp)
Vsep
=m(eV,, +V,) [e= _Vapp ]
=m Vapp (e+1)

J=m(usin0) (1 +e)
In horizontal direction, momentum is conserved :

ucoso
cos¢d

ucosf =vcosdporv=

o ee Vsep _vsing _tan¢
Vapp ~ USING  tanb
or tanp=etan0
. o vsin¢
in vertical direction, e = -
usin 6

or vsin¢=-eusin6,

v= \/(eu sinB)? +(ucos0)® =u y/e2sin20+cos? 0
v=u1-(1-e?)sin20

— mv?2

final kinetic energy = 5

initial kinetic energy = 2 mu?

2

ratio= —5 =e?sin’ 0 + cos? O
u

26,. Sphere A moving with velocity v has a component v/
2 along the line joining the centres of the spheres at

the time of collision and another component v \/5 /2
perpendicular to the previous direction. After colli-
sion the component along the line will interchange
i.e. B will move with  v/2 velocity i.e. 4 m/s along the

line joining the centres and A moves with V«/§/2
velocity at perpendicular direction to B.

27. For a system of two isolated sphere having non zero
initial kinetic energy, the complete kinetic energy can
be converted to other forms of energy if the
momentum of system is zero. This is due to the fact
that for an isolated system, the net momentum remains
conserved. If an isolated system has nonzero
momentum, for the momentum to remain constant
complete kinetic energy of the system cannot become
zero. Hence statement 1 is true while statement 2 is
false.

28. Statement-2 contradicts Newton's third law and hence

is false.

29. For sum of three non null vectors to be zero, they must
be coplanar. Hence Statement-2 is a correct explana-

tion for Statement-1.

30. During collision KE of system is not constant, hence

statement-1 is false.

31. (a) The acceleration of the centre of mass is
_ F
Qcom ~ %

The displacement of the centre of mass at time t
will be

1 , Ft?
EaCOMt = H Ans.

X =

I3
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32.

33.

34.

35.

36.

37.

A)

Suppose the displacement of the right block is x,
and that of the left is x,. Then,

_ MXq+mX, Ft® _XitX ]
X = —2m or, _4m 2 or
Ft2 .
X, TXx,= m ...(D)

Further, the extension of the spring is x, — x,.
Therefore, x,-x,=x, ... (ii)

21 2m

1 Ft?
and =5 5— X0 | Ans.

2
1
From Egs. (i) and (ii), X, == (—4_ Xo]

From conservation of momentum
mv =mv' cos30°+ mv' cos30°

v _v
VT 2c0s30° 3

Loss in kinetic energy

2

1 2 1 \Z 1 2

= — — -m|—=| =—m
> mv 2X2 [5] gmv

Initially B was at rest, therefore line of impact is along
final velocity of B.

1
_ V'-v'cos60° 2
vcos 30

Taking 'O’ as the origin ;

m(0)+2m(x) 2A

Xewo =7 3m 3
m(x)+ 2m(x + %)
and Xew ® = m + 2m 2

ASSF =0 = Xgy(i) =Xy (D

X—iA
= =15 ns.

. By momentum conservation :

(Inhorizontal direction) mv, =2 mv,
& by energy conservation:

1 5 1 2
me®=—Mmvsy + —2mv -
2mg Ve + 5 2 x

string( )

2
PO L
=g =5 1T 2

2
3 8gr
= 2gl:ZV1 =>v, = 3

. From momentum conservation

0=mV +2mV,
Energy conservation

y 1 2] 2
2mg®@= EmVr + EmVB

g, 1 g ] =
Vi3 - VeT 2\ 73

Relative velocity of block with

Solving above equations, we get 73;
£

o .3 [8g)
respect to ring 18 2 _3 . 4_%@

Applying newton's law eczluations on the block

{31

T-2mg= .

T =14 mg.

. (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(Zu)2 = 2mu? is greater than net mechani-

cal energy of system. Since this is not possible, ve-
locity 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.

3
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(D) The potential energy of spring shall be zero whenever

41.

42.

it comes to natural length. Also P.E. of spring is
maximum at maximum extension of spring.

A—-PRT XF=0

So, linear momentum conservation and centre of mass
will not move.

B—>Q,S

So, linear momentum will not be conserved and centre of
mass will accelerate W_ = AE.

C—>PS,T;D—>PST

Line of impact

XS

(A) Normal force from ground lies along line of impact.
Hence (A) is not answer.

(B) Since no external force act perpendicular to the line
of impact. (B) is an answer.

(C)Horizontal direction is same as direction perpendicular
to the line of impact. (C) is an answer.

(D) Normal impulse from ground lies in vertical direction.

(S) is not an answer.

(A) The component of normal force from ground lies
along the line of impact. Hence not an answer.

(B) No external force perpendicular to the line of impact
for A.

(C) For the system A+ B there is no external force along
horizontal direction. Hence an answer.

(D) For B the normal force from ground is balanced by
the impulsive force by A. Initial and final momentum
is zero.

Hence an answer.

Line of impact

®R) ‘G ¢

(A) The component of tension force of thread lies along
the line of impact. Hence not an answer.

(B) No external force perpendicular to the line of impact
for A.

(C) For system A + B there is no external force along
horizontal direction. Hence an answer.

(D) For B the tension force from thread is balanced by
the impulsive force by A. Initial and final momentum
is zero.

. The initial extension in spring is X, = ——

Hence an answer.

(A) & (C) are the same direction and there is no external
force for the system A + B. Hence answer.

(B) & (D)are the same direction and there is no net force
for the system A + B. Hence answer.

- _..Line of
(T) --="")]  impact

Y/ zzzzzzzzz2z2z2z2z24

(A) The component of normal force from ground lies
along the line of impact. Hence not an answer.

(B) Is answer because the normal force from the ground
is balanced for A. Hence an answer.

(C) For the system A + B there is no external force along
horizontal direction. Hence an answer.

(D) For A the normal force from ground is balanced by
the impulsive force by B. Initial and final momentum
is zero.

Hence an answer.

mg
k

Just after collision of B with A the speed of combined
.V
mass is —.
2
For the spring to just attain natural length the
. . m
combined mass must rise up by x,, = Tg(sec fig.) and

comes to rest.

natural length of spring

initial state

Applying conservation of energy between initial
and final states

1 (V)1 (me) ) (mj
2 M2 2 “lk ) 7°™8 k

6mg?
k

Solving we get v =

I3
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44.

45.

46.

47.

Alternative solution by SHM
[ (@T _ [mf |
2 Vom k k )~
2k 3ng2 6mg2
v = 1/ — T3 =
m V k k

For the duration of collision the pendulum does not exert
any force on the sphere in the horizontal direction.
Hence the horizontal momentum of bullet + sphere is
conserved for the duration of collision. Let v’ be the
velocity of bullet and sphere just after the collision.

.. from conservation of momentum

| <

=6 m/sec

= 1lm/sec

, Vv
vV =

2

(m+m)v'=mv or

Force F on plate = force exerted by dust particles
= force on dust particles by the plate
= rate of change of momentum of dust particles

= mass of dust particles striking the plate per unit
time x change in velocity of dust particles.= A (v+u)
px(vtu)

=Ap (v+u)?

Maximum compression will take place when the blocks
move with equal velocity. As no net external horizon-
tal force acts on the system of the two blocks, the
total linear momentum will remain constant. If V is the
common speed at maximum compression, we have,

(1kg) 2m/s)=(1kg)V+(1kg)V or,V=1m/s.
1
Initial kinetic energy = 5 (1kg) (2m/s)>?=21].
Final kinetic energy
1 1
) (1 kg) (1m/s)>+ 2 (1kg) (1 m/s)*=11

The kinetic energy lost is stored as the elastic energy
in the spring.

1
Hence, 5(50 N/m)x*=2J-1J=17J or, x=0.2m.
T B

| N

Initial state final state

(figure- 1)
Let u and v be the speed of wedge A and block B at just
after the block B gets off the wedge A. Applying
conservation of momentum in horizontal direction, we get.
mu=mv
Applying conservation of energy between initial and
final state as shown in figure (1), we get

48.

1
— mu?+ — mv?

mgh = 5 S IVE e ?2)
solving (1) and (2) we get
v=yoh L )

At the instant block B reaches maximum height h’ on the
wedge C (figure 2), the speed of block B and wedge C are v'.
Applying conservation of momentum in horizontal
direction, we get
mv=_(m+m)V

final state

initial state

Applying conservation of energy between initial and
final state

1 1
2 my?= > (m+m)v2+mgh’ .. o)
Solving equations (3), (4) and (5) we get

h
h'= 2 =25cm Ans.

1

Since e = 5

. . vcos37°
.. Final normal component of velocity = 5

As the angle of rebound is equal to the angle before
impact.

Therefore, both normal & tangential components of
velocities must change by the same factor.

. . . vsin37°
*. Tangential velocity after impact becomes 5
Let the time of impact be At.
0
m[v cos37° + \/00837]
No S ~ 6mvcos37°
At 5At

where N is the normal force imparted on the ball by
the wall.

6 pmv cos 37°

5 At
m{v sin37° —

Frictional force = uN =

vsin37°
5

Also frictional force =

At
vsin37°
5 6 umvcos37°

m| vsin37° -
6
5 At

=
At

= u= = Ans.

3_1
42

wW|N

2
3 tan370 = p=

3
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