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 Marked Questions can be used as Revision Questions. 

 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA 
 

PART - I : SUBJECTIVE QUESTIONS 

Hkkx - I : fo"k;kRed iz'u ¼SUBJECTIVE QUESTIONS½ 
 

Section (A) : Calculation OF centre of mass  nzO;eku dsUnz dh x.kuk  
A-1. 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.  

 rhu d.k ftudk nzO;eku 1 kg, 2 kg rFkk 3 kg gS] ,d leckgq f=kHkqt ABC ds rhu dksuksa A, B rFkk C ij Øe'k% j[ks 
gS rFkk bldh Hkqtk dh yEckbZ 1 m gSA A ls blds nzO;eku dsUnz dh nwjh Kkr dhft,A 

Ans.  
19

6
m 

Sol.  

 

 

 

 xcm = 
1 0 2 1 3 1 cos60 7

1 2 3 12

    


 
 

 ycm = 
1 0 2 0 3 1sin60 3 3 3

6 12 4

    
   

 r = 

22
7 3

12 4

           
 = 

49 3 76 2 19 19

144 16 144 12 6
     m 

 

A-2.# 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.  

 ,d oxkZdkj 'a' Hkqtk dh IysV rFkk leku O;kl dh o`Ùkh; pdrh dks ,d nwljs ls IysV ds e/; fcUnq ij Li'kZ djrs 
gq;s fp=kkuqlkj j[krs gSA ;fn nksuks IysVks dk izfr ,dkad {ks=kQy nzO;eku leku gS] rks pdrh ds dsUnz ls fudk; ds 
nzO;eku dsUnz dh nwjh crkb;sA       

 

 

Ans.  
4a

(4 ) 
 right of the disc centre 

 pdrh ds dsUnz ls nka;h vksj 
4a

(4 ) 
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Sol.  

 

 

 
 Let areal density is    

 ekuk i`"Bh; ?kuRo gS  

 MC = 

2
a

2

   
 

  Ms = a2 ×   xS = a   XC = 0  

 
2

cm 2

a (a)
X

a
a

4







  

 
4a

(4 ) 
    

 right of the disc centre   pdrh ds dsUnz ls nka;h vksj 
 

 
A-3.# Find the position of centre of mass of the uniform planner sheet shown in figure with respect to the 

origin (O)          

 fp=k esa iznf'kZr ,d leku IysV dh ewy fcUnq (O) ds lkis{k nzO;eku dsUnz dh fLFkfr crkb;sA  

   

 
 Ans. (5a/6, 5a/6)  
Sol.  

 

 

 
3

4
A1 = M, A = 

4

3
M 

 xcm = 1 1 2 2

1

x m x m

m m2




 = 

 4 3aa M –M/3
3 2

M

   
 

 = 
4a

3
 + 

–a
2

  

xcm = 
8 – 3
3x2

 
 
 

a = 
5

a
6

 

 Similarly blh izdkj  ; ycm = 
5

a
6

 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.     

 ik¡p leku bZaVas çR;sd dh yEckbZ L,dks fp=kkuqlkj O;ofLFkr fd;k x;k gSA çR;sd bZaV dks blds lEidZ okyh bZaV ds 
 lkis{k L/5  ls foLFkkfir fd;k x;k gSA fcUnq O ds lkis{k nzO;eku dsUnz dk x-funsZ'kkad Kkr dfj;sA   

 

Ans. 
33L

50
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Sol. 

 

 

  

 COM of brick 1 and 5  
L

2
  1 o 5 bZV dk nzO;eku dsUnz  

L

2
 

 COM of brick 2 and 4  
L

2
 + 

L

5
  2 o 4 bZV dk nzO;eku dsUnz  

L

2
 + 

L

5
 

 COM of brick 3  
L

2
 + 

2L

5
   3  bZV dk nzO;eku dsUnz  

L

2
 + 

2L

5
 

 Xcm = 

L L L L 2L
2m 2m m

2 2 5 2 5

5m

         
     = 

33L

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 f=kT;k dh le:i pdrh dks leku inkFkZ rFkk leku eksVkbZ dh 2R f=kT;k okyh nwljh le:i pdrh ij j[krs gSA 
nksuksa pdfr;ksa dh ifjf/k ,d nwljs dks Li'kZ djrh gSA cM+h pdrh ds dsUnz dks ewy fcUnq ekurs gq;s fudk; ds 
nzO;eku dsUnz dh fLFkfr crkb;sA      

 Ans. At R/5 from the centre of the bigger disc towards the centre of the smaller disk. 

 cM+h pdrh ds dsUnz ls R/5 nwjh ij NksVh pdrh ds dsUnz dh rjQA 
Sol. 

 

 

 
 M1 =  (2R)2 ×   M2 =  (R)2 ×   x1 = 0,  x2 = R  

 So blfy, Xcm = 1 1 2 2

1 2

m x m x

m m




, Xcm = 
2 2

2 2

4 R 0 R R

4 R R

    

    
 = 

R

5
  

towards smaller disc NksVh pdrh dh vkSj 
 

 
 

A-6.   The linear mass density of a straight rod of length L varies as  = A + Bx where x is the distance 
from the left end. Locate the center of mass from left end. 

  L yEckbZ dh lh/kh NM+ dk ?kuRo lEcU/k  = A + Bx gSA ;gk¡ x, cka;s fljs ls nwjh gSA nzO;eku dsUnz dh fLFkfr crkb;sA  

Answer :   
23AL 2BL

3(2A BL)



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Solution :  Let take a strip of width `dx` at distance x from one end. 
   dm = mass of `dx` strip = f dx 
   dm = (A+Bx)dx    ......(1) 

   By definition X
com

 = 

L

O

L

O

xdm

dm




    

 
 

   from eq (1)  X
com

 = 

L

O

L

O

x(A Bx)dx

(A Bx)dx








  = 

L

2

O

L

O

(Ax Bx )dx

(A Bx)dx








 = 

2 3

2

AL BL

2 3

BL
AL

2




 = 

23AL 2BL

3(2A BL)




 Ans. 

   ekuk ,d lhjs ls x-nwjh ij `dx` pkSM+kbZ dk ,d vYika'k ysus ij - 

   dm = vYika'k `dx` dk nzO;eku = P dx 

   dm = (A+Bx)dx  ......(1) 

   ifjHkk"kk ls Xcom = 

L

O

L

O

xdm

dm




    

 

 

   lehdj.k (1) ls   Xcom = 

L

O

L

O

x(A Bx)dx

(A Bx)dx








 = 

L

2

O

L

O

(Ax Bx )dx

(A Bx)dx








 = 

2 3

2

AL BL

2 3

BL
AL

2




 = 

23AL 2BL

3(2A BL)




 Ans. 

 

A-7. 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.   

 ,d 2R f=kT;k dh cMh le:i pdrh ls R f=kT;k dh pdrh dks bl rjg ls dkVk tkrk gS fd fNnz dk fdukjk 
pdrh ds fdukjs dks Li'kZ djsaA pdrh ds 'ks"k Hkkx ds nzO;eku dsUnz dh fLFkfr crkb;sA  

Ans.  At R/3 from the centre of the original disc away from the centre of the hole. 

 ewy pdrh ds dsUnz ls R/3 nwjh ij] fNnz ds dsUnz ls nwljh vksj  
Sol.  Let areal density of disc is . and COM of shaded part is X.  

 ekuk pdrh dk {ks=kh; ?kuRo o Nk;kafdr Hkkx dk COM, X ij gSA 

 XCM = 
2 2 2

2 2 2

[(2R) – (R) ]x R R
[(2R) – (R) ] R

  

  
 = 0 

 

 

 XCM = O = 
3x R

4


 x = – 

R

3
 

 –ve sign means x is toward left of centre.  

 –ve fpUg n'kkZrk gS fd x dsUnz ds cka;h vkssj gSA  
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A-8.# Find the centre of mass of an annular half disc shown in figure.   
 fp=k esa iznf'kZr v)Z oy; dk nzO;eku dsUnz Kkr dhft,A 

 

 

Ans. 
3 3
2 1

2 2
2 1

4(R R )

3 (R R )



 
 

Sol.  Let  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 

 ekuk fi.M dk izfr ,dkad {ks=kQy nzO;eku  gSaA blds nzO;eku dsUnz dks Kkr djus ds fy, fp=kkuqlkj dm nzO;eku 
dh o r f=kT;k o dr pkSMkbZ dk Hkkx v/kZoy; ds :i esa ysrs gSA  

 Now vc  dm = r dr 

 Centre of mass of this half ring will be at 
2r

0,
 
  

   

 

 

 bl v)Z oy; dk nzO;eku dsUnz 
2r

0,
 
  

 ij gksxk 

   ycm =  
1

M

2

1

R

R

2r
( . rdr). 

  

   ycm = 
2 2
2 1

2

(R R )
2




 

2

1

R

2

R

r dr  = 
3 3
2 1

2 2
2 1

4(R R )

3 (R R )



 
 

 Alternative Solution : oSdfYid gy %  
 We can also find the centre of mass of this object by considering it to be complete half disc of radius R2 

and a smaller half disc of radius R1 cut from it. If ycm be the centre of mass of this disc we have from the 
mass moments. 

 bl fi.M dk nzO;eku Kkr djus ds fy, R2 f=kT;k dh iw.kZ v)Z pdrh esa ls R1 f=kT;k dh iw.kZ v)Z pdrh dkV dj 
fudkyh gqbZ ekuh tk ldrh gSA ;fn ycm bl pdrh dk nzO;eku dsUnz gS rks nzO;eku vk?kw.kZ ls  

   
2

2 21 1
2 1

R 4R
. . (R R )

2 3 2

                    
 (ycm) = 

2
2R

2

 
   
 

 × 24R

3

 
  

 

    

Section (B) : motion OF centre of mass  nzO;eku dsUnz dh xfr   
 

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

 fp=k esa fn[kk;s d.k fudk; ds nzO;eku dsUnz dk osx Kkr dhft,A   

   

 

4.0kg  

 6.0kg 

 

 

10.0kg 

 Ans.  0.65 m/s at an angle tan–1 
1

8

 
  

 above the direction towards right. 

  nka;h fn'kk ls Åij dh vksj tan–1 
1

8

 
  

  dks.k ij 0.65 m/s 
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B-2. 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  
1 cm ?       

 10 kg rFkk 30 kg nzO;eku ds nks CykWd Å/okZ/kj js[kk ds vuqfn'k j[ks gSA igys nzO;eku dks 7 cm Å¡pkbZ rd mBkrs 
gSA nzO;eku dsUnz dks 1 cm Åij mBkus ds fy, nwljs nzO;eku dks fdruh nwjh rd pykuk pkfg, ? 

Ans.  1 cm downward.   1 cm uhps dh vksjA 

Sol. 1 = 
10 7 30 x

40

  
 get izkIr djs x  = – 1 cm 

 

 
B-3. A projectile is fired from a gun at an angle of 45º 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/s2  

 ,d d.k dks {kSfrt ls 45º dks.k ij /kjkry ds lkis{k 20 m/s osx ls cUnwd ls ç{ksfir fd;k tkrk gSA viuh mM+ku 
dh vf/kdre Å¡pkbZ ij d.k] nks leku nzO;eku esa foLQksfVr gks tkrk gSA foLQksV ds Bhd i'pkr ,d Hkkx fojke 
voLFkk ij vk tkrk gSA nwljk Hkkx cUnwd ls fdruh nwjh ij fxjsxk rFkk foLQksV ds fBd ckn mldh pky Kkr 
fdft,A /kjkry {kSfrt ekfu;s] rFkk g = 10 m/s2  gSA    

Ans.  60m, 20 2m / s  

Sol. Xcm = 
22u sin cos

g

 
 = 

1 1
2 20 20

2 2

10

   
 = 40 m. 

 x1 = 
40

2
 = 20 m     xcm = 1 1 2 2

1 2

m x m x

m m




  40 = 2m 20 m x

2m

  
 get x2 = 60 m 

 

B-4. 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?     

 xq:Ro eqDr {ks=k esa fcuk fdlh vU; oLrq ds lEidZ esa vk;s ,d ikjk rkiekih fLFkr gSA rki c<kus ij ikjk izlkfjr 
gksrk gS] o rki ekih esa p<rk gSA ;fn rkiekih esa ikjs }kjk p<h Å¡pkbZ h gS rks] ''ikjk rFkk rki ekih'' fudk; dk 
nzO;eku dsUnz fdruh Å¡pkbZ ls uhps fxj tk;sxkA  

Ans. zero   'kwU;   

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

 pwafd xq:Rofoghu txg gS vr% com  fLFkj jgsxkA  
 

B-5. 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.  

 fpduh {kSfrt i`"B ij fLFkr 6m yEcs iV~Vs ds nksuks fljksa ij nks O;fDr A o B [kMs+ gSA os nksuks ,d nqljs dh vksj 
pyuk 'kq: djrs gS] vksj iV~Vs ds e/; fcUnq ij feyrs gSA ;fn A, B rFkk IysV ds nzO;eku Øe'k% 40kg, 60kg rFkk 
50kg gS] rks iV~Vs dk foLFkkiu Kkr dfj;sA  

Ans. 0.4 m   

Sol. XCM = 

40 x – 60 – x 50x
2 2

40 50 60

       
   

 
 = 0  

 150x = 10  

 x = 
15

 = 0.4 m 
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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. 

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

 M nzO;eku dk O;fDr, gYdh jLlh }kjk m nzO;eku ds xqCckjs ls yVd jgk gSA fudk; gok esa fLFkj rFkk lkE;koLFkk 

esa gSA tc O;fDr xqCckjs ds lkis{k h nwjh mBrk gS, rks Kkr dhft,A  
 (a) O;fDr }kjk p<h Å¡pkbZA  
 (b) xqCckjs }kjk mrjh xbZ nwjhA 

 

 

Ans. (a) 
mh

m M
 (b) 

Mh

m M
         

Sol. initially izkjEHk esa Ycom =  
Mh

M m
 

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

 D;ksfd cká cy dk;Zjr ugh gS blfy, nzO;eku dsUnz fojke esa gksxkA  

 yCM = 1 1 2 2

1 2

m y m y

m m




 

 Let baloon descend by a distance x. ekuk xqCckjk x nwjh uhps mrjrk gSA  

 0 = 
m(x) M(x – h)

m M




 

 Mh = (m + M) x 

 x = 
Mh

m M
 (Distance decend by ballon xqCckjs }kjk mrjh xbZ nwjh ) 

 h – x = 
mh

m M
 (Distance raised by man O;fDr }kjk p<+h xbZ nwjh ) 

 

Section (C) : Conservation of linear momentum js[kh; laosx laj{k.k   
        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 :  

   

 

  

 

  
 

 
   Applying momentum conservation ; 

   m × 20 = 
m

2
 V + 

m

2
 × 30  20 = 

V

2
 + 15 

   So,  V = 10 m/s 

   initial kinetic energy = 
1

2
 m × (20)2 = 200 m         

   final kinetic energy  = 
1

2
. 

m

2
. (10)2 + 

1

2
×

m

2
 (30)2   = 25 m + 225 m = 250 m 

 fractional change in kinetic energy  = 
(final K. E) (initial K. E)

initial K.E


 = 

250m 200m

200m


 = 

1

4
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 ,d CykWd fpduh lrg ij 20 eh0@lSd.M+ ds osx ls {kSfrt fn'kk esa xfr dj jgk gSA ;g vpkud nks leku Hkkxksa esa 

foHkDr gks tkrk gS rFkk foHkDr gksus ds ckn Hkh nksuksa Hkkx ;g mlh fn'kk esa xfr djrs jgrs gSA muesa ls ,d Hkkx 30 

eh0/lSd.M+, dh pky ls xfr djrk gS rks nwljs Hkkx dh pky rFkk xfrt ÅtkZ esa fHkUukRed ifjorZu Kkr djks ? 

Answer :  v = 10 m/s,   
1

4
   

Solution :  

 

m 20 

izkjfEHkd 

  
 

     

   laosx laj{k.k yxkus ij :   

   m × 20 = 
m

2
 V + 

m

2
 × 30  20 = 

V

2
 + 15 

V

2
 = 5    V = 10 m/s 

   izkjfEHkd xfrt ÅtkZ = 
1

2
 m × (20)2 = 200 m      vfUre xfrt ÅtkZ = 

1

2
.
m

2
 . (10)2 + 

1

2
×

m

2
 (30)2  

   = 25 m  +  225 m = 250 m   

   xfrt ÅtkZ esa vkaf'kd ifjorZu  = 
( K. E.) ( K. E.)

K.E.

vafre izkjfEHkd 
izkjfEHkd 

  

   = 
250m 200m

200m


 = 

1

4
  

 
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 × 1024 kg (assuming that there is no external force on the system)  
 ;fn 5 kg nzO;eku dk iRFkj Åij dh vksj 36 m/sec pky ls Qsdk tk;s rks i`Foh dh izfr{ksi pky D;k gksxhA i`Foh 

dk nzO;eku 6 × 1024 kg gSA ¼;g ekurs gq, fd fudk; ij cká ifj.kkeh cy 'kwU; gS½  

 Ans. 3.0 × 10–23 m/s 
Sol. 5 × 36 = 6 × 1024 v 
 v = 30 × 10–24  
 

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) 

fdlh izfØ;k esa çkjEHk eas fojkekoLFkk esa fLFkr U;wVªkWu] çksVkWu] bysDVªkWu ,oa ,d ,UVh U;wfVªuksa esa {kf;r gksrk gSA mRlftZr 
bysDVªkWu dk laosx  p1 rFkk ,UVh&U;wfVªuksa dk laosx p 2 gSA çksVkWu dk çfr{ksi pky fuEu nks fLFkfr;ksa esa Kkr dhft,– 

¼çksVkWu dk nzO;eku = mp ½   
(a) ;fn bysDVªkWu rFkk ,UVh U;wfVªuksa ,d gh fn'kk esa mRlftZr gksrs gS rFkk 

 (b) ;fn os ijLij yEcor~ fn'kk esa mRlftZr gksrs gSA      

Ans.  (a) 1 2

p

p p

m


 (b) 

2 2
1 2

p

p p

m


  

Sol. (a) P1 + P2 + P3 = 0  P3 = –(p1 + p2)   

 V3 = 1 2

p

p p

m


 

(b)  

 P p = –( P e + P an) = – (P1 î  + P2 ĵ ) 

 Vp = 
p

p

| P |

m
 = 

2 2
1 2

p

p p

m


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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 
ˆ ˆ10i 20k . What is the 

velocity (in cm/s) of the third particle?     

20 g, 30 g rFkk 40 g ds rhu d.k çkjEHk esa funsZ'kkad v{kksa dh rhuksa v{kksa Øe'k% x, y rFkk z  ds /kukRed fn'kk ds 
vuqfn'k 20 cm/s ds osx ls xfr dj jgs gSA ;fn budh ijLij vU;ks; fØ;k ds dkj.k] igyk fojkekoLFkk esa vk 

tkrk gS] nwljs dk osx 
ˆ ˆ10i 20k  gks tkrk gS rks rhljs d.k dk osx (cm/s esa) D;k gksxk ?  

Ans:  ˆ ˆ ˆ2.5i 15j 5k   

Sol. P1 =20 × 20 î  P3 = 40 × 20 k̂  

 P2 = 30 × 20 ĵ  

 Pi = P1 + P2 + P3 = Pf 

  400i + 600 ĵ  + 800 k̂  = 30 (10i + 20 k̂ ) + 40v 

 get izkIr gksrk gS     v  = 
ˆ ˆ100i 600j 200k

40

 
 

  = 2.5 î  + 15 ĵ  + 5 k̂  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?    

 ,d M nzO;eku dk Vªd ?k"kZ.k ghu lMd ij fojkekoLFkk esa gS] tc ,d m nzO;eku dk cUnj Vªd ij vkxs dh vksj 
pyuk çkjEHk djrk gS] rks Vªd lMd ij ihNs dh fn'kk esa v pky ls izfrf{kIr gksrk gS] rks cUnj Vªd ds lkis{k fdl 
osx ls xfr dj jgk gSA   

Ans. 
M

1 v
m

  
 

     

Sol. Pi = 0 

 Pf = – mvm + M × v  Pi = Pf 

 vm = 
Mv

m
 

 vapp = vm + v = 
Mv

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 45º 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/s2 )      

 ,d 60 kg nzO;eku dk yM+dk] 40 kg nzO;eku okys IysV QkeZ ij [kM+k gqvk gS] tks fpdus {kSfrt /kjkry ij j[kk gSA 
og /kjkry ds lkis{k 1 kg nzO;eku okys iRFkj dks v = 10 m/s ds osx ls /kjkry ls 45º ds dks.k ij Qsadrk gSA tc 
iRFkj /kjkry ij fxjrk gS] ml le; rd IysVQkeZ ¼yMds ds lkFk½ dk foLFkkiu Kkr dfj,A (g =10 m/s2 )  

Ans : 10cm.   
Sol.  

 

 

 
 So,  ms × R = (40 + 60) × x 

 
21 2u sin cos

g

  
 = 100 x  get x = 0.1 m  
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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 nzO;eku ds ,d cMs CykWd ds {kSfrt fpdus Hkkx ij m nzO;eku dk ,d NksVk CykWd  'V' pky ls xfr dj jgk gSA 
;g iwjk fudk; fpdus i`"B ij j[kk gqvk gSA n'kkZ;k gqvk ofØ; i`"B] o`Ùk dk prqFkkZ'k gSA tc NksVk CykWd i`"B ds 
fcUnq A ij igq¡prk gS] rc cMs CykWd dh pky crkb;sA  

 

 

Ans. 
mv

M m
 

Sol. mv = (M+m) Vcm 

 Vcm = 
mv

M m
 Ans. 

 

Section (D) : spring - mass system fLçax nzO;eku fudk;   

D-1.# Two block of masses m1 and m2 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 m2 so that it acquires a velocity 
v0 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 ? 

 fp=kkuqlkj nks CykWd ftuds nzO;eku m1 rFkk m2 gS] dks k fLizax fu;rkad okyh izkjEHk esa izkd`r yEckbZ dh fLizax ds 
fljksa ij tksM+k tkrk gSA m2 dks ,d rhoz vkosx fn;k tkrk gS rkfd ;g nka;h vksj v0 osx izkIr djrk gSA ;fn bl 
fudk; dks fpduh lrg ij j[kk tk;s rks Kkr djs– (a) nzO;eku dsUnz dk osx] (b) fLizax esa mRiUu gksus okyk 
vf/kdre izlkjA   

 

 

Ans.  (a) 2 0

1 2

m v

m m
  (b)  

1/ 2

1 2
0

1 2

m m
v

(m m ) k

 
  

 

Sol. 

 

    

 xcm = 1 1 2 2

1 2

m x m x

m m




 

 cmdx

dt
 = Vcm = 1 1 2 2

1 2

m v m v

m m




 

 Vcm = 2 0

1 2

0 m v

m m




  Ans. 

 F = 0 ; p = constant  fu;rkad  
 m2v0 = (m1+m2)v 

 & 
1

2
m2

2
0v  = 

1

2
 m1v2 + 

1

2
m2v2 + 

1

2
k 2

0x   

  Vcm  remain unchanged  vifjofrZr jgrk gSA 

 
1

2
 m2 

2
0v = 

1

2
 (m1 + m2) 

2

2 0

1 2

m v

m m

 
  

 + 
1

2
k 2

0x  

 m2 
2
0v 1 2

22
1 2

m m1– m
(m m )

 
 

  
= k 2

0x   m2
2
0v 1 2 2

1 2

m m – m
m m

 
  

 = k 2
0x  

 2
0v 1 2

1 2

m m 1

m m k



  = 2

0x   x0 = v0  
1 2

1 2

m m

k m m
 Ans.   
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D-2. Two masses m1 and m2 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'.  

 nks nzO;eku m1 rFkk m2 ,d fLçax ls tqM+s gq, gS] ftldk fLçax fu;rkad k gS] ,oa budks ,d ?k"kZ.k jfgr {kSfrt lrg 
ij j[kk x;k gSA çkjEHk esa tc fudk; dks fLFkjkoLFkk ls NksM+k tkrk gS] rc fLçax 'd' nwjh f[kpha gqbZ gSA nksuksa 
nzO;ekuksa }kjk pyh xbZ nwjh Kkr dfj;s] tc fLizax 'd' nwjh ls laihfMr gks tkrh gSA    

Ans. 2

1 2

2m d

m m
, 1

1 2

2m d

m m
 

Sol.  

 

 

 
 Energy Conservation  ÅtkZ laj{k.k ls  

  Total change in length of spring fLizax dh yEckbZ esa dqy ifjorZu  = 2x  {  
1

2

2
extkx  = 2

comp

1
kx

2
} 

 Time is same  le; leku gSA 

 no external force    centre of mass is at rest   

 D;ksfd cká cy dk;Zjr ugh gS blfy, nzO;eku dsUnz fojke esa gSA   

 hence vr%  m1x1 = m2x2    1

2

x

x
 = 2

1

m

m
  &  x1 + x2 = 2d 

 or, m1x1 = m2x2   &   x1 + x2 = 2d 

 x1= 2 2

1

m x

m
    2 2

1

m x

m
 + x2 = 2d 

 x2
2

1

m
1

m

 
 

 
 = 2d  x2 2 1

1

m m

m

 
 
 

 = 2d 

 x2 = 1

1 2

2dm

m m
 & x1 = 2

1 2

2dm

m m
  Ans. 

 
 

D-3. Two blocks A and B of mass mA and mB 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 rFkk mB nzO;eku okys nks CykWd  A o B, fLçax ls tqM+s gq;s gSa tks ?k"kZ.kghu {kSfrt est ij j[ks gSaA nksuksa CykWd dks 

[khapdj, (rkfd fLçax f[kap tk,) NksM+rs gSA ;g fl) dhft, fdlh Hkh {k.k CykWdksa dh xfrt ÅtkZ dk vuqikr muds 
nzO;ekuksa ds vuqikr ds O;qRØekuqikrh gksxkA       

Sol.  

 

 

 
 By momentum conservation  laosx lja{k.k ls  

 mAVA = mBVA  (i)  VB = A A

B

m V

m
 

 K.EA = 
2 2 22
A A A A

A A

m V m VP

2m 2m 2
      ...(i) 

 Similiarly blh izdkj  K.EB = 
2

B Bm V

2
   ...(iii) 

 dividing (ii) by (iii) we get.  (ii) dks (iii) ls Hkkx nsus ij  

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


Center of Mass 
 

 

 

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVPM - 12 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

 A

B

K.E

K.E
 = 

2
A A

2
B B

m V

m V
 

 put izfrLFkkfir djus ij VB = A A

B

m V

m
  

 we get izkIr gksxk A

B

K.E

K.E
 = B

A

m

m
. 

 hence proved.   bfr fl)e  
 
 

Section (E) : Impulse vkosx 

E-1. Velocity of a particle of mass 2 kg varies with time t according to the equation ˆ ˆv (2ti 4j)m/ s  . Here t 

is in seconds. Find the impulse imparted to the particle in the time interval from t = 0 to t = 2 s. 

 2 kg nzO;eku okys CykWd dk osx le; t ds lkFk lehdj.k ˆ ˆv (2ti 4j)m/ s   ds vuqlkj cnyrk gSA ;gk¡ t lSd.M 

esa gSA le; vUrjky t = 0 ls t = 2 s esa d.k ij vkjksfir vkosx crkb;sA   

Ans . ˆ8i m/ s  

Sol. vt = 0 = 4 ĵ  m/sec mass nzO;eku m = 2 kg  

 vt = 2 = 2 × 2i + 4 ĵ  = 4i + 4 ĵ  

 J = Pf – Pi = 2 [4i + 4 ĵ  – 4 ĵ ] = 8i N-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 30º 
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 xzke nzO;eku dh ,d xssan 4 eh0@lS0 pky ls xfr djrh gq, ,d {ksfrt lrg ls 30º dks.k ij Vdjkrh gSA xsan 
leku dks.k ij ,oa leku pky ls ijkofrZr gksrh gSA x.kuk dhft,A 

 (a) xsan dks iznku vkosx  (b) xsan ds laosx ds ifjek.k es ifjorZuA   

Ans. (a) 0.4 kg-m/s  (b) zero  'kwU;   

Sol. Pi = 200 × 10–3 ( ˆ3i – j ) 

 Pf = 200 × 10–3 ( ˆ3i j ) 

 |Pi| = |Pf| 

 P = |Pf| – |Pi| = 0       
 

 

 |P| = |Pf – Pi| = |(200 × 10–3 3 i – 200 × 10–3 ĵ ) – (200 × 10–3 3 i + 200 × 10–3 ĵ )| 

 |P| = |2 × 200 × 10–3 ĵ | = 0.4 kg m/sec. 
 

E-3. 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 × 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) 

 Hkkjh cjlkr esa] 1.0 lseh0 vkSlr O;kl ds vksys] 20 eh0@lS- vkSlr pky ls fxjrs gSA eku yhft, fd Nr ds  
10eh0 × 10 eh0 {ks=kQy esa çfr oxZ ehVj ij 2000 vksys çfr lSd.M yEcor~ fxjrs gS rFkk ;g eku yhft, fd os 
ijkofrZr ugha gksrs gSA vksyksa ds dkj.k Nr ij yxus okys vkSlr cy dh x.kuk dhft,A vksyksa dk ?kuRo  
900 fdxzk0@eh03 gSA ( = 3.14)       

Ans. 
34 d

vNA
3 8

 
   
 

 =1884 N 
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Sol. Ndt = Pf – Pi 
       = (0 –mv)  

 N = 2000 × 100 × 900   
4

3
 × 

3
21

10
2

  
 

 × 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 t = 0.01 sec. The impulsive 
(impact) force offered by the ball on the ground is ?  

 ,d 100 gm nzO;eku dh xsan 2.5 ehVj ÅapkbZ ls NksM+h tkrh gS rFkk 0.625 ehVj Å¡pkbZ rd mNyrh gSA xsan rFkk 
/kjkry dk lEidZ le; t = 0.01 sec gS] rks xsan }kjk tehu ij yxk;k x;k vkosxh cy gksxkA  

Ans. 105 N 

Sol. I = f × t and rFkk F = 2 1m( 2gh 2gh )

t




 

 F = 
–3100 10 ( 2 9.8 0.625 2 9.8 2.5)

0.01

     
    F = 105 N 

Section (F) : Collision VDdj 
 

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.  

 ,d d.k K xfrt ÅtkZ ls pyrk gqvk nwljs leku d.k ds lkFk lEeq[k çR;kLFk VDdj djrk gS tks fojkekoLFkk esa 
gSA VDdj ds nkSjku fudk; dh vf/kdre çR;kLFk fLFkfrt ÅtkZ gSA   

Ans :  K/2. 
Sol.  

 

 

   

 

 

 
 from momentum conservation  laosx laj{k.k ls  

  mu + 0 = (m + m) v  v = 
u

2
 

 from energy conservation  ÅtkZ laj{k.k ls  

 P.E. = 
1

2
mu2

 – 
1

2
 2m 

2
u

2

 
 
 

 

 
1

2
mu2

 = K  

 P.E. = 
K

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)  

 fp=k esa nks leku xsansa n'kkZ;h x;h gSaA xsan A  nka;h rjQ v osx ls py jgh gS vkSj xsan B fojkekoLFkk esa gSA lHkh 
VDdjksa dks çR;kLFk ekusaA ;g n'kkZb;sa fd lHkh VDdjksa ds ckn xsanks dh pky ugha cnyrh gSA  (?k"kZ.kghu i`"B ekfu,) 

 

B 

v 

A 
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Sol.  

 

 

 
 After first collision izFke VDdj ds i'pkr~ 

 

 

 
 After collision of B from wall   B dh nhokj ls VDdj ds i'pkr~ 
 vB = – v + 2 × 0 = –v 

 so vr%    

 

  

 

   

    

 

  

 

  
 

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.        

 ,d m nzO;eku dh xsan v  osx ls pyrh gq;h fojkekoLFkk esa j[kh ,d nwljh ,dleku xsan ds lkFk lEeq[k VDdj 
djrh gSA VDdj ds ckn nksuksa xsanks dh dqy xfrt ÅtkZ çkjfEHkd dqy xfrt ÅtkZ dh 3/4 gks tkrh gSA çR;koLFkku 
xq.kkad Kkr djksA        

Ans. e = 
1

2
      

Sol.  
 

 

 2 1v – v
v

 = e  ....(i) 

 mv2 + mv1 = mv  ....(ii) 
 v2 + v1 = v 
 (i) + (ii)  2v2 = v (e + 1) 

 v2 = v 
e 1

2

 
 
 

 

 and v1 = 
v(1– e)

2
 

 kf = 
3

4
ki   2 2 2

1 2

1 1 1 3
mV mV mV

2 2 2 4
    

 v2 
2(e 1)

4


 + 

2(1– e)
4

v2 = 
3

4
 v2 

 e = 
1

2
 Ans. 
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F-4. 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 f=kT;k dh [kks[kyh fpduh {kSfrt o`Ùkkdkj uyh esa m nzO;eku rFkk v pky ls xfr'khy ,d d.k nwljs 2m nzO;eku 
ds fLFkj d.k ls çR;kLFk VDdj djrk gSA vxyh VDdj fdrus le; ckn gksxh \   

Ans. t = 
2 r

v


 

Sol. Particle B is a rest d.k B fLFkj gS 
 mv + 0 = mv1 + 2mv2 

  v =  v1 + 2v2   .....(i) 

 2 1v – v
v 0

 = 1    

 

 

 
  v2 – v1 = v  .....(ii) 

 Adding (i) + (ii)  ;ksx djus ij  
 3v2 = 2v 

  v2 = 
2

3
v v1 = v2 – v = 

–v
3

 

 Now vc, (iii) + (iv) 

 t = 
2 1

2 r

v v




 = 
2 r

2v v

3 3




  t = 

2 r

v


 Ans. 

 

F-5. 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 nzO;eku dk CykWd 2.5 eh0@lS- pky ls xfr'khy gS] vksj ;g 0.5 fdxzk0 nzO;eku ds vU; CykWd ls Vdjkrk gSA 
;fn VDdj ds ckn nksuks CykWd fLFkj gks tk;s rks VDdj ls igys 0.5 fdxzk0 ds CykWd dk osx D;k FkkA  

Ans.  5 m/s opposite to the direction of motion of the first ball.  
 izFke xsan dh xfr ds foijhr fn'kk esa 5 m/s   

Sol  From momentum conservation  laosx lj{k.k ls  
 i.e. 0.5 × v + 1 × 2.5 = 0 
 5 m/s opposite to the direction of motion of the first ball.  
 5 m/s izFke xsan dh xfr dh fn'kk ds foijhr  
 

F-6. 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    

 fpdus est ij 4 m/sec osx ls pyrk gqvk ,d 3kg  nzO;eku dk CykWd ‘A ‘ , 1.5 m/sec osx ls foijhr fn'kk esa  
A dh vksj xfr'khy  8kg nzO;eku ds CykWd ds lkFk lEeq[k vçR;kLFk VDdj djrk gSA fn;k gS : e = 1/2   

 (a) What is final velocities of both the blocks  

 nksuksa CykWd dk vfUre osx D;k gS \ 

 (b) Find out the impulse of reformation and deformation 

 l:i.k rFkk fo:i.k dk vkosx Kkr djksA  

 (c) Find out the maximum potential energy of deformation 

 fo:i.k dh vf/kdre fLFkfrt ÅtkZ Kkr djksA  

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

 fudk; dh xfrt ÅtkZ esa gkfu Kkr djksA 
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Ans.  (a) VA = +2m/s,  VB = + 
3

m/ s
4

,     (b) 6Ns, 12 Ns, (c) 33J          (d) 
99

J
4

 

Sol. using momentum conservation  laosx laj{k.k ls  

 

 

 

 

 e = 
1

2
 

 3 × 4  – 8 × 1.5 = 3V1 + 8V2   

 12 – 12 = 3 V1 + 8V2   3 V1 + 8V2 = 0   ....(1) 

 coffecient of restitution izR;koLFkku xq.kkad   2 1V – V
4 1.5

 = 
1

2
  ....(2) 

 V2 – V1  = 
5.5

2
       ....(2) 

 reat in (i) 3 × v1 + 8 1

5.5
V

2

  
 

  = 0 

 3 × v1 + 22 + 8 × v1  = 0   V1 = – 
22

11
 = – 2 m/sec 

  V2 = – 
3

8
 V1 = – 

3

8
 × (–2) = 

3

4
 m/sec 

 (b) applying momentum conservation eqn. laosx lja{k.k ls  

 m1 V1 + m2V2 =  (m1 + m2)V   V = 0 so 

 | PD | = | m1 ( V  – V1) | = | m1 V1| = 3 × 4 = 12 Ns 
 | JR | = |e. JD | = 6 Ns 

 (c)   P.E = 
1

2
 mv1

2 + 
1

2
 m2v2

2 – 
1

2
 (m1 + m2) V2. 

  = 
1

2
 × 3 × 42 + 

1

2
 × 8 × (1.5)2 – 0 = 33 J 

 (d) K = Ki – Kf  = 33 – 

2
21 1 3

3 (2) 8
2 2 4

         
   

 = 
99

4
 J 

 

Section (G) : Variable mass  ifjorZu'khy nzO;eku 
G-1. A rocket of mass m = 20 kg has M = 180kg fuel. The uniform exhaust velocity of the fuel is vr = 1.6 

km/s.  
(i) Calculate the minimum rate of consumption of fuel so that the rocket may rise from the ground.  
(ii) Also calculate the maximum vertical speed gained by the rocket when the rate of consumption of 
fuel 
  is (g = 10 m/s2) & ( n 10 = 2.30) 

 (a) 2 kg/s (b) 20 kg/s  

 ,d m = 20 kg nzO;eku ds jkWdsV esa M = 180kg b±/ku gSA b±/ku dk fu"Øe.k osx (exhaust velocity)  vr = 1.6 

km/s fu;r gSA (i) b±/ku ds tyus dh U;wure nj Kkr djks rkfd jkWdsV /kjkry lrg ls mB ldsaA (ii) jkWdsV }kjk 
izkIr vf/kdre Å/okZ/kj osx Kkr dfj;s] ;fn jkWdsV ds bZa/ku ds tyus dh nj µ gSA  

 (g = 10 m/s2  & n 10 = 2.30)    
 (a) 2 kg/s (b) 20 kg/s  

Ans. (i) 
r

(m M)g

v


 = 1.25 kg/s,  (ii) r

m M M
v v n g

m

          
    (a) 2.8 km/s, (b) 3.6 km/s. 
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Sol. m0 = 20 kg  ;  m = 180 kg. 
 – Fth = (m +M)g = 2×103 N 

 – Fth = vr 
dm

dt
 

 So vr%  
dm

dt
 = 

3

2000

1.6 10
 = 1.25 kg/s. Ans. 

 v = vr n 0m

m

 
 
 

  – gt. 

 (i) t1 = 
 

m

dm/ dt
 = 

180

2
 = 90 s. 

  v1 = 1600 n
200

20

 
 
 

– 10 × 90   

 v1 = 2.784 km/s.  Ans. 

 (ii) t2 = 
 

M

dm/ dt
 = 

180

20
 = 9s. 

 v2 = 1600 n 
200

20

 
 
 

 –10 × 9 

 v2 = 3.59 km/s.  Ans. 
 

G-2. 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?      

 ,d fLFkj gqij ls ,d duos;j csYV tks 2 m/s dh fu;r pky ls py jgh gS ij 5 kg/s dh nj ls jsr fxjk;h tkrh 
gSA csYV dks pyk,s j[kus ds fy, fdrus cy dh vko';drk gS vkSj eksVj }kjk csYV dks nh x;h 'kfDr fdruh gS \ 

Ans.  Fext = 10N; P = 20 watt. 

Sol. F = 
dm

dt
 = 2×5 = 10 N Ans. 

 P = F.v. = 10×2 = 20 W Ans. 
 
 

PART - II : ONLY ONE OPTION CORRECT TYPE 

Hkkx - II : dsoy ,d lgh fodYi çdkj (ONLY ONE OPTION CORRECT TYPE) 
 

Section (A) : Calculation OF centre of mass  nzO;eku dsUnz dh x.kuk 
A-1. The centre of mass of a body :   

 oLrq dk nzO;eku dsUnz : 

 (A) Lies always at the geometrical centre (ges'kk T;kferh dsUnz ij fLFkr gksrk gSaA) 

 (B) Lies always inside the body (ges'kk oLrq ds vUnj gksrk gS) 
 (C) Lies always outside the body (ges'kk oLrq ds ckgj gksrk gS) 
 (D*) Lies within or outside the body (oLrq ds vUnj ;k ckgj gksrk gSA) 
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A-2. 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 

1.0 kg 
3 cm 

1.5 kg 

 

 (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 

 ,d ledks.k f=kHkqt ftldh rhu Hkqtk,¡ 4.0 cm, 3.0 cm vkSj 5.0 cm yEch gS] ds dksuksa ij 1.0 kg, 1.5 kg vkSj 2.5 

kg nzO;eku ds rhu d.k j[ks gq, gSa ¼fp=k ns[ksa½ bl fudk; dk lagfr dsUnz ftl fcUnq ij gS og :  

2.5 kg 

5cm 
4 cm 

1.0 kg 
3 cm 

1.5 kg 

 

 (A) 1 kg nzO;eku ds 0.6 cm nk¡;h vksj vkSj 2.0 cm Åij dh vksj gSA  

 (B) 1 kg nzO;eku ds 2.0 cm nk¡;h vksj vkSj 0.9 cm Åij dh vksj gSA  

 (C) 1 kg nzO;eku ds 0.9 cm nk¡;h vksj vkSj 2.0 cm Åij dh vksj gSA  

 (D) 1 kg nzO;eku ds 1.5 cm nk¡;h vksj vkSj 1.2 cm Åij dh vksj gSA  

Ans. (3) 

Sol. Take 1kg mass at origin  

 1 kg nzO;eku dks ewy fcUnq ysus ij  

 

2.5 kg 

5cm 
4 cm 

1 kg 3 cm 
1.5 kg 

 

Y 

X 

 

 cm

1 0 1.5 3 2.5 0
X 0.9cm

5

    
   

 cm

1 0 1.5 0 2.5 4
Y 2cm

5

    
   
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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 :  

 ,d leku Bksl 'kadq ftldh Å¡pkbZ 40 lseh- gS] fp=kkuqlkj fn[kk;k x;k gSA fcUnq B ls 'kadw ds nzO;eku dsUnz dh nwjh 
¼vk/kkj ds dsUnz ls½ gksxh & 

 

 
 (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 :    

  ,d irys ,d leku rkj ls f=kHkqt ABC dh nks cjkcj Hkqtk,sa AB rFkk  AC cukbZ tkrh gSA tgk¡ AB = AC = 5 cm 

gS o rhljh Hkqtk BC ftldh yEckbZ 6cm gS] ,d leku rkj ls ftldk js[kh; nzO;eku ?kuRo igys rkj dk nqxquk gS] 
ls cuh gSA A ls nzO;eku dsUnz dh nwjh gksxhA 

 (A*) 
34

11
 cm  (B) 

11

34
 cm  (C) 

34

9
 cm  (D) 

11

45
 cm 

Sol.  

 

 

 

 ycm = 
0 (2 ) 2 5 2

2( )6 2 5

    
   

 = 
10

11
 Distance from A = (4 – 

10

11
 = 

34

11
)  

 A ls nwjh  = (4 – 
10

11
 = 

34

11
)  

 
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. 

 fdlh d.k&fudk; dk nzO;eku dsUnz ewy fcUnq ij gSA bldk vfHkçk; gS] fd &  

 (A) /kukRed x–v{k ij d.kksa dh la[;k] _.kkRed x–v{k ij d.kksa dh la[;k ds cjkcj gksxhA 
 (B) /kukRed x–v{k ij d.kksa dk dqy nzO;eku] _.kkRed x–v{k ij d.kksa ds dqy nzO;eku ds cjkcj gksxkA 
 (C*) x–v{k ij d.kksa dh dqy la[;k] Y–v{k ij d.kksa dh dqy la[;k ds cjkcj gks ldrh gSA 
 (D) ;fn /kukRed x–v{k ij dksbZ d.k gksxk rks de ls de ,d d.k _.kkRed x–v{k ij vo'; gksxkA 
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A-6.  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      

 fdlh fudk; ds leLr d.k ewy fcUnq ls r nwjh ij fLFkr gSA fudk; ds nzO;eku dsUnz dh ewy fcUnq ls nwjh gksxhA 

 (A) = r   (B*)  r   (C) > r   (D)  r 
Sol. COM can lie anywhere, within or at the radius r. 

 nzO;eku dsUnz dgh ij Hkh fLFkr gks ldrk gS] r f=kT;k ds vUnj ;k f=kT;k ij 
 
A-7.# 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 : 
 ,d v)Zo`rh; Hkkx ftldh f=kT;k r gS dks fp=kkuqlkj ,d ,dleku vk;rkdkj IysV ls dkVk x;k gSA fcUnq O ls cph 

gqbZ IysV ds nzO;eku dsUnz 'C' dh nwjh gksxhA 

 

 

 (A) 
2r

(3 ) 
  (B) 

3r

2(4 ) 
  (C) 

2r

(4 ) 
  (D*) 

2r

3(4 ) 
 

Sol. A1 = 2r × r = 2r2 

 A2 = 
2r

2


 

 x1 = 
r

2
  x2 = 

4r

3
 

 xcm = 

2
2

2
2

r r r2r –
2 2 3

r2r –
2

 
 




 

 = 

3

2

2r 1–
2r3

4 – 3[4 – ]
r

2

 
   

  
  

 

 
 

Section (B) : Motion of centre of mass   nzO;eku dsUnz dh xfr 
 

B-1. 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 rFkk 0.5 kg ds nks nzO;eku ,d gh fn'kk esa Øe'k% 2 m/sec rFkk 6 m/sec ls fpdus lrg ij xfr dj jgs gSA 
fudk; ds nzO;eku dsUnz dh pky gksxhA  

 (A*) 
10

3
 m/s  (B) 

10

7
 m/s  (C) 

11

2
 m/s  (D) 

12

3
 m/s   

Sol. vcm = 

1
1 2 6

102 m/ sec
1 1/ 2 3

  



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B-2. Two particles of equal mass have initial velocities ˆ2i  ms–1  and ˆ2 j  ms–1 . First particle has a constant  

acceleration ˆ ˆ(i j)  ms–2 while the acceleration of the second particle is always zero. The centre of 

mass of the two particles moves in     

 leku nzO;eku ds nks d.k ds çkjfEHkd osx Øe'k% ˆ2i ms–1 o ˆ2 j ms–1 gSA izFke d.k dk fu;r Roj.k ˆ ˆ(i j)  ms–2 gS 

tcfd nwljs dk Roj.k lnSo 'kwU; gSA nksuks d.kksa dk nzO;eku dsUnz fuEu oØ ij xfr djsxkA 

 (A) Circle o`Ùk     (B) Parabola ijoy;  

 (C) Ellipse nh?kZo`Ùk    (D*) Straight line ljy js[kk 

Sol. vcm = 1 1 2 2

1 2

m v m v

m m




 

  vcm = 
ˆ ˆm(2i) m(2j)

2m


  acm = 

m(i j) m(0)

2m

 
 

 vcm has same direction as of acm  

 Vcm  dh fn'kk acm dh fn'kk esa gksxh   straight line. lh/kh js[kk 
 

B-3. 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 : 

 nks d.k ftuds nzO;eku dk vuqikr n : 1 gS] os ,d gYdh vforkU; jLlh ls tqM+s gq, gSa tks fpduh f?kjuh ls xqtjrh 
gSA vxj fudk; dks NksM+ fn;k tkrk gS rks lewg ds nzO;eku dsUnz dk Roj.k gksxkA  

 (A) (n – 1)2 g   (B) 

2
n 1

g
n 1

 
  

  (C*) 

2
n 1

g
n 1

 
  

  (D) 
n 1

g
n 1

 
  

 

Sol. a = 
(nm – m)
nm m

g = 
(n – 1)
(n 1)

g 

 a1 = a2 = a 

 acm  = 1 2nma – ma
(nm m)

 = 
(n – 1)

a
(n 1)




   

 acm = 
2

2

(n – 1)
g

(n 1)
 

 

 
 

B-4. A bomb travelling in a parabolic path under the effect of gravity, explodes in mid air. The centre of mass 
of fragments will: 

 ,d ce xq:Roh; izHkko esa ijoy; iFk ij xfr djrk gqvk chp gok esa foLQksfVr gks tkrk gSA VqdM+ks dk nzO;eku 
dsUnz 

 (A)  Move vertically upwards and then downwards  
  igys lh/ks Åij dh vksj fQj uhps dh vksj xfr djsxk 
 (B)  Move vertically downwards  

  lh/ks uhps dh vksj xfr djsxkA 

 (C)  Move in irregular path 

  vleku iFk ij xfr djsxkA 

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

  ml ijoy; iFk ij xfr djsxk ftl ij vfoLQksfVd ce xfr dj jgk FkkA  
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B-5. If a ball is thrown upwards from the surface of earth then initially (assuming that there is no external 
force on the system): 

 vxj i`Foh dh lrg ls ,d xsan Åij dh vksj Qsadh tkrh gS] rks izkjEHk esa ¼;g ekurs gq, fd fudk; ij ckgj ls 
dksbZ cy ugha gS½      

 (A)  The earth remains stationary while the ball moves upwards 

  i`Foh fLFkj jgrh gS] tcfd xsan Åij dh vksj xfr djrh gSA 

 (B)  The ball remains stationary while the earth moves downwards 

  xasn fLFkj jgrh gS tcfd i`Foh uhps dh vksj xfr djrh gS 
 (C)  The ball and earth both move towards each other 

  xsan rFkk i`Foh nksuksa ,d nwljs dh vkSj xfr djrs gSA 

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

  xsan rFkk i`Foh nksuksa ,d nwljs ls nwj xfr djrs gSA 
 

B-6. 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. 

 fudk; eas vkUrfjd cy ifjofrZr dj ldrs gSa & 

 (A) dsoy jSf[kd laosx     (B) dsoy xfrt ÅtkZ  
  (C) jSf[kd laosx o lkFk gh xfrt ÅtkZ Hkh  (D) fudk; dk u rks jSf[kd laosx] u gh xfrt ÅtkZ 
 

B-7. 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 

 nks fHkUu nzO;ekuks dh xsans gok esa fofHkUu osx ls Qsdh tkrh gSA tc ;s gok esa gS] rks fudk; ds nzO;eku dsUnz dk 
Roj.k ¼ok;q izfrjks/k ux.; ekurs gq;s½  

 (A) nksuks xsanks dh xfr dh fn'kk ij fuHkZj djrk gSA  (B) nksuksa xsanks ds nzO;ekuksa ij fuHkZj djrk gSA 
 (C) nksuksa xsanksa dh osxksa ds ifjek.k ij fuHkZj djrk gSA  (D) g ds cjkcj gSA  
 

B-8. There are two particles of same mass. If one of the particles is at rest always and the other has an 

acceleration a . Acceleration of centre of mass is    

 nks leku nzO;eku ds d.kksa ds fudk; ij fopkj dhft,A ,d d.k lnSo fLFkj gS rFkk nwljs d.k dk Roj.k a  gSA 
nzO;eku dsUnz dk Roj.k gksxk%     

 (A) zero  'kwU;  (B*) 
1

2
a   (C) a   

 (D) centre of mass for such a system can not be defined.  
 bl izdkj ds fudk; dk nzO;eku dsUnz ifjHkkf"kr ugh fd;k tk ldrk  

Sol. a


cm = 
1 21 2

1 2

m  a   m  a

m   m

 



 = 
m 0  m a

(m  m)





 = 
a

2



 

 given fn;k gqvk gS   m1 = m2 = m 1a


= 0   

 2a


 = a

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Section (C) : Conservation of linear momentum js[kh; laosx laj{k.k  

C-1. 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 2v is   [JEE - 89] 

 izkjEHk esa fLFkj nks d.k A o B ijLij vkd"kZ.k cy ls ,d nwljs dh vksj xfr djrs gSA tc A dh pky v o B dh 
pky 2 v gS rks ml {k.k ij nzO;eku dsUnz dh pky gksxh \ 

 (A) v   (B*) Zero 'kwU;  (C) 2 v   (D) 3 v /2 
 

C-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 

 vxj fdlh d.k dh xfrt ÅtkZ izkjfEHkd ls pkj xquh gks tkrh gS rks u;k laosx izkjfEHkd laosx ls fdruk T;knk 
gksxkA 

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

C-3. 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 nzO;eku dk ,d d.k fojkekoLFkk es gSA ;g rhu Hkkxksa esa foLQksfVr gksrk gSA nks Hkkx ftuds nzO;eku m gS ,d 
nwljs  ds yEcor~ fn'kkvksa esa  'v' pky ls pyrs gS] foLQksV ls gksus okyh U;wure eqDr ÅtkZ dk eku gksxk :  

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

Sol. mv î  + mv ĵ  + 2m v 3 = 0 

 3v  = 
ˆ ˆ(v i vj)–
2


 = – v

2
 ( î  + ĵ ) = – v

2
 

 kf = 
1

2
mv2 + 

1

2
mv2 + 

1

2
2m

2v

2
 

 kf = 
23mv

2
 

 

C-4. A 500 kg boat has an initial speed of 10 ms–1 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 fdxzk dh uko dh izkjfEHkd pky 10 ms–1 gS tc ;g ,d fczt ds uhps ls xqtjrh gSA mlh le; 50 fdxzk dk 

,d vkneh fczt ls uko esa lh/ks dwnrk gSA uko o vkneh mHk;fu"V pky izkIr dj ysrs gS, rc uko dh pky D;k 
gksxh 

 (A*) 
100

11
ms–1   (B) 

10

11
 ms–1   (C) 

50

11
 ms–1   (D) 

5

11
 ms–1  

Sol. 500 × 10 = 550 × v 

 v = 
500

55
 = 

100
m/ s

11
 

 
  

C-5. 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:    

 çkjEHk esa M nzO;eku dk vUrfj{k;ku v osx ls eqDr vkdk'k esa xfr dj jgk gS rc ;g nks Hkkxksa esa VwV tkrk gSA vxj 
fo[k.Mu ds ckn nzO;eku m dk ,d Hkkx fLFkj gks tkrk gS rks nwljs Hkkx dk osx gksxkA 

 (A*) MV/(M – m) (B) MV/(M + m)  (C) mV/(M – m)  (D) mV/(M + m)  

Sol. Mv  = m. 0 + (M – m) v´    

 v´  = 
Mv

(M m)




  

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


Center of Mass 
 

 

 

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVPM - 24 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

C-6. 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 ? ( > 0)  
 m nzO;eku dk ,d d.k pky v ls x-v{k ds vuqfn'k xfr djrs gq;s fojke ij fLFkr 2m nzO;eku ds d.k ls Vdjkrk 

gsA VDdj ds ckn] igyk d.k fojke esa vk tkrk gS vkSj nwljk d.k nks cjkcj nzO;eku ds nks Hkkxksa esa cV tkrk gS 
tSlk fd fp=k esa fn[kk;k x;k gSA fuEu esa ls dkSu lk dFku nks Hkkxksa dh pkyksa dk lgh o.kZu djrk gS \ ( > 0) 

 

 

 

 

     
 (A) Each piece moves with speed v. 
 (B) Each piece moves with speed v/2. 
 (C) One of the pieces moves with speed v/2, the other moves with speed greater than v/2 
 (D*) Each piece moves with speed greater than v/2. 

 (A) izR;sd Hkkx pky v ls xfr djrk gSA 

 (B) izR;sd Hkkx v/2 pky ls xfr djrk gSA 

 (C) Hkkxksa esa ls ,d v/2 pky ls xfr djrk gS] nwljk v/2 ls vf/kd pky ls xfr djrk gSA 

 (D) izR;sd Hkkx v/2 ls vf/kd pky ls xfr djrk gSA 
Sol. After collision by momentum conservation 
 Along y-axis 

 VDdj ds ckn laosx laj{k.k ls  
 y-v{k ds vuqfn'k 
 0 = 0 + mv2 sin – mv3 sin     

  v2 = v3  
 Along x-axis 

 x-v{k ds vuqfn'k 
 mv = 0 + mv2 cos + mv3 cos  

  mv = 2 m v2 cos  

  v2 = 
v 1

2 cos
 

 so v2 = v3 > 
v

2
   cos < 1 

 

 
 

 

C-7. 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   

 nks d.k ,d nwljs dh vksj fHkUu&fHkUu osx ls vk jgs gSaA VDdj ds ckn muesa ls ,d d.k dk muds nzO;eku dsUnz 
rU=k esa laosx p  gSA leku rU=k esa vU; d.k dk laosx gksxkA      

 (A) 0   (B*) – p    (C) –p /2  (D) – 2 p  

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

 nzO;eku dsUnz ds rU=k esa fudk; dk dqy laosx ges'kk 'kwU; gksrk gSA   

 Hence momentum of other particle is – p . 

 vr% vU; d.k dk laosx – p  gksxkA 
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Section (D) : spring - mass system  fLçax nzO;eku fudk; 
D-1.# Two blocks of masses m and M are moving with speeds v1 and v2 (v1 > v2) in the same direction on the 

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 : 

 nks CykWd ftuds nzO;eku m o M gS] Øe'k% v1 rFkk v2 pky ls (v1 > v2) ?k"kZ.k jfgr lrg ij ,d gh fn'kk esa xfr 
dj jgs gSA M, m ls vkxs gSA ,d vkn'kZ fLizax ftldk cy fu;rkad k gS] M ls ihNs dh vksj tqMh gqbZ gS 
¼fp=kkuqlkj½A tc CykWd Vdjkrs gS rks fLizax esa vf/kdre laihMu gSA  

 

 

 (A) v1
m

k
     (B) v2

M

k
  

 (C*) (v1 – v2) 
mM

(M m) K
   (D) None of above is correct. mijksDr esa ls dksbZ ugha 

Sol. Pi = mv1 + mv2 
 Pf = (m + M) v 

 Pi = Pf   v = 1 2mv Mv

(m M)




 

 By energy consarvation  ÅtkZ laj{k.k ls  

 
1

2
 mv1

2 + 
1

2
 Mv2

2 = 
1

2
 (M + m) v2 + 

1

2
 kx2 

  mv1
2 + Mv2

2 = (M + m) 
2

21 2

2

(mv Mv )
kx

(M m)





 

 solving gy djus ij  x = (v1 –v2) 
mM

(M m)k
 

 

 

D-3.# 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.    

 nzO;eku A,  B dks {kSfrt fn'kk esa dqN osx ls pyrs gq;s iw.kZr% vizR;kLFk (e = 0) Vdjkrk gS osx] rhuksa leku nzO;eku 
ds dsUnzks dks feykus okyh js[kk ds vuqfn'k gSA izkjEHk esa B o C fLFkj gS o fLizax esa dksbZ f[kpko ugh gS rks fuEu esa ls 
D;k xyr gSA 

 

Smooth 
(         ) fpduh 

 
 (A) compression will be maximum when blocks have same velocity 

 lEihM+u vf/kdre gksxk tc CykWdks  dk osx leku gksxk 
 (B*) velocity of C is maximum when (A + B) is at rest 

 C dk osx vf/kdre gksxk tc (A + B) fLFkj gSA 

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

 C dk osx vf/kdre gksxk tc fLizax esa dksbZ f[kapko ugh gS 
 (D) velocity of C is minimum when spring is undeformed. 

 C dk osx U;wure gS tc fLizax esa dksbZ f[kapko ugh gSA   
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Section (E) : impulse vkosx 
E-1. 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 t = 0.01 sec., the impulse of the impact force is : 
(take g = 10 m/s2) 

 ,d 50 gm nzO;eku dh xsan h = 10 ehVj Å¡pkbZ ls NksM+h tkrh gSA ;g 75 izfr'kr xfrt ÅtkZ dh gkfu ds ckn 
mNyrh gSA vxj ;g /kjrh ds lkFk t = 0.01 lsd.M, ds fy, Li'kZ djrh gS rks VDdj ds cy dk vkosx gksxkA  

 (g = 10 m/s2 ysos)        

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

Sol. v1 = 2gh  = 2 10 10   = 10 2  

 k2 = 
1

4
k1  v2

2 = 
1

4
v1

2 

  v2 = 1v

2
 = 5 2  

 |P| = |–mv2 – (mv1)| = m |–v2 – v1| 

 |P| = 50 × 10–3 × 
3

2
 × 10 2  = 

–115 10

2


 

 J = P = 1.05N-s. 
 

E-2. 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-t oØ dk {ks=kQy A gS tgk¡  'F' ,d nzO;eku ij nwljs ds dkj.k cy gSA vxj Vdjkus okyh oLrqvksa esa ls M 

nzO;eku okyh izkjEHk esa fLFkj Fkh rks Vdjkus ds Bhd ckn bldh pky D;k gksxhA  

 (A*) A/M  (B) M/A   (C) AM   (D) 
2A

M
 

Sol.. Area of F-t curve = A = Impulse.  F-t  vkjs[k dk {ks=kQy = A = vkosx 

 Impulse vkosax = dP  = A = MV – 0  v = 
A

M
 

 

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

 Åij dh rjQ rkr~{kf.kd 'u' osx ls xfr'khy m nzO;eku dh xksyh] 'm' nzO;eku ds CykWd ls fp=kkuqlkj Vdjkrh gS 
rFkk blesa /kal tkrh gS rks og ÅpkabZ crkvksa tgk¡ rd VDdj ds ckn CykWd tk,xkA 

 ¼ekuks fd CykWd ds Åij i;kZIr txg gSA½      

 

 
 (A) u2/2g  (B) u2/g   (C*) u2/8g  (D) u2/4g 

Sol. From momentum conservation laosx laj{k.k ls  

 mu = 2mv  v = 
u

2
 

 from energy conservation ÅtkZ laj{k.k ls  

 
1

2
 × 2m × 

2
u

2

 
 
 

 = 2 mgh  h = 
2u

8g
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Section (F) : Collision  VDdj 
 

F-1. A bullet of mass m = 50 gm strikes (t  0)a sand bag of mass M = 5 kg hanging from a fixed point, with 

a horizontal velocity pv . If bullet sticks to the sand bag then just after collision the ratio of final & initial 

kinetic energy of the bullet is :  

 ,d m = 50 gm dh xksyh ,d jsr ds yVds gq, cSx ls (ftldk nzO;eku M = 5 kg gSa) {ksfrt osx pv  ls Vdjkrh  

(t  0) gSA vxj xksyh jsr ds cSx esa ?kal tkrh gS rks VDdj ds Bhd i'pkr xksyh dh vfUre rFkk izkjfEHkd xfrt 
ÅtkZ dk vuqikr D;k gksxk    

 (A) 10–2   (B) 10–3   (C) 10–6   (D*) 10–4    

Sol. 0.05 × vp + m × 0 = 5.05 v 

  f

i

v

v
 = 

0.05

5
 = 10–2   

2
f

2
i

1
m(v )

2
1

m(v )
2

 = (10–2)2 = 10–4. 

 

F-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 / m2) of the pendulum is :   

 iznf'kZr fp=k esa ck,a iS.Mqye dks ,d rjQ [khapdj NksM+k tkrk gSA fQj bls NksM+dj nwljs fLFkj iS.Mqye ls Vdjkus 
fn;k tkrk gSA ,d iw.kZ vçR;kLFk VDdj gksrh gS rFkk fudk; h/4 ÅpkbZ rd mBrk gSA iS.Mqye ds nzO;ekuksa dk 
vuqikr (m1 / m2) gksxkA 

 

 
 (A*) 1   (B) 2   (C) 3   (D) 4 

Sol. 1m 2gh  + 0 = (m1 + m2) v     

 v = 1

1 2

m 2gh

(m m )
 

  v2 – u2 + 2g × 
h

9
 = 6 + 2g × 

h

4
 = 

gh

2
   v = 

gh

2
 

 

 

 Also, vc  
gh

2
 = 

1 2

m 2gh

m m
  2m1 + m1 + m2  1

2

m
1

m
  

 

F-3.# 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 : 

 fp=kkuqlkj 100 CykWd ,d nwljs ls leku nwjh ij ?k"k.kZjfgr lrg ij mifLFkr gSA izkjEHk eaas lHkh fLFkj gSA igys 
CykWd dks v osx ls nwljs dh rjQ /kDdk fn;k tkrk gS rFkk VDdj ds i'pkr nksuksa CykWd ,d nwljs ls fpid tkrs gS 
vkSj ;g Øe pyrk jgrk gS rks lHkh fpids 100 CykWd dk vfUre osx D;k gksxk \ 

     

 

 

 (A) 
v

99
   (B*) 

v

100
  (C) zero 'kwU;    (D) v  
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F-4. 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 f=kT;k dh ,d yksgs dh Bksl xsan A nwljh 2r f=kT;k dh fLFkj yksgs dh Bksl xsan B ls Vdjkrh gS] rks VDdj ds Bhd 
ckn muds osx dk vuqikr gksxk (e = 0.5)  

 (A) 3   (B) 4   (C*) 2   (D) 1 

Sol. MA =  × 
4

3
r3  e = 

1

2
 

 MB =  × 
4

3
 (2r)3 = 8MA 

 mA v + 0 = mAv1 + mBv2  .........(i) 
 ev = v2 – v1   .........(ii) 

 Adding (i) + (ii)  tksMus ij = 9v2 = v + 
v

2
 = 

3v

2
 

  v1 = v2 – 
v

2
 = 

v

6
– 

v

2
= – 

v

3
  1

2

v

v
 = 

v / 3

v / 6
 = 2. 

 

F-5.# A particle of mass m moves with velocity v0 = 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 nzO;eku dk ,d d.k v0 = 20 m/sec ls xfr djrk gqvk, v = 5 m/sec ls d.k dh vksj fp=kkuqlkj xfr djrh 
nhokj ls Vdjkrk gS rks çR;kLFk VDdj ds Bhd ckn d.k dk osx D;k gksxkA 

     

 

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

 

 
 Vel. of Sep = Vel of approach  ( elastic) 

 nwj tkus dk osx = fudV vkus dk osx  ( izR;kLFk) 
  20 + 5 = V – 5  V = 30 m/s Ans. 
 

F-6. Two perfectly elastic balls of same mass m are moving with velocities u1 and u2. They collide head on 
elastically n times. The kinetic energy of the system finally is : 

 nks leku nzO;eku m dh iw.kZ izR;kLFk xSans u1 rFkk u2 osx ls xfr djrh gqbZ Vdjkrh gSA os n ckj izR;kLFk :i ls 
Vdjkrh gSA fudk; dh vfUre xfrt ÅtkZ gksxhA 

 (A) 
1

2

m

n

2
1u      (B) 

1

2
 
m

n
 ( 2

1u  + 2
2u ) 

 (C*) 
1

2
 m ( 2

1u  + 2
2u )    (D) 

1

2
 mn ( 2

1u  + 2
2u ) 

 

F-7. 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: 

 v pky ls xfr djrh gqbZ ,d Hkkjh xsan] ,d NksVh xsan ¼ftldk nzO;eku igys okyh xsan ds nzO;eku ls cgqr&cgqr 
de gSA½ ls lEeq[k izR;kLFk VDdj djrh gS rks VDdj ds ckn nwljh xsan dh pky yxHkx gksxhA 

 (A) v   (B*) 2v   (C) v/2   (D)  
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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 : 

 ,d m nzO;eku dk xksyk fu;r osx ls xfr djrk gqvk leku nzO;eku ds vU; fLFkj xksys ls Vdjkrk gSA ;fn  

izR;koLFkku xq.kkad e gS, rks lEeq[k VDdj ds ckn izFke xksys dh pky ,oa nwljs xksys dh pky dk vuqikr D;k gksxkA 

 (A*) 
1 e

1 e

 
  

  (B) 
1 e

1 e

 
  

  (C) 
e 1

e 1

 
  

  (D) 
e 1

e 1

 
  

 

Sol. mu = mv1 + mv2  .......(i) 
 u = v1 + v2  .......(i) 

 2 1v – v
u

 = e  ......(ii) 

 on solving we have gy djus ij  1

2

v

v
 = 

1– e
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  

 fu;r pky ls xfr dj jgh] ,d 'm' nzO;eku dh xsan ,d vU; fLFkj xsan ls izR;kLFk VDdj djrh gSA vxj vkifrr 
xsan dh vf/kdre xfrt ÅtkZ dh gkfu gksrh gS rks fLFkj xsan dk nzO;eku gksxkA  

 (A*) m   (B) 2m   (C) 4m   (D) infinity  vuUr  
Sol. If mass ;fn nzO;eku = m 

 first ball will stop izFke xsan :d tk,xh  v = 0 

 so vr% K.E. = 0 (min U;wure)  

  (K.E. can't be negative K.E. _.kkRed ugh gks ldrh) 
 

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 :  

 xsan 1 nwljh ,d leku xsan 2 tks fojkekoLFkk esa gS] ls lEeq[k Vdjkrh gSA VDdj ds ckn xsan 2 dk osx xsan 1 ds osx 
dk nqxquk gks tkrk gSA nksuksa xsanks ds e/; çR;koLFkku xq.kkad Kkr djks ?   

 (A*) e = 1/3    (B) e = 1/2   (C) e = 1/4   (D) e = 2/3  
Sol. v2 = 2v1  
 (1 + e) u1 = 2(1 – e)u1   

 e = 
1

3
    

 

Section (G) : Variable mass  ifjorZu'khy nzO;eku 
 

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 :    

 ;fn 300 m/s,  lkis{k osx ls xSlksa dks ckgj fudky jgs jkdsV ij iz.kksn cy 210 N gS] rks bZa/ku ds tyus dh nj 
gksxh :           

 (A) 10.7 kg/sec  (B) 0.07 kg/sec  (C) 1.4 kg/sec  (D*) 0.7 kg/sec 

Sol. F = 
dm

dt
 

 210 = 300 × 
dm

dt
  


dm

dt
 = 0.7 kg/s.  
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PART - III : MATCH THE COLUMN 
 

Hkkx - III : dkWye dks lqesfyr dhft, (MATCH THE COLUMN ) 
 

1.# 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  corresponding to results in column  .   
2m rFkk m nzO;eku ds nks CykWd A rFkk B dks K fLiazx fu;rkad dh nzO;ekughu fLiazx ls tksMk x;k gSA ;g fudk; 
fpduh {kSfrt lrg ij j[kk gSA t = 0 ij CykWd A dk nka;h vksj osx fp=kkuqlkj  u gS rFkk CykWd B dh pky 'kwU; gS 
rFkk bl {k.k fLizax dh yEckbZ bldh izkd`frd yEckbZ ds cjkcj gSA dkWye-I dh izR;sd fLFkfr ds fy, dqN dFku fn, 
x, gS rFkk muds laxr ifj.kke dkWye -II esa fn;s x;s gSA dkWye - esa fn;s x;s oDrO;ks dks dkWye   esa muds 
ifj.kkeksa ds lkFk lqesfyr dfj,& 

  

 

  

 

 

  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 

   dkWye I         dkWye II 

 (A) CykWd A dk osx    (p) dHkh Hkh 'kwU; ugh gksxhA 

 (B) CykWd B dk osx    (q) fdlh fo'ks"k (certain) {k.kksa ij 'kwU; gks ldrh gSA 

 (C) nksuks CykWd ds fudk; dh xfrt ÅtkZ  (r) fLizax ds vf/kdre laihMu ds le; U;wure gksxhA 

 (D) fLizax dh fLFkfrt ÅtkZ    (s) fLizax ds vf/kdre foLrkj ds le; vf/kdre gksxhA 

Ans. (A) p  (B) q  (C) p,r  (D) q,s  
Sol. (A) If velocity of block A is zero, from conservation of momentum, speed of block B is 2u. Then K.E. of 

block B = 
1

2
m(2u)2 = 2mu2 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) ;fn CykWd A dk osx 'kwU; gS] laosx laj{k.k ls] CykWd B dh pky 2u gS rFkk CykWd B dh xfrt ÅtkZ  

= 
1

2
m(2u)2 = 2mu2 tks fd fudk; dh dqy ;kaf=kd ÅtkZ ls vf/kd gSA pwafd ;g lEHko ugh gS] vr% A dk osx dHkh 

Hkh 'kwU; ugh gksxkA 

 (B) pwafd B dk izkjfEHkd osx 'kwU; gS] ;g vkSj Hkh dbZ le;ks ¼{k.kks½ ij 'kwU; gksxhA 

 (C) pwafd fudk; dk laosx v'kwU; gS vr% fudk; dh xfrt ÅtkZ 'kwU; ugh gks ldrh gSA vr% fudk; dh xfrt 
ÅtkZ fLizax ds vf/kdre foLrkj ij U;wure gksxhA 

 (D) fLizax dh fLFkfrt ÅtkZ 'kwU; gksxh tc ;g viuh izkdf̀rd voLFkk okyh yEckbZ esa gksxhA vf/kdre foLrkj okyh 
voLFkk esa fLizax dh fLFkfrt ÅtkZ vf/kdre gksxhA  
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2. 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      

LrEHk-I dh izR;sd fLFkfr esa] nks fi.Mksa dk ,d fudk; fn;k x;k gSA lHkh Mksfj;k¡ rFkk f?kjfu;k¡ gYdh rFkk ?k"kZ.k 
vuqifLFkr gSaA izkjEHk esa izR;sd fudk; dk izR;sd fi.M fojke esa gSA LrEHk-I esa lHkh fLFkfr;ksa esa fudk; dks fojke ls 
dksbZ VDdj gksus ds iwoZ rd yhft, rks LrEHk-I dh fLFkfr;ksa dks LrEHk-II esa fn;s x;s laxr ifj.kkeksa ls lqesfyr 
dhft,A 

Column-I     Column-II 
 (A) The block plus wedge system is placed   (p) Shifts towards right 
  over smooth horizontal surface. After  
  the system is released from rest, the  
  centre of mass of system. 

       

 

 
 (B) The string connecting both the blocks of   (q) Shifts downwards 
  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 

   

 

 
 (C) The block and monkey have same mass.   (r) Shifts upwards 
  The monkey starts climbing up the rope.  
  After the monkey starts climbing up, the     
  centre of mass of monkey + block system. 

    

 

      
 (D) Both block of mass m are initially at rest.    (s) Does not shift 
  The left block is given initial velocity u  
  downwards. Then, the centre of mass of   
  two block system afterwards. 

    

 

 
          (t) shifts towards left 
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    LrEHk I              LrEHk II 

 (A) CykWd $ ost fudk; fpduh {kSfrt lrg    (p) nka;h vksj foLFkkfir gksrk gS 
  ij j[kk gqvk gSA fudk; dks fojke ls NksM+us 
  ds rqjUr ckn] fudk; dk nzO;eku dsUnz 

       

 

 
 (B) m nzO;eku ds nksuksa CykWdksa dks tksM+us okyh Mksjh   (q) uhps dh vksj foLFkkfir gksrk gSA 

  {kSfrt gSA cka;k CykWd fpduh {kSfrt est ij  
  j[kk gqvk gS tSlk fd fn[kk;k x;k gSA nks CykWd  
  fudk; dks fojke ls NksM+us ds rqjUr ckn]  
  fudk; dk nzO;eku dsUnz 

    

 

 
 (C) CykWd rFkk cUnj dk leku nzO;eku gSA cUnj    (r) Åij dh vksj foLFkkfir gksrk gSA 

  jLlh ij Åij p<+uk izkjEHk djrk gSA cUnj  
  ds jLlh ij Åij p<+uk 'kq: djus ds i'pkr~ cUnj   
  $ CykWd fudk; dk nzO;eku dsUnz 

      

 

 
 (D) m nzO;eku ds nks CykWd izkjEHk esa fojke ij    (s) foLFkkfir ugh gksrk gSA 

  gSaA cka;s CykWd dks uhps dh vksj izkjfEHkd  
  osx u fn;k tkrk gS rks rqjUr ckn nks CykWd       (t) ck;ha vksj foLFkkfir gksrk gS 
  fudk; dk nzO;eku dsUnz  

    

 

 
Ans. A (q) , (B) p,q  (C) r (D) s  
Sol. (A) 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. 
 (B) 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. 

 (C) Both block and monkey moves up, hence centre of mass of given system shifts vertically upwards. 
 (D) Net external force on given system is zero. Hence centre of mass of given system remains at rest. 

 (A) fn;s x;s fudk; ds nzO;eku dsUnz dk izkjfEHkd osx 'kwU; gS rFkk usV cká cy Å/okZ/kj fn'kk esa gSA pwafd 
nzO;eku dk foLFkkiu uhps dh vksj gS] blfy;s nzO;eku dsUnz dk foLFkkiu dsoy uhps dh vksj gksxkA  

 (B) ;g Li"V gS fd fn;s x;s fudk; ds nzO;eku dsUnz dk foLFkkiu uhps dh vksj gSA f?kjuh Hkh Mksjh ij ,d cy 
vkjksfir djrh gS ftldk ,d {kSfrt ?kVd nka;h vksj gSA blfy;s fudk; ds nzO;eku dsUnz dk nka;h vksj 
foLFkkiu gksrk gSA 

 (C) nksuksa CykWd rFkk cUnj Åij dh vksj xfr djrs gS] blfy;s fn;s x;s fudk; dk nzO;eku dsUnz Å/okZ/kj Åij dh 
vksj foLFkkfir gksrk gSA 

 (D)  fn;s x;s fudk; ij usV cká cy 'kwU; gSA blfy;s fn;s x;s fudk; dk nzO;eku dsUnz fojke ij jgsxkA 
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 Marked Questions can be used as Revision Questions. 

 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA 
 

PART - I : ONLY ONE OPTION CORRECT TYPE  

Hkkx-I : dsoy ,d lgh fodYi çdkj (ONLY ONE OPTION CORRECT TYPE) 
 

Section (A) : Calculation OF centre of mass  nzO;eku dsUnz dh x.kuk 
1. 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 

 ,d le:i xksyk fpduh {kSfrt lrg ij j[kk gqvk gS rFkk bl ij dsUnz ls h Åpk¡bZ ij ,d {kSfrt cy F yxk;k 
tkrk gSA bl xksys ds nzO;eku dsUnz dk Roj.k& 

  (A) h = 0 gksus ij vf/kdre gksxkA   (B) h = R gksus ij vf/kdre gksxkA 
 (C) h = R/2 gksus ij vf/kdre gksxkA  (D) h ij fuHkZj ugha djsxkA 

Sol. Acceleration of  COM does not depend on position of force. 

 nzO;eku dsUnz dk Roj.k cy dh fLFkfr ij fuHkZj ugh djrk gSA  
  

Section (B) : Motion of centre of mass nzO;eku dsUnz dh xfr  

2. 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 

 ,d can ckWDl esa j[kh xsan] ckWDl dh nhokjksa ls Vdjkrh gqbZ {kSfrt fn'kk esa xfr dj jgh gSA ckWDl ,d fpduh lrg 
ij j[kk gqvk gSA xsan dh xfr ds nkSjku&% 

 (A) ckWDl ds nzO;eku dsUnz dk osx fu;r jgrk gSA 
 (B) ckWDl ,oa xsan fudk; ds nzO;eku dsUnz dk osx fu;r jgrk gSA  

 (C) nzO;eku dsUnz dk osx  e ds eku ij fuHkZj djrk gSA  
 (D) ckWDl ds lkis{k xsan ds nzO;eku dsUnz dk osx fu;r jgrk gSA 

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

 pwafd fudk; ij ckg; cy dk;Zjr ugh gS vr% VCM fu;r jgsxkA  
 

3. 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 . From this we conclude that   
 (A) An external force m2R must be applied to central particle 

 (B) An external force m2R must be applied to the ring 

 (C) An external force 3m2R must be applied to central particle 

 (D*) An external force 3m2R must be applied  any where on the system 

 m nzO;eku dh ,d oy;, m nzO;eku dk d.k rFkk m nzO;eku dh pdrh ij bl izdkj ;qfXer gS fd fudk; dk 
nzO;eku dsUnz pdrh ds dsUnz ij fLFkr gSA ;g laiw.kZ fudk; bl izdkj ?kwf.kZr gS fd pdrh dk nzO;eku dsUnz ‘R’ 
f=kT;k ds o`Ùk esa fu;r dks.kh; osx  ls xfr djsA blls ge fu"d"kZ fudky ldrs gS fd  

 (A) dsUnzh; d.k ij ,d cká cy m2R vo'; yxkuk gksxk  

 (B) oy; ij ,d cká cy m2R vo'; yxkuk gksxk  
 (C) dsUnzh; d.k ij ,d cká cy 3m2R vo'; yxkuk gksxkA  
 (D*) fudk; ij dgh Hkh cká cy 3m2R vo'; yxkuk gksxkA  

Sol. An external force of 3m2R is required which can act anywhere on system. 

 3m2R ,d ckg; cy vko';d gS tks fudk; ij dgh Hkh dk;Zjr gks ldrk gSA  
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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] 

 ,d le:i iryh M nzO;eku ,oa L yEckbZ dh NM+ y-v{k ds vuqfn'k fpdus {kSfrt ry ij Å/okZ/kj [kM+h gSA bldk 
fupyk fljk ewy fcUnq (0,0) ij gSA t = 0  ij y?kq fo{kksHk ls gh bldk fupyk fljk fpduh lrg ij /kukRed x-v{k 
dh vksj fQlyrk gs rFkk NM+ fxjuk izkjEHk djrh gS fxjrs le; blds nzO;eku dsUnz dk Roj.k lfn'k gksxkA  

[R  lrg ls izfrfØ;k cy gSA] 

 (A*) CM

Mg R
a

M


    (B) CM

Mg R
a

M


   (C) CMa Mg R   (D) None of these buesa ls dksbZ 

ughaA  
 

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.  

 Å/okZ/kj ry esa [kks[kyh ufydk esa leku nzO;eku dk CykWd fp=kkuqlkj NksM+k tkrk gSA tc bls gYdk lk foLFkkfir 
djds NksM+k tkrk gS] ;g nka;h vksj xfr djrk gSA tc ;g ufydk ds ,d fljs ij igq¡prk gS rc ufydk dk 
foLFkkiu gksxk (‘R’ ufydk dh vkSlr f=kT;k gS) ekuks ufydk Å/okZ/kj ry esa cuh jgrh gSA 

     

 

  

 (A) 
2R


   (B) 

4R


   (C*) 

R

2
   (D) R 

Sol. Since there is no ext. force on system   
 pwafd fudka; ij dksbZ cká cy ugh gS vr%   

 m (R – x) + m (–x) = 0 
 x = R/2.       

 

 

 
Alternate : Let the tube displaced by x towards left, then ; 

   ekuk ufydk x foLFkkfir gksrh gSA rc & 

  mx = m (R – x)   

   x = 
R

2
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6.# 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 :  

 nks vkneh ‘A’ rFkk ‘B’ IykUd ij [kM+s gSA ‘B’ IykUd ¼iV~Vs½ ds e/; esa gS rFkk ‘A’ IykUd  ds cka;s fljs ij gSA IykUd 
¼iV~Vk½ dh lrg fpduh gSA fudk; izkjEHk esa fLFkj gS rFkk nzO;eku fp=kkuqlkj gSA ‘A’ rFkk ‘B’ bl izdkj xfr djrs 
gS fd ‘B’ (tehu ds lkis{k) fLFkj jgrk gS rFkk ‘A’, ‘B’ ls feyrk gSA rc og fcUnq tgk¡ A, B ls feyrk gS dh fLFkfr 
gksxh& 

 
A B 

40 kg 60 kg 

40 kg 

120 cm 

smooth
 (fpduh) 

 
(A) the middle of the plank   (B) 30 cm from the left end of the plank 

 (C*) the right end of the plank   (D) None of these 

 (A) IykUd ¼iV~Vk½ ds e/; esa    (B) IykUd ¼iV~Vk½ ds cka;s fljs ls 30 cm dh nwjh ij  
 (C*) IykUd ¼iV~Vk½ ds nkfgus fljs ij   (D) buesa ls dksbZ ugha 
Sol. (C) Taking the origin at the centre of the plank. 

 (C) IykUd ds dsUnz dks ewy fcUnq ysus ij 

 
A B 

40 kg 60 kg 

40 kg 

60 cm 

smooth 
(         ) fpduk 

x 

 
  m1x1 + m2 x2 + m3x3 = 0  ( xCM = 0) 
  (Assuming the centres of the two men are exactly at the axis shown.) 

  (;s ekurs gq, nksuks O;fDr;ksa dk dsUnz n'kkZ;s v{k ij fLFkr gS ) 

  60(0) + 40(60) + 40 (–x) = 0 , x is the displacement of the block.  

      x , CykWd dk foLFkkiu gSA 

  x = 60 cm i.e. A & B meet at the right end of the plank. 

     A o B CykWd, Iykad ds nka;s fljs ij feyrs gSA  

  m1x1 + m2 x2 + m3x3 = 0  ( xCM = 0) 

  (nksuks ds dsUnz v{k ij ekurs gq;s) 
  60(0) + 40(60) + 40 (–x) = 0 , x CykWd dk foLFkkiu gSA 

  x = 60 cm vr%  A o B IykUd ds nka;s fljs ij feysaxsA 
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7.# 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 :         

,d R f=kT;k dk NksVk xksyk 6 R f=kT;k ds cM+s xksys esa j[kk gqvk gSA cM+s rFkk NksVs xksys dk nzO;eku Øe'k% 4M rFkk 
M gSA ;g nksuksa fp=kkuqlkj {ksfrt est ij j[ks gq, gSA fdlh Hkh lrg ds chp ?k"kZ.k mifLFkr ugh gSA vc NksVs xksys 
dks NksM+k tkrk gSA cM+s xksys ds dsUnz ds funsZ'kkad rc D;k gksaxs tc NksVk xksyk] cM+s xksys ds nwljs fljs ij igq¡p 
tkrk gSA          

 

 
 (A) (L – 2R, 0)   (B*) (L + 2R, 0)   (C) (2R, 0)   (D)  (2R – L, 0)  
Sol. (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. 

pawfd lHkh i`"B fpdus gS o {kSfrt fn'kk esa fudk; ij dksbZ cká cy dk;Z'khy ugh gS] vr% {kSfrt fn'kk esa fudk; dk 
nzO;eku dsUnz fLFkj jgsxkA 

 

 

 

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

 COM dk izkjafHkd x funsZ'kkad gksxk – 

  xi = 1 1 2 2

1 2

m x m x

m m




 = 
(4M)(L) M(L 5R)

4M M

 


 = (L + R)  ....(1) 

 Let (x,0) be the coordinates of the centre of large sphere in final position. Then x-coordinate of COM 
finally will be  

 ekuk cMs xksys dh vfUre fLFkfr esa dsUnz dh fLFkfr (x,0) gS] rks COM dk x - funsZ'kkad gksxk&  

  xf = 
(4M)(x) M(x – 5R)

4M M




 = ( x– R ) ............. (2) 

 Equating (1) and (2), we have 

 (1) o (2) dks rqY; j[kus ij  
   x = L + 2R 
 Therefore, coordinates of large sphere, when the smaller sphere reaches the other extreme position, 

are (L + 2R, 0) Ans. 

 vr% tc NksVk xksyk nwljh vksj vk;ke fLFkfr esa gksrk gS] rc cMs xksys ds funsZ'kkad gS (L + 2R, 0) 
 

8. 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 
m

4
 & 

3m

4
. An instant 

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

 ,d m nzO;eku dk foyfxr d.k x-y {ksfrt ry esa x-v{k ds vuqfn'k xfr djrk gSaA /kjkry ls fdlh fuf'pr Å¡pkbZ 

ij ;g vpkud 
m

4
 rFkk 

3m

4
 nzO;eku ds nks Hkkxksa esa foHkDr gks tkrk gSA {k.k Hkj ckn NksVk VqdM+k y = +15 lseh- 

ij gS rks cM+k VqdM+k gksxkA    

 (A*) y = –5 cm (B) y = +20 cm (C) y = +5 cm (D) y = –20 cm  
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Sol. yCM = 0 

 yCM = 1

m
y

4
 + 2

3m
y

4
  y1 = + 15  y2 = –5 cm 

 

SECTION (C) : CONSERVATION OF LINEAR MOMENTUM js[kh; laosx laj{k.k  
 

9. A stationary body explodes into two fragments of masses m1 and m2. If momentum of one fragment is 
p, the minimum energy of explosion is 

 ,d fLFkj oLrq m1 rFkk m2 nzO;eku eas VwV tkrh gSA vxj ,d Hkkx dk laosx p gS rks fo[k.Mu dh U;wure ÅtkZ 
gksxhµ 

 (A) 
2

1 2

p

2(m m )
  (B) 

2

1 2

p

2 m m
  (C*) 

2
1 2

1 2

p (m m )

2m m


 (D) 

2

1 2

p

2(m m )
 

Sol. use iz;qDr djs   m1v1 = m2v2 =P 

 K.E. = 
1

2
mv1

2 + 
1

2
m2v2

2 

 = 
1

2
 m1 

2

1

P

m

 
 
 

 + 
1

2
 m2 

2

2

P

m

 
 
 

= 
1

2

2
2 1

1 2

P (m m )

m m


 

 

SECTION (D) : IMPULSE vkosx 

  
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 :   

 nks CykWdksa A o B dk fudk; fp=kkuqlkj vforkU; rFkk nzO;ekughu jLlh ls tqM+k gqvk gSA f?kjuh nzO;ekughu rFkk 
?k"kZ.kghu gSA izkjEHk esa fudk; fLFkj gSA m nzO;eku dh xksyh B CykWd ls 'u' osx ls fp=kkuqlkj Vdjkrh gS rFkk blesa 
fpid tkrh gS rks 3m nzO;eku ds CykWd dks ruko cy }kjk fn;k x;k vkosx gksxkA   

 

 

 (A) 
5mu

4
   (B) 

4mu

5
  (C) 

2mu

5
  (D*) 

3mu

5
 

Sol. use momentum conservation equation laosx laj{k.k ls      

 m.u. = 5mv 
 

 

 V = 
u

5
 

 Impulse imparted by tension  force to block of mass 3m. 

 3m nzO;eku ds CykWd dks ruko cy }kjk izkIr vkosx   

 = 3mV = 
3mu

5
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SECTION (F) : COLLISION  VDdj 
 

11._ 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   

,d m nzO;eku dh xsan fojke esa j[kh M nzO;eku dh nwljh xsan ls lh/ks VDdj djrh gS rFkk VDdj }kjk fojke rd 

ys vkrh gSA VDdj ds dkj.k xsan xfrt ÅtkZ dk ,d frgkbZ [kks nsrh gS] rks izR;koLFkku xq.kkad gS & 

 (A) 1/3   (B) ½   (C*) 2/3   (D) 
2

3
 

Ans.  (C) 

Sol.  
 u 

m M 

v m M 

 

mu = Mv …(i) 
2 2

f ip p2

2M 3 2m
  

 
m 2 v

e
M 3 u

    

 
12. 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 v0 horizontally, the average force 
(in large time interval) being exerted by the super-ball on one wall is :  

 ,d lqij xsan] nks n`<+ nhokjs tks d nwjh ij gS ] ds e/; vkxs ihNs xfr djrh gqbZ çR;kLFk :i ls xfr djrh gSA 
xq:Roh; cy ux.; gS rFkk xsan dk {ksfrt osx v0 gS rks izR;sd nhokj ij lqij xsan }kjk yxk;k x;k vkSlr cy 
¼vf/kd le;kUrjky esa½ gksxkA 

 (A) 
1

2

2
0mv

d
  (B*) 

2
0mv

d
  (C) 

2
02mv

d
  (D) 

2
04mv

d
 

Sol. t = 
0

2d

v
 (time for succeesive collision Øekxr VDdjksa ds chp le;) 

 N × t = dP = mv0 – (–mv0) 

 N × 
0

2d

v
 = 2mv0    N = 

2
0mv

d
 

 

 

13.# 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 
2

3

 
 
 

V, then the coefficient of restitution of impact is : 

 ,d NksVh xsan nk;ha vksj V osx ls ?k"kZ.k jfgr {kSfrt lrg ij xfr djrh gSA ;g nhokj ls Vdjkrh gS rFkk okil 

ykSVrh gS vkSj ;g xfr tkjh jgrh gSA vxj igys vkus rFkk tkus dh vkSlr pky 
2

3

 
 
 

V gS rks izR;koLFkku xq.kkad  

e dk eku gksxk& 
 

 
 (A*) 0.5   (B) 0.8   (C) 0.25   (D) 0.75 
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Sol.  

 

 

 
 v1 = v 

 and o v2 = ev and o  t = 
avg

d

v
 

 <vavg> = 
e

t
 

 
2

v
3

 = 
2

v ev


 
1

3
 = 

e

e 1
 

 get izkIr djs  e = 0.5 Ans. 

 

14. 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)  

 ,d xsan lh<+h;ksa dh drkj ij mNyrh gqbZ uhps tkrh gSA e izR;kLFkrk xq.kkad gSA izR;sd lh<+h dh Å¡pkbZ d gS rFkk 
xsan izR;sd VDdj ds ckn vxyh lh<+h ij gksrh gSA izR;sd VDdj ds ckn xsan vxyh uhps okyh lh<+h ls h Å¡pkbZ 
Åij rd tkrh gSA izR;sd lh<+h dh pkSM+kbZ h dh rqyuk esa ux.; gSA ;g ekfu;s fd VDdj lEeq[k gSA fuEu esa ls 
dkSulk dFku lR; gSA         

 (A) 
h

d
 =1 – e2  (B) 

h

d
 = 1 – e  (C*) 

h

d
 = 

2

1

1 e
 (D) 

h

d
 = 

1

1 e
 

Sol. Velocity of the ball on striking Vdjkus ij xasn dk osx = 2gh  

 After that ball goes to height less than (h) due to inelastic collission = 2g(h – d)  

 blds i'pkr~ xsan vizR;kLFk VDdj ds dkj.k (h) ls de Å¡pkbZ = 2g(h – d)  rd mNyrh gSA 

  2g(h – d)  = 2gh e 

 h – d = e2h  
h

d
 = 

2

1

1– e
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15.# 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?   

fn;k x;k osx&le; oØ nks nzO;eku R rFkk S ds fy, gS tks lEeq[k izR;kLFk VDdj djrs gSaA fuEu esals dkSulk 
dFku lR; gSA      

 

t (µs)

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

 I. VDdj ds ckn R rFkk S ,d gh fn'kk esa xfr djrs gSaA 

 II.  R rFkk S dk osx VDdj ds e/; le; esa cjkcj gSA 

 III.  R dk nzO;eku S ls T;knk gSaA  

 (A) I only  (B) II only  (C) I and II only  (D*) I, II and III 

 (A) I dsoy  (B) II dsoy  (C) I o II dsoy  (D*) I, II o III 

Sol. I. Since velocity of both R and S is positive they will move in same direction. 
 II. At mid point velocities of R and S are same. 
 III. 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.  

gy. I. paqfd R rFkk S nksuks dk osx /kukRed gSA vr os leku fn'kk esa xfr djsxsaA  

 II. e/; fcUnq ij R rFkk S ds osx leku gSA  
 III. R ds osx esa ifjorZu S ds osx esa ifjorZu dh rqyuk esa vYi gSA fdUrq laosx esa ifjorZu nksuks ds fy, ifjek.k esa 

leku gS vr% R dk nzO;eku S ds nzO;eku ls vf/kd gksuk pkfg,A  

 vr% lHkh rhuks fodYi lgh gSA  

 
 

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

 ,d xsan ,d  dks.k ij >qds fLFkj fpdus ur ry ij h Å¡pkbZ ls Å/okZ/kj fxjrh gqbZ Vdjkrh gSA vxj ;g VDdj 
ds Bhd ckn {kSfrt gks tkrh gS rks izR;koLFkku xq.kkad e dk eku gksxkA    

 (A*) tan2  (B) cot2  (C) tan   (D) cot 

Sol. e = 
v sin

2gh cos




 

 apply conservation of momentum   laosx laj{k.k ls  

 m 2gh sin = m vcos  ......(i) 

 e 2gh cos × m = mv cos ......(ii)  

 
tan

e


 = cot  e = tan2 on solving gy djus ij     
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17.# 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 :     

 

fixed 

smooth 

 
 ,d m nzO;eku dh xSan ,d fLFkj ur ry ij h Å¡pkbZ ls fxjrh gSA vxj ;g izR;kLFk :i ls Vdjkdj ykSVrh gS rks 

xsan ij vkosx gksxkA     

 

 

 (A*) 2m cos  2gh   (B) 2m cos  gh   (C) 
2m 2gh

cos
  (D) 2m 2gh    

Sol. Here  ;gkW e = 1 

 if ball rebound elastically  ;fn xsan izR;kLFk :i ls Vdjkdj mNyrh gS 
 vLOI = uLOI 

  Along line of impact momentum conservation  la?kV~V js[kk ds vuqfn'k laosx lja{k.k ls  

 Ndt mv – (–mu) mv mu    = 2mu 

 Alog LO I VDdj dh js[kk ds vuqfn'k uLOI = u cos= 2gh cos      

 J = 2m cos 2gh  

 

 
 

18. 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 : 

 ,d nzO;eku m1 = 2kg okyk xksyk m2 = 3kg ds fLFkj xksys ls Vdjkrk gSA VDdj ds ckn nzO;eku m1 dsUnzks dks 
feykus okyh js[kk ls 90° dks.k cukrs gq, xfr djs rks izR;koLFkku xq.kkad e dk eku gksxkA  

 (A) 
4

9
   (B) 

1

2
   (C*) 

2

3
   (D) 

2

3
 

Sol. m2vcos = 3vy    

 

 

 

 
yv

vcos
 = 

2

3
 Also vksj e = 

yv

vcos
 = 

2

3
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19. 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 : 

 ,d fpduh Vscy ij nks ,d leku fcfy;MZ dh xSans lEidZ esa gSaA ,d rhljh ,d leku xSan lefer :i ls muls 
Vdjkrh gS vkSj VDdj ds ckn :d tkrh gSA e dk eku gksxkA 

 (A*) 
2

3
   (B) 

1

3
   (C) 

1

6
   (D) 

3

2
  

Sol. In x direction : Applying conservation of momentum  

 x fn'kk esa : laosx laj{k.k fu;e ls  

 mu = 2mvcos30 

 v = 
u

2cos30º
 = 

u

3
     

 Also vksj   e = 
v

ucos30º
 = 

u 2

3u 3
    

 e = 
2

3
 

 

 
 

20.# 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 :  

,d nzO;eku m dk d.k ,d R f=kT;k dh pdrh ls v  osx ls izR;kLFk VDdj djrk gS ¼fp=kkuqlkj½ vxj d.k dk 
nzO;eku pdrh ds cjkcj gS o lEidZ lrg fpduh gS rks VDdj ds Bhd ckn pdrh dk osx D;k gksxk \ 

 

 

 (A) 
2v

3
    (B) 

v

2
    (C*) 

3v

2
  (D) v   

Sol. sin = 
R / 2

R
 ;   = 30º 

 
 

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

 nksuks dk nzO;eku leku gS blfy, LOI ds vuqfn'k d.k pdrh dks vcososx LFkkarfjr djsxkA  

 so vr%   VD = Vcos  = Vcos 30º = 
3V

2
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SECTION (G) : VARIABLE MASS  ifjorZu'khy nzO;eku 

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 
5

9
. The velocities of the 

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

nks fpdus leku inkFkZ ds xksys ftudk nzO;eku ‘m’ o 2m gS] fp=kkuqlkj fr;Zd VDdj djrs gSA nzO;ekuksa ds çkjfEHkd 

osx n'kkZ;s x, gSA VDdj cy nksuksa ds dsUnz dks feykus okyh js[kk ¼x-v{k ½ ds vuqfn'k gSA çR;koLFkku xq.kkad 
5

9
 gSA 

VDdj ds ckn nzO;ekuksa ds osx o xfrt ÅtkZ esa izfr'kr gkfu ¼yxHkx½ Kkr djksA  

 

 

 (A) 
10 ˆ ˆi 8 j
3

  ;  5 ˆ ˆi 4 j
3

 , 15%   (B) 
5 ˆ ˆi 8 j
3

  ; 
5 ˆ ˆi 4 j

3


 ,  20%   

 (C*) 
10 ˆ ˆi 8 j
3

  ; 
5 ˆ ˆi 4 j

3


 ,  25%   (D) 

10 ˆ ˆi 8 j
3

   ; 
5 ˆ ˆi 4 j

3


 ,  20%   

Ans.  
10 ˆ ˆi 8 j
3

  ; 
5 ˆ ˆi 4 j

3


 , 224

9
  25%   

Sol.  

 

 

 

 

 

 
 Along line of impact  la?kV~V js[kk ds vuqfn'k   

 coefficient of restitution   izR;koLFkku xq.kkad e = 
3V 5

6 3 9



  ...(i)  V = 

5

3
 

  

 

 
 Velocity perpendiculer to the line of impact remain same. 

 la?kV~V js[kk ds yEcor~ osx fu;r jgrs gSA 
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 final velocity of 2m æO;eku 2m  dk vafre osx = 
–5 ˆ ˆi 4 j
3

   for m, V = 
10 ˆ ˆi – 8 j
3

  

 Loss in K.E. xfrt ÅtkZ esa gkfu = Ki – Kf   

 % Loss   gkfu = 

2 2
2 2 2 2

2 2

1 1 1 5 1 102m (5) m (10) – 2m 4 m 8
2 2 2 3 2 3

1 1
2m 5 m 10

2 2

                        

  
 × 100 = 25% 

 
22.# 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 ,d L vkdkj dk vojks/kd gS] ;g ,d fpduh {kSfrt est ij tM+or~ gSA ,d xsan bl ij fcUnq  A  ij Vdjkrh gS 

rFkk fo{ksfir gksdj B ij iqu% Vdjkrh gSA ;fn VDdj ls iwoZ osx lfn'k v  gS rFkk çR;sd VDdj ds fy, çR;koLFkku 
xq.kkad 'e' gS rks B ij f}rh; VDdj ds ckn xsan dk osx gksxk& 

      

 

 

 (A) 
2e v       (B) 

2e v    

 (C*) ev      (D) data insufficient vkdM+s vi;kZIr gSA 

Sol.  

 

 

   
 During 1st collision perpendicular component of V, V  becomes e times, while IInd component IIV  

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

e times their initial value and hence V" = – eV (the ( – ) sign indicates the reversal of direction). 

 1st VDdj ds nkSjku  V dk yEcor ?kVd, V  yEcor e xquk gks tk,xk] tcfd lekUrj ?kVd IIV  vifjofrZr jgsxk 

rFkk blh izdkj f}fr; VDdj ds fy, gksxkA vUr esa ifj.kke Lo:i IIV  rFkk V  nksuksa gh izkjfEHkd eku ds e xquk 

gks tk,xsA vr% V" = – eV ( ;gk¡ ( – ) fpUg foifjr fn'kk dks iznf'kZr djrk gSA) 

 

23. A wagon filled with sand has a hole so that sand leaks through the bottom at a constant rate . 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 m0, the force equation governing the motion of the 
wagon is : 

 ,d xkM+h jsr ls Hkjh gqbZ gSA blesa ,d fupyh lrg ij Nsn gS ftlls fu;r nj ls jsr dk fjlko gksrk gSA xfr 

dh fn'kk esa xkM+h ij F  ckg; cy yxrk gSA ;g ekfu;s fd xkM+h dk rkR{kf.kd osx v  gS rFkk izkjfEHkd nzO;eku m0 

gS rks fuEu esa ls dkSulh lehdj.k gS] tks xkMh dh xfr dks O;Dr dj jgh gS]  

 (A) F  = m0 
dv

dt
 +  v      (B) F  = m0

dv

dt
  –  v  

 (C*) F  = (m0 – t) 
dv

dt
    (D) F  = (m0 – t) 

dv

dt
 +  v  
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Sol.  

 

 

 

 r mcv v  

 vr = mv  – cv  = v –  u = 0. 

  since pwafd  vr = 0  so Ft = 
vrdm

dt
 = 0 

 Fnet = m
dv

dt
 

 F + 0 = (m0 – t) 
dv

dt
    F = (m0–t) 

dv

dt
 

 

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),   

 ,d xqCckjk ftlesa ' m ' nzO;eku dh xSl Hkjh gS] ,d yM+ds ds gkFk esa j[kk gSA og mls eqDr dj nsrk gS rFkk xSl 
blls ,d fuf'pr nj ls ckgj fudyrh gS rFkk fudyus okyh xSl xqCckjs ds lkis{k ,d fuf'pr osx 2 m/s ls 
fudyrh gS] rks xqCckjs dk osx tc 'ks"k nzO;eku vk/kk jg tk,] gksxk &(xq:Roh; o mRIykod cy ux.; gS) 

 (A)  n 2     (B) 2 n 4   

(C*) 2 n 2     (D) none of these buesa ls dksbZ ugha  
Sol. (C) Neglecting gravity, 

 (C) xq:Ro ux.; ekurs gq;s  

  v = un ; 0

t

m

m

 
 
 

   

 u = ejection velocity w.r.t. balloon .m0 = initial mass mt = mass at any time t. 

 u = xqCkkjs ds lkis{k xSl dk osx.  m0 = izkjfEHkd nzO;eku mt = fdlh le; t ij nzO;eku 

   = 2n 0

0

m

m / 2

 
 
 

 = 2n2 

 
 

PART - II : SINGLE AND DOUBLE VALUE INTEGER TYPE 

Hkkx - II : ,dy ,oa f}&iw.kk±d eku izdkj ¼SINGLE AND DOUBLE VALUE INTEGER TYPE½ 
 

Section (A) : Calculation OF centre of mass  nzO;eku dsUnz dh x.kuk 
1.# A thin uniform sheet of metal of uniform thickness is cut into the shape bounded by the line x = a and   

y = ± k
 
x2, as shown. Find the coordinates of the centre of mass.   

 /kkrq dh ,d iryh ,d leku eksVkbZ okyh ijr dks fp=kkuqlkj js[kk x = a rFkk y = ± k
 
x2, ls ifjc) vkd`f~Ùk ds 

vUrxZr dkVk tkrk gSA nzO;eku dsUnz ds funsZ'kkad crkb;sA    

 

 

 Ans. 
3

a,O
4

 
 
 
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Sol. 

 

 

 
 length of the shaded region Nk;kafdr Hkkx dh yackbZ = 2y = 2kx2  

 dm = 2y dx ×   

 dm = 2kx2 ×  dx 

 M = 

a a

2

o o

dm 2kx dx    = 
32k a

3


 

 Xcm = 

a a
4

3

0 0

a a 3

0 0

axdm 2kx dx 2k
4

a
2kdm dm

3

 
   

  
 

  
 

 

 
 Xcm = 

3a

4
  

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

 leferrk ls nh xbZ IysV dk y funsZ'kkad 'kwU; gSA  
 

Section (B) : Conservation of momentum  laosx laj{k.k  

 

2. A train of mass M = kg 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 = kg  nzO;eku dh ,d jsyxkM+h fu;r pky V = 2m/s ls ' R ' f=kT;k ds o`Ùkkdkj iFk ij xfr dj jgh gSA 
jsyxkMh dh yEckbZ Vªsd dh ifjf/k dh vk/kh gSA jsyxkMh dk js[kh; laosx gksxkA 

Ans. 4 

Sol. (B) If we treat the train as a half ring of mass 'M' then its COM will be at a distance 
2R


 from the centre 

of the circle. Velocity of centre of mass is : 

 (B) ;fn jsyxkMh dks 'M' nzO;eku dh v)Z oy; ekus rks mldk nzO;eku dsUnz v}Z o`Ùk ds dsUnz ls 
2R


 nwjh ij 

gksxkA nzO;eku dsUnz dk osx 

 VCM = RCM . 

         = 
2R


.= 

2R V
.

R

 
   

 (  = 
V

R
) 

  VCM  = 
2V


  MVCM = 

2MV


 

  As the linear momentum of any system = MVCM  

  The linear momentum of the train = 
2MV


 Ans.  

 fdlh Hkh fudk; dk js[kh; laosx = MVCM  

 vr% jsyxkMh dk js[kh; laosx = 
2MV


 Ans. 
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3. 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/s2)   

 60 kg nzO;eku dk O;fDr 80 m Åph bekjr ls 2 kg Fksys ds lkFk fxjrk gSA 20 m fxjus ds ckn] O;fDr Fksys dks 
Lo;a ds lkis{k {kSfrtr% QSdrk gS] ftlls og O;fDr fxjus dh Å/oZ js[kk ls 2m nwj fLFkr rkykc esa fxjrk gSA Kkr 
dhft;s O;fDr ds fxjus dh Å/oZ js[kk ls Fksys dh {kSfrt nwjh tc ;s tehu ij fxjrk gS (g = 10 m/s2 ) 

 

 
Ans.  60 

Sol. T = 
2H

g
 = 

2 80

10


 = 16  = 4s  

 t = 
2h

g
 = 

2
(80 60)

10
  = 

40

10
 = 2s  

 t = T – t = 4 – 2  = 2 s  

 V = 
d

t
 = 

2

2
 = 1 m/s  

 Mv = mv  

 v = 
60 1

2


 = 30 m/s  Ans.  

 R = vt = 30 × 2 =  60 m  Ans.  
 
 

4. 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 ? 

 ?k"kZ.kghu {kSfrt i`"B ij rksi ;qDr dkj [kMh gSA dkj] rksi rFkk xksyksa dk dqy nzO;eku 50 kg gSA izR;sd xksys dk 
nzO;eku 1 kg gSA ;fn xksyks dks {kSfrtr% 100 m/sec osx (rksi ds lkis{k) ls nkxk tk;s] rks nwljs xksys dks nkxus ds 
i'pkr~ dkj dh izfrf{kIr pky fudVre iw.kk±d esa D;k gksxhA  

Ans. 4 

Sol.   (i)  100 – V1 m/s 

   (ii)  100 – V2 m/s  
 (100 – V1) × 1 = 49 V1   
 (100 – V2) = 48 V2 

 V1 = 
100

49 1
 V2 = 

100

48 1
 

 Vnet = V1 +V2 

 = 
100

50
 + 

100

49
 

 Vnet = 100 
1 1

50 49

  
 

m/s. Ans. 
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5. A large stone of mass eM

2
 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 
h

2
. Me and Re are mass and radius of earth. Given h = 

3

20
m.  

 ,d cMk iRFkj ftldk nzO;eku eM

2
 gS] dks eqDr fd;k tkrk gS] tc iRFkj dk nzO;eku dsUnz Å¡pkbZ h (h <<Re) ij 

gSA tc iRFkj 
h

2
 Å¡pkbZ ij gS rc bldh pky Kkr dhft;sA Me o Re Øe'k% i`Foh ds nzO;eku rFkk f=kT;k gSA fn;k 

x;k gSA fn;k gS   h = 
3

20
m gSµ       

 Ans. 1 

Sol. m   
 

   
           2m = 6×1024   

          
 mv = 2m v' = v' = v/2 

 mg 
hh –
2

 
 
 

 = 
1

2
mv2 + 

1

2
 (2m) 

2
v

2

 
 
 

  v = 
2

gh
3

 Ans. 

 
 

6.# 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 

µ = 
2

5
. 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.)  

 n'kkZ;s vuqlkj ‘mA’= 3kg nzO;eku dk ,d xqVdk A] fLFkfr P ls fojke ls NksM+k tkrk gS vkSj fpdus urry okys jSEi 
ij eqDr :i ls uhps fQlyrk gSA tc ;g jSEi ds ry ij igq¡prk gS rks ;g mc =2kg nzO;eku dh ,d xkM+h dh 

{kSfrt lrg ij fQlyrk gSA ftlds fy, xkM+h o xqVds ds e/; ?k"kZ.k xq.kkad ‘µ = 2

5
 gSA ;fn A dh çkjfEHkd Åpk¡bZ  

h = 6m gS tc xqVdk xkM+h ds lkis{k fojke ij vkrk gS rc xqVds dh xkM+h ds Åij fLFkfr ‘x’ Kkr djksA (xkM+h 
fpduh {kSfrt lrg ij pyrh gSA)  

 P 

 
Ans. 6 

Sol. Velocity of A after falling height h     VA = 2gh . 

 h nwjh fxjus ij A dk osx  VA = 2gh . 

 Applying momentum conservation  laosx laj{k.k ls  

 maVA  = (ma + mc) V 

 V = a

a c

m
2gh

m m

 
 

 
     

 using work energy theorem. dk;Z mtkZ izes; ls  

  ma g x =  2
a C

1 1(m m )V –
2 2

  ma VA
2  

 2  mag x = (ma + mc) 
2 2

a a

2
a c

m V

(m m )
 –  ma Va

2 
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 2 gx. ma = a a a a a a c a

a c

m V (m V – m V – m V )
(m m )

 

 2 g x = 
2

c a

a c

–m V
(m m )

  

 2 gx  = 
a

c

–2gh
m

1
m

 
 

 

  x = 
a

c

h

m
1

m

 
  

 

 

 

  

 

7. 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 
50


 then find . Mass of bullet is 20 gm. (take g = 10 m/s2)  

 ,d xksyh {kSfrt fn'kk esa 400 m/sec  pky ls nkxh tkrh gSA ;g fp=kkuqlkj {kSfrt i`"B ij fLFkr, izkjEHk esa fLFkj 5 

kg nzO;eku ds ydMh ds CykWd ls Vdjkrh gSA xksyh 200 m/sec pky ls CykWd ls ckgj fudyrh gS o CykWd 

fLFkjkoLFkk esa vkus ls igys 20 cm nwjh r; djrk gSA ;fn CykWd o i`"B ds e/; ?k"kZ.k xq.kkad 
50


 gS rks  dk eku 

Kkr dhft,A xksyh dk nzO;eku 20 gm gSA  (g = 10 m/s2) 

 

 
Ans.  8 
Sol. m = 20 × 10–3 kg ; M = 5 kg 
 u = 400     d = 0.2 m 

 V = 200      = ? 

 PBullet  = PBlock    
 m (u – v) = 20×10–3 (400 – 200) = 4 kg. m/s. 

 KEBlock = 
2P

2M
 = 

24

2 5
 = 1.6 J =  Mgd  

  = 
1.6

Mgd
 = 

1.6

5 10 0.2 
 = 0.16 Ans. 

 
8. 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   then find  . Mass of bullet is 20 gm.  
(take g = 10 m/s2)   

 ,d xksyh 400 m/sec pky ls {kSfrt nkxh tkrh gSA ;g yEch Mksjh ls vkyafcr 2 kg nzO;eku ds ydMh ds CykWd ls 
Vdjkrh gSA xksyh Vdjkus ds i'pkr~ CykWd 20 cm Å¡pkbZ rd mB tkrk gSA ;fn CykWd ls fuxZr xksyh dh pky  
10   gks rks dk eku Kkr dhft,A xksyh dk nzO;eku 20 gm gSA  (g = 10 m/s2) 

Ans.   20  

Sol. V = 2gh 2 10 0.2    = 2 m/s. 

 m = MV+mv 

 v = –V = 400 – –3
2 2

20 10




 = 200m/s Ans. 
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9. A small ring A of mass m = 
1

2
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.  

 ,d NksVh oy; A ftldk nzO;eku m = 
1

2
kg  gS ,d gYdh jLlh ds ,d fljs ij tqM+h gS ftlds nwljs fljs ij 2m 

nzO;eku dk CykWd B fp=kkuqlkj tqM+k gSA fp=kkuqlkj oy; fLFkj fpduh {kSfrt NM+ ij xfr djus ds fy, LorU=k gSA  
 Å/okZ/kj fLFkfr esa Mksjh esa ruko Kkr djksA  

 

 
Ans.  70 
Sol.   

 

 

 

 

 

 By mechancnical energy conservation ;kaf=kd mtkZ laj{k.k ls  

 2 2
b r

1 1
(2m)V mV

2 2
  = 2 mgl 

 2 Vb
2 + Vr

2 = 4gl    ....(1) 

 using momentum conservation laosx laj{k.k ls   mVr = 2 mVb  Vr = 2 Vb  ....(2) 

 2Vb
2 + 4Vb

2 = 4 gl 6Vb
2 = 4gl  Vb = 

2
gl

3
 

  Vr = 2 Vb = 
2

2 gl
3

 

 when string be comes vertical velocity of block wrt to string.   
 tc Mksjh m/okZ/kj gks tkrh gS rks Mksjh ds lkis{k Cykd dk osx  

 Vbr  = Vb – (– Vr) = 3Vb = 
2

3 gl
3

 

  T – 2 mg  = 
2

br2m(V )
  T = 2 mg + 

9 2gl (2)m

3

 
   = 14 mg  

 

10. 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 m1. 
,d m1 = 1kg nzO;eku dk lefer CykWd ftlds vUnj r = 5m f=kT;k dk v)Zo`Ùkh; Hkkx dVk gS] fpdus /kjkry ij 
nhokj ds ikl lEidZ esa fp=kkuqlkj j[kk gSA ,d NksVk m2 = 1kgnzO;eku dk CykWd bl ij çkjfEHkd fLFkfr ls fcuk 
?k"kZ.k ds fQlyrk gSA CykWd m1 dk vf/kdre osx Kkr djksA 

 

 
Ans.  10 
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Sol.     

 

 

 

 Velocity At  A ij osx  V2 = 2gr    

 

 

 
 Applying another momentum in horizontal direction conservation when m2 again reaches pt A.  

 m2 ds fcUnq A ij iqu% igq¡pus ij {ksfrt fn'kk esa  laosx lja{k.k yxkus ij  

  m2 1 1 2 22gr m V – m V     ....(1) 

 energy conservation eqn.  ÅtkZ lja{k.k lehdj.k  

  m2gr =  
1

2
m1V1

2 + 
1

2
m2V2

2   .....(2) 

 m2 1 1 2 22gr – m V –m V   put in (2) we get.     (2) esa j[kus ij ge izkIr djrs gSA  

 V1 = 2

1 2

2m 2gr

m m
 

 

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 vkSj 6 kg nzO;eku okys nks CykWd fpduh {kSfrt lrg ij j[ks gSaA ;g nksuksa k = 200 N/m cy fu;rkad okys 
gYds fLçax ls tqM+s gSA çkjEHk esa fLçax esa dksbZ f[kapko ugha gS ,oa CykWdksa ds osx n'kkZ;s x;s gSA fLçax esa vf/kdre 
f[kapko lseh- esa Kkr dhft,A     

 

 
Ans 30 

Sol. In the centre of mass frame   nzO;eku dsUnz ds ra=k esa]   

 2 21 2
1 2

1 2

m m1
kx (u u )

2 2 m m


 


 

 200 x2 =  23 6
2 1

3 6

    
 

 x = 
3

10
 = 0.3 m = 30 cm 
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12. Two blocks initially at rest having masses m1 and m2 are connected by spring of spring constant  

k = 
2

3
N/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 m2 = 2m1  

 izkjEHk esa fLFkj nks CykWd ftuds nzO;eku Øe'k% m1 rFkk m2 gS, dks fp=kkuqlkj, k = 
2

3
N/m fLçax fu;rkad dh fLizax ls 

tksM+k tkrk  gSA ;fn nzO;eku m1 dks F1 = 4N  fu;r cy ls rFkk nwljs nzO;eku dks F2 = 2N fu;r cy ls [khaprs 
gSA fLçax esa vf/kdre izlkj Kkr dhft,A ¼fLizax izkjEHk esa izkd`frd yEckbZ esa gSA½ fn;k x;k gS  m2 = 2m1  

 

 

Ans. 1 2 2 1

1 2

2 (m F m F )

k (m m )




 = 10  

Sol. 
 

 

 Wrt to center of mass.   nzO;eku dsUnz ds lkis{k  
 Net force acting on m1 and m2  m1 o m2 ij dqy cy  

 

 

  
 

   

 m1
2 1

1 2

(F – F )
m m

  2 2 1

1 2

m (F – F )
m m

    

 Applying work energy the same on system. fudk; ij dk;Z mtkZ izes; yxkus ij  

 Fx + Fx – 
1

2
 Kx2 = 0 – 0  

 
2F

k
 = x  (i) when F is  tc F gSA 

  

 

  

 

    

  F = F1 + m1
2 1

1 2

(F – F )
m m

      ...(i) 

  F = 1 1 2 1 1 2 1 1

1 2

m F m F m F – m F
m m

 


   ....(ii) 

 Put value of F from (ii) is (i) use get x. lehdj.k (ii) ls F dk eku (i) esa Mkyus ij  

 2 1 1 2

1 2

2(m F m F )

k(m m )




 = x 

13. 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–1 to the heavier block in the direction 
of the lighter block. Then, find velocity of the centre of mass ?  

 10 fdxzk- rFkk 4 fdxzk- nzO;eku ds nks CykWd] ,d ux.; nzO;eku dh fLizax ls tqM+s gSa rFkk ?k"kZ.k jfgr {kSfrt lrg 
ij j[ks gSaA Hkkjh CykWd dks ,d vkosx gYds CykWd dh rjQ 14 eh-ls-–1 dh pky iznku djrk gS rks nzO;eku dsnz dk 
osx gksxkA         

Ans. 10 

Sol. vCOM = 1 1 2 2

1 2

m v m v

m m




 =  
10 14 4 0

10 4

  


 = 10 m/s. 
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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 3/5 

then find  . Assume all contacts are smooth. g = 10 m/s2    

 ,d d.k A (nzO;eku 2 kg) Vscy ds fdukjs ij ftldh Å¡pkbZ 1 eh- gS] ij j[kk gqvk gSA ;g 0.7 ehVj yEch jLlh 
ls B d.k (nzO;eku 3 kg) ls tqM+k gS tks fdukjs ls 0.25 ehVj nwjh ij gSA (A rFkk B dks tksM+us okyh js[kk fdukjs ds 
yEcor~ gSA)  vxj A dks /khjs ls /kDdk nsrs gS rFkk ;g Vscy ls fxjrk gSA dqN le; i'pkr~ jLlh ru tkrh gSA ;fn 
jLlh esa ruko dk vkosx ml {k.k ij 3/5 gS rks dk eku D;k gksxk \ (;g ekfu;s fd lHkh lEidZ fpdus gS  
g = 10 m/s2)   

 

 
Ans. 6 

Sol.  
 

 
 string will taut  when A waves a distance of (.7 – .25) m  

 Mksjh ruko esa gksxh tc A  }kjk r; nwjh (.7 – .25) m gksxh  

 at that Pt VA = 2gh  and Now B starts  on using with same velocity as A. 

 bl le; VA = 2gh  gksxhA bl le; B, A ds osx ls xfr djsxkA   

 let us suppose it is u.  
 ekuk ;g osx u gSA  

 Tdt  = mB u + 0   ....(1) 

 – Tdt  = mA (u –VA)   ....(2) 

 from (1) and (2) u = A A

A B

m V

m m
 = 

6

5
 

 lehdj.k (1) o (2) ls u = A A

A B

m V

m m
 = 

6

5
   

 
6

Tdt 3
5

   = 3.6 N-s 
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15.# 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 = 4 3 m/s perpendicular to AB. Find velocity of ball A just 

after the jerk ?     
 leku nzO;eku m ds nks d.k A o B ,d gYdh vfoLrkfjr 2yEckbZ dh jLlh ls tqM+s gSaA lEiw.kZ fudk; fpduh 

{kSfrt est ij j[kk gSA izkjEHk esa B dh A ls nwjh  gSA d.k B dks AB js[kk ds yEcor~ Vscy ij u = 4 3 m/s osx 
ls QSadk tkrk gSA >Vds ds Bhd ckn A dk osx gksxk-  

 

 
Ans. 3 
Sol.   

 

 

 
 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  
 tc Mksjh ruh gqbZ gksxh] nksuksa d.kksa dk AB fn'kk esa osx dk ?kVd v gksxkA AB fn'kk esa laosx laj{k.k yxkus ij  

  mu cos 30º = mv + mv 

 or ;k 
u 3

v
4

  Hence the velocity of ball A just after the jerk is 
u 3

v
4

 . 

 >Vdk (jerk) yxus ds Bhd ckn A xsan dk osx 
u 3

v
4

  gSA 

Mathod II.  fof/k II   

  

 

  

 

 

  

 

  

 

 
  extF  = 0, using conservation of linear momentum along the string.  

  extF  = 0, Mksjh dh fn'kk esa js[kh; laosx laj{k.k yxkus ij   

  m u cos 30º = mv + mv  

  2v = u. 
3

4
     v = 

3

4
 u    
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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 
2


. then find .  

 2.0  m/s pky ls xfr'khy 2.0 fdxzk0 nzO;eku dk ,d xqVdk] leku nzO;eku ds fLFkj xqVds ls lEeq[k VDdj djrk 

gSA ;fn fudk; dh xfrt ÅtkZ dh gkfu vf/kdre xfrt ÅtkZ dh gkfu ds eku dh vk/kh gS, rc ;fn çR;kLFkku 

xq.kkad dk eku 
2


 gS rks dk eku Kkr dhft,A   

Ans.  1 
Sol. M = 2kg ,   u = 2m/sec. 
 Max loss in K.E. means e = 0  

 K.E. esa vf/kdre gkfu vFkkZr~ e = 0  

 mu = 2mV    V = 
u

2
 

 Loss gkfu  = Ki – Kf   

  = 
1

2
 mu2 – 

1

2
 (2m) V2  = 

1

4
 mu2 = 

1

4
 × 2 × (2)2 = 2 J  

 If loss ;fn gkfu = 1 J  = 
1

8
 mu2 = 

1

4

21
mu

2

 
 
 

   

 Reamaining 'ks"k K.E.  = 
3 1

4 2
    mu2 =  

3

8
 mu2  (finally varr%) 

 coeff of restitution izR;koLFkku xq.kkad  e = 2 1V – V
u

    V2 – V1 = eu  ....(1) 

 By momentum conservation  laosx laj{k.k ls  
   mu = mV1 + mV2         
   u = V1 + V2         .....(2) 

  V2 = 
 1 e

2


 × u  

  V1 = 
 1– e

2
 × u 

 
1

2
 mV1

2 + 
1

2
 mV2

2 = 
3

8
mu2         ......(3) 

 
  2
1– e

u
2

 
 

  
 + 

2
1– e

u
2

    
  

 = 
3

4
 u2  

  2 + 2 e2 = 3    e = 
1

2
 Ans (A)  

 

17. A projectile of mass m is fired with a speed v = 20 m/s at an angle  = 45° from a smooth horizontal 

field. The coefficient of restitution of collision between the projectile and the field is e = 
1

2
. How far from 

the starting point, does the projectile make its third collision with the field?  

 fpdus {kSfrt eSnku ls  = 45°  dks.k ij ,d ç{ksI; v = 20 m/s  pky ls ç{ksfir fd;k x;k gSA eSnku rFkk ç{ksI; ds 

e/; VDdj dk çR;koLFkku xq.kkad e = 
1

2
 gSA iz{ksi fcUnq ls fdruh nwj] ç{ksI; eSnku ds lkFk rhljh ckj Vdjk;sxk \ 

Ans.  70 
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Sol.  

 

 

  
 R1 = V cos  T1 

 R2 = V cos  T2  

 R3 = V cos  T3  

 R = R1 + R2 + R3 = u cos  [T1 +T2 + T3] 

  = V cos  
22usin 2eusin 2e usin

g g g

   
  

  
 

  R = 
2 2(1 e e ) V sin2

g

  
 

 
18. 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 3 m/s. They collide at the origin and stick together.    

If the amount of heat liberated in the collision is 
3


 then find ? 

 5kg nzO;eku dh ,d oLrq x-v{k ds vuqfn'k 2m/s ds osx ls xfr djrh gSA 10kg nzO;eku dh ,d nwljh oLrq  

y-v{k ds vuqfn'k 3 m/s ds osx ls xfr djrh gSA os ewyfcUnq ij Vdjkrh gS rFkk vkil esa tqM+ tkrh gSA  

 ;fn VDdj esa eqDr Å"ek dh ek=kk 
3


 gks rks  Kkr djksaA 

Ans.  35 

Sol. Px = 5×2 = 10 ; P = Px î  + Py ĵ  

 Py = 10 3  = 10 î  + 10 3 ĵ  

   = (5 + 10) V 

   = 
10

15  ˆ ˆi 3 j   

   V  = 
2

3  ˆ ˆi 3 j  

   V  = 
4

3
 m/s. Ans. 

 H = E = Ei – Ef = 2 2
1 1 2 2

1 1
m v m u

2 2

   
 – 

1

2
 (m1+m2) V2 

 = 
1

2
 × 5 × 22 + 

1

2
 × 10 ×  23  – 

1

2
 × (10+5) (4/3)2 = 25 – 

40

3
 = 

35

3
 Ans. 

 
 

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

 fLFkjkoLFkk ls eqDr dh xbZ xsan h = 3m. Å¡pkbZ ls fxjus ds ckn]  = 30° <ky okys fLFkj tMor~ urry ls izR;kLFk 
VDdj djrh gSA urry ds vuqfn'k nks fcUnq tgka xsan Vdjkrh gS] ds e/; nwjh gksxhA   

Ans. 12    
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Sol.   

 

 

  

 

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

 fp=k esa n'kkZ;s vuqlkj xsan }kjk ur ry ij Vdjkrh gS tc y = 0, gSA  

 y = uy t + 

2
ya t

2
   0 = 

g cos  t2 gh  cos –  
2

   
t  

 t = 0   &  t = 
2

g cos 
2 gh.   cos = 

2 2 gh.

g
 = 2 × 

2 h

g
  

 Now x-co-ordinet of the ball at the time of  striking  
 vc Vdjkus ds le; xsan dk x-funsZ'kkad gSA  

 X = 2 gh  sin  t  + 
1

2
 g sin  t2   X = 2 g h  sin . 

2h 1 8h
2 gsin

g 2 g

 
  

 
   

  x = 2h sin . 2  + 4 h sin = 8h sin (along the incline plane)  (ur ry ds vuqfn'k)  

 

20. 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  = 45º from horizontal & sticks to it.    

 ,d nzO;eku m dh xsan ‘’ yEckbZ okyh nzO;ekughu jLlh ls yVdh gqbZ gSA ,d 2m nzO;eku okyh xsan {kSfrt ls  
 = 45º dk dks.k cukrh gqbZ m nzO;eku dh xsan ls Vdjkrh gS vkSj blls fpid tkrh gSA 

 

 

 If the initial velocity of 2m is x g  so that system deflects by =
2

 andif string is cut at  = 60º, and 

the velocity at highest point of trajectory is 
g

y
, then find x + y : 

 2 m nzO;eku dk izkjfEHkd osx x g  gS] bl izdkj fd fudk; =
2

 rd fo{ksfir gks tk,A mi;qZDr izdj.k esa tc 

 = 60º gks] rc jLlh dkV nh tk; rks iFk ds vf/kdre Å¡pkbZ ij osx 
g

y
 gS] rc x + y Kkr dhft,A 

Ans. 5  
Ans.  x = 3, y = 2, x + y = 5 
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Sol. (a) V = 2gl      

 In x dir  x fn'kk esa  

 

 

 2m × 
v

2
 = 3 mV 

 v = 
3

2
 V = 

3
2gl

2
    v = 3 gl  Ans. 

 (b) V = 2V – 2gl(1– Cos )  = 2gl – 2gl 2glCos   

 For  = 60° 

 V = gl   Vx = gl  Cos 60° (at heighest point mPpre fcUnq ij) 

 Vx = 
gl

2
 Ans.  

 

21.# A wedge (free to move) of mass ‘M’ has one face making an angle  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 v0. 
It is observed that the particle rebounds in vertical direction after impact. Neglect friction between 

particle and the wedge & take  M = 2m, v0 = 10m/s, tan = 2, g = 10m/s2. 

 nzO;eku M dk ,d urry pyus ds fy;s Lora=k gS bldh ,d lrg {kSfrt ls    dks.k cukrh gS rFkk ;g fpdus n`<+ 
lrg ij j[kk gSA ,d ‘m’ nzO;eku dk d.k bldh ur lrg ij v0 {kSfrt osx ls Vdjkrk gSA ;g ns[kk tkrk gS fd 
d.k Vdjkus ds ckn] Å/oZ fn'kk esa tkrk gSA urry rFkk d.k ds e/; ?k"kZ.k cy ux.; ekusa vkSj M = 2m,  

v0 = 10m/s, tan = 2, g = 10m/s2  ysaA       

 

 
 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. 

 ost dh ur lrg dh yEckbZ dks i;kZIr ekus rkfd d.k bldh uhps dh vksj xfr ds nkSjku nqckjk lrg ij Vdjk;sA 
nksuksa VDdjksa ds e/; dk O;rhr le; Kkr djksA  

Ans.  3  
Sol.  

 

 

 
 Applying momentum conservation in horizontal direction  {kSfrt fn'kk esa laosx laj{k.k ls  

 mV0 = Mu  M = 2m 

 u = 0 0mV V

M 2
  

 Eqn of e along normal  

 vfHkyEc ds vuqfn'k e dk lehdj.k  
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 e = 
0

Vcos usin

V sin

  


 = 

0

0

V
Vcos sin

2
V sin

  


 

 e = 
0

V

V
cot  + 

1

2
    ...(i) 

 Along incline surface of wedge friction is negligible so change in momentum  

 ost dh ur i`"B ds vuqfn'k ?k"kZ.k ux.; gS vr% laosx esa ifjorZu  

 mV0  cos  = mV sin   

 
0

V

V
 = cot      ...(ii) 

 Put value of (ii) in (i) (ii) dk eku (i) esa j[kus ij  

 e = cot2 + 
1

2
  given fn;k x;k gS  tan  = 2 

 = 
1 1 3

4 2 4
     Ans. 

 (b) h = (ut) tan   

 By (2)nd eq. of motion   xfr dh lehdj.k (2) ls  

  – h = Vt – 
1

2
 gt2  

  – (ut) tan = Vt – 
1

2
 gt2 

 or – u tan = V – 
1

2
 gt  

  
1

2
 gt = V + u tan  

  t = 
2

g
 (V0 cot + 0V

2
 tan ) 

  t = 
2

g
 V0 tan  (cot2 + 

1

2
) 

  t = 02V tan

g


 (e) = 02e V tan

g


 

  substituting values eku j[kus ij  :  

3
2 10 2

4
10

  
 = 3sec  

 

22.# 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 ?  

 ,d v)Zxksys  S rFkk d.k P dk nzO;eku leku m = 2 kg.gSA P dks ‘h’ Å¡pkbZ ls NksM+k tkrk gSA S fpdus {kSfrt 
/kjkry ij j[kk gSA P o S ds e/; ?k"kZ.k ugha gSA P, S ds lkFk fn[kk;s x;s fcUnq ij çR;kLFk VDdj djrk gSA VDdj 
ds ckn d.k dk osx {kSfrt gks tkrk gSA rks VDdj ds ckn tehu dk v)Zxksys ij vkosx ,oa v)Zxksys dh pky dk 
vuqikr Kkr dhft,A    

 

h 

 
Ans.  2 
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Sol.  

 

 

 

 when particle P starts at Pt A  u = 2gh  

 tc d.k P, fcUnq A ls 'kq:vkr djrk gS rc   u = 2gh  

 1 = 2 1(V V )sin

2gh cos

 


     ....(i) 

 Now applying momentum conservation equ.  laosx laj{k.k fu;e ls  

 m × V1 = mV2    V1 = V2   ...(2) 

 using ME.C ;kaf=kd ÅtkZ laj{k.k ls    mgh = 
1

2
 m V1

2 + 
1

2
 m V2

2  ...(3)  

 as solving gy djus ij  V1 = gh  

 on solving alone (3) equ.  we get tan  = 
1

2
 

 lehdj.k (3)  dks gy djus ij izkIr gksxk tan  = 
1

2
 

 (b) Impulse of ground  on hemisphere. Hkwfe dk v/kZxksys dks iznku vkosx  

 J = m.u = m. 2gh   
 
 

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.  

 ,d leku nzO;eku m = 1kg  rFkk yEckbZ  = 1m dh ,d ,dleku tathj] /kkxs }kjk yVd jgh gS rFkk fupys fljs 
}kjk lrg dks Li'kZ dj jgh gS rks est }kjk tathj ij vkjksfir cy tc vk/kh yEckbZ est ij fxj pqdh gS rFkk fxjk 
Hkkx <sj ugh cukrk gSA    

 

 
Ans.  15    
Sol. Weight of the portion BC of the chain  

 lying on the table, W = 
mg

2
 (downwards)  Using v = 2gx     

 Thrust force Ft = vr 
dm

dt

 
 
 

    

 

 
   vr = v 
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dm

dt
 = v  

   Ft = v2    (where, 
m

  , is mass per unit length of chain)  

  v2 =  22gx  = 2gx    Ft = 
m 

 
 

 (2gx) = 2mg
x

 (downwards) 

  Net force exerted by the chain on the table is 

  F = W + Ft = 
x x x

mg 2mg 3mg   

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

upwards). 

Sol. psu ds BC Hkkx dk Hkkj tks est ij gS 

   W = 
mg

2
 (uhps dh vksj)   v = 2gx  ls     

 Åij dh vksj vkjksfir cy Ft = vr 
dm

dt

 
 
 

    

 

 
    vr = v 

    
dm

dt
 = v  

    Ft = v2     (tgk¡, 
m

  ,  psu ds bdkbZ yEckbZ dk nzO;eku gS)  

  v2 =  22gx  = 2gx   Ft = 
m 

 
 

 (2gx) = 2mg
x

 (uhps dh vksj) 

  psu }kjk est ij vkjksfir dqy cy   

  F = W + Ft = 
x x x

mg 2mg 3mg    

 vr% psu }kjk vkjksfir dqy cy 
x

3mg  (Å/okZ/kj uhps)   
 

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 
 = 10–3 kg/m3 and plate area is A = 10m2 Find the force F required to keep the plate moving uniformly.  

 ,d M nzO;eku dh IysV /kwy ds d.kksa (tks fd fu;r osx u = 40m/s ls foijhr fn'kk esa xfr dj jgs gS ,oe~ IysV ls 
fpid jgs gS) ds fo:) fu;r osx v = 40m/s ls xfr djrh gSA /kwy dk ?kuRo  = 10–3 kg/m3  rFkk IysV dk 
{ks=kQy A = 10m2  gSA IysV dks ,dleku xfr esa j[kus ds fy, vko';d cy F dk eku gksxk  

 

 

 

         
Ans. 64 
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Sol. Force F on plate = force exerted by dust particles  

 IysV ij cy F = /kwy d.kksa }kjk vkjksfir cy  
 = force on dust particles by the plate   
    IysV }kjk /kwy d.kksa ij cy  

 = rate of change of momentum of dust particles   
    /kwy d.kksa ds laosx esa ifjorZu nj 

 = mass of dust particles striking the plate per unit time × change in velocity of  dust particles. 
 izfr ,dkad le; IysV ls Vdjkus okys /kwy d.kksa dk nzO;eku × /kwy d.kksa ds osx esa ifjorZu 
 =A (v+ u)  × (v + u) = A (v + u)2  Ans. :  A(u + v)2   
 
 

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

Hkkx - III : ,d ;k ,d ls vf/kd lgh fodYi çdkj 
 

1.* 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  

 ,d d.k fudk; dk nzO;eku dsUnz ewy&fcUnq ij gSA lHkh d.kksa ds x–funsZ'kkad & 

 (A) /kukRed gks ldrs gSA         (B) _.kkRed gks ldrs gSA 
 (C*) v&_.kkRed gks ldrs gSA        (D*) v&/kukRed gks ldrs gSA 
 

2*. 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 

 fuEu es ls fdu fLFkfr;ksa ds fy;s fudk; dk nzO;eku dsUnz fuf'pr :i ls blds dsUnz ij ugha gksxk& 

 (A) ,d NM ftldk ?kuRo cka;h ls nka;h vksj fujUrj c<+rk jgsA  

 (B) ,d NM ftldk ?kuRo cka;h ls nka;h vksj fujUrj de gksrk jgsaA  

 (C) ,d NM ftldk ?kuRo cka;h ls nka;h vksj e/; fcUnq rd de gksrk jgs rRi'pkr~ c<+sA 
 (D) ,d NM ftldk ?kuRo cka;h ls nka;h vksj e/; fcUnq rd c<+rk jgs rRi'pkr~ de gksrk jgsA   
 
 

3.# Two particles of equal mass m are projected  form the ground with speed v1 and v2 at angle 1  and 

2 (1  , 2  0, 180º) as shown in figure. The centre of mass of the two particles  

 leku nzO;eku m ds nks d.k v1 rFkk v2 osx ls /kjkry ls 1 rFkk 2 (1  , 2  0, 180º) dks.k ij fp=kkuqlkj iz{ksfir 
fd;s tkrs gSaaA nks d.kksa dk nzO;eku dsUnz  

 

 
 (A) will move in a parabolic path for any values of v1, v2, 1 and 2  
 (B*) can move in a vertical line 
 (C) can move in a horizontal line 

 (D) will move in a straight line for any value of v1, v2, 1 and 2   
 (A) v1, v2, 1 rFkk 2 ds fdlh Hkh eku ds fy, ijoyf;d iFk esa xfr djsxkA   

 (B*) Å/okZ/kj js[kk esa xfr dj ldrk gSA  

 (C) {kSfrt js[kk esa xfr dj ldrk gSA  

 (D) v1, v2, 1 rFkk 2 ds fdlh Hkh eku ds fy, ljy js[kk esa xfr djsxkA   
Solution 

 Centre of mass will move in a vertical line if v1 cos 1 = v2 cos 2. Otherwise for any other values it will 
follow a parabolic path.  

 nzO;eku dsUnz Å/okZ/kj fn'kk esa gh xfr djsxk] ;fn v1 cos 1 = v2 cos 2  vU;Fkk fdlh Hkh vU; eku ds fy;s bldk 
iFk ijoy;kdkj gksxkA  
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Mathod II.  
 

 

 

1

1V


 =  V1  cos1 î  + (V1 sin1 – gt) ĵ   Parabolic path ijoy;kdkj iFk  

 

1

2V


 = – V2 cos2  î  + (V2 sin2 – gt) ĵ    Parabolic path  ijoy;kdkj iFk  

  m1 = m2 = m 

 cmV


 = 1 2v´ v´

2


 = 1 1 2 1 1 2 2

ˆ ˆ(V  cos  – V  cos )i (V  sin   V  sin  –2gt)j
2

     
 

 If ;fn  V


cm x  = 0 [ Centre of mass of the Particle move only along Y axis ]  [d.kksa dk nzO;eku dsUnz 
dsoy Y fn'kk esa gh xfr djsxk] 

 v1 cos 1 – v2 cos 2 = 0  v1 cos 1 = v2 cos 2  

 then path may be straight line.     rc iFk ljy js[kk gksxkA  
 
 
4.* In an elastic collision in absence of external force, which of the following is/are correct :   

,d izR;kLFk VDdj esa] ckg~; cy dh vuqifLFkfr esa fuEu esa ls dkSulk@ls dFku lR; gSaA  
 (A*) The linear momentum is conserved  

 js[kh; laosx lajf{kr jgrk gSA 

 (B) The potential energy is conserved in collision  

 VDdj esa fLFkfrt ÅtkZ lajf{kr jgrh gSA 

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

 vfUre xfrt ÅtkZ] izkjfEHkd xfrt ÅtkZ ls de gksrh gSA 

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

 vfUre xfrt ÅtkZ, izkjfEHkd xfrt ÅtkZ ds cjkcj gksrh gSA  
 

5.* 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. 

 fojkekoLFkk esa j[kh ,d Hkkjh xsan ls ,d NksVh xsan Vdjkrh gSA fdlh Hkh cká vkosxh cy dh vuqifLFkfr esa ;g 
lEHko gS fd & 

 (A) nksuksa xsans fojkekoLFkk esa vk tk;saA 
 (B) VDdj ds i'pkr~ nksuksa xasnss xfr'khy gks  
 (C) xfr'khy xsan fLFkj gks tk;s rFkk fLFkj xsan xfr çkjEHk dj nsaA 
 (D) fLFkj xsan fLFkj jgs] xfr'khy xsan dk osx ifjofrZr gks tk;sA 
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6.* A block moving in air explodes in two parts then just after explosion (neglect change in momentum duet 
to gravity)   

 (A*) The total 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 

 gok esa xfr'khy ,d xqVdk nks Hkkxksa esa foLQksfVr gks tkrk gS rks foLQksV ds rqjUr ckn ¼xq:Ro ds dkj.k laosx 
ifjorZu ux.; gS½&  

 (A) nksuks Hkkxksa dk dqy laosx] foLQksV ds igys CykWd ds laosx ds cjkcj gksxk  

 (B) nksuksa Hkkxksa dh dqy xfrt ÅtkZ ogh jgsxh tks foLQksV ds igys xqVds dh Fkh  
 (C) dqy laosx fuf'pr :i ls ifjofrZr gks tk;sxkA  

 (D) dqy xfrt ÅtkZ fuf'pr :i ls c<+ tk,sxhA  
 
 

7.* 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. 

 leku nzO;eku okyh nks oLrqvksa dh lEeq[k çR;kLFk VDdj esa & 

 (A) buds osx ijLij ifjofrZr gks tkrs gSA   
(B) budh pkysa ijLij ifjofrZr gks tkrh gSA 

 (C) buds laosx ijLij ifjofrZr gks tkrs gSA   

(D) rhozxkeh oLrq /kheh gks tkrh gS rFkk /kheh oLrq rst gks tkrh gSA  
 

8. 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 vcm and acm at an instant,  then it is possible that  

 fdlh d.k&fudk; ij cká cy F (F 0)  yx jgk gSA fdlh {k.k ij nzO;eku dsUnz dk osx vcm rFkk Roj.k  acm 

gSA ;g lEHko gS fd&  
 (A) vcm = 0, acm = 0 (B*) vcm = 0, acm  0 (C) vcm  0, acm = 0 (D*) vcm  0, acm  0 
 

9. 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) : 

 ,d M nzO;eku dk FkSyk ,d yEcs /kkxs ls yVdk gS rFkk ,d m nzO;eku dh xksyh v {kSfrt osx ls vkdj FkSys esa  
/kal tkrh gS rks FkSyk rFkk xksyh ds la;qDr fudk; ds fy,—  

 (A) Momentum is mMv/(M + m)   (B) KE is (1/2) Mv2 
 (C*) Momentum is mv    (D*) KE is m2v2/2(M + m) 

 (A) laosx mMv/(M + m) gksxkA   (B) xfrt ÅtkZ (1/2) Mv2 gksxhA 

 (C*) laosx mv gksxkA    (D*) xfrt ÅtkZ m2v2/2(M + m) gksxhA 

Sol. K.E = 
2 2 2P m v

2(M m) 2(M m)


 
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10. 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 

 ,d {kSfrt fpduh lrg ij ,d leku n-vkn'kZ CykWd ,d js[kk ds vuqfn'k fojke ij j[ks gq;s gSA fdUgh nks 
lehiorhZ CykWd ds chp nwjh L gSA fdlh le; (t = 0) ,d fljs ij fLFkr CykWd dks nwljs CykWd dh rjQ V pky nsrs 
gSA lHkh VDdj iw.kZr;k vizR;kLFk gSa rks& 

 (A*)  The last block starts moving at t = n (n – 1) 
L

2V
 

  vfUre CykWd t = n (n – 1) 
L

2V
 ij pyuk izkjEHk djrk gSA   

 (B)  The last block starts moving at t = (n – 1) 
L

V
 

  vfUre CykWd t = (n – 1) 
L

V
  ij pyuk izkjEHk djrk gSA 

 (C*)  The centre of mass of the system will have a final speed v/n 

  fudk; ds nzO;eku dsUnz dh vfUre pky v/n gksxhA 

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

  fudk; ds nzO;eku dsUnz dh vfUre pky v gksxhA   
Sol.   

 

 

 

 mv = nvm  v = 
v

n
 

 time for first collisen is izFke VDdj ds fy, le; t1 = 
L

V
 ( 2nd block f}rh; CykWd ds lkFk) 

 2nd collisions  f}rh; VDdj ds fy,  t2 = 
2

V
 = 2t1 (3rd block r`rh; CykWd ds lkFk) 

 so vr%  t = t1 + 2t1 + 3t1 + at1 ...........(n–1) t1. 

 t = t1 [1 + 2 + 3] .......................(n–1)] 

 = 
(n –1) (n –1 1)

2


 = 

n(n – 1)
2

 so vr%  t = 
L

2V
n (n – 1) 

 
 

11. 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 t.  

 v osx ls xfr djrh gqbZ m æO;eku dh ,d xsan] u osx ls xsan dh vksj xfr dj jgh Hkkjh nhokj ls Vdjkrh gSA t 

le; ds fy, izR;kLFk VDdj gksrh gSA 

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

t




 

  xSan ij dk;Zjr vkSlr izR;kLFk cy 
m(u v)

t




 gSA 

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

t




 

  xSan ij dk;Zjr vkSlr izR;kLFk cy 
2m(u v)

t




 gSA 

 (C*) The kinetic energy of the ball increases by 2mu (u + v) 

  xSan dh xfrt ÅtkZ 2 mu(u +  v) ls c<+ tkrh gSA 

 (D) The kinetic energy of the ball remains the same after the collision. 

  VDdj ds ckn xSan dh xfrt ÅtkZ ogh jgrh gSA 
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Sol. u1 = v v2 = – (v + 2u) e = 1. 
 |N.dt| = m (v1 – u1) 
 N.dt = m (+v + 2u + v) 
 N.dt = 2m (u + v). 

 N = 
2m(u v)

dt


 

 u1 = v  v1 = 2u + v 

 k = 
1

2
mv1

2 –  
1

2
mu1

2 = 
1

2
 [m (2u + v)2 – v2] = 

m

2
 [4u2 + v2 + 4uv – v2] = 2mu (u + v) 

 By energy conservation ÅtkZ laj{k.k ls   
 mv2 + 0 =  (2m) +  kx2 

 at maximum compression vf/kdre laihMu ij  k = (m+m)v2 
 Since final velocity of ball is 2 (u + v), its K.E. increases 

 pwafd xsan dk vafre osx 2 (u + v), mldh K.E. c<+rh gS 
 
 

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 nzO;eku dk vkneh fLFkj lery dkj ij fLFkj [kM+k gS dkj fcuk ?k"kZ.k ds {kSfrt fn'kk esa xfr dj ldrh gSA 
vkneh dkj ds lkis{k  v osx ls xfr djrk gSA vkneh }kjk fd;k x;k dk;Z   

 (A*) is less than 
1

2
 mv2 if he walks along the rails 

 (B*) is equal to
1

2
 mv2 if he walks normal to the rails 

 (C) can never be less than 
1

2
mv2 

 (D) is greater than 
1

2
mv2 if he walks along the rails   

 (A*) ;fn iVjh dh fn'kk esa pyrk gS rks 
1

2
 mv2 ls de gksxhA   

 (B*) ;fn og iVjh ds yEcor~ fn'kk esa pyrk gS rks 
1

2
mv2 ds cjkcj gksxhA  

 (C) dHkh Hkh 
1

2
mv2  ls de ugha gks ldrh   

 (D) ;fn iVjh dh fn'kk esa pyrk gS rks 
1

2
mv2 ls T;knk gksxhA   

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.   
 ;fn vkneh iVjh ds vuqfn'k pyrk gS] rks dkj dqN osx izkIr dj ysrh gS] ekuks og V gSA ekuk dkj dk nzO;eku M 

gS] rc js[kh; laosx laj{k.k ls   

  M.V = m(v – V)  

  V = 
mv

m M
 

  work done by man  vkneh }kjk fd;k x;k dk;Z  

  = 
1

2
 m (v – V)2 + 

1

2
 MV2 = 

2
1 Mv

m
2 M m

 
  

 + 

2
1 mv

M
2 M m

 
  

  

  =  
1

2

mM

m M

 
  

v2 < 
1

2
mv2   
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 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 
1

2
mv2 and option (B) is also correct.   

 vr% fodYi A lgh gSa ;fn vkneh iVjh ds yEcor~ pyrk gS] rc dkj xfr ugha djsxhA vr% mlds }kjk fd;k x;k 

dk;Z 
1

2
mv2 gksxk o fodYi (B) Hkh lgh gksxkA    

Mathod II     fof/k II 
 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 nzO;eku dk vkneh izkjEHk esa fojkekoLFkk esa M nzO;eku dh dkj ij [kM+k gqvk gSA vc vkneh pyuk izkjEHk djrk 

gSA ¼ekuk iVjh ds lekUrj½ rc dkj vc ls xfr djsxhA ¼Hkwfe ds lkis{k ns[kus ij½    

 MVC  = m(v – VC)    VC = 
mv

(m M)
 velocity of the car towards Left hand side  dkj dk osx ck;ha rjQ 

gksxk  
 

(v – V)C 

m 

V C 

 
 Work done by the man   vkneh }kjk fd;k x;k dk;Z   = ( K)man + ( K)car   

  = 
1

2
 m (V – VC)2  + 

1

2
 MV2

C  

  = 
1

2
 m 

2
mv

V
m M

   
 +  

1

2
MVC

2  

  = 
2

mM

2 (m M)
 (M + m) V2  

  = 
2

2

mM v

2 (m M)
 <  

1

2
mv2            

M
1

M m

   
 

 
 

13.# 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 V0 = 3m/s. If the bullet gets embedded in the block then. 

 ,d m = 1kg nzO;eku dh xksyh ,d M =2kg nzO;eku ds CykWd ls (tks fd fLizax fu;rkad  k =3N/m  okyh fLizax ls 
tqM+k gSA) osx V0 = 3m/s. ls Vdjkrh gSA ;fn xksyh xqVds ds vUnj /kal tkrh gS rks  

 

  
 (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.  

 (A) VDdj ds nkSjku CykWd o xksyh fudk; dk js[kh; laosx lajf{kr ugha gS D;ksfd fLizax cy vkosxh gSA 

 (B*) VDdj ds nkSjku CykWd o xksyh fudk; dk js[kh; laosx lajf{kr gS D;ksfd fLizax cy vukosxh gSA 

 (C) fLizax esa vf/kdre lEihM+u 2m gSA  

 (D*) fLizax esa vf/kdre lEihM+u 1m gSA  

Ans. (B,D) 
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Sol. Velocity of the system just after the collision   VDdj ds Bhd ckn fudk; dk osx  

 mvo  =  (m + M) V   V = 0mv

(m M)
    

 Using work energy theorem.  dk;Z ÅtkZ izes; ls  

 K  = WAII  = Wg + WN + WS    (Assume friction force is absent)  ¼ekfu;s fd ?k"kZ.k cy vuqifLFkr gS½ ......(i) 

 0 – 
1

2
 (m + M) V2   = 0 +  0 –  

1

2
KX2

max  

 
2 2

om v

(m M)
 =  KX2

max      Xmax = 0mv

K(M m)
 = 

2 2
0m v

K(M m)
 

 

14. A particle strikes a horizontal smooth floor with a velocity u making an angle  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 :   

 ,d d.k ,d {kSfrt fpdus /kjkry ls u osx ls o /kjkry ls  dks.k cukrs gq, Vdjkrk gS rFkk  dks.k cukrs gq, v 
osx ls okfil ykSV tkrk gSA vxj d.k o Q'kZ ds e/; izR;koLFkku xq.kkad e gS rks & 

 (A*) the impulse delivered by the floor to the body is mu(1 + e) sin . 

  /kjkry }kjk oLrq dks fn;k vkosx mu(1 + e) sin  gksxk 
 (B*) tan  = e tan . 

 (C*) v = u 2 21 (1 e )sin    

 (D*) the ratio of the final kinetic energy to the initial kinetic energy is (cos2  + e2 sin2 ) 

   vfUre xfrt ÅtkZ rFkk izkjfEHkd xfrt ÅtkZ dk vuqikr (cos2  + e2 sin2 ) gSA 
Sol. vcos = ucos 

 vsin = eusin 

 v2 = 2 2 2u cos e sin   

 v = 2 2 2u (1– sin ) e sin    

 

 

  v = u 2 21– (1– e )sin   

 tan = etan. 

 I = m (vLOI –uLOI) 

 = m (eusin + usin) 

 = mu (1 + e) sin. 

 ki = 
1

2
mu2 kf = 

1

2
 mv2 

 f

i

k

k
 = 

2

2

1/ 2 mv

1/ 2 mu
 = cos2 + e2 sin2 
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15.# A striker is shot from a square carrom board from a point A exactly at midpoint of one of the walls with a 
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.         

 ,d LVªkbdj dks 2 eh-@lSd.M+ pky ls ,d oxkZdkj dSjecksMZ ds ,d fcUnq A ls x- v{k ds lkFk 45º dks.k ij 
fp=kkuqlkj nkxk tkrk gSA A fcUnq bldh ,d nhokj ds e/; fcUnq ij fLFkr gSA fLFkj dSje cksMZ dh nhokj ds lkFk 
LVªkbdj dh VDdj iw.kZr% izR;kLFk gSA LVªkbdj rFkk dSje cksMZ ds e/; xfrd ?k"kZ.k xq.kkad 0.2 gSA 

 

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

wall and striker) is 
1

2 2
. 

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

wall and striker) is 
1

2
. 

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

wall and striker) is 
1

2
. 

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

wall and striker) is 
1

2 2
. 

 (A*)  LVªkbZdj dk x funsZ'kkad 
1

2 2
 gS tc ;g :drk gSA ¼O dks ewyfcUnq ekurs gq, rFkk nhokj vkSj LVªkbdj ds 

chp ?k"kZ.k dks ux.; ekurs gq,]½ 

 (B*)  LVªkbZdj dk y funsZ'kkad 
1

2
 gS tc ;g :drk gSA ¼O dks ewyfcUnq ekurs gq, rFkk nhokj vkSj LVªkbdj ds chp 

?k"kZ.k dks ux.; ekurs gq,]½ 

 (C)   LVªkbZdj dk x funsZ'kkad 
1

2
 gS tc ;g :drk gSA ¼O dks ewyfcUnq ekurs gq, rFkk nhokj vkSj LVªkbdj ds chp 

?k"kZ.k dks ux.; ekurs gq,]½ 

 (D)  LVªkbZdj dk y funsZ'kkad 
1

2 2
 gS tc ;g :drk gSA ¼O dks ewyfcUnq ekurs gq, rFkk nhokj vkSj LVªkbdj ds chp 

?k"kZ.k dks ux.; ekurs gq,]½ 
Ans. (A,B) 
Sol. For the striker : LVªkbZdj ds fy,  
  02 = (2)2 – 2(0.2) (10) s   s = 1 m 

 From A to B : A ls B SAB = 

2 2
1 1

2 2 2 2

   
   

   
 = 

1

4
 = 

1

2
m   

 Similarly : blh izdkj  SBC = 
1

2
m 

  The striker stops at the point C having coordinates 
1 1

,
2 2 2

 
 
 

. 

   LVªkbZdj fcUnq C  ij :dsxk ftlds funsZ'kkad 
1 1

,
2 2 2

 
 
 

 gSA  
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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 q 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 ? 

leku fn'kk esa xfr djrh gqbZ nks xsansa A rFkk B Vdjkrh gSA B dk nzO;eku A ls p xquk gSA VDdj ds igys A dk osx 

B ls q xquk FkkA VDdj ds ckn A fojke esa vkrk gSA ;fn e izR;koLFkku xq.kkad gks rks fuEu esa ls dkSulk@dkSuls 

fu"d"kZ lgh gS ? 

 (A*) 
p q

e
pq p





  (B) 

p q
e

pq q





  (C*) 

q
p

q 2



  (D*) p > 1 

Ans. (ACD)  

Sol. 

 

 A B qu u
mp m  

 mqu + mpu = mp vf 

 f

(q p)u
v

p


  

 

u
(q p)

q pp
e

qu u pq p




 
 

 

 e  1 

 
q p

1
pq p





 

 
q

p
q 2




 

 
  

PART - IV : COMPREHENSION 

Hkkx - IV : vuqPNsn (COMPREHENSION) 

 
Comprehension-1 
 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.    

 fp=kkuqlkj nks leku nzO;eku M = 2kg ds pyk;eku urryksa dks {kSfrt fpdus ry ij ,d nwljs ds lkFk Bhd 
lEidZ esa j[kk tkrk gSA ,d NksVk m = 1kg nzO;eku dk CykWd cka;s ry ls h= 9m Å¡pkbZ ls fQlyrk gSA ?k"kZ.k 
ux.; gS rFkk nksukas ur ry ij Lora=k :i ls xfr dj ldrs gSA 

    

 

 
 

1. 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 

 ck;sa urry dk osx D;k gksxk tc CykWd urry dks NksM+rk gSA  

 (A*) 30 m/s   (B) 50 m/s   (C) 25 m/s  (D) 45 m/s 
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2. To what maximum height will the block rise along the right wedge? 
 (A) 5m    (B*) 4m   (C) 2m   (D) 3m 

 CykWd nka;s urry ij vf/kdre fdruh Å¡pkbZ rd tk;sxkA 

 (A) 5m    (B*) 4m   (C) 2m   (D) 3m 
 

3.  Find velocity of right wedge when samller bolck is at maximum height on right wedge. 

 (A*) 
40

3
  (B) 

20

3
   (C) 

15

3
  (D) 

42

3
  

 tc CykWd nka;s urry ij vf/kdre Å¡pkbZ ij gS rc nka;s urry dk osx gSA 

 (A*) 
40

3
  (B) 

20

3
   (C) 

15

3
  (D) 

42

3
 

Sol.  

 

 

 
 By momentum conservation  laosx laj{k.k ls  

 

 

   
 Mu = mV   (i) 

 V =  
M

m
u  

 By energy conservation  laosx laj{k.k ls  

 mgh =  
1

2
Mu2 +  

1

2
mV2  =  

1

2
Mu2 +  

1

2
m 

2
M

m

 
 
 

 u2  

 mgh = 
1

2
 Mu2 +   

1

2

2M

m
u2  = 

1

2
 u2 

2Mm M

m

 
  
 

 

 2m2gh  = u2 (Mm + M2) 

   
2

2

2 m gh

Mm M
 = u2.  

 u = m 
2

2 gh

Mm M
  ...(ii) 

 

 

 
 By momentum conservation  laosx laj{k.k ls  
 mV = (M + m) V1  

 V1 = 
mV

M m
   ...(iii) 

 By energy conservation  ÅtkZ laj{k.k ls  

   
1

2
mV2 = 

1

2
 (m + M) V1

2 + mgh1  
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1

2
mV2 = 

1

2
 (m + M) 

2
mV

M m

 
  

 +  mgh1  

   
1

2
mV2 – 

1

2

2 2m V

(M m)
 =  mgh1  

   
1

2
V2 

2mm –
M m

 
   

 =  mgh1  

    
1

2

2MmV

(M m)
 = mgh1    ...(iii) 

 Put j[kus ij  V = – 
M

m

 
 
 

 × u  and vksj  u = m 
2

2gh

Mm M
 

  V = M 
2

2gh

Mm M
  ....(iv) 

 put value of V from eqn (iv) to (iii) 

 lehdj.k (iv) ls V  dk eku (iii) esa j[kus ij  

  h'  = 
2

2

M h

(M m)
 

 
Comprehension-2 
 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)       

 leku nzO;eku m ds nks CykWd ,d fLizax ls tqM+s gaS rFkk fudk; ?k"kZ.kjfgr lrg ij j[kk gSA ,d fuf'pr cy F 

igys CykWd ij nwljs ls nwj ys tkus ds fy, fp=kkuqlkj vkjksfir djrs gSaA ¼izkjEHk esa fudk; fLFkj voLFkk esa gS½

     

 

  
 

4. Then the displacement of the centre of mass in time t is  

 t le; esa nzO;eku dsUnz dk foLFkkiu gksxkA 

 (A) 
2Ft

2m
   (B) 

2Ft

3m
    (C*) 

2Ft

4m
  (D) 

2Ft

m
  

Sol. (C) (a) The acceleration of the centre of mass is 

 (C) (a) nzO;eku dsUnz dk Roj.k  

     aCOM = 
F

2m
 

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

 nzO;eku dsUnz dk foLFkkiu t le; esa gksxkA 

     x = 
1

2
aCOM t2 = 

2Ft

4m
 Ans.  

 

5. If the extension of the spring is x0 at time t, then the displacement of the right block at this instant is : 

 ;fn fLizax dk f[kapko t le; esa x0 gks rks ml {k.k ij nka;s CykWd dk foLFkkiu gksxk & 

 (A*) 
1

2

2

0

Ft
x

2m

 
  

 
 (B) – 1

2

2

0

Ft
x

2m

 
  

 
 (C) 

1

2

2

0

Ft
x

2m

 
  

 
 (D) 

2

0

Ft
x

2m

 
  

 
 

Sol. (A)   
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6. If the extension of the spring is x0 at time t, then the displacement of the left block at this instant is : 

 ;fn fLizax dk f[kapko t le; esa x0 gks rks ml {k.k ij cka;s CykWd dk foLFkkiu gksxkA 

 (A) 
2

0

Ft
x

2m

 
  

 
   (B) 

1

2

2

0

Ft
x

2m

 
  

 
  (C) 

1

2

2

0

2Ft
x

m

 
  

 
  (D*) 

1

2

2

0

Ft
x

2m

 
  

 
  

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

 ekuk igys CykWd dk foLFkkiu x1 rFkk nwljs dk x2 gks rc & 

   x = 1 2mx mx

2m


  or 

2
1 2x xFt

4m 2


      

 or   x1 + x2 = 
2Ft

2m
     ...(i) 

 Further, the extension of the spring is x1 – x2. Therefore,  

 fLizax dk f[kapko x1 – x2 gksxk vr%  

     x1 – x2 = x0     ...(ii) 

 From Eqs. (i) and (ii),   x1 = 
1

2

2

0

Ft
x

2m

 
  

 
 

 lehdj.k (i) o (ii) ls  

 and o    x2 = 
1

2

2

0

Ft
x

2m

 
  

 
    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 nzO;eku rFkk R f=kT;k dh nks fpduh xsanksa A o B, ds dsUnz fp=kkuqlkj funsZ'k rU=k esa Øe'k% (0, 0, R) rFkk  
(5R, – R, R) ij gSaA xsan A /kukRed x fn'kk esa xfr djrh gqbZ xsan B ls Vdjkrh gSA VDdj ds Bhd igys xsan  A dh 
pky 4 m/s rFkk xsan B fLFkj gSA xsanksa ds chp VDdj izR;kLFk gSA  

 

A 

B 

x(m)

y 

 
 

 

7. Velocity of the ball A  just after the collision is :  
 VDdj ds rqjUr i'pkr~ xsan A dk osx gS -   

 (A*) (i + 3 j) m/s (B) (i – 3 j) m/s (C) (2i + 3 j) m/s  (D) (2i + 2j) m/s 
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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 VB||, that 

is equal to u cos 30°. Ball A moves perpendicular to the line of impact with velocity VA =  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   
 VDdj ds nkSjku] VDdj dh fn'kk esa cy vkjksfir gksrs gSa] pwafd VDdj izR;kLFk gS rFkk nksuksa xsanksa dk nzO;eku leku 

gSA vr% VDdj dh js[kk dh fn'kk esa osxksa dk vknku iznku gksrk gSA vr% xsan B dk osx VB|| = u cos 30° gSA xsan A 

VDdj dh js[kk ds yEcor~ osx VA =  u cos60° ls xfr djrh gSA VDdj dh js[kk ds vuqfn'k xsan A esa VDdj ds 
i'pkr~ dksbZ osx ugha gksxkA vr% xsan A dk VDdj ds i'pkr~ lfn'k :i esa osx gS - 

 

30° 

30° 

60° 

R 

u 

V A  

V 
A | | 

V 
B | | 

x

y 

 
=  VA cos60°i +  VA cos 30°j  

  =  (u cos 60°) cos60°i +  (u cos 60°) cos 30°j  

  = 
1 1

4. . .i
2 2

 + 
1 3

4. . .j
2 2

 = (i 3j)  m/s 

 
8. Impulse of the force exerted by A on B during the collision, is equal to   
 VDdj ds nkSjku A }kjk B ij vkjksfir cyksa ds dkj.k vkosx gksxk -    

 (A) ( 3mi 3mj)
kgm

s
    (B) 

3
mi 3mj

2

 
  

 

kgm

s
 

 (C*) (3mi 3mj)
kgm

s
     (D) (2 3mi 3j)

kgm

s
 

Sol. Using impulse-momentum equation for ball B   
 xsan B ds fy, vkosx&laosx lehdj.k ls   

 x

V 
B | | 

B 

 d t N 

 

  f iNdt p p   and as ip 0   

  fNdt p   

  =  (mu cos 30°) cos 30 i – (mu cos30°) cos 60° j 

   = 
3 3

m.4. . .i
2 2

 – 
3 1

m.4. . .j
2 2

 

   = (3 m i – 3 m j) kg 
m

s
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 Marked Questions can be used as Revision Questions. 

 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA 

* Marked Questions may have more than one correct option. 

* fpfUgr iz'u ,d ls vf/kd lgh fodYi okys iz'u gS-   

PART - I : JEE (ADVANCED) / IIT-JEE PROBLEMS (PREVIOUS YEARS) 

Hkkx - I : JEE (ADVANCED) / IIT-JEE ¼fiNys o"kksZ½ ds iz'u 
 

 

1*. 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–1. Which of the following statement(s) 
is/are correct for the system of these two masses ?     

 ,d 1 kg dk fcUnq&nzO;eku ,d fLFkj 5 kg fcUnq&nzO;eku ls çR;kLFk VDdj djrk gSaA Vdjkus ds ckn 1 kg dk d.k 
2 ms–1 pky ls igys dh foifjr fn'kk esa tkus yxrk gSA bu nksuksa nzO;ekuksa ds ckjs esa fuEu esa ls dkSulk@dkSuls 
çDdFku lgh gSa \          [JEE-2010, 3/163] 

 (A*) Total momentum of the system is 3 kg ms–1  
 (B) Momentum of 5 kg mass after collision is 4 kg ms–1 
 (C*) Kinetic energy of the centre of mass is 0.75 J 
 (D) Total kinetic energy of the system is 4 J 

 (A*) fudk; dk dqy laosx 3 kg ms–1 gS  

 (B) Vdjkus ds ckn 5 kg nzO;eku dk laosx 4 kg ms–1 gS  

 (C*) lagfr&dsUnz dh xfrt ÅtkZ 0.75 J gS 
 (D) fudk; dh dqy xfrt ÅtkZ 4 J gS 
Sol.  

 

 
 

 
 Since collision is elastic, so e = 1 
 Velocity of approach = velocity of separation 
 So, u = v + 2  .............(i)  
 By momentum conservation :    
  1 × u = 5v – 1 × 2 
  u = 5v – 2 
  v + 2 = 5v – 2 
 So, v = 1 m/s 
 and u = 3 m/s 
 Momentum of system = 1 × 3 = 3 kgm/s 
 Momentum of  5kg after collision = 5 × 1 = 5 kgm/s 

 So, kinetic energy of centre of mass = 
1

2
 (m1 + m2) 

2

1

1 2

m u

m m

 
  

  

     = 
1

2
 (1 + 5) 

2
1 3

6

 
 
 

 = 0.75 J 

 Total kinetic energy = 
1

2
 × 1 × 32 = 4.5 J. 

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


Center of Mass 
 

 

 

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVPM - 76 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

gy.  

 

 
 

 
 D;ksfd VDdj izR;kLFk gS vr% e = 1 

 lkehI; osx = vyxko osx  

 vr%  u = v + 2  .............(i)  

 laosx lja{k.k ls  

  1 × u = 5v – 1 × 2 
  u = 5v – 2 
  v + 2 = 5v – 2 

 vr%  v = 1 m/s 

 vkSj  u = 3 m/s 

 fudk; dk laosx = 1 × 3 = 3 kgm/s 

 5kg dk VDdj ds ckn laosx = 5 × 1 = 5 kgm/s 

 vr% nzO;eku dsUnz dh xfrt ÅtkZ = 
1

2
 (m1 + m2) 

2

1

1 2

m u

m m

 
  

 

     = 
1

2
 (1 + 5) 

2
1 3

6

 
 
 

 = 0.75 J 

 dqy xfrt ÅtkZ = 
1

2
 × 1 × 32 = 4.5 J 

 

2.# 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    

 ,d 0.2 kg nzO;eku dh xsan 5 m Å¡ps ,d Å/okZ/kj [kEcs ij fojkekoLFkk esa gSA ,d 0.01kg dh xksyh Vm/s {kSfrt 
osx ls pyrs gq, xsan ds dsUnz ij Vdjkrh gSA VDdj ds ckn xsan o xksyh LorU=k :i ls pyrh gSA xsan [kEcs ls 
20m dh nwjh ij rFkk xksyh 100m dh nwjh ij tehu ij fxjrh gSA xksyh dk çkjfEHkd osx V gS 

[JEE-2011,3/160.–1] 
 

 

 (A) 250 m/s  (B) 250 2 m/s  (C) 400 m/s  (D*) 500 m/s 

Sol.  R = 
2h

u
g

 

   20 = 1

2 5
V

10


 and 100 = 2

2 5
V

10


 

   V1 = 20 m/s , V2 = 100 m/sec. 
 Applying momentum conservation just before and just after the collision 

 VDdj ls iwoZ o VDdj ds ckn laosx laj{k.k ls  

 (0.01) (V) = (0.2)(20) + (0.01)(100)            V = 500 m/s  
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3.# 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 nzO;eku ds ,d xqVds dks 2 N/m cy&fu;rkad ds fLçax ls layXu fd;k gSA xqVds vkSj tehu ds chp 
?k"kZ.k&xq.kkad 0.1 gSA vkjEHk esa xqVdk fLFkj gS vkSj fLçax esa QSyko ugha gSA fp=k esa n'kkZ;s vuqlkj ,d vkosx xqVds 
dks fn;k tkrk gS ftlls xqVdk 0.06 m ljd dj :drk gS ¼igyh ckj½A ;fn xqVds dk vkjfEHkd osx (m/s esa)  
V = N/10 ysa rks N dk eku gksxkµ       [JEE-2011, 4/160] 

 

 
Ans. 4 
Sol.  

 

 

  
  = 0.1  

 21
mu

2
 = mg × 0.06 + 

1

2
kx2 

1

2
 × 0.18 u2 = 0.1 × 0.18 × 10 × 0.06 

 0.4 = 
N

10
     N = 4  Ans. 

 

4. A bob of mass m, suspended by a string of length l1, 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 l2, 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 

circle in the vertical plane, the ratio 1

2

l

l
 is :    

 ,d m nzO;eku dk xksyd l1 yEckbZ dh Mksjh ls yVdk gqvk gSA bls ,d osx fn;k tkrk gS tks fd Å/okZ/kj ry esa 
,d o`Ùk iwjk djkus ds fy, U;wure~ gSA vius mPpre~ fcUnq ij ;g xksyd nwljs m nzO;eku ds xksyd ls izR;kLFk 
la?kVV~ djrk gSA nwljk xksyd l2 yEckbZ dh Mksjh ls yVdk gqvk gS rFkk izkjaHk esa fojkekoLFkk ij gSA nksuksa Mksfj;kW 
nzO;eku jfgr o vforkU; gSaa ;fn la?kVV ds ckn nwljs xksyd dks ,slh xfr izkIr gksrh gSa tks fd Å/okZ/kj ry esa iw.kZ 

o`Ùk iwjk djus ds fy, U;wure gS] rc 1

2

l

l
 dk vuqikr gS :   [JEE (Advanced) 2013; 4/60] 

 Ans.  5 
Sol.   

 

 

 
 To complete the vertical circle 

 1g  = 25g   1

2

 = 5 
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Hindi.   

 

 

 
 Å/okZ/kj o`Ùk iw.kZ djus ds fy,  

 1g  = 25g  

 1

2

 = 5 

5. A particle of mass m is projected from the ground with an initial speed u0 at an angle  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 u0. 
The angle that the composite system makes with the horizontal immediately after the collision is :   

 ,d m nzO;eku ds d.k dks çkjfEHkd xfr u0 ls {kSfrt ls –dks.k ij ç{ksfir fd;k tkrk gSA ;g d.k ç{ksI; iFk ds 
mPpre fcUnq ij ,d leku nzO;eku ds d.k ds lkFk iw.kZr% vçR;kLFk la?kê djrk gS] tksfd Hkwry ls Å/okZ/kj fn'kk 
esa leku çkjfEHkd xfr u0 ls Qsadk x;k FkkA la;qDr fudk; la?kê ds rRdky ckn {kSfrt ls fuEu dks.k cuk,xk % 
        [JEE (Advanced) 2013,3/60, –1] 

 (A*) 
4


   (B) a

4


   (C) a

4


   (D) 

a

4 2


  

 Ans. (A) 
Sol. At the highest point  

 

 

  

 v1 = 0u cos

2


 (by applying momentum conservation in horizontal direction) 

 v2 = 0u cos

2


 (by applying momentum conservation in vertical direction) 

 (H = 
2 2
0u sin

2g


)    = 45° 

Hindi mPpre fcUnq ij  

 

 

    

 v1 = 0u cos

2


 ({kSfrt fn'kk esa laosx laj{k.k yxkus ij) 

 v2 = 0u cos

2


 (Å/okZ/kj fn'kk esa laosx laj{k.k yxkus ij) 

 (H = 
2 2
0u sin

2g


)    = 45° 
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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.  

 ,d Vsful dh xsan dks ,d {kSfrt fpduh lrg ij fxjk;k tkrk gSA xsan lrg ls Vdjkus ds i'pkr~ iqu% vius eqy 
LFkku ij igq¡p tkrh gSA la?kê (collision) ds nkSjku] xsan ij yxus okyk cy mldh laihM+u yackbZ ds vuqØekuqikrh 
gSA fuEu esa ls dkSulk js[kkfp=k] le; t ds lkFk xasn dh xfrt ÅtkZ K ds ifjorZu dks lokZf/kd mfpr :i ls iznf'kZr 
djrk gSA ¼fp=k dsoy lkadsfrd gSa vkSj ekiu ds vuq:i ugha gSa½A [JEE (Advanced) 2014, 3/60, –1] 

 (A) 

 

    (B*) 

 

t 

K 
   

  

 (C) 

 

   (D) 

 

 

 Ans. (B) 
Sol.  

 

 

 

 K = 2 21
mg t

2
 

 
2K t  : parabolic graph 

 then during collision kinetic energy first decreases to elastic potential energy and then increases. 
 Most appropriate graph is B. 
Hindi  

 

 

 

 K = 2 21
mg t

2
 

 
2K t  : ijoy;kdkj vkjs[k  

 rc VDdj ds nkSjku xfrt ÅtkZ igys ?kVsxh izR;kLFk fLFkfrt ÅtkZ c<+sxh ,oa rc xfrt ÅtkZ c<+sxhA lcls lgh 
vkjs[k B gSA 
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7. 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 ?    

o`Ùkkdkj pki okys ,d xqVds dk nzO;eku M gSA ;s xqVdk ,d ?k"kZ.k jfgr est ij fLFkr gSA est ds lkis{; (in a 

coordinate system fixed to the table) xqVds dk nkfguk dksj (right edge) x = 0 ij fLFkr gSA nzO;eku m okys 
,d fcUnq d.k (point mass) dks o`Ùkkdkj pki ds mPpre fcUnq ls fojkekoLFkk ls NksM+k tkrk (released from rest)  
gSA ;s fcUnq d.k o`Ùkkdkj iFk ij uhps dh vkSj ljdrk gSA tc fcUnq d.k xqVds ls laidZ foghu gks tkrk gS] rc 
mldh rkR{kf.kd fLFkfr x vkSj xfr v gSA fuEu esa ls dkSu lk (ls) dFku lgh gS@gSa \   

       [JEE(Advanced) 2017 ; P-1, 4/61, –2] 

    

 

y 

x 

m 

M 

x = 0 

R 

R 

 

 (A*) The velocity of the point mass m is : v = 
2gR

m
1

M


   

 (B*) The x component of displacement of the center of mass of the block M is : 
mR

M m



   

(C) The position of the point mass is : x = 
mR

2
M m




    

(D) The velocity of the block M is : V = 
m

2gR
M

  

 (A*) fcUnq d.k (m) dk osx v = 
2gR

m
1

M


 gS  

 (B*) xqVds (M) ds lagfr dsUnz ds foLFkkiu dk x ?kVd (x co-cordinate) 
mR

M m



gS    

(C) fcUnq d.k (m) dk LFkku x = 
mR

2
M m




 gS   

(D) xqVds (M) dk osx V = 
m

2gR
M

  gS 

Ans. (AB)  

Sol. If speed of point mass is v, then using conservation of linear momentum V = 
mv

M
 

 ;fn fcUnq æO;eku dh pky v gks rks js[kh; laosx laj{k.k ls, V = 
mv

M
 

 mgR = 

2
2

M

mv
M

2

1
mv

2

1







  mgR = 






 
M

m
1mv

2

1 2  

 

M

m
1

gR2
v


  XM = 











mM

mR
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8. 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 

 ,d likV IysV (flat plate) vYi ncko ds xSl (gas at low pressure) esa] vius ry dh vfHkyac fn'kk esa] fu;r cy  
F ds izHkko esa vxzlfjr gSA IysV dh xfr v, xSl v.kqvksa ds vkSlr xfr u ls cgqr de gSA fuEu esa ls dkSu lk (ls) 
dFku lgh gS@gSa ?  

 (A) izfrxkeh ,oa vuqxkeh i`"B ds ncko dk varj uV ds lekuqikrh gSA  
 (B) dqN le; ds ckn ckâk cy F vkSj izfrjks/kd cy larqfyr gks tk,axsA  

 (C) IysV }kjk vuqHko gqvk izfrjks/kd cy v ds lekuqikrh gSA  
 (D) IysV loZnk 'kqU;srj fLFkj Roj.k (constant non-zero acceleration) ls pyrh jgsxhA  
Ans. (ABC)  

Sol. u' = u,  = constant  

 

 

A 

u' u' 

v 

 
w.r.t plane   

 

 

A 

(u' –v) 

(u' –v) 

After collision 

Before collision 

(u' + v) 

After collision 

(u' + v) 

Before collision 

   

 

 

A 

F 

Fleading Ftrailing 

  

 

A 

F 

F
 izfrxkeh F

vuqxkeh 

 
 Fleading= 2A(u' + v)2  

 Ftrailing = 2A(u' – v)2  

 Fleading – Ftrailling = 2A(4u'v) = 8Au'v 

 Pressure difference  = 
leading trailingF – F

Area
 = 8u'v  = 8uv 

 Net force on plate  

 Fnet = F – 8Auv = 
dt

mdv
 

 After long time v will be sufficient so F = 8Auv 

 After that v = constant, i.e. plate will achieve terminal velocity. 
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Sol. u' = u,  = fu;r 

 

 

A 

u' u' 

v 

   

 IysV ds lkis{k 

   

 

A 

(u' –v) 

(u' –v) 

VDdj ds ckn 

VDdj ls igys 

(u' + v) 

VDdj ds ckn 

(u' + v) 

VDdj ls igys 

 

  

 

A 

F 

F
 izfrxkeh F

vuqxkeh 

 

 Fizfrxkeh= 2A(u' + v)2  

 Fvuqxkeh = 2A(u' – v)2  

 Fizfrxkeh – Fvuqxkeh= 2A(4u'v) = 8Au'v 

 nkckarj  = 
F – Fizfrxkeh vuqxkeh

{ks = kQy
 = 8u'v  = 8uv 

 IysV ij dqy cy  

 Fdqy = F – 8Auv = 
dt

mdv
 

 cgqr yEcs le; ckn v i;kZIr gksxk vr% F = 8Auv 

 blds i'pkr~ v = fu;r, vr% IysV lhekUr osx izkIr djsxhA 
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9.* 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 = L0 the particle speed is v = v0. The piston is moved inward 

at a very low speed V such that V << 0v
L

dL
. Where dL is the infinitesimal displacement of the piston. 

Which of the following statement(s) is/are correct ? 

 ,d Hkkjh] [kks[kyh vkSj lh/kh ufydk ds v{k dh fn'kk esa ,d m æO;eku dk NksVk d.k xfr'khy gS vkSj og ufydk ds 
nksuksa fljksa ls izR;kLFkh la?kê (elastic collision) djrk gSA ufydk dh lrg ij dksbZ ?k"kZ.k ugha gS vkSj bldk ,d fljk 
,d lery lrg ls can gS tcfd nwljs fljs ij ,d lery lrg okyk Hkkjh pyk;eku fiLVu gS tSlk fd fp=k esa 
n'kkZ;k gSA tc fiLVu can fljs ls L = L0 dh nwjh ij gS rc d.k dh xfr v = v0 gSA fiLVu dks vanj dh vksj cgqr de 

xfr V << 0v
L

dL
 ls pykrs gSaA tgk¡ dL fiLVu dk vfrlw{e  (infinitesimal) foLFkkiu gSA fuEufyf[kr dFkuksa esa ls 

dkSu lk ¼ls½ lgh gS¼gSa½ ?               [JEE (Advanced) 2019 ; P-2, 4/62, –1] 

 
 

v 

    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 2v
L

dL
 

(C*) The particle's kinetic energy increases by a factor of 4 when the piston is moved inward from L0 to 0L
2

1
 

(D) The rate at which the particle strikes the piston is v/L 

(A*) fiLVu ls izR;sd la?kê ds ckn d.k dh xfr 2V ls c<+ tkrh gSA 

(B) ;fn fiLVu vanj dh rjQ dL nwjh pyrk gS rc d.k dh xfr 2v
L

dL
 ls c<+ tkrh gSA 

(C*) tc fiLVu L0 ls 0L
2

1
 rd tkrk gS rc d.k dh xfrt ÅtkZ 4 xq.kk vf/kd gks tkrh gSA 

(D) d.k ds fiLVu ls Vdjkus dh nj v/L gSA 

Ans. (AC) 
Sol.  

 

 

v = v0 V 

 before collision la?kê ls igys  

 

 

v0 + 2V V 

After Collision la?kê ds ckn  
 Therefore change in speed vr% pky esa ifjorZu = (2V + v0 – v0) = 2V 

 In every collision it acquires 2V   
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v+dv 
V 

x  

 Rate at which the particle strike the piston = 
x2

v
f   

 If x = L then f = 
L2

v
 

 Rate of change of speed of particle = 
dv

f 2V
dt

   

 dv = 
v

2Vdt
2x

  

 dv = )dx(2
x2

v
   

 



xv

v
x

dx

v

dv

0 

 

   n 



x

n
v

v

0

     
x

v
v 0  

 When x = 
2

L0 , then v = 
0

00

L

2Lv 
 = 2v0 

 KE at x = 
2

L0  = Kf = 
2

1
 × m × 4 2

0v    

 KE at x = L0 = Ki = 2
0mv

2

1
 

  4
k

k

i

f   

 

 
 

PART - II : JEE (MAIN) / AIEEE PROBLEMS  (PREVIOUS YEARS) 
 

Hkkx - II : JEE (MAIN) / AIEEE ¼fiNys o"kksZ½ ds iz'u 
 

1. 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. 

 dFku-1 : ,d gh fn'kk esa xfr'khy nks d.k ,d iw.kZr;k vizR;kLFk la?kê esa viuh lEiw.kZ ÅtkZ dk gzkl ugha djrs gS  

 dFku-2 : lHkh izdkj ds la?kêksa ds fy, laosx ds laj{k.k dk fu;e oS| gS   [AIEEE 2010, 4/144] 

 (1*) dFku&1 lR; gS] dFku&2 lR; gS ; dFku&2, dFku&1  dk lgh Li"Vhdj.k gSA  

 (2) dFku&1 lR; gS] dFku&2 lR; gS ;  dFku&2, dFku&1  dk lgh Li"Vhdj.k ugha gSA  

 (3) dFku&1 vlR; gS] dFku&2 lR; gSA 
 (4) dFku&1 lR; gS] dFku&2 vlR; gSA 

Ans. (1) 
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Sol. 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. 

 ;fn d.k ds izkjfEHkd laosx 'kwU; gS] rks vizR;kLFk VDdj esa ;s viuh laiw.kZ ÅtkZ O;; dj nssxsa] fdUrq bl izdj.k eas  
izkjfEHkd laosx 'kwU; ugh gSA lHkh izdkj dh VDdjksa ds fy, laosx laj{k.k fl)kar oS/k gSA  

 

2. This question has statement  and Statement . Of the four choices given after the Statements, choose 
the one that best describes the two Statements.  

 STATEMENT- : A point particle of mass m moving with speed  collides with stationary point particle 

of mass M. If the maximum energy loss possible is given as 21ƒ m
2

  
 

 then ƒ = m

M m

 
  

.  

 STATEMENT- : Maximum energy loss occurs when the particles get stuck together as a result of the 
collision.      

 (1) Statement - is true, Statment - is true, Statement - is the correct explanation of Statement -.  
 (2) Statement - is true, Statment -  is true, Statement - is not the correct explanation of Statement -

.   
 (3) Statement - is true, Statment -  is false.  

 (4*) Statement - is false, Statment -  is true. 

 bl iz'u esa izdFku ,oa izdFku fn;s gq;s gSaA izdFkuksa ds i'pkr~ fn;s x;s pkj fodYiksa esa ls] ml fodYi dks pqfu;s 
tks fd nksuks izdFkuksa dk loksZÙke o.kZu djrk gSA 

 izdFku -  : pky ls xfr'khy nzO;eku m dk ,d fcanq d.k fLFkj nzO;eku M ds ,d fcUnq d.k ls la?kê djrk gSA 

;fn lEHko vf/kdre ÅtkZ {k; fn;k tkrk gS 21ƒ m
2

  
 

 ls] rc ƒ = . m

M m

 
  

  [JEE (Main) 2013, 4/120] 

 izdFku -  : vf/kdre ÅtkZ {k; rHkh gksrk gS tc la?kê ds ifj.kkeLo:i d.k ,d nwljs ls fpid tkrs gSA  

 (1) izdFku- lR; gS] izdFku-lR; gSA izdFku- izdFku-dh lgh O;k[;k djrk gSA 
 (2) izdFku- lR; gS] izdFku-  lR; gSA izdFku- izdFku-dh lgh O;k[;k ugha djrk gSA 

 (3) izdFku- lR; gSa] izdFku-  vlR; gSA 

 (4) izdFku- vlR; gS] izdFku-  lR; gSA 

Sol. Maximum energy loss vf/kdre ÅtkZ gkfu = 
2 2P P

2m 2(m M)



 

            = 
2

2P M 1 M
mv

2m (m M) 2 m M

         
  

M
f

m M

   
     

 Hence Statement -1 is wrong and statement 2 is correct Hence  

 vr% oDrO; -1 xyr gS rFkk oDrO; 2 lgh gSA vr%  Ans (4) 
 

3. 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-fn'kk esa 2v pky ls pyrs gq, m nzO;eku ds ,d d.k ls, y - fn'kk esa v osx ls pyrk gqvk  2m nzO;eku dk ,d 
d.k] Vdjkrk gSA ;fn ;g la?kV~V (VDdj) iw.kZr~% vizR;kLFk gS rks] VDdj ds nkSjku ÅtkZ dk {k; (gkfu) gksxh:  

         [JEE (Main) 2015; 4/120, –1] 
 (1) 44%   (2) 50%   (3*) 56%   (4) 62% 
Ans. (3) 
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Sol. Just before collision    Just after collision 

 VDdj ds Bhd igys    VDdj ds fBd i'pkr~ 

  2V    

 

   
 

  

 

   

 Energy loss ÅtkZ gkfu E = 
1

2
 m (2V)2 + 

1

2
 (2m) V2 –  

1

2
 (3m) 2 

2
2V

3

 
 
 

 

   =  3mV2 – 
24mV

3
 = 

25mV

3
 = 55.55% 

 
4. Distance of the centre of mass of a solid uniform cone from its vertex is z0. If the radius of its base is R 

and its height is h then z0 is equal to      

 fdlh ,dleku Bksl 'kadq ds nzO;eku dsUnz dh mlds 'kh"kZ ls nwjh z0 gSA ;fn 'kadq ds vk/kkj dh f=kT;k R rFkk 'kadq 
dh Å¡pkbZ h gks rks z0 dk eku fuEukafdr esa ls fdlds cjkcj gksxk ?  [JEE(Main) 2015; 4/120, –1] 

 (1) 
2h

4R
    (2*) 

3h

4
   (3) 

5h

8
    (4) 

23h

8R
  

Ans. (2) 

Sol COM  of uniform solid cone of height h is at height 
h

4
 from base, therefore from vertex its 

3h

4
 

  h Å¡pkbZ ds ,d leku Bksl 'kadw dk nzO;eku dsUnz vk/kkj ls 
h

4
 Å¡pkbZ ij gksrk gSA vr% 'kh"kZ ls 

3h

4
 Å¡pkbZ ij 

gksxkA 
 
5. It is found that if a neutron suffers an elastic collinear collision with deuterium at rest, fractional loss of 

its energy is pd, while for its similar collision with carbon nucleus at rest, fractional loss of energy is pc. 

The values of pd and pc are respectively :    [JEE (Main) 2018; 4/120, –1] 

 ;fn ,d U;wVªkWu dh ,d fLFkj voLFkk ds M;wVhfj;e ls izR;kLFk ,d js[kh; la?kV~V gksrh gS rks mldh ÅtkZ dk 

vkaf'kd {k; pd ik;k tkrk gSA mlds fLFkj voLFkk ds dkcZu ukfHkd ls le:i la?kV~V esa ÅtkZ dk vkaf'kd {k;  

pc ik;k tkrk gSA pd rFkk pc ds eku Øe'k% gksaxsa%  
 (1) (0, 0)   (2) (0, 1)  (3*) (.89, .28)   (4) (.28, .89)  

Sol. Case-I 

 JBC   

 m V 2m 
 

 JAC   

 m V1 2m V2 
 

 2V2 – V1 = V 

 V2 + V1 = V 

 3V2 = 2V 

 V2 = 
2V

3
 

 V1 = 
V

3
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 Pd = 

2 2

1

2

11 1 1–mV – mV
892 2

1 1 9
mV

2

   = 0.89   

 Case-II 

 JBC   

 
m V 12m 

 
 JAC   

 m V1 12m V2 
 

 12V2 – V1 = V 

 V2 + V1 = V 

 13V2 = 2V 

 V2 = 
2V

13
 

 V1 = V – 
2V 11V

13 13
   Pc = 

2 2

1

2

1211 1 1–mv – mv
481692 2

1 1 169
mv

2

   = 0.28    

 

6. The mass of a hydrogen molecule is 3.32 × 10–27 kg. If 1023 hydrogen molecules strike, per second, a 

fixed wall of area 2cm2 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] 

 ,d gkbMªkstu v.kq dk æO;eku 3.32 × 10–27 kg gSA 2cm2 {ks=kQy dh ,d nhokj ij 1023 izfr lsd.M dh nj ls 

gkbMªkstu v.kq ;fn vfHkyEc ls 45° ij izR;kLFk VDdj djds 103 m/s dh xfr ls ykSVrs gS] rks nhokj ij yxs nkc 

dk fudVre eku gksxk%  
 (1) 2.35 × 102 N/m2   (2) 4.70 × 102 N/m2  (3*) 2.35 × 103 N/m2  (4) 4.70 × 103 N/m2  

Sol.  

 

 
N 

m 

V 

V  
Fovg = 2NmV cos 

 Pressure nkc = 
2NmVcos

A


 

 = 

   23 –27 3

–4

1
2 10 3.32 10 10

2

2 10

 


 

 = 2.35 × 103 N/m2  
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7. In a collinear collision, a particle with an initial speed v0 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] 

 ,d ,djs[kh; la?kV~V (collinear collision) esa] vkjfEHkd pky v0 dk ,d d.k leku nzO;eku ds ,d nqljs :ds gq, 

d.k ls Vdjkrk gSA ;fn dqy vafre xfrt ÅtkZ] vkjfEHkd xfrt ÅtkZ ls 50% T;knk gks rks VDdj ds ckn nksuksa 

d.kksa ds lkis{k xfr dk ifjek.k gksxk % 

 (1)  
2

v0    (2)  
2

v0    (3) 
4

v0    (4*) 0v2  

Ans. (4) 

Sol. By conservation of linear momentum js[kh; laosx laj{k.k }kjk 

0 1 2mv 0 mv mv    

 v0 = v1 + v2 ………(1) 

 2 2 2

0 1 2

3 1 1 1
mv mv mv

2 2 2 2

     
 

 2 2 2

0 1 2

3
v v v

2
   ………(2) 

 Solving equation (1) and (2) 

 lehdj.k (1) rFkk (2) dks gy djus ij 

 0
1

v
v (1 2)

2
   

 0
2

v
v (1 2)

2
   

 
rel 1 2v v v   

 0v
1 2 1 2

2
      

 = 0v
2 2

2
  

 = 02v  

 

8. A body of mass m1 moving with an unknown velocity of î1 , undergoes a collinear collision with a body 

of mass m2 moving with a velocity î2 . After collision, m1 and m2 move with velocities of î3 and 

î4 , respectively. If m2 = 0.5 m1 and 13 5.0  , then 1 is :       

 nzO;eku m1 dk ,d fi.M vKkr osx î1 , ls pyrs gq, ,d nwljs nzO;eku m2 rFkk osx î2  ls tkrs gq;s ,d fi.M 

ls lejs[kh; la?kV~V ds ckn m1 rFkk m2 Øe'k% osx î3 rFkk î4 , ls pyrs gSA ;fn m2 = 0.5 m1 rFkk 

13 5.0  gks rks 1 gksxk :     [JEE (Main) April 2019; 4/120, –1] 

 (1) 
2

4 –
4


   (2) 4 –  2  (3) 4 +  2   (4) 

2
4 –

2


  

Ans. (2) 
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Sol. Before collision VDdj ls iwoZ 

  

 

V1 2m 

   

 

V2 m 

 
 After collision  VDdj ds i'pkr~ 

  

 

0.5V1 2m 

   

 

V4 m 

 
 By conservation of momentum before and after collision  

 VDdj ls iwoZ rFkk ckn esa laosx laj{k.k ls 

 2mv1 + mv2 = 2m (0.5v1) + mv4 

 v4 = v1 + v2 

 

9. A body A, of mass m = 0.1 kg has an initial velocity of î3 ms–1. It collides elastically with another body, 

B of the same mass which has an initial velocity of ĵ5 ms–1. After collision, A moves with a velocity 

)ĵî(4v 


. The energy of B after collision is written as 
10

x
J. The value of x is_______.     

nzO;eku m = 0.1 kg dk ,d fi.M A dk vkjfEHkd osx î3 ms–1 gSA ;g izR;kLFk rjhds ls leku nzO;eku ds nwljs 

fi.M B ls Vdjkrk gS ftldk vkjfEHkd osx ĵ5 ms–1 gSA Vdjkus ds ckn] fi.M A )ĵî(4v 


 osx ls py jgk gS 

vkSj fi.M B dh ÅtkZ 
10

x
J gSA x dk eku gS _______.     [JEE (Main) Jan 2020; 4/100] 

Ans. 1 

Sol. For elastic collision izR;kLFk VDdj ds fy;s  KEi = KEf 

 2mv
2

1
32m

2

1
9m

2

1
25m

2

1
  

 34 = 32 + v2 

 KE = 21.0
2

1
 = 0.1J = 

10

1
 

 x = 1  

10. 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 2gh . If they collide 

head-on completely inelastically, the time taken for the combined mass to reach the ground, in units of 

h

g
is :        [JEE (Main) Jan 2020; 4/100] 

 m nzO;eku ds ,d d.k dks /kjkry ls h Å¡pkbZ ls NksM+k tkrk gSA mlh le; ij leku nzO;eku ds ,d d.k dks 

/kjkry ls Å/okZ/kj fn'kk esa Åij dh vksj 2gh xfr ls iz{ksfir djk tkrk gSA ;fn ;s nks d.k vkeus&lkeus (head-

on) iw.kZr% vizR;kLFk :i ls Vdjkrs gksa rks tqM+s gq, d.kksa dks 
h

g
dh bdkbZ ekurs gq, /kjkry rd igq¡pus esa yxus 

okyk le; gksxk : 

 (1) 
3

4
   (2) 

3

2
   (3) 

1

2
   (4) 

1

2
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Ans. (2) 

Sol. 

 

V= gh2  B 

A 

h 

       

 time for collision VDdj ds fy, le; t1 = 
gh2

h
 

 After t1 ds ckn 

 VA = 0 – gt1 = 
2

gh–  

 and rFkk  VB = gh2 – gt1 = 








2

1–2gh  

 at the time of collision  

 VDdj ds nkSjku 

 fi PP


  

   fBA Vm2VmVm


  

 
2

gh–  + 








2

1–2gh = fV2


 

 Vf = 0 

 and height from ground vkSj /kjkry ls ÅWpkbZ  = 
4

h3

4

h–hgt
2

1–h
2

1   

 so time vr% le; = 
g2

h3

g

4

h3

2 








  

 

11. A rod of length L has non-uniform linear mass density given by (x) = a + b 

2

L

x








, where a and b are 

constants and 0  x  L. The value of x for the centre of mass of the rod is at : 

 yEckbZ L dh ,d NM+ dk js[kh; nzO;eku ?kuRo (x) vleku gS vkSj bldk eku (x) = a + b 

2

L

x








gSA ;gk¡ ij a 

vkSj b fLFkjkad gS vkSj 0  x  L. NM+ ds nzO;eku dsUnz ds fy;s x dk eku gksxk :  
[JEE (Main) Jan 2020; 4/100,–1] 

 (1) L
b3a2

ba

3

4











 (2) L
ba3

ba2

4

3











  (3) L
ba3

ba2

2

3











  (4) L
ba2

ba

2

3











       

Ans. (2) 
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Sol.  

  

 xcm = 


0

dM.x
M

1
 

 dM =  .dx = 





















2

x
ba


 . dx 

 x
cm

 = 




dM

xdM
 = 







dx

dxx
 = 





































0

2

2

0

2

2

dx
bx

a

dx
bx

ax

 

        = 










0

3

20

0

4

2

0

2

3

xb
)x(a

4

xb

2

x
a



































 

       = 

3

b
a

4
b

2
a

22









 = 3

4)ba3(

)ba2(



 

 

       = 










ba3

ba2

4

3
 

 

 
 

dx 

x 
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 Marked Questions can be used as Revision Questions. 

 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA  
 

SUBJECTIVE QUESTIONS  
 

fo"k;kRed iz'u ¼SUBJECTIVE QUESTIONS½ 
 

1.# A uniform rope of linear mass density   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 ? 

 ,d le:i  yEckbZ ,oa  js[kh; nzO;eku ?kuRo dh jLlh ,d fpduh {kSfrt lrg ij yisV dj j[kh gSA bldk 
,d fljk fu;r osx  v  ls [khapk tkrk gSA rc cká dkjd }kjk iwjh jLlh dks tehu ls [khapus esa vkjksfir vkSlr 
'kfDr gksxh  :      

 

 

Ans.  3vg
v

2


     

Sol. Fnet = 
d

dt
(mv)  F–mg = 

dm

dt
 v + 0 

  F = mg + v
dm

dt
, (m = vt) 

  = vtg + v2  

   P = Fv = v2 gt + v3     

  <P> = 

T

0

Pdt

T


 = v2g 

T

2

 
 
 

 + v3  [ T = /v] 

  <P> = 
vg

2


 + v3  

 

2. In the above question the maximum power delivered by the agent in pulling up the rope is 

 mijksDr ç'u esa jLlh dks Åij mBkus esa cká dkjd }kjk çnÙk egÙke 'kfDr gksxh   

Ans. 3gv v      

Sol.  Fnet = 
d

dt
 (mv) 

 F–mg =  
dm

dt
v + 0 

 F = mg + v
dm

dt
, (m = vt) 

  = vtg + v2  

   P = Fv = v2 gt + v3,  P  as tSlk fd t so vr% Pmax = v2g 
v

 
 
 

 + v3 = gv + v3   
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3.# A particle is projected from point O on the ground with velocity u = 5 5 m/s at angle  = tan–1 (0.5). It 

strikes at a point C on a fixed smooth plane AB having inclination of 37º with horizontal as shown in 
figure. If the particle does not rebound, calculate.    

 tehu ij fLFkr fcUnq O ls ,d d.k dks u = 5 5 m/s osx rFkk  = tan–1 (0.5) dks.k ij iz{ksfir fd;k tkrk gSA 
;g d.k {ksfrt ls 37º dks.k ij mBs gq;s ur ry AB ds C fcUnq ij fp=kkuqlkj Vdjkrk gSA ;fn d.k okil ugh 
mNyrk gS rks Kkr djksA  

 

 
 (a) coordinates of point C in reference to coordinate system as shown in the figure. 

 fp=k esa iznf'kZr funsZ'kkad i)fr esa fcUnq C ds funsZ'kkadA  
 (b) maximum height from the ground to which the particle rises. (g = 10 m/s2) 

 tehu ls vf/kdre ÅapkbZ tgk¡ rd d.k igq¡prk gSaA (g = 10 m/s2) 

Ans. (a) (5m, 1.25m)  (b) 4.45 m. 
Sol. Let (x, y) be the coordinates of point C. 

 ekuk fcUnq C ds funsZ'kkad (x, y) gSA  
 Now x component of point C = OA + AD 

 fcUnq C dk x funsZ'kkad = OA + AD 

  x = 
10

3
 + y cot 37º = 

10 4y

3


  ....(1) 

 As point C lies on the trajectory of a parabola,  

 paqfd fcUnq C ijoy; ds iFk ij fLFkr gSA  

 we have vr%  y = x tan  – 
2

2 2

g x

2 u cos 
 

 Given that,  = 0.5 and hence cos  = 2/ 5  

 fn;k gS   = 0.5 vr%  cos  = 2/ 5  

 Solving eqs. (1) and (2), we get x = 5 m and y = 1.25 m. 

 lehdj.k (1) rFkk (2) dks gy djus ij ge izkIr djrs gS x = 5 m rFkk y = 1.25 m 

 Hence the coordinates of point C are (5m, 1.25m) 

 vr% fcUnq C ds funsZ'kkad (5m, 1.25m) 

 (b) Let y be the vertical component of velocity of the particle just before collsion at C. using v = u + a t, 
we have 

 (b) ekuk y Å/okZ/kj fn'kk esa fcUnq C ij Vdjkus ds rqjUr igys d.k ds osx dk ?kVd gSA v = u + a t ds iz;ksx ls  

   y = u sin  – g (x/u cos ) ( t = x/u cos ) 

 = 5 5  × (1 × 5 ) – 10 × 5/5 5  cos  

 = 
5 5

5
 – 

10 5

(5 5 2/ 5)




 = 0 

 Thus at C, the particle has only horizontal component of velocity  

 vr% fcUnq C ij d.k ds osx dk dsoy {kSfrt ?kVd gksxkA  

  ux = u cos a = 5 5   × (2 × 5 ) = 10 m/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 
37º = 8 m/s. 

 fn;k gS fd d.k Vdjkus ds i'pkr~ mNyrk ugh gS] vr% osx dk yEcor ?kVd 'kwU; gks tk;sxkA vksj d.k urry ds 
vuqfn'k osx ds Li'kZ jsf[k; ?kVd ux cos 37º = 8 m/s ds dkj.k ry ij Åij dh vkSj Li'kZ js[kh; xfr djsxkA  
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 Let h be the height raised of the particle. Then     

 ekuk h d.k }kjk izkIr dh xbZ Å¡pkbZ gks rks  

m g h =  
1

2
m (8)2 or h = 3.2 m 

 Height of the particle from the ground = y + h  

 vr% tehu ls d.k }kjk izkIr dh xbZ Å¡pkbZ = y + h  

  H = 1.25 + 3.2 = 4.45 m. 
 

 
 
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.   

 nzO;eku ‘m’ vkSj 2m ds nks CykWd  A vkSj B ' k ', fLçax fu;rkad okyh nzO;ekughu vfod`r fLçax ds fljksa ls tksM+k 
tkrk gSA ;g nksuksa fpdus {kSfrt /kjkry ij xfr dj ldrs gSA çkjEHk esa  A o B dk osx Øe'k% ' u ' ck¡;h vksj rFkk 
'2u' nk¡;h vksj gSA fn[kk;s vuqlkj fu;r cy F rFkk 2 F ges'kk A o B ij dk;Zjr gSA xfr ds nkSjku fLçax esa 
vf/kdre f[kapko gSA  

 

 

Ans.  xmax = 
2 24F 16F 54mu k

3k

 
    

Sol.  

 

 

 

 acm = 
2 F – F

3m
 = 

 F

3m
  Vcm = 

– mu  (2m). (2u)
(m 2m)




 = u 

 Applying work energy theorem dk;Z ÅtkZ izes; yxkus ij  

 K = WNet = Wsp + Wext  + Wg + WN  

 At the position of maximum extension :  vf/kdre izlkj dh fLFkfr ij : 

 
1

2
 (3m) 2

cmV  – 2 21 1
 mu     (2m) (2u)

2 2

   
 = – 

K

2
 X2

max  + WFext + 0 + 0 

 
23 mu

2
 – 

m

2
 u2 [1 + 8] = 

–K
2

 X2
max + Wext    

 

 

 
 

  
2mu

2
 [3 – 9] = 

K

2


 X2

max + Wext  

 
2– 6 mu

2
 = 

2
maxK X

2


 + Wex    ....(a) 
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 Now the total work done by the external force.  vc cká cy }kjk fd;k x;k dqy dk;Z   

  

 

  

 

  

 Wext = (F + ma)x1 + (2F – 2ma) x2   Wext = 
F

F m
3m

  
 

 x1  + 
F

2F 2m
3m

  
 

x2  

 Wext = 
4F

3
 x1 + 

4F

3
 x2 =  

4F

3
 (x1 + x2) = 

4F

3
xmax  

 Put in the eq. (a)    lehdj.k (a) j[kus ij     

 
26mu

2


 = max

2Kx

2


 + 

4F

3
 Xmax    X2

max – 
8F

3K
 Xmax  – 

26mu

K
 = 0  

 Xmax = – 

2 2

2

8F 64F 6 mu
  4.

3K K9 K

2

    
     Xmax = 

2 24 F  16F 54 mu  K

3K

 
 

 

5.  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 v1 and v2 if the mass of each buggy (without a man) equals M and the 
mass of each man is m.  

 nks le:i xkfM+;k¡ 1 rFkk 2 ftuesa ,d&,d O;fDr cSBk gS tM+Ro ds dkj.k ,d nwljs dh rjQ ?k"kZ.kghu lekUrj jsy 
iFkksa ij xfr dj jgh gSA tc nksuksa ,d nwljs ds ikl ls xqtjrh gS rks nksuksa O;fDr xfr ds yEcor~ fn'kk esa dwndj 
viuh fLFkfr ifjofrZr djrs gSaA ftlds dkj.k xkM+h 1 :d tkrh gS rFkk xkM+h 2 leku fn'kk esa xfr djrh jgrh gS 
rFkk bldk osx v gks tkrk gS rks nksuksa xkM+h;ksa ds izkjfEHkd osx v1 rFkk v2 Kkr djksA ;fn izR;sd xkM+h ¼O;fDr jfgr½ 
dk nzO;eku M rFkk izR;sd O;fDr dk nzO;eku m gSA  

 [Ans : v1 = – mv / (M – m), v2 = Mv/ (M – m) ]   
Sol. man jump perpendicular to the velocity of buggies so velocity remain constant  
 vkneh xkM+h ds osx ds yEcor~ dwnrk gS] blfy, osx vifjofrZr jgrk gSA   

  

 

 

 

  
 for Buggy  B1  P final = P initail   (using linear momentum conservation  Law)  
 xkM+h B1 ds fy,]  P final = P initail   (js[kh; laosx laj{k.k ds fu;e ls) 
  (M + m)  0 =   Mv1 – mv2   Mv1 = mv2   ...........(1) 

 for Buggy B2   xkM+h B2 ds fy, (M + m) (–v)   =  M (–v2) + mv1     (M + m) v =  Mv2 – mv1 = 
M.M – m
m

 
 
 

v1 

   v1 = 
m v

M–m
   .......(2)  

 From (1) ls  v2 = 1Mv

m
 in the vector form. lfn'k :i esa 

 1 2

m (-v) Mv
v ,v

M–m M m
 

    
 

  v2 = 
 

M v

M–m
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6. Two identical buggies move one after the other due to inertia (without friction) with the same velocity v0. 
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.      

 nks leku nzO;eku M dh xkfM+;ka ,d leku osx v0 ls ¼fcuk ?k"kZ.k ds½ ,d nwljs ds ihNs tM+Ro ds dkj.k py jgh gSA 
,d m nzO;eku dk vkneh ihNs okyh xkM+h ij pyrk gS rFkk fdlh fuf'pr {k.k ij vkxs okyh xkM+h ij u osx ls 
¼viuh xkM+h ds lkis{k½ dwnrk gSA dwnus ds ckn xkM+h;ksa dk osx Kkr djksaA   

 [Ans : vrear  = v0 – 

m

M m
u; vfront = v0 + 

 2

mMu

(M m)
]  

Sol. Now vc Fext  = 0,   P


 = constant fu;r 

 

 2 

m M V O 

1 

M V O
  

 

 
 

 After the jump from the rear buggey  fiNyh xkM+h ls dwnus ds ckn     

 (M + m) VO  = m (u + V1) + MV1  

 (M + m) VO – mu = (m + M) V1   V1 = VO – 
m u

m M
 (rear buggy)   (fiNyh okyh xkM+h ds fy,) 

 From front buggy  vkxs okyh xkM+h ls    

 MV0 +  m (u + V1)  = (M + m) V2       MVO + mu + m O

m uV –
m M

 
  

 = (m + M) V2  

 (M + m) VO + 
2mu(m M) – m u

(m M)




 =  (m + M)V2   VO +
2

m M u

(m M)
= V2 (front buggy)(vkxs okyh xkM+h ds 

fy,) 
 

7. 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?       

 leku nzO;eku m ds nks O;fDr M nzO;eku dh fLFkj xkM+h ij [kM+s gSaA ?k"kZ.k ux.; gS] rks fuEu fLFkfr;ksa esa vknfe;ksa 
ds ,d leku {kSfrt osx u ¼xkM+h ds lkis{k½ ls dwnus ds ckn xkM+h dk osx Kkr djks (1) tc nksuksa ,d lkFk dwnrs gSaa 
(2) tc ,d ds ckn ,d dwnrs gSaA fdl fLFkfr esa xkM+h dk osx T;knk gksxk vkSj fdruk xquk T;knk gksxk? 

 Ans :  (i) v1 = 
– 2mu 

(M 2m)
  (ii) v2 = 

–m(2M 3m)u
(M m)(M 2m)


 

,   

 v2 > v1 by a factor of 
(2M 3m)  

(2M 2m)




 (xq.kd ls) 

Sol.   

 

m 

m m 

 Note : velocity of the man is w.r.t.  buggy given, so velocity of the man w.r.t. ground is  

   fVIi.kh : xkM+h ds lkis{k vkneh dk osx fn;k x;k gS] blfy, Hkwfe ds lkis{k vkneh dk osx gksxkA 

 MBV


 = MGV


– BGV


   MGV


 = MBu


  + BGV


   

Case fLFkfr I extF


 = 0   P


 = constant vpj   (M +2m). O


 = 1MV


 + 2 m ( u


 + 1V


)   1V


 = 
– 2m u  

(2m  M)




  

Case fLFkfr II 

 

  

 

 

 

  

 (M + 2m) O


 = (m + M) 1V


 + m ( u


 + 1V


)  
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 Figure (A and B)  fp=k (A o B)  –   m u


 = (m + M + m) 1V  


 

   1V  


 = 
– m u  

(M 2 m)




 Note buggy, move opposite to the man w.r.t. ground    

      uksV %& xkMh] vkneh ds Hkwfe ds lkis{k osx ds foifjr xfr djrh gS  

 Figure (B and C)   fp=k (B o C)  

 (m + M) 
– m u  

(M 2 m)




 = m 2(u v )

 
  + M 2v


   (m + M) 

– m u  
(M 2 m)




  –  mu



 = (m + M) 2v


 

  
[(m M) (M 2m)](–m u)

(M 2m)


  


 = (m + M) 2v


 

 2v


 = 
(2M 3m)  (–m u)
(M m)(M 2m)



 

 = 
–m(2M 3m)  u
(M m)(M 2m)




 
  

 

2

1

V

V




 = 

–m (2 M  3m) u
(m M)(M 2m)

–2 m u
(M 2m)






 



   =  
2M  3m

2 (m  M)




 = 
 2 m M

2 (m  M)




 + 

m

2 (m  M)
  

 = 1 + 
m

2 (m  M)
 > 1 (and the term  vkSj in  0 gS)    1

2V


 >    1
1V


  

 

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.      
 ,d fLFkj f?kjuh ls ikfjr jLlh ds ,d fljs ij yxh lh<+h ij vkneh [kM+k gS rFkk nwljs ls M nzO;eku dk CykWd 

tqM+k gSA m nzO;eku dk vkneh lh<+h ds lkis{k ' Å¡pkbZ rd p<+rk gS rFkk :d tkrk gSA jLlh dk nzO;eku rFkk 
f?kjuh esa ?k"kZ.k ux.; gSA rks fudk; ds nzO;eku dsUnz dk foLFkkiu  Kkr djksA  

 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   
 f?kjuh v{k esa fLFkr funsZ'k ra=k esa] fn;s x;s nzO;eku dsUnz dh fLFkfr f=kT; lfn'k }kjk n'kkZrs gSaA  

 
MG (M m)G mG

CG

M r (M m) r m r
r

M (M m) m

     
 

  


 Note that  /;ku nsa  

 Mr

  = – (M m)r



  and  vkSj  M(M m)
r


  + (M m)r


  = Mr


  

 
mG (M m)G

CG

m r r
r

2M

     = 
m(M m)m r m ´

2M 2M


     
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9. A particle of mass m1 experienced a perfectly elastic collision with a stationary particle of mass m2. 
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 nzO;eku dk d.k m2 nzO;eku ds fLFkj d.k ls iw.kZ izR;kLFk VDdj djrk gSA Vdjkus okys d.k dh xfrt ÅtkZ dk 
fdruk Hkkx gzkl gksxkA ;fn  

 (a) ;g Vdjkus ds ckn izkjfEHkd xfr dh fn'kk ls yEcor~ xfr djsA 

 (b) ;fn VDdj lEeq[k gSA   

 Ans :  (a)  = 2m1/(m1 + m2); (b)  = 1 2

2
1 2

4 m   m

( m  m )
 

Sol. (a) Fext = 0  P


 = constant  vpj       

  m1 u1 = m2 V2 cos    

  m1 V1 = m2 V2 sin  ............ (A) 

  (m2v2)2  = (m1)2  (
2
1u  + v1

2)   

  ( collision is elastic  so kinetic energy of the system remain constant )  
  ( VDdj izR;kLFk gS] blfy, fudk; dh xfrt ÅtkZ  vifjofrZr jgrh gSA )  

     
1

2
m1  

2
1u  = 

1

2
 m1 

2
1V   + 

1

2
 m2

2
2v   

  using equation (A)   lehdj.k (A) ls    

  m1 (
2
1u  – 2

1v )  = 
2
1

2

m

m
 ( 2

1u  + 2
1v )  2 2 2 2

2 1 1 1 1 1m (u v ) m (u v )    

   2
1u  (m2 – m1) = 2

1v  (m1 + m2) 

  
2
1

2
1

v

u
 = 2 1

2 1

m m

m m




 = 
2

1 1

2
1 1

m  v

m  u
  

  
K

Ki


 = 

2 2
1 1 1 1

2
1 1

m   u m   v

2 2
1

 m  u
2


 = 1

1 2

2m

m  m
 =    

 (b) Collision is perfectly elastic collision, so for particle m1     
  VDdj iw.kZr% izR;kLFk gS] blfy, d.k m1  ds fy,  

  Ki =  
1

2
m1 u1

2  

  (Kf) =  
1

2
m1 v1

2  

  where  tgk¡  

  v1 = 1 2 1

1 2

(m – m ) u
(m m )

    

  (K) = (K)i  – (Kf)  = 
1

2
 m1 u1

2 – 
1

2
 m1 v1

2  

   (K) = 1m

2
 u1

2 – 1m

2

 
 

2

1 2

2

1 2

m  –m

m m
 u1

2  

  (K)  = 1m

2
 u1

2 
2

1 2

2
1 2

(m m )
1

(m m )

 
 

  
  

   
2

1 1

( K)

1
m u

2


 = 

2 2
1 2 1 2

2
1 2

(m m ) – (m m )
(m m )

 


 =    = 1 2

2
1 2

4 m   m

( m  m )
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10.  Body 1 experiences a perfectly elastic collision with a stationary Body  2. Determine their mass ratio, if  

 oLrq 1 ,d fLFkj oLrq 2 ls iw.kZ izR;kLFk VDdj djrh gSA muds nzO;eku dk vuqikr Kkr djksA ;fn  

 (a) after a head-on collision the particles fly apart in the opposite directions with equal, velocities;  

 lh/kh ¼lEeq[k½ VDdj ds ckn d.k leku osx ls foijhr fn'kk esa pys tkrs gSaA   

 (b) the particles fly apart symmetrically relative to the initial motion direction of particle 1 with the angle 

of divergence  = 60°.         

 ;fn nksuksa d.k] d.k 1 dh xfr dh fn'kk ls lefer :i ls  = 60°  dks.k ij fo{ksihr gksrs gSA  

 [Ans : (a) 1

2

m

m
 = 1/3;  (b) 1

2

m

m
 = 1 + 2cos = 2.0] 

Sol. Collision is perfectly elastic collision, particle 2 is at rest   (u2 = 0)  
 VDdj iw.kZr% izR;kLFk gS] d.k nks fojkekoLFkk esa gS (u2 = 0)   

  V1 = – V2 (given)    ¼fn;k gqvk gS½ 

 (A) 1 2 1

1 2

(m  – m ) u
(m   m )

 = 1 1

1 2

–2m   u
(m   m )

 

  m1 – m2 = – 2m1   3m1 = m2   

  1

2

m

m
 = 

1

3
 

 (B) 

 

 

  Given total angle of divergence  = 60°    
  From momentum conservation  
   In the direction of u1     

  fn;k gqvk gS dqy fo{ksi dks.k  = 60°    

  laosx laj{k.k ls  

  u1   dh fn'kk esa   

  m1u1 = m1v1 cos /2 + m2v2 cos /2 

   m1u1 = cos /2 (m1v1 + m2v2)  .......... (i)  
  and in the direction perpendicular to that of u1    
  vkSj u1  ds yEcor~ fn'kk esa   
  0 = – m1v1 sin /2 + m2v2 sin /2 

   m1v1 sin /2 = m2v2 sin /2 
   m1v1 = m2v2 ......................(ii) 
  Collision is elastic, so from the conservation of kinetic energy 

  VDdj izR;kLFk gS] blfy, xfrt ÅtkZ laj{k.k ls  

  
1

2
 m1 

2
1u  + 0 = 

1

2
 m1 

2
1v   + 

1

2
m2

2
2v   

  m1 
2
1u  = m1

2
1v   + m2 

2
2v    ................(iii) 

 From equation (ii) putting m1v1 = m2v2 in equation (i)    

 lehdj.k (i) ls m1v1 = m2v2 lehdj.k (ii)  es j[kus ij   
  m1u1 = cos /2 [m1v1 + m1v1]    m1u1 = 2 m1v1 cos /2 

  u1 = 2 v1 cos /2  ..............( iv) 
 Putting above value of u1 in equation (iii)   
 u1 dk mijksDr eku lehdj.k (iii)  esa j[kus ij  
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 m1(2 v1 cos /2)2 = m1 
2
1v  + m2 

2

1 1

2

m v

m

 
 
 

 {from equation lehdj.k (ii) ls  v2 = 1 1

2

m v

m
} 

 4 cos2 /2 = 1 + 1

2

m

m
 

  2(2cos2 /2) = 1 + 1

2

m

m
  ( 2 cos2 /2 = 1 + cos ) 

  2(1 + cos) = 1+ 1

2

m

m
 

  1

2

m

m
  = 1 + 2cos = 2  (  = 60º given fn;k gqvk gS)  

 

11.  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  = 45°. Assuming the balls to be smooth, find the 

fraction  of the kinetic energy of the striking ball that turned into potential energy at the moment of the 
maximum deformation.         

 ,d xsan js[kh; xfr djrh gqbZ nwljh leku fLFkj xsan ls izR;kLFk VDdj djrh gSA Vdjkrs le; nksuksa xsanksa ds dsUnzksa 
dks feykus okyh js[kk rFkk izkjfEHkd xfr dh fn'kk ds chp dks.k  = 45° gSA ekuk xsansa fpduh gSaA vf/kdre fo:i.k 
dh fLFkfr esa xfrt ÅtkZ dk fLFkfrt ÅtkZ esa ifjofrZr Hkkx  D;k gksxkA  

Ans :  = 
1

2
 cos2 = 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. 
 ekuk ,d xsan nwljh xsan ls u osx ls Vdjkrh gSA  
 vfUre pky dk x ?kVd Kkr djus ds fy,] js[kh; laosx laj{k.k dh lehdj.k yxkus ij]  

m1 u1x + m2u2x = m1v1x + m2v2x      

 putting m1 = m2 = m   j[kus ij  
  u1x + u2x = v1x + v2x  

 or ;k u1x + 0 = v1x + v2x   ...(i) 
 

 
 at the instant of maximum compression v1x = v2x = vx  
 (compression between them will increase till balls get same velocity in the x direction) 
 hence from equation (i)  
 vf/kdre laihM+u ds le; ij v1x = v2x = vx  

 (muds e/; laihM+u rc rd c<+rk gS] tc rd xsansa x fn'kk esa leku pky izkIr ugha dj ysrh gS) 
 vr% lehdj.k (i) ls  

 u cos = vx + vx  vx = 
1

2
 u cos   ...(ii)  

  balls are smooth so  xsan fpduh gS blfy,  
 In the y direction ball 1 will continue with u sin, 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    
 xsan 1, y fn'kk esa u sinls gh xfr djrh jgsxh] vkosx js[kk ds yEcor~ vkSj vf/kdre fo:i.k ds le; xfrt ÅtkZ 

esa deh fLFkfrt ÅtkZ ds :i esa gksrh gSA   
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 After collision velocity of ball 2,   VDdj ds ckn xsan 2 dk osx  v2 = vx = 
u

2
 cos   

 After collision velocity of ball 1  VDdj ds ckn xsan 1 dk osx  = v1 = 2 2
x yv v    (where tgk¡ vx = 

u

2
 cos ) 

 Hence   vr%   v1 = 

2
2u

cos (usin )
2

    
 

 

 P.E. = Loss of K.E. of the system  fudk; dh xfrt ÅtkZ esa deh   

 K.E. = 
1

2
 m1 

2
1v  + 

1

2
 m2 

2
2v   – 

1

2
 m1u2  

 = 
1

2
 m 

2
2u

cos (usin )
2

       
   

 + 
1

2
 m 

2
u

cos
2

  
 

 – 
1

2
 mu2   1 2m m m   

 K.E. = 
1

2
 m 

2
u

2

 
 
 

 cos2 + 
1

2
 mu2 sin2  + 

1

2
 m 

2
u

2

 
 
 

 cos2  – 
1

2
 mu2 [sin2 + cos2] 

 hence  vr% K.E. = m 

2
u

2

 
 
 

 cos2  + 
1

2
 mu2 sin2  – 

1

2
 mu2  [sin2  + cos2 ] 

   K.E. = m 
2u

4
 cos2  – 

1

2
 mu2 cos2   

   K.E. = 
1

4
 mu2 cos2  – 

1

2
 mu2 cos2  

   K.E. = – 
1

4
 mu2 cos2  {– sign indicate loss of energy – fpUg ÅtkZ esa deh dks n'kkZrk gS} 

 Fraction of energy in the from of P.E.       P.E. ds :i esa ÅtkZ dk va'k  

   = 
i i

k PE

k k


  = 

2 2

2

1
mu cos

4
1

mu
2


  = 

1

2
 cos2   = 

1

2
 (cos 45º)2 = 

1

4
 = 0.25   

 

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  = 1.0%. 
Find the magnitude and direction of the velocity of particle 1 after the collision.   

 v = 10 m/s osx ls pyrk gqvk ,d d.k 1 leku nzO;eku ds nwljs fLFkj d.k 2 ls lEeq[k VDdj djrk gSA VDdj ds 
dkj.k fudk; dh xfrt ÅtkZ  = 1.0% de gks tkrh gSA d.k 1 dk VDdj ds i'pkr~ osx dk ifjek.k o fn'kk Kkr 
djksA  

Ans.  Will continue moving in the same direction, although  this time with the velocity  

v’ = (1 – 1- 2η )v/2. For  << 1 the velocity v’ = v/2 = 5 cm/s. 

Ans.  d.k leku fn'kk esa xfr djrk jgsxk] ;|fi bl le; v’ = (1 – 1- 2η )v/2.  << 1 ds fy,  v’ = v/2 = 5 

cm/s.]  

Sol. Given fn;k gS  m1 = m2 = m vkSj u1 = v = 10 ms–1 

 Acoording to the question iz'ukuqlkj – 

  = i f

i

K – K
K

 = 1 – f

i

K

K
 = 1 – 

2 2
1 1 2 2

2
1

1 1
m v m v

2 2
1

m v
2


 

  = 1 – 
2 2
1 2

2

v v

v


 

  v2 = v2 – 2
1v  – 2

2v     2
1v   + 2

2v  = (1 – )v2   .......(1) 

 From linear momentum conservation law js[kh; laosx laj{k.k ls  – 
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 m v  = m 1v


 + m 2
v


  v  = 1v


 + 2v


  

 v = v1 + v2   (magnitude)   (ifjek.k)  
 v – v1 = v2  (put in equation (1))  (lehdj.k (1) esa j[kus ij) 

 v1
2 + (v – v1)2 – (1 – ) v2 = 0 

 2v1
2 – 2v . v1 + v2 = 0 

 v1 = 
2 2( 2v) ( 2v) 4.2. v

2.2

     
  = 

v
1 1 2

2
      

 positive sign only  

 dsoy /kukRed fpUg  
 larger value for v2 and smaller for v1  
 v2 ds vf/kd eku o v1 ds U;wu eku ds fy,  

 v1 = 1/ 2v 1– (1 2 )
2
           << 1   

 using Binomial theorem we get  f}?kkr ds mi;ksx ls ge izkIr djrs gSa v1 = 
v

2
 = 5 cm/s  

 

13.  A particle of mass m having collided with a stationary particle of mass M deviated by an angle /2 

whereas the particle M start moving  at an angle  = 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 nzO;eku dk d.k fLFkj M nzO;eku ds fLFkj d.k ls Vdjkrk gS rFkk /2 dks.k ij fo{ksfir gks tkrk gSA M nzO;eku 
dk d.k] m nzO;keu ds d.k dh izkjfEHkd xfr dh fn'kk ls  = 30° dks.k ij xfr djuk 'kq: djrk gSA VDdj ds 
ckn fdrus izfr'kr o fdl :i esa fudk; dh xfrt ÅtkZ ifjofrZr gksxh] ;fn M / m = 5.0 gSA  

Ans :  T/ T = (1 + m/M) tan2 + m/M – 1 = –40% 
Sol.  

 

 
 extF  = 0,  so linear momentum of the system remains constant. blfy, fudk; dk js[kh; laosx lajf{kr jgsxk  

 (along ox ds vuqfn'k) mu = Mv1 cos    

 (along oy ds vuqfn'k) mv2 = Mv1 sin   

 v1 = 
mu

Mcos
, v2 = 

M

m
 v1 sin  = u tan  

 
K

Ki


 = 

2
2 2
1 2

2

1 1 muMv mv –
2 2 2

mu

2

  
 

 = 
2 2
1 2

2 2

v vM

m u u

 
  

 
– 1 = 

2
2

2 2

M m tan – 1
m M cos

 
    

 

 
K

Ki


 = 

m
1

M

  
 

tan2  + 
m – 1
M

 = – 40% 

 

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


Center of Mass 
 

 

 

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVPM - 12 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

14.  A closed system consists of two particles of masses m1 and m2 which move at right angles to each 
other with velocities v1 and v2 Find: 

 (a) the momentum of each particle and 
 (b) the total kinetic energy of the two particles in the reference frame fixed to their centre of inertia.  
 ,d can fudk; m1 rFkk m2 nzO;eku ds nks d.kks ls feydj cuk gSa tks v1 rFkk v2 osx ls ,d nwljs ds yEcor~ xfr 

djrs gSaA Kkr djks : 

 (a) izR;sd d.k dk laosx vkSj  

 (b) muds nzO;eku dsUnz ds lkis{k nksuksa dh dqy xfrt ÅtkZ     

Ans : (a) p =  2 2
1 2v v ; (b) T = 1/2( 2 2

1 2v v ) . Here ;gk¡  = m1m2/(m1 + m2) 

Sol. 1P  = m1 1v


 = m1(v1 î  + 0 ĵ )  2P  = m2 2v


= m2 (o î  + v2 ĵ ) 

 working from the center of mass frame nzO;eku dsUnz ds ra=k esa   

  cmv


 = 1 1 2 2

1 2

ˆ ˆm v i m v j

m m




 

  lcv


 = lv


 – cv


 = 2

1 2

m

m m
 (– v1 î  + v2 ĵ ) = 2

1 2

m

m m
(v1 î  – v2 ĵ ) 

 Linear momentum of the particles in centre of mass frame.   
 nzO;eku dsUnz ds ra=k esa d.kksa dk js[kh; laosx  

   1cP  = m1 1cv  = 1 2

1 2

m m

m m

 
  

(v1 î  – v2 ĵ ) (where 1 2

1 2

m m

m m
 


) 

  2cP  = m2 2cv


  = – 1 2

1 2

m m

m m

 
  

(v1 î  – v2 ĵ ) = –(v1 î  – v2 ĵ ) 

 magnitude  ifjek.k 1cP  =  2 2
1 2v v  = 2cP  

 Kinetic energy (ground frame)  xfrt ÅtkZ ¼nzO;eku dsUnz ds ra=k esa½  

  K.E. = 
2

1 1m v

2
 + 

2
2 2m v

2
 

 Kinetic energy (centre of mass frame)  

 xfrt ÅtkZ (nzO;eku dsUnz ds lkis{k)  

  K.E. = 
2 2
1c 2c

1 2

P P

2m 2m
  ( 1c 2c| P | | P | ) 

  KE = 
2
lcP

2 1 2

1 1

m m

 
 

 
 = 

2
lcP

2
 =  2 2

1 2

1
v v

2
    

 

15.  A particle of mass m1 collides elastically with a stationary particle of mass m2 (m1 > m2). Find the 
maximum angle through which the striking particle may deviate as a result of the collision.   

 m1 nzO;eku dk d.k m2 (m1 > m2) nzO;eku ds fLFkj d.k ls izR;kLFk VDdj djrk gSA VDdj ds dkj.k nksuksa d.k 
vf/kdre fdrus dks.k ij fo{ksfir gks ldrs gSA      

Ans . sinmax = m2/m1 
Sol. Collision is elastic so K.E. = constant    
 VDdj izR;kLFk gS blfy, K.E. = fu;r   

  
2
1

1

P

2m
 + 

2
2

2

P

2m
 = 

2
1

1

P´

2m
 + 

2
2

2

P´

2m
   

2
1

1

P

2m
 = 

2
1

1

P´

2m
 + 

2
2

2

P´

2m
  ——(1) 

 Linear momentum  conservation law in 2D. ( is angle of deviation)  
 2D esa js[kh; laosx laj{k.k fu;e ls ( fopyu dks.k gS)   

  1P´


 + 2P´


 = 1P


    22P´  = 

2

1 1P – P´
  
 
 

 = 2
1P  + 2

1P´  – 2P1 1P´ cos    
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 2
2P´  from equation (1)    lehdj.k (1) ls  2

2P´   

  m2

2 '2
1 1

1 1

P P–
m m

 
 
  

 = 2
1P  + 2

1P´  – 2 P1 P1' cos  2
1P 2

1

m1–
m

 
 
 

 + 2
1P´ 2

1

m
1

m

 
 

 
  – 2 P1 cos  1P´  = 

0 

  2 22 2
1 1 1 1

1 1

m m
1 P´ 2(P cos )P´ P 1 0

m m

   
        

   


 For real root  of 1P´      1P´  ds okLrfod eku ds fy,  
  B2 > 4 A C 

 4P1
2cos2 > 4 2

1

m1–
m

 
 
 

 2

1

m
1

m

 
 

 
 P1

2 

        cos2 > 
2

2 2

2
1

m1 –
m

 

      

2

2

1

m

m

 
 
 

> 1 – cos2    ( 1 – cos–2  = sin2 ) 

      2

1

m

m

 
 
 

 > sin   (sin )max = 2

1

m

m
 

 

16.  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  times the diameter of 

each disc Find the velocity of the disc A after the collision. At what value of  will the disc A recoil after 
the collision; stop; move on? 

 A, B rFkk C rhu ,d leku pdrh fpdus {kSfrt ry ij fojke esa j[kh gqbZ gSA pdrh A dks tc v osx fn;k tkrk gS 
rks ;g pdrh B rFkk C ls ,d lkFk çR;kLFk VDdj djrh gSA ckn okyh pdrh ds dsUnzks ds chp dh nwjh çR;sd 
pdrh ds O;kl ls  xquk T;knk gSA VDdj ds ckn A dk osx D;k gksxkA  ds fdl eku ds fy, A okfil vk tk,xh] 
:d tk,xh] pyrh jgsxh?  

 

 

Ans : v’ = –v (2 – 2) / (6 – 2). Respectively at smaller , equal, or greater than 2   

Ans : v’ = –v (2 – 2) / (6 – 2). ds 2  ls de] cjkcj o T;knk ds fy,  

Sol. sin  = 

d

2
d


 = 

2


 cos  = 

24

2

 
   

  

 

  

 

 
 extF 0 , so linear momentum of the system remain conserved.  

     blfy, fudk; dk js[kh; laosx lajf{kr jgsxk  

 xP  = constant, vpj  yP


 = constant  vpj   

 (along x-axis)    (x-v{k ds vuqfn'k)   mv = 2mvb
 cos  – mv´   
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           v = 2vb cos  – v´ = vb 
24 –    – v´  ....(i) 

 For elastic collision  izR;kLFk VDdj ds fy,   

  e = 
rel sepration

rel approach

| v |

| v |


 = 1 

  v cos  = vb + v´ cos  

 v cos  = 
2v 4

2

 
 = 

2

v v´

4



 
 + 

2v´ 4

2

 
 

 
2

2

4 2
v

1 4

   
   

 = 
2

2

42
v´

14

   
   

 

 v(2 – 2) = v´ (6 – 2) 

 v´ = v 
2

2

2

6

 

 
  

 (If 2 > 2 then disc A recoil with v´)     (;fn 2 > 2 rc pdrh A, v´ ls izfr{ksi gksxh)    
 

17.  A spaceship of mass m0 moves in the absence of external ' forces with a constant velocity v0. 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  did the motion 
direction of the spaceship deviate due to the jet engine operation?  

 ,d ok;q;ku (m0 nzO;eku) cká cyksa ds vHkko esa v0 fu;r osx ls xfr djrk gSA ok;q;ku dh fn'kk ifjofrZr djus ds 
fy, ok;q;ku dk batu pkyw djrs gSaA og u osx ls xSl fu"dkflr djrk gSA tks fd ok;q;ku ds lkis{k fu;r gS rFkk 
ok;q;ku dh xfr dh fn'kk ds yEcor~ gSA tc ok;q;ku dk nzO;eku m gksrk gS rc batu can gks tkrk gSA ok;q;ku ds 
batu ds dkj.k ok;q;ku fdl dks.k  ij xfr dh fn'kk ls fopfyr gksxkA  

Ans :  = (u/u0) In (m0 / m) 
Sol. Thrust force act as centripital force to turn the jet in circular path.   
 xSl fu"dklu dk cy] vfHkdsUnzh; cy dh rjg ok;q;ku dks o`Ùkkdj iFk esa ?kqekrk gS 

  Fthrust = 
2
0mv

r
   

( m continuously decrese  yxkrkj ?kV jgk gS) 

   –u 
dm

dt
 = 0 0mv v

r
   

 
o

–u
v

 
dm

m
 = ov

r
dt   

o

u

v


 

m

mo

dm

m  = 

o

d



    

0v dtds
d

r r

 
   

 
   

   
o

–u
v

 [log m – log mo] =   

  = 
o

u

v
 log 0m

m
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18. Two smooth spheres of the same radius, but which have different masses m1 & m2 collide inelastically. 
Their velocities before collision are 13 m/s & 5 m/s respectively along the directions shown in the figure 

in which cot = 
5

12
. 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 m1 to be 5m/s along the y - direction and the 

total loss in the kinetic energy of the system to be 
1

72
 of its initial value. Determine;   

 nks fpdus xksys ftuds nzO;eku  m1 vkSj m2 gS rFkk f=kT;k leku gSA vçR;kLFk VDdj djrs gSaA buds osx Øe'k% 

13 m/s rFkk 5 m/s VDdj ls igys n'kkZ;h x;h fn'kk ds vuqfn'k gSa tgk¡ cot  = 
5

12
 gSA ,d izs{kd /kukRed y-v{k 

ds vuqfn'k  5m/s fu;r pky ls xfr'khy gS rFkk ;g VDdj ns[krk gSA og nzO;eku m1 dk vfUre osx y-v{k ds 

vuqfn'k 5m/s rFkk fudk; dh xfrt ÅtkZ esa dqy gkfu çkjfEHkd dh 
1

72
 Hkkx ekirk gSA Kkr djksA  

 

 
 (a)  The ratio of the masses  

  nzO;ekuksa dk vuqikr 

 (b)  The velocity of m2 after collision with (respect to observer) 

  m2 dk VDdj ds ckn osx ¼izs{kd ds lkis{k½A 

Ans.  (a) 1

2

m

m
 = 

9

13
 (b) 9 m/s 

Sol.  

 

 

 
 (a) In the frame of reference of observer. isz{kd ds funsZ'k ra=k esa  

  

 

      
 w.r.t. observer after collision  

 VDdj ds ckn izs{kd ds lkis{k 

  

 

  

 

 
 In x direction  x fn'kk esa  

  12 m1 + 0 = 0 + m2v2x 

  1 2x

2

m v

m 12
   ...(1) 

 In y direction   y fn'kk esa  

  m1v1y = m2v2y (w.r.t observer izs{kd ds lkis{k & v1y = 5)  

  
2y 2y1

2 1y

v vm

m v 5
   ...(2) 
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 So blfy, v2x = 12 1

2

m

m

 
 
 

  &  v2y = 5 1

2

m

m

 
 
 

 

 Apply K.E. loss (w.r.t. observer) ¼izs{kd ds lkis{k xfrt ÅtkZ esa gkfu½ 

 KE – KEF = 
1

72
 KE or KEF = 

71

72
 KE  

  2 2 2 2
1 1y 2 2x 2y 1

1 1 71 1
m y m v v m (12)

2 2 72 2

     
 

  

 Put j[kus ij v1y = 5   & v2x = 12 1

2

m

m

 
 
 

, v2y = 5 1

2

m

m

 
 
 

 

 & solving we get gy djus ij ge izkIr djrs gSa  1

2

m

m
 = 

9

13
 

 Using this find v2x & v2y  and final velocity of m2 wrt. observer is 2 2
2x 2yv v  = 9m/s 

 bldk mi;ksx djds v2x rFkk v2y Kkr djrs gSa ,oa izs{kd ds lkis{k m2 dk vafre osx 2 2
2x 2yv v  = 9m/s 

  

19. A cart of total mass M0 is at rest on a rough horizontal road. It ejects bullets at rate of  kg/s at an angle 

 with the horizontal and at velocity ‘u’ (constant) relative to the cart. The coefficient of friction between 

the cart and the ground is . Find the velocity of the cart in terms of time ‘t’. The cart moves with sliding. 
 ,d xkM+h ftldk nzO;eku M0 gS] [kqjnjh {kSfrt lrg ij [kM+h gSA ;g  kg/s dh nj ls {kSfrt ls   dks.k ij rFkk 

xkM+h ds lkis{k osx ‘u’ (fu;r) ls xksyh nkxrh gSA xkM+h rFkk lrg ds e/; ?k"kZ.k xq.kkad  gSA xkM+h dk le; ‘t’ ds 
inksa esa osx Kkr dhft,A xkM+h fQlyrs gq, pyrh gSA    

 

  

Ans.  v = 0

0

M
(ucos usin ) n gt

(M t)

 
     

  
 

Sol. 

 

  

 



 N = mg + Fy = mg + (u sin) ×   ......(i) 

 Fx – N = m 
dV

dt
 = m.a   .....(ii) 

 u cos ×  – N = m
dV

dt
 

 Put value of N in eq. (ii) from (i) lehdj.k  (i) ls N dk eku lehdj.k (ii) esa j[kus ij 

 u cos  –  (mg + u sin  × ) = m
dV

dt
 

 u cos dt – usin dt – mg dt mdv        put j[kus ij m = m0 – t 

  (u cos usin) 

t

00

dt

t    – g 

t v

0 0

dt dv    

   v =  (u cos)   u sin n 0

0

M

M t

 
 

  
 – gt 
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20. 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 
10

m
3

 

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/s2) 

 ,d M nzO;eku dh xksyh dks {kSfrt ls fdlh dks.k ij 50 m/s ds osx ls iz{ksfir fd;k tkrk gSA blds iFk ds 

mPpre fcUnq ij ;g 
10

m
3

 yEch nzO;ekughu NM+ ls yVds 3M nzO;eku okys xqVds ls lEeq[k Vdjkrh gS rFkk blesa 

/kl tkrh gSA VDdj ds ckn NM+ 120° dks.k rd ?kwe tkrh gSA Kkr dhft, %                    

 (a) iz{ksi.k dks.k         

 (b) xksyh ds iz{ksi.k fcUnq ds lkis{k xqVds (bob) ds izkjfEHkd Å/okZ/kj rFkk {kSfrt funsZ'kkad (g = 10m/s2)  
 

 
Ans.  (a) 37º, (b) x = 120 m andrFkk  y = 45 m    

Sol. (a) 
 

 
 At highest point  mPpre fcUnq ij  
 V = 50 cos   ...(i) 
 After striking bullet get embedded with bob so by momentum conservation. 
 Vdjkus ds i'pkr~ xksyh xksyd esa /kal tkrh gS vr% laosx laj{k.k ls  

 MV =  4Mu  

 u = 
V

4
  ....(ii) 

 from (i) ls    u = 
50cos

4


 

 By energy conservation after collission VDdj ds i'pkr~ ÅtkZ laj{k.k ls  

 
1

2
 (4m) u2 = 4mg (1 + cos 60º)  

2
1 50cos

2 4

 
 
 

 = 
10 10 1

1
3 2

   
 

 

 
250 50cos

16

 
 = 100 

 cos2 = 
16

25
   cos = 

4

5
    = 37º 

 (b) Max height  vf/kdre Å¡pkbZ  

 y = 
2(50sin37º )

2g
 = 

1 3 3
50 50

20 5 5
     = 5 × 9 = 45 

 (c) x = 
2 2R 1 u sin2 50 2sin37ºcos37º

2 2 g 2 10

  
  

  
 = 120 m  

Ans. (a)  = 37º (b) x = 120 m  and rFkk y = 45 m    
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21. A steel ball falling vertically strikes a fixed rigid plate A with velocity v0 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     

 ,d LVhy dh xsan Å/okZ/kj fxjdj n`<+ IysV A ls v0 osx ls Vdjkrh gS rFkk {kSfrt fn'kk esa mNy tkrh gSA xsan fQj 
nwljh n`<+ IysV B ls Vdjkdj n'kkZ;s vuqlkj Å/okZ/kj fxjrh gSA i`"B fpdus gS o xsan ij xq:Ro çHkko ux.; ekusaA 
Kkr djksA  

 

 
 (a) The required angles  and .  

 vHkh"B dks.k  rFkk    

 (b) The magnitude of the velocity v1 & v2. Consider coefficient of  restitution for both plates as e.  

 osx  v1 vkSj v2 dk ifjek.kA nksuksa IysV ds fy, çR;koLFkku xq.kkad e  gSA  

Ans.  tan = e , 1 = e 0, cot = e ,  2 = e0   

Sol.  

 

 

 
 V0Sin = V1Cos  (i)     

 eV0Cos = V1Sin  (ii) 

 Sq. & add  oxZ djds tksMus ij  

 V1 = V0
2 2 2Sin e Cos     (A) 

 Dividing (i) & (ii)  (i) o (ii) dks Hkkx djus ij  

 
1

e
tan  = 

1

tan
   tan  = e  

 V1 Cos  = V2 Sin  (iii) 

 eV1 Sin  = V2 Cos  (iv) 

 Dividing   Hkkx djus ls  

 
1

e
Cot  = tan  

 Cot  = e  Ans. 

 Now vc       

 

 

 e 1   

 Sin2  = 
e

e 1
 

 Cos2  = 
1

e 1
 

 Sin2  + e2 cos2  
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 = 
e

e 1
 + 

2e

e 1
 = 

e

e 1
 (1 + e) = e 

 Sol, eq. (i) gives   lehdj.k (i) gy djus ij  

 V1 = V0 e  Ans. 

 Similarly blh izdkj  

 V2 = V1 e   V2 = V0e Ans. 
 

 
22._ A small spherical ball undergoes an elastic collision with a rough horizontal surface. Before the 

collision, it is moving at an angle  to the horizontal (see Fig). You may assume that the frictional force 

obeys the law f = N during the contact period, where N is the normal reaction on the ball and  is the 
coefficient of friction.  

,d NksVh xksykdkj xsan [kqjnjh {kSfrt lrg ls izR;kLFk VDdj djrh gSA VDdj ls igys ;g {kSfrt ds lkFk  dks.k 
cukrs gq, xfr djrh gS] ;g ekus dh lEidZ le; ds nkSjku ?k"kZ.k cy f = N fu;e dk ikyu djrk gSaA tgka N 

vfHkyEc izfrfØ;k cy gS rFkk   ?k"kZ.k xq.kkad gSA 

 

  

 

 
 (a) Obtain m () so that the subsequent horizontal range of the ball after leaving the horizontal surface 

is maximized.  

 (a) m () Kkr dhft, rkfd {kSfrt lrg dks NksM+us ds ckn xsan dh {kSfrt ijkl vf/kdre gksA 

 (b) Find the allowed range for m. 

  m dh ekU; ijkl (allowed range) D;k gSA       

Sol. From  Fig.  fp=k ls 
   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 : 

 /;ku ns dh lrg [kqjnjh gS] rFkk ;gk¡ ?k"kZ.k cy x-fn'kk ds vuqfn'k gS] vr% izR;kLFk VDdj esa x fn'kk ds vuqfn'k osx 
ca/ku ugh gksxkA ;g iznf'kZr djrk gS fd osx dk y-?kVd vsin dsoy fpUg esa ifjofrZr gksxkA m/okZ/kj y fn'kk ds 
vuqfn'k U;wVu f}fr; fu;e ls] laosx esa ifjorZu js[kh; vkosx }kjk fn;k gS tks bl izdkj gS  

   2mvsin = Ndt    ...(i) 

 From newton’s second law along x-direction, we have 

 xfn'kk ds vuqfn'k U;wVu f}fr; fu;e ls ge izkIr djrs gSA  

  mvcos  – Ndt  = mvx    ...(ii) 

 Inserting Eq. (i) in Eq. (ii) we obtain 

 lehdj.k(i) o lehdj.k(ii) ls ge izkIr djrs gSA  
  vx = v(cos() – 2sin())   
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 Figure : Free body diagram of the ball in contact with the floor. 

 fp=k Q'kZ ds lEidZ esa xsan dk eqDr oLrq vkjs[k  

 Range ijkl = vx × time of flight mM~M;u dky = vx × 
y2v

g
 

 R() = 
22v

f( )
g

  

 where tgk¡ 
  f() = sin(cos – 2sin) 
 To maximize R, set 

 R ds vf/kdre eku ds fy, 

  f’(m) = 0 
 which yields  

 ftlls izkIr gksrk gSA  

  m = 11
cot (2 )

2

   

 (b) Possible range of  m  :  m  ]0, /4[ 

  m dh lEHkkfor ijkl  :  m  ]0, /4[ 
 

23. 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–1. Skater A carries a ball of mass 10 kg. Both skaters can toss the ball at 5 
ms–1 relative to themselves such that when A tosses the ball at t = 0 s to B then the ball leaves at 6 ms–

1 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 ] 

    

 

 
 (a) State initial momenta of skaters (just before t = 0 s).           

  AP  =       ; BP  =  

 (b) At t = 0 s skater A tosses the ball to skater B. State momenta of both the skaters immediately after B 
catches the ball. 

            AP  =       ; BP  =  

 (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]. 

    

 

 
 
 

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


Center of Mass 
 

 

 

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVPM - 21 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

 (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). 

 

 
 

 nks LdsVj (A rFkk B), izR;sd dk nzO;eku 70 kg ,d nwljs dh vksj 1 ms–1 dh pky ls ?k"kZ.k jfgr lrg ij py jgs 
gSA LdsVj A ds ikl 10 kg dh ,d xsan gSA nksuksa LdsVj xsan dks Lo;a ds lkis{k 5 ms–1 dh pky ls bl izdkj Qsad 
ldrs gSA rkfd A xsan dks B dh vksj t = 0 s ij Qsadrk gS] rks xsan lrg ds lkis{k 6 ms–1 dh pky ls tkrh gSA tc 
os ,d nwljs ls 10 m dh nwjh ij gS] rks os (t = 0 s) ij xsan dks ,d nwljs dh vksj Qsaduk izkjEHk djrs gSA ¼fp=k esa 
ns[ksa½ ekuk xfr ,d foeh; gSA lHkh VDdjs iw.kZ vizR;kLFk gS rFkk xsan dks idM+us o Qsadus esa fy;k x;k le; 1 s gSA    

 

 
 (a) izkjfEHkd fLFkfr ij LdsVjksa dk laosx (t = 0 s ij) gksxkA 

            AP  =      ; BP  =  

 (b) t = 0 s ij LdsVj A LdsVj B dh rjQ xsan Qsadrk gSA B }kjk xsan dks idM+us ds i'pkr~ nksuksa LdsVjksa dk laosx 
gksxkA  

            AP  =      ; BP  =  

 (c) izR;sd LdsVj ds fy, VDdj ugha gksus ds fy, U;wure Qsadks dh la[;k gksxhA  
  Qsadks dh la[;k A =    ; Qsadks dh la[;k B = 

 (d) izR;sd LdsVj dk x–t xzkQ iznf'kZr djks ;fn xsan Qsaduk can gks tk, [uksV: blesa rFkk vxys iz'u esa iSekuk vki 
vius fglkc ls eku ldrs gSA xzkQ cukus ds fy, isUlhy dk iz;ksx djsA]. 

 ¼ehVj esa½   

¼ lsd.M  esa½   

 
 (e) xsan ds ,d pDdj ds nkSjku izR;sd LdsVj dk x–t xzkQ iznf'kZr djksA (A ls B rd rFkk okil B ls A rd). 

 ¼ehVj esa½   

¼ lsd.M  esa½   
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Ans. (a) AP  = 80 i  kg. m.s–1 or aP  = 70 i kg.m.s–1 ;       bP = – 70 i  kg.m.s–1  

 (b) AP  = 20 i kg.m.s–1; bP  = – 10 i  kg.m.s–1 or ;k bP  = – 70 / 8 i  kg.m.s–1  

 (c) A = 1, B = 1   

 (d) See Fig. fp=k (1) ns[ksa  

 

 
 (e) See Fig. fp=k (2) ns[kas  

 

 
Sol. (a) AP  = 80  kg. m.s–1 i , also acceptable Lohdkj ;ksX;  AP  = 70 i  kg.m.s–1;  

  BP  = – 70 i  kg.m.s–1  

 (b) AP  = 20 i  kg.m.s–1; 

   BP  = – 10 i  kg.m.s–1, also acceptable Lohdkj ;ksX;    BP  = – 70 / 8 i  kg.m.s–1  

 (C) Number of tosses by A = 1  ; Number of tosses by B = 1  

 (C) A }kjk mPNkyksa dh la[;k = 1   ; B }kjk mPNkyksa dh la[;k = 1   

 (d) See Fig. fp=k (1). ns[ksa 
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 (e) See Fig. (2). 

 

 
 

24. A neutron is scattered through ( deviation from its original direction)  degree in an elastic collision 

with an initially stationary deutron. If the neutron loses 
2

3
 of its initial K.E. to the deutron then find the 

value of . (In atomic mass unit, the mass of a neutron is 1u and mass of a deutron is 2u).   

 ,d U;wVªkWu (neutron), fLFkj M~;ksVªkWu (deutron) ls çR;kLFk VDdj ds dkj.k viuh çkjfEHkd fn'kk ls  fMxzh dks.k 

ij fopfyr gks tkrk gSA ;fn U;wVªkWu viuh çkjfEHkd xfrt ÅtkZ dk 
2

3
 Hkkx M~;ksVªkWu (deutron) dks ns nsrk gS rks  

dk eku D;k gksxk (ijek.kq nzO;eku bdkbZ esa U;wVªkWu dk nzO;eku 1u rFkk M~;ksVªkWu dk nzO;eku 2u gSA) 

Ans. 90  

Sol. mu = mv1cos + 2mv2 cos  ........(i) 

 mv1 sin = 2mv2 sin   ........(ii) 

  22 1
mu

3 2

 
 
 

 =
1

2
 2m v2

2   ........(iii) 

 21 1
mu

3 2

 
 
 

 = 
1

2
m v1

2   ........(iv)  

 Solving equations, lehdj.k gy djus ij 

   v1 = v2 = u/ 3  

    +  = 120º 

 and rFkk   = 90º   

 

m 2
m u 

m

2
m 

 

 

v1 

v2  
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25.  A shell flying with velocity v = 500 m/s bursts into three identical fragments so that the kinetic energy of 

the system increases  = 1.5 times. What maximum velocity can one of the fragments obtain? 

 ,d xksyk v = 500 m/s osx ls gok esa xfr'khy gS] ;g rhu ,d leku VqdM+ksa esa fo[kf.Mr gks tkrk gS ftlls fudk; 
dh xfrt ÅtkZ  = 1.5 xquk c<+ tkrh gSA ,d VqdMk fdruk vf/kdre osx izkIr dj ldrk gS] Kkr dhft;sA  

Ans :  vmax = v(1 + 2( η–1)) = 1.0  km per second fdyksehVj izfr lsd.M  

 
26. A particle moves along a closed trajectory in a central field of force where the particle's potential energy 

U = kr2 (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 r1 and its velocity at the point 
farthest from O equals v2-      

 ,d d.k ,d dsfUæ; cy {ks=k esa ,d cUn iFk ds vuqfn'k xfr'khy gS] tgk¡ d.k dh fLFkfrt ÅtkZ U = kr2 gS  
(k /kukRed fu;rkad gS] r {kS=k ds dsUæ O ls d.k dh nwjh gS)A d.k dk æO;eku Kkr dhft;s] ;fn fcUnq O ls d.k dh 
U;wure nwjh r1 ds cjkcj gS ,oa bl d.k dk O ls nwjLFk fcUnq ij osx v2 ds cjkcj gSA   

Ans. m = 2kr1
2/v2

2.  
 

27.  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.             

 bl iz'u esa izekspu ;ku ds :i esa ,dy pj.k jksdsV ds LFkku ij cgqpj.k jksdsV ds mi;ksx dks n'kkZ;k x;k gSA 

ekuk nks pj.k ;qDr jksdsV ds vxz Hkkx ij m æO;eku dk csyukdkj Hkkx ¼ payload½ fp=kkuqlkj tqM+k gqvk gSA dqy 

æO;eku ¼bZa/ku;qDr jksdsV ds nksuksa Hkkx $ vxz csyukdkj Hkkx½ Nm gSA 

    

m  
nm 

Nm  

Pay 
load 

2 nd Stage 1 st Stage 

 

    

 

m  
nm 

Nm  

Pay 
load 

2nd Stage 

(f}rh; pj.k) 

1 st Stage (izFke pj.k) (csyukdkj 
Hkkx) 

 
          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. 

 izFke pj.k ds ngu ,oa vyxko ds i'pkr~ f}rh; pj.k $ csyukdkj Hkkx dk 'ks"k æO;eku nm gSA izR;sd pj.k esa 
ik=k rFkk b±/ku ;qDr izkjfEHkd ik=k ds æO;ekuksa dk vuqikr r gS, rFkk b±tu ds lkis{k fu"dklu pky V fu;r gS, ;g 
ekuk tkrk gS fd b±/ku ds iw.kZ tyus ds Bhd i'pkr~ izR;sd pj.k esa ik=k rqjUr izHkko ls jksdsV ds osx dks vizHkkfor 
j[krs gq, rqjUr vyx gks tkrk gSA xq:Ro ux.; ekusaA  
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(a) Obtain the velocity v of the rocket gained from the first-stage burn, starting from rest in terms of 

{V,N,n,r}           

(a) izFke pj.k ds ngu ds i'pkr~ jksdsV ds }kjk izkIr osx v ds fy;s O;atd {V,N,n,r} ds inksa esa Kkr djksA jksdsV 

fojkekoLFkk ls izkjEHk gksrk gSA  

(b) Obtain a corresponding expression for the additional velocity u gained from the second stage burn. 

 f}rh; pj.k ds ngu ds i'pkr~ izkIr vfrfjDr osx u ds fy;s O;atd Kkr djksA 

(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) v rFkk u ds ;qXeu ls vxz Hkkx dk osx w Øe'k% N, n, rFkk r  ds inksa esa izkIr gksrk gSA N rFkk r dks fu;r ekurs 

gq, n dk eku Kkr djks] ftlds fy;s w vf/kdre gksA bl vf/kdre fLFkfr ds fy;s u/v dk eku Kkr djsaA  

(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, rFkk V ds leku ekuksa ds fy;s ,dy pj.k jksdsV ds vxz Hkkx ds osx ws ds fy;s O;atd Kkr djksA  

(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) ekuk jksdsV ds vxz Hkkx dk osx 10 km/s izkIr djrs gSa, blds fy;s V = 2.5km/s rFkk r = 0.1 gSA iz'u (c) ds 

vf/kdre fLFkfr dks ysrs gq, N dk eku Kkr djksA bldks nks pj.k ;qDr jksdsV eku dj gy djksA  

Sol. (a) Variable mass equation gives 

 ifjorhZ æO;eku lehdj.k ls 

  external relative

dv dm
m F V

dt dt
   

 No gravity hence xq:Ro ugha gS vr%  externalF 0 , relativev v . Solving rocket equation gy djus ij 

   = i

f

m
v Vln

m
     (1) 

 Here ;gk¡ 

   initially mass izkjfEHkd æO;eku mi = Nm   (2) 

 Final mass vafre æO;eku mf = [Nr + n(1 – r)]m    (3) 

(b). Now vc mi = nm, mf = m(nr + 1 – r). Equation (1) yields lehdj.k (1) ls 

   
n

u Vln
nr 1– r




    (4) 

(c) From equation (3 to 4) 

   nN
Vln

[Nr n(1– r)] [nr 1– r]
 

 
 

   Vln f(n) 

  Maximizing  is equivalent to maximizing f(n). Differentiating and setting equal to zero, we 

obtain 

   n = 
u ln[ N /{r N (1 r)}]

N 1
v ln[N/Nr N(1 r)}]

 
  

 
  (5) 

 where we have used equation (1 and 4) 

 lehdj.k (3 ,oa 4 ls) 

 nN
Vln

[Nr n(1– r)] [nr 1– r]
 

 
 

 Vln f(n) 
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 f(n) dks vf/kdre djrs gq, ds fy;s gy djus ij] vodyu djds 'kwU; ds cjkcj djrs gq, ge izkIr djrs gSaA 

   n = 
u ln[ N /{r N (1 r)}]

N 1
v ln[N/Nr N(1 r)}]

 
  

 
  (5) 

 lehdj.k (1 rFkk 4 ds iz;ksx ls) 

(d). Here ;gk¡ mi = Nm and rFkk mf = m + r(Nm – m). Using equation lehdj.k (1) ds iz;ksx ls 

   ws = Vln 
N

Nr 1 r 
 

(e) Payload velocity 

  w = u + v = 2V ln 
N

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. 

 vxz Hkkx dk osx  

  w = u + v = 2V ln 
N

r N 1 r 
 

 w ds okafNr eku ds fy;s , N = 649.4 gSA mÙkj dks fudVre iw.kk±dksa esa ekuus ij N = 650 gSA 
 
28. 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–1 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?   

 ,d (Vªksyh + ckyd) ftudk dqy nzO;eku 200 kg gS] ?k"kZ.k jfgr iFk ij 36 km/h dh pky ls xfr dj jgs gSA  
20 kg nzO;eku dk ckyd] dkj ij ,d fljs ls nwljs fljs dh rjQ (10 m nwj) Vªksyh ds lkis{k 10 ms–1 ls VªkWyh dh 
xfr dh fn'kk esa nkSM+rk gS rFkk mlh lkis{k osx ls VªkWyh ls dwnrk gSA VªkWyh dh vfUre pky D;k gksxhA Vªksyh] ckyd 
ds nkSMuk 'kq: djus ls] dwnus ds Bhd igys rd ds le; esa fdruk py pqdh gksxh?  

Ans. 9m/s, 9m  
Sol. mc = 20 kg 
 mT = 180 kg 

 Pi = 200 × 36 × 
5

18
 = 2000 kg m/sec 

 just before jump dwnus ds Bhd igys   Vbg = bTV  + TgV  =  (10 + VT) 

 So blfy, MTVT + mcVc = Pf = Pi 

 180VT + 20 × (10 + VT) = 2000 

 VT = 
1800

200
 = 9 m/sec. 

 Time taken to cover 10 m  t = 
10

10
 = 1 sec. 

 10 m iw.kZ djus ess yxk le;  t = 
10

10
 = 1 sec. 

 distance covered by trolly Vªkyh }kjk r; nwjh = 9 × 1 = 9 m. 
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