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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)  : Kinematics   
[k.M (A) : xfrdh  
 

A-1. A uniform disk rotating with constant angular acceleration covers 50 revolutions in the first five seconds 
after the start. Calculate the angular acceleration and the angular velocity at the end of five seconds. 

 ,d le:i pdrh fu;r dks.kh; Roj.k ls ?kwerh gqbZ çkjEHk ls igys ik¡p lSd.M esa 50 pDdj yxkrh gSA ik¡p lSd.M 
i'pkr~ dks.kh; Roj.k rFkk dks.kh; osx Kkr djksA  

Ans. 4 rev/s2, 20 rev/s 

Sol. i = 0  t = 5 sec  = 50 (2) rad. 

  = it + 
1

2
   t2 

 (50) (2) = 0 + 
1

2
   (5)2 

 (50) (2) = 0 + 
25

2


 

  = 
(50)(2 )(2)

25


 = 4 (2) = 4 rev/ se2 

 f = i + t 
 f = 0 + 4(5) = 20 rev/ se 
  

 
A-2. A body rotating with 20 rad/s is acted upon by a uniform torque providing it an angular deceleration of  

2 rad/s2. At which time will the body have kinetic energy same as the initial value if the torque acts 
continuously ?    

 20 rad/s ls ?kw.kZu dj jgh oLrq dks ,d fu;r cy&vk?kw.kZ 2 rad/s2 dk eanu çnku djrk gSA fdl le; ij oLrq 
dh xfrt ÅtkZ çkjfEHkd xfrt ÅtkZ ds leku gksxh ;fn cy vk?kw.kZ yxkrkj vkjksfir gS ? 

Ans. 20 s 
Sol. When initial angular velocity equel to the final angular velocity then  

 tc izkfjEHkd dks.kh; osx] vfUre dks.kh; osx ds cjkcj gS rc  

 (K.E. i = K.E. f) 

 f = i + t 
 –20 = 20 – 2t 
 –40 = – 2t 
 t = 20 sec 
 

Section (B) : Moment of inertia   
[k.M (B) : tM+Ro vk?kw.kZ 
 

B-1. Calculate the moment of inertia of a uniform square plate of mass M and side L about one of its 
diagonals, with the help of its moment of inertia about its centre of mass. 

 M nzO;eku o L Hkqtk dh ,d le:i oxkZdkj IysV dk blds ,d fod.kZ ds lkis{k tM+Ro vk?kw.kZ] blds nzO;eku dsUnz 
ls xqtjus okyh v{k ds lkis{k tMRo vk?kw.kZ dh lgk;rk ls Kkr djksA   

Ans. 
2ML

12
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Sol. 

 

 

 
 using perpendiculer theorem yEccr~ v{k izeas; ls  (I3 = I2 + I1) 

 both diagonals divides square plate in symmatrical way so I1 = I2 

 nksuks fod.kZ oxkZdkj IysV dks lefer :i ls foHkkftr djrs gS vr% I1 = I2 

  I3 = 2I2 = 2I1 

  I1 = 3I

2

 
 
 

  I3 = 
2ML

6

 
  
 

  I1 = 
2ML

12

 
  
 

 

          

B-2. A uniform triangular plate of mass M whose vertices are ABC has lengths , 
2

 and 
2

 as shown in 

figure. Find the moment of inertia of this plate about an axis passing through point B and perpendicular  
 to the plane of the plate. 

 fp=kkuqlkj ,d M nzO;eku dh le:i f=kHkqtkdkj IysV ftlds dksus ABC gS] dh yEckbZ , 
2

 rFkk 
2

 gSA bl 

IysV dk fcUnq B ls xqtjus okyh o ry ds yEcor~ v{k ds ifjr% tM+Ro vk?kw.kZ Kkr djksA   

     

 A 

B C

  
2 

 
2  

Ans. 
2M

6
 

Sol.  

  

 

 
 Assuming a square plate ACDE of mass 4M having centre B.  

 ekuk iw.kZ oxkZdkj IysV ACDE dk dqy nzO;eku 4M  gSA rFkk bldk dsUnz B ij gS  

 B = 
2(4M)

6
  

 Moment of inertia of plate ABC  IysV ABC dk tM+Ro vk?kw.kZ 

 B´ = 
21 4M

.
4 6

 
  
 

 = 
2M

6
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B-3. Find the moment of inertia of a uniform half-disc about an axis perpendicular to the plane and passing 
through its centre of mass. Mass of this disc is M and radius is R.   

 ,d le:i vk/kh pdrh ds nzO;eku dsUnz ls ikfjr o ry ds yEcor~ v{k ds lkis{k tM+Ro vk?kw.kZ Kkr djks] pdrh 
dk nzO;eku M o f=kT;k R gSA  

Ans. 
2MR

2
  M

2
4R

3

 
  

  

Sol.  

 

 

 

 I0 = 
2mR

2

 
  
 

  

  0 = cm + md2 

 
2mR

2
 = cm + m

2
4R

3

 
  

  

  cm = 
2mR

2
 –m

2
4R

3

 
  

  

 ICM = 

22MR 4R
M

2 3

        
    

 
B-4. Calculate the radius of gyration of a uniform circular disk of radius r and thickness t about a line 

perpendicular to the plane of this disk and tangent to the disk as shown in figure. 

 ,d o`Ùkkdkj r f=kT;k dh rFkk ,dleku eksVkbZ t dh ,d pdrh dh blds ry ds yEcor~ o fp=kkuqlkj blds ifjf/k 
 ls xqtjus okyh v{k ds lkis{k ?kw.kZu f=kT;k Kkr djksA     

     

 

 

Ans. (K = 
3

2
r )         

Sol.  

 

 

 
  = cm + md2 

  = 
2mr

2
 + mr2 = 

3

2
mr2 = mK2  (K = 

3

2
r) 
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Section (C) : Torque 
[k.M (C) : cy vk?kw.kZ 
 

C-1. Two forces 1
ˆ ˆ ˆF 2i 5j 6k    and 2

ˆ ˆ ˆF i 2j k     are acting on a body at the points (1, 1, 0) and (0, 1, 2) 

respectively. Find torque acting on the body about point (–1, 0, 1). 

 nks cy 1
ˆ ˆ ˆF 2i 5j 6k    rFkk 2

ˆ ˆ ˆF i 2j k     ,d oLrq ij fcUnqvksa Øe'k% (1, 1, 0) rFkk (0, 1, 2) ij vkjksfir gSA 

oLrq dk fcUnq (–1, 0, 1) ds lkis{k cy&vk?kw.kZ Kkr djksA 

Ans. –14 î  + 10 ĵ  – 9 k̂  

Sol. 1F


 = 2 î  – 5 ĵ  – 6 k̂   at point  fcUnq  (1, 1, 0) ij  

 2F


 = – î  + 2 ĵ  – k̂  at point  fcUnq (0, 1, 2) ij  
  r0(–1,0,1) 

  1
r


 = (1 î  + ĵ  + 0 k̂  ) – (– î  + 0 ĵ  + k̂ ) 

`  1
r


 =  ˆ ˆ ˆ2i j – k  

 1


  = 1 1

r F
 
  =  ˆ ˆ ˆ2i j – k  ×  ˆ ˆ ˆ2i – 5j – 6k  

 1


  = ( –10 k̂   + 12 ĵ  – 2 k̂  – 6 î  – 2 ĵ  – 5 î ) 

 1


  = (–11 î  + 10 ĵ   – 12 k̂ ) 

 2


  = 2 2

r F
 
  =  ˆ ˆ ˆi j k   ×  ˆ ˆ ˆ–i 2j – k  

 Total dqy   T


  = 1


  + 2


   

 T


  =  ˆ ˆ ˆ2i j – k  ×  ˆ ˆ ˆ2i – 5j – 6k  +  ˆ ˆ ˆi j k   ×  ˆ ˆ ˆ–i 2j – k  

 T


  =  ˆ ˆ ˆ–14i 10j – 9k  

 

C-2. A simple pendulum having bob of mass m and length  is pulled aside to make an angle  with the 
vertical. Find the magnitude of the torque of the weight of the bob about the point of suspension. At 

which position its torque is zero? At which  it is maximum?   
 ,d  yEckbZ ds ljy yksyd ftlesa m nzO;eku dk xksyd yxk gS] dks ,d vksj [khapk tkrk gS] rkfd ;g Å/okZ/kj ls 

 dks.k cuk,A vkyEcu fcUnq ds lkis{k xksyd ds Hkkj ds cy vk?kw.kZ dk ifjek.k Kkr djksA cy vk?kw.kZ fdl fLFkfr 
esa 'kwU; gksxk rFkk fdl ds fy, ;g vf/kdre gksxkA     

Ans. mg sin, when the bob is at the lowest point, at  = 90º.  

 mg sin,  tc xasn fuEure fcUnq ij gS]  = 90º.  

Sol.   

 

 

 
 torque of mg about point of suspension is : fuyEcu fcUnq ds lkis{k mg  dk cyk?kw.kZ  
   = (mg sin) () 
 (When bob is at the lowest position  = 0)  (tc xasn fuEure fLFkfr ij gS rc  = 0) 

 Torque is maximum when string is horizontal that is  = 90º 

 tc  = 90º vFkkZr Mksjh {kSfrt gksxh rc cyk?kw.kZ vf/kdre gksxkA  
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C-3. A particle having mass m is projected with a speed v at an angle  with horizontal ground. Find the 
torque of the weight of the particle about the point of projection when the particle (a) is at the highest 
point. (b) reaches the ground. 

 ,d m nzO;eku dk d.k v osx ls {kSfrt /kjkry ls  dks.k ij iz{ksfir fd;k tkrk gSA  d.k ds Hkkj dk iz{ksi.k fcUnq 
ds lkis{k cy vk?kw.kZ Kkr djks tc d.k dh fLFkfr (a) mPpre fcUnq ij gks (b) iqu% /kjkry ij gksA   

Ans. (a) mv2 sin cos perpendicular to the plane of motion    

 (b) 2mv2 sin cos perpendicular to the plane of motion    
 (a) mv2 sin cos xfr ds ry ds yEccr~    

 (b) 2mv2 sin cos xfr ds ry ds yEccr~   

Sol. (a)  

  

 

 

 0 = mg R/2 = mg
2v sin2

2g

 
  
 

  

 0 = mg 
2v sin2

2g


 = 

2mv sin2

2

 
  
 

 

 0 = (mv2 sincos) 
 (b)  

  

 

 
 0 = mgR 

 =  (2mv2 sincos) 
 
 
 

C-4. Calculate the net torque on the system about the point O as shown in figure if F1 = 11 N, F2 = 9 N,  
F3 = 10 N, a = 10 cm and b = 20 cm. (All the forces along the tangent.)   

 fp=kkuqlkj fudk; ij O ds lkis{k dqy cyk?kq.kZ Kkr djsa ;fn F1 = 11 N, F2 = 9 N, F3 = 10 N, a = 10 cm rFkk  
 b = 20 cm  (lHkh cy Li'kZ js[kk ds vuqfn'k gS) 

     

 

 
Ans. 3 N – m 
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Sol. Net torque on the system about O  

 O ds ifjr% fudk; ij cyk?kq.kZ   
 0 = F1 . b + F2 .b – F3.a 
  = (F1 + F2) b – F3a 
  = (11 + 9) 0.2 – 10 × 0.1 
  = 3 N – m 
 

Section (D) : Rotational Equilibrium    
[k.M (D) : ?kw.kZu lkE;koLFkk 
D-1. A uniform metre stick having mass 400 g is suspended from the fixed supports through two vertical light  

strings of equal lengths fixed at the ends. A small object of mass 100 g is put on the stick at a distance 
of 60 cm from the left end. Calculate the tensions in the two strings. (g = 10 m/s2)   

 ,d 400 g dh le:i ehVj NM+ dks fljks ij fLFkj ¼tM+or½ “ leku yEckbZ dh nks Å/okZ/kj gYdh jfLl;ksa dh 
lgk;rk ls nks fLFkj dhyd ls yVdk;k tkrk gSA NM+ ds ck,sa fdukjs ls 60 cm nwjh ij ,d NksVh 100 g dh oLrq 
dks j[kk tkrk gS] rks nksuks jfLl;ksa esa ruko Kkr djksA  (g = 10 m/s2)    

Ans. 2.4 N in the left string and 2.6 N in the right   
Ans. 2.4 N ck;ha jLlh esa rFkk 2.6 N nk;ha jLlh esa   
Sol. 

 

 

 
 using force balance  cy larqyu ds fy,  
 T1 + T2 = 0.4 g + 0.1 g = 0.5 g = 5 
 Torque about any point should be zero for rotation equilibrium. 

 ?kw.kZu lkE;koLFkk ds fy, fdlh fcUnq ds lkis{k cyk?kw.kZ 'kwU; gksuk pkfg,  

 A = 0 
 (T2 × 100 cm) = (0.4 g) (50 cm) + (0.1 g) (60 cm) 
 T2 = (0.4 × 10 × 0.5) + (0.1 × 10 × 0.6) = 2.6 N 
 T2 = 2.6 N 
 T1 = 2.4 N 
 

D-2. Assuming frictionless contacts, determine the magnitude of external horizontal force P applied at the 
lower end for equilibrium of the rod as shown in figure. The rod is uniform and its mass is ' m'.  

 ?k"kZ.kjfgr lEidZ ekurs gq,] fp=kkuqlkj NM+ dh lkE;koLFkk ds fy, fupys fljs ij yxk, x,] cká {kSfrt cy P dk 
 ifjek.k Kkr djksA NM+ le:i gS rFkk bldk nzO;eku m gSA     

      

 
 

//////////////////////////////////////////////////// 
 

P

Wall 

 

Ans.  P = 
w

2
 cot   or P = 

mg

2
 cot 

Sol. The F.B.D. of rod is as shown  

 NM+ dk FBD fp=kkuqlkj gksxk 
 For rod to be in translational equilibrium  

 NM+ ds LFkkukUrkfjr lkE;koLFkk ds fy, 

 N1 = P   ....(1) 
 N2 = W = mg  ....(2) 
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 For rod to be in rotational equilibrium, net torque on rod about any axis is zero.  

 NM+ ds ?kw.kZu lkE;koLFkk ds fy, fdlh Hkh v{k ds lkis{k NM+ dk dqy cyvk?kw.kZ 'kwU; gksxkA 

  Net torque on rod about B is zero  

  B ds lkis{k dqy cyvk?kw.kZ 'kwU; gSA 

 i.e., mg 
2

 cos  – N2  cos  + P  sin  = 0 .......(3)  

 from equation (2) and (3) solving we get 

 lehdj.k (2) o (3) dks gy djus ij 

  P = 
mg

2
 cot  

 

D-3. A uniform ladder having length 10.0 m and mass 24 kg is resting against a vertical wall making an 
 angle of 53° with it. The vertical wall is smooth but the ground surface is rough. A painter weighing  
 75 kg climbs up the ladder. If he stays on the ladder at a point 2 m from the upper end, what will be the 
 normal force and the force of friction on the ladder by the ground? What should be the minimum 
 coefficient of friction between ground and ladder for the painter to work safely? (g = 10 m/s2)  

 ,d 24 kg nzO;eku o 10.0 m yEckbZ dh le:i lh<+h Å/okZ/kj nhokj ds lgkjs blls 53° ds dks.k ij j[kh xbZ gSA 
Å/okZ/kj nhokj ?k"kZ.k jfgr gSA ijUrq eSnku [kqjnjk gSA ,d 75 kg nzO;eku dk ,d isUVj lh<+h ds Åij p<+rk gSA 
;fn ;g lh<+h ds Åijh fljs ls 2 m dh nwjh ij Bgjrk gSA rc tehu }kjk lh<+h ij yxk;k x;k vfHkyEc cy o 
?k"kZ.k cy D;k gksxk\ isUVj ds lqjf{kr dke djus ds fy, tehu rFkk lh<h ds e/; U;wure ?k"kZ.k xq.kkad D;k gksuk 
pkfg,\ (g = 10 m/s2)   

Sol.  

 

 

 
 For translational equilibrium LFkkukUrjh; lkE;koLFkk ds fy;s  

 Fx = 0  Fy = 0 
 N1 = f  N2 = 75g + 24g = 99g = 990 N 

 Rotational equilibrium  = 0 (about any point) 

 ?kw.kZu lkE;koLFkk esa  = 0 (fdlh Hkh fcUnq ds lkis{k) 
 B = 0 
 N1 × 6 = 24g (5cos 37º) + 75g (8cos 37º) 

 N1 × 6 = 24g (5 × 
4

5
) + 75g (8 × 

4

5
) 

 N1 × 6 = (96g + 480 g) 
 N1 = 96g = 960 N 
 f = N1 

 N2 = N1 

  = 1

2

N

N
 = 

96g

99g
 = 

32

33
 

 Ans. 990 N, 960 N , 
32

33
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D-4. In the system as shown in figure, AB is a uniform rod of mass 10 kg and BC is a light string which is 
connected between wall and rod, in vertical plane. There is block of mass 15 kg connected at B with a 
light string. [Take g = 10 m/s2] (BC and BD are two different strings)   

 fp=kkuqlkj iznf'kZr fudk; esa] Å/okZ/kj ry esa] ,d leku nzO;eku 10 kg dh NM AB gS BC gYdh Mksjh gS tksdh 
 nhokj rFkk NM+ ds e/; m/okZ/kj ry esa tqMh gS] 15 kg dk ,d CykWd B ij gYdh Mksjh ls tqMk gSµ  
 [g = 10 m/s2] (BC rFkk BD nks fHkUu Mksjh gS) 

     

 

D 

 
 If whole of the system is in equilibrium then find ;fn iw.kZ fudk; larqyu esa gS rks  
 (i) Tension in the string BC    BC Mksjh esa ruko Kkr djks 
 (ii) Hinge force exerted on beam at point A  A ij dhyd }kjk vkjksfir cy Kkr djks  
Ans. (i) T = 250 N  (ii) FH=  150 N (), FV  = 50 N ( ) 
Sol. F.B.D. of Rod NM dk 

 

 

 
 As the system is in equilibrium. tSlk dh fudk; larqyu esa gSA  
  Fx = 0  
 Fx + T sin 53º = 0   ..........(i) 

 Fx = 0  
 Fy + Tsin 53º – 100 – 150 = 0 
 Fy + T sin 53º = 250   .........(ii) 

 ZA = 0   

  T sin 53 (i) – 100 × 
1

2
 – 150 × 1 = 0  

   
4T

5
 = 200   T = 250 N  

 From eqn (i) Fx = – T cos 53 

 lehdj.k (i) ls  Fx = – T cos 53 

   = – 250 × 
3

5
 = – 150 N 

 From eqn (ii) Fy = 250 – T sin 53 = 50 N 

 lehdj.k (ii) ls  Fy = 250 – T sin 53 = 50 N 
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Section (E) : Rotation about fixed axis (H = H) 

[k.M (E) : fLFkj v{k ds ifjr% ?kw.kZu  (H = H) 
 

E-1. A rod of negligible mass having length  = 2 m is pivoted at its centre and two masses of m1 = 6 kg and 
m2 = 3 kg are hung from the ends as shown in figure.  

     

 

 
 (a)  Find the initial angular acceleration of the rod if it is horizontal initially. 
 (b)  If the rod is uniform and has a mass of m3 = 3 kg. 
 (i) Find the initial angular acceleration of the rod.     
 (ii) Find the tension in the supports to the blocks of mass 3 kg and 6 kg (g = 10 m/s2).   
  = 2 m ehVj yEckbZ dh  ux.; nzO;eku dh ,d NM+ fp=kkuqlkj e/; fcUnq ls vkyfEcr gS rFkk m1 = 6 kg rFkk  

m2 = 3 kg ds nks fi.M blds fdukjksa ls fp=kkuqlkj yVdk, tkrs gSa     

     

 

 
 (a)  ;g ekurs gq, fd NM+ izkjEHk esa {kSfrt FkhA NM+ dk izkjfEHkd dks.kh; Roj.k Kkr djksA  

 (b)   ;fn NM+ dk  nzO;eku m3 = 3 kg gS rFkk bldh yEckbZ ij leku :i ls forfjr gks rks A 

 (i)  NM+ dk izkjfEHkd dks.kh; Roj.k Kkr djksA     

 (ii)   3 kg rFkk 6 kg ds CykWd ls tqM+h gqbZ Mksjh esa ruko Kkr djksA (g = 10 m/s2) 

Ans.  (a) 1 2

1 2

2g (m m )

(m m )




 = 
10

3
 rad/s2  

 (b)  (i)  ' =
1 2

3
1 2

2(m m )g

m
m m

3


    

 =  3 rad/s2 , (ii) 42 N ; 39 N 

Sol. (a)  

  

 

 
 Torque about hinge  fgUt (hinge) ;k dhydhr fcUnq ds lkis{k cyk?kw.kZ  

 (m1g – m2g) 
2

 
 
 

 = .  

  = 1 2

2 2

1 2

(m m )g( / 2)

m m
2 2



      
   

 

  = 1 2

1 2

2(m m )g

(m m ) 




 

  = 
2(6 3)10

2(6 3)




 = 
10

3
 rad/sec2 
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(b) If mass of rod is 3 Kg Torque about hinge  ;fn NM dk nzO;eku 3 Kg gS rks dhydhr fcUnq ds lkis{k 
cyk?kw.kZ  

 (m1g – m2g) 
2

 = '' 

 ' = 
1 2

2 2 2
3

1 2

(m m )g 
2

m
m m

2 2 12

   
 

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

 

  ' = 1 2

3
1 2

2(m m )g

m
m m

3


    

= 
2(6 3)10

3
2 6 3

3


    

 = 3 rad/s2 

 

 

 
 For m1 block  m1 CykWd ds fy, 

 m1g – T1 = m1a 

 T1 = 1
1

m
m g

2

  
 

 

 T1 = 60 – 
6 2 3

2

 
 = 42 N 

 For m2 block m2 CykWd ds fy, 

 T2 – m2g = m2a 

 T2 = m2g + m2 
2


 = 30 + 

3 2 3

2

 
  T2 = 39 N 

 

E-2. The uniform rod AB of mass m is released from rest when  = 60º. Assuming that the friction force 
between end A and the surface is large enough to prevent sliding, determine (for the instant just after 
release)          

 fp=kkuqlkj ,d le:i nzO;eku m dh NM+ AB,  = 60º ls fojke ls NksM+h tkrh gSA ;g ekfu;s fd fdukjs A o lrg 
 ds e/; ?k"kZ.k fQlyus ls jksdus ds fy, i;kZIr gS] rkss NksM+us ds Bhd ckn Kkr djsaµ 

     

 

 
 (a) The angular acceleration of the rod  
 (b) The normal reaction and the friction force at A. 

 (a) NM+ dk dks.kh; Roj.k  
 (b) A ij vfHkyEc izfrfØ;k cy o ?k"kZ.k cy  

 Ans. (a) 
3g

4L
 (cw)   (b) N = 

13 mg

16
, F = 

3 3
16

 
 
 

mg   
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Sol. 

 

 

 
 Torque about  A ds lkis{k cyk?kw.kZ  

  =   

 (mg cos ) 
2

 = 
2m

3
  

  = 
3gcos60

2
 = 

3g

4

 
 
 

 

 using Newton 2nd law  U;wVu ds f}rh; fu;e ds mi;ksx ls  

 mg – N = (may) 

 N = (mg – may)  ay :  cos
2

  
 

  

 N = mg – m cos
2

   
 

 

 N = mg – m 
3g

4 2
  cos 60 = mg – 

3mg

6
 = 

13mg

16

 
 
 

 

 f = (m ax) 

 f = m sin
2

   
 

  

 f = m
3g

4

 
 
  2

 
 
 

   sin 60 

 f = 
3mg

4 2

3

2
  , 

3 3
f mg

16

 
  

 
  

 

E-3. The moment of inertia of the pulley system as shown in the figure is 3 kg – m2. The radii of bigger and 
smaller pulleys are 2m and 1m respectively. As the system is released from rest, find the angular  
acceleration of the pulley system. (Assume that there is no slipping between string & pulley and string is 
light) [Take g = 10 m/s2] 

 fp=k esa iznf'kZr f?kjuh fudk; dk tMRo vk?kw.kZ 3 kg – m2 gSA cMh ,oa NksVh f?kjuh dh f=kT;k Øe'k% 2m  ,oa 1m 

gS tc fudk; dks fojke ls eqDr fd;k tkrk gS rFkk ;g ekuh, f?kjuh rFkk jLlh esa fQlyu ugha gS rFkk jLLkh gYdh 
gS rc f?kjuh ds bl fudk; dk dksf.k; Roj.k dk eku Kkr djsA [ g = 10 m/s2] 
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Sol. Let  be the angular acceleration of the pulley system.  

 f?kjuh fudk; dk dksf.k; Roj.k gSµ 

 

 

 
 For 6 kg block  6 kg CykWd ds fy;s  
 6 g – T1 = 6 (2)  .........(i) 

 for 3 kg block  3 kg CykWd ds fy;s  
 T2 – 3g = 3   .........(ii) 

 for pulley system f?kjuh fudk; ds fy;s  

  2T1 – T2 =  = 3  .........(iii)  
 From equation (i) and (ii) putting the values of T1 and T2. 

 lehdj.k (i) rFkk (ii) ls T1 rFkk T2 ds eku j[kus ij  
  2[6g – 12] – [3g + 3] = 3  

  12 g – 24 – 3g – 3 = 3
  30  – 9g  

  = 
90

30
 = 3 rad/s2

   Ans. 

 

E-4. A uniform thin rod of length L is hinged about one of its ends and is free to rotate about the hinge 
without friction. Neglect the effect of gravity.  A force F is applied at a distance x from the hinge on the 
rod such that force is always perpendicular to the rod. Find the normal reaction at the hinge as function 
of 'x', at the initial instant when the angular velocity of rod is zero.  

 L  yEckbZ dh ,dleku iryh NM+ dks blds ,d fljs ds ifjr% fdydhr (hinge) dj fn;k tkrk gS rFkk ;g fdyd 
(hinge) ds ifjr% fcuk ?k"kZ.k ds ?kweus ds fy, LorU=k gSA xq:Ro dk izHkko ux.; gSA NM+ ij fdyd ls x nwjh ij 
,d cy F bl izdkj yxk;k tkrk gS fd cy ges'kk NM+ ds yEcor~ gksrk gSA tc NM+ dk dks.kh; osx 'kwU; gks tkrk 
gS rc ml {k.k ij fdyd ij vkjksfir vfHkyEc izfrfØ;k x ds Qyu ds :i esa Kkr djksaA 

      

 

   

Ans. N = F 
3 x1–
2

 
 
 

 

Sol. 
2M

Fx
3

   

 

 

 

 F – N = M 
2
  N = F – 

2

3Fx
M

2 M

 
 
 

 

 N = F 
3 x1–
2

 
 
 
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Section (F) : Rotation about Fixed Axis (Energy conservation)   

[k.M (F) : fLFkj v{k ds lkis{k ?kw.kZu ¼ÅtkZ laj{k.k½ %  

F-1. A solid cylinder of mass M = 1kg & radius R = 0.5m is pivoted at its centre & has three particles of mass  
m = 0.1kg mounted at its perimeter in the vertical plane as shown in the figure. The system is initially at 
rest. Find the angular speed of the cylinder, when it has swung through 900 in anticlockwise direction.  

 [Take g = 10 m/s2] 
 M = 1kg nzO;eku o R = 0.5m f=kT;k dk ,d Bksl csyu blds dsUnz ls dhyfdr fd;k tkrk gS rFkk m = 0.1kg ds 
 rhu d.k fp=kkuqlkj Å/okZ/kj ry esa bldh ifjf/k ij ck¡/ks tkrs gSaA izkjEHk esa fudk; fojkekoLFkk esa gSA tc ;g 
 okekorZ fn'kk esa 90° dk dks.k r; dj ysrk gS] rc csyu dk dks.kh; osx Kkr djks] [g = 10 m/s2] 

    

 

 

Ans.   = 5  rad/s 

Sol.  

 

 

 
 After rotating 90º 90º ls ?kw.kZu ds ckn  

 

 

 
 Using Energy conservation  ÅtkZ laj{k.k ds mi;ksx ls  
 Ui + Ki = Uf + Kf 

 (2mg R + mg R + 0 + 0) = mg R + O + mg R + 
1

2
 2 

 3mg R = 2mg R + 
1

2
 2  (mg R = 

1

2
 2)   

 2mg = 
MR

3mR
2

  
 

 2 

 2 = 
4mg

MR 6mR

 
  

 

  = 
4mg

MR 6mR
 = 

4 0.1 10

1 0.5 6 0.1 0.5

 
   

  

   = 5  rad/s  
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F-2. A rigid body is made of three identical uniform thin rods each of length L fastened together in the form 
of letter H. The body is free to rotate about a fixed horizontal axis AB that passes through one of the 
legs of the H. The body is allowed to fall from rest from a position in which the plane of H is horizontal. 
What is the angular speed of the body, when the plane of H is vertical.   

 ,d n`<+ oLrq rhu L yEckbZ dh le:i NM+ ls feydj H vkÑfr dh cukbZ tkrh gSA ;g oLrq {kSfrt v{k AB ds 
lkis{k ?kw.kZu ds fy, Lora=k gS tc H dk ry {kSfrt gks rc bls fojke ls NksM+k tkrk gSaA tc H dk ry Å/okZ/kj gks 
rks bldk dks.kh; osx D;k gksxk \ 

 

A 

B 

 

Ans.   = 
9 g

4
  

Sol.   

 

 

initial positial  izkfjEHkd fLFkrh  

 

 

 final position  vfUre fLFkfr  
 Using Energy conservation ÅtkZ lj{ka.k ls  
 Ki + Ui = Kf + Uf 

 0 + 3mg 
2

 = 
1

2
 2 

  = (1 + 2) 

 [ = 
2m

3
 + m2] 

 3mg 
2

 = 
1

2

2
2m

m
3

 
  

 
 2 + 0 

 3g= 
2

2

3

 
  

 
 2 

 3g = 
4

3
 2 

  = 
9g

4
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F-3. A uniform rod of mass m and length L lies radially on a disc rotating with angular speed  in a 
horizontal plane about its axis. The rod does not slip on the disc and  the centre of the rod is at a 
distance R from the centre of the disc. Find out the kinetic energy of the rod.  

 viuh v{k ds ifjr% {kSfrt ry esa  dks.kh; osx ls ?kwerh pdrh ij] m nzO;eku rFkk L yEckbZ dh ,d leku NM 
 f=kT;h; fn'kk esa j[kh gSA NM]+ pdrh ij fQlyrh ugha gS rFkk NM+ dk dsUnz] pdrh ds dsUnz ls R nwjh ij gS] rc 
 NM+ dh xfrt ÅtkZ Kkr djksA 

     

 

 

Ans.  
1

2
m2

2
2 L

R
12

 
  

 
  

Sol. Moment of inertia of the rod w.r.t. the axis through centre of the disc is : (by parallel axis theorem).   

 NM+ dk tM+Ro vk?kw.kZ pdrh ds dsUnz ls xqtjus okyh v{k ds lkis{k ¼lekUrj v{k izes; ls½s 

     

 

 

  = 
2

2mL
mR

12
   

 &  K.E. of rod w.r.t. disc ¼pdrh ds ifjr NM+ dh xfrt ÅtkZ½ = 21

2
 = 

2
2 21 L

m R
2 12

 
  

  
  Ans. 

 
F-4. The moment of inertia of the pulley system as shown in figure is 3 kgm2. Its radius is 1m.  The system is 

released from rest find the linear velocity of the block, when it has descended through  
40 cm. (Assume that there is no slipping between string & pulley and string is light)  [Take g = 10 m/s2] 

 fp=kkuqlkj f?kjuh fudk; dk tM+ROkk?kw.kZ  3 kgm2
  gSA tc fudk; dks fojke ls eqDr djrs gS rks CykWd ds 40 cm 

 uhps fxjus ij CykWd dh jsf[k; pky Kkr djksA f?kjuh dh f=kT;k 1 m gS RkFkk ;g ekfu;s fd Mksjh o f?kjuh ds e/; 
 dksbZ fQlyu ugha gS ,oa Mksjh gYdh gS [g = 10 m/s2]  

      

 

 

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


Rigid Body Dynamics 
 

 

 

Corporate 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 
ADVRB - 16 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

Sol. When the block is descended through x, let its velocity be V. 
 from energy conservation  

 tc CykWd x uhps rc bldh pky V ekusa rks ÅtkZ laj{k.k ds fu;e ls. 

    

 

 

 mgx = 
1

2
I2 + 

1

2
 mv2

  

 mgx = 
1

2
 I

2
V

r

 
 
 

 + 
1

2
 mv2    2mgx = V2 

I
2

m
r

   
 

 Putting all given values  fn;s x;s eku j[kus ij V = 2 m/s 

 

Section (G) : Angular Momentum & its conservation   
[k.M (G) : dks.kh; laosx rFkk mldk laj{k.k   

G-1. A particle having mass 2 kg is moving with velocity ( ˆ ˆ2i 3 j )m/s. Find angular momentum of the particle 

about origin when it is at (1, 1, 0).  

 2 kg nzO;eku dk d.k ( ˆ ˆ2i 3 j )m/s ds osx ls xfreku gSA tc d.k (1, 1, 0) ij gS rc d.k dk ewy fcUnq ds lkis{k 

dks.kh; laosx Kkr djksA    

Ans. ˆ2k kg m2/s  

Sol. L r p
   
  

 
   p


 = m v


  

 L


 =  ˆ ˆ ˆi j 0k   ×  ˆ4i 6j  p


 = (4 î + 6 ĵ ) 

 L


 = 6 k̂  – 4 k̂  = 2 k̂  kgm2/s  r


 =  ˆ ˆ ˆi j ok   

 

G-2. A particle having mass 2 kg is moving along straight line 3x + 4y = 5 with speed 8m/s. Find angular 
momentum of the particle about origin. x and y are in meters.  

 2 kg nzO;eku dk d.k ljy js[kk 3x + 4y = 5 ds vuqfn'k 8m/s dh pky ls xfreku gSA d.k dk ewy fcUnq ds lkis{k 
dks.kh; laosx Kkr djksA x vkSj y ehVj esa gSA 

Ans. 16 kg m2/s  
Sol. 3x + 4y = 5 

 
–3x 5

y
4 4

   
 

 

 

 

  
 P = mv = 2 × 8 = 16 (kg – m/s) 
 L = (5/4) × mv cos 37º 

 L = 5/4 × 2 × 8 × 
4

5
 = 16 kg m2/s 
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G-3. Two beads (each of mass m) can move freely in a frictionless wire whose rotational inertia with respect 

to the vertical axis is . The system is rotated with an angular velocity 0 when the beads are at a 
distance r/2 from the axis. What is the angular velocity of the system when the beads are at a distance r 
from the axis ?        

 nks eksrh ¼izR;sd nzO;eku m½ ,d ?k"kZ.kjfgr rkj esa Lora=krkiwoZd xfr dj ldrs gSaA rkj dk Å/okZ/kj v{k ds lkis{k 
tM+Ro vk?kw.kZ gSA tc eksrh v{k ls r/2 nwjh ij gS] rks fudk; dks  0 dks.kh; osx ls ?kqek;k tkrk gSA tc eksrh v{k 
ls r nwjh ij gS] rks fudk; dk dks.kh; osx D;k gksxk\     

     

 

      

Ans.  

2

0

2

mr
 

2

2mr

 
    
 

 
  

Sol.  

 

 

  

 

   
 initial position izkfEHkd fLFkrh  Final position vfUre fLFkrh  

 No external torque so   L


 = cont. dksbZ ckº; cyk?kw.kZ ugh gS L


 = fu;r jgsxk  

 Li = Lf 

 (i0 = f0) 

 
2 2mr mr

4 4

 
    
 

0 = ( + mr2 + mr2) 

 

2

02

mr

2

2mr

  
   

    
   

    

 

 
G-4. A system consists of two identical small balls of mass 2 kg each connected to the two ends of a 1 m 

long light rod. The system is rotating about a fixed axis through the centre of the rod and perpendicular 
to it at an angular speed of 9 rad/s. An impulsive force of average magnitude 10 N acts on one of the 
masses in the direction of its velocity for 0.20 s. Calculate the new angular velocity of the system.  

 ,d fudk; esa 1 m yEckbZ dh gYdh NM+ ds nksuksa fdukjksa ij nks ,dleku izR;sd 2 kg dh xsan yxh gqbZ gSA fudk;] 
NM+ ds nzO;eku dsUnz ls xqtjus okyh o blds yEcor v{k ds lkis{k  9 rad/s ds dks.kh; osx ls ?kw.kZu djrk gSA ,d 

10 N vkSlr ifjek.k dk vkosxh cy ,d nzO;eku ij 0.20 s rd blds osx dh fn'kk esa yxk;k tkrk gSA fudk; dk 
u;k dks.kh; osx Kkr djksA     

Ans. 10 rad/s 

Sol.  ext
dL

dt


 
   
  

 

 d L


 = ext dt
 
 

 
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 r F
  
 

 
 = 

d L

dt



,  d L


 = r F
  
 

 
dt  

 (Lf – Li) =  (F r dt) (f –i) = (r F t) 

 ( – 9) = (0.5)(10)(0.20) 

  – 9 = 
2 2

0.5 10 0.20
1

1 1
2 2 

2 2

 


      
   

  

  = 10 rad/s. 
 
 

G-5. A uniform round board of mass M and radius R is placed on a fixed smooth horizontal plane and is free 
to rotate about a fixed axis which passes through its centre. A man of mass m is standing on the point 
marked A on the circumference of the board. At first the board & the man are at rest. The man starts 
moving along the rim of the board at constant speed vo relative to the board. Find the angle of board’s 
rotation when the man passes his starting point on the disc first time.  

 ,d M nzO;eku o R f=kT;k dk o`Ùkkdkj cksMZ ,d n`<+ fpduh lery lrg ij j[kk tkrk gS rFkk blds dsUnz ls 
xqtjus okyh fLFkj v{k ds lkis{k ?kweus ds fy, Lora=k gSA ,d m nzO;eku dk O;fDr cksMZ dh ifjf/k ij fpfUgr fcUnq 
A ij [kM+k gSA izkjEHk esa cksMZ o vkneh fojkekoLFkk esa gSA vkneh cksMZ dh ifjf/k ij] cksMZ ds lkis{k ,d fu;r pky 
vo ls xfr izkjEHk djrk gSA tc O;fDr cksMZ ij vius izkjfEHkd fcUnq ls igyh ckj xqtjrk gS] rks cksMZ }kjk r; fd;k 
x;k dks.k Kkr djksA  

Ans.  
4 m

M 2m




 

Sol.   

 

 
v 

 

m 

R 

M o 

 
 Angular momentum conservation about O  'O' ds lkis{k dks.kh; laosx laj{k.k ls 
   = mvR  

  
2MR

2
 = mvR, MR = 2mv 

  v = 
MR

2 m

 
 
 

 

 With respect to bord man's rotation v + R velocity so in one rotation when velocity v + R angle taken by 

man (2).  

 cksMZ ds lkis{k O;fDr dk  ?kw.kZu osx v + R gS vr% ,d ?kw.kZu esa tc osx v + R gS rc O;fDr }kjk r; fd;k x;k 
dks.k (2) gksxkA  

  
2 R

t
V R

     
   

 Angular velocity bord is  so at the same time angle covered by disc =  . 
2

t R
R V

     
. 

 cksMZ dk dks.kh; osx  gS vr% leku le; esa pdrh }kjk r; fd;k x;k dks.k =  . 
2

t R
R V

     
. 

 
2 R 4 m

MR M 2m
R

2m

       
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G-6. A point object of mass m moving horizontally hits the lower end of the uniform thin rod of length  and 
mass m and sticks to it. The rod is resting on a horizontal, frictionless surface and pivoted at the other 
end as shown in figure.      

 ,d fcUnq nzO;eku m, ,d le:i iryh  yEckbZ o m nzO;eku dh NM+ ds fupys fljs ij {kSfrt :i ls Vdjkrk gS 
rFkk blls fpid tkrk gS] NM+ {kSfrt fpduh lrg ij j[kh gS ,oa n'kkZ;s vuqlkj bldk nwljk fljk dhyfdr gSA  

 × 

m 

m 

v  
 Find out angular velocity of the system just after collision.    

 VDdj ds Bhd ckn fudk; dk dks.kh; osx Kkr djksA  

Ans. 3v / 4    
Sol. 

 

 

 
 external torque about hinge is zero, so  dhyadhr fcUnq ds lkis{k ckº; cyk?kw.kZ 'kwU; gS vr%  

 L


 = constant fu;r  

 Li = Lf 

 mv  =   

  = 
mv


 = 

2
2

mv

m
m

3


 = 
2

3mv

4m
 = 

3v

4

 
 
 

 

 

Section (H) : Combined Translational & Rotation Motion (Kinematics)   

[k.M (H) : la;qDr LFkkukarjh; o ?kw.kZu xfr ¼xfrdh½   
 

H-1  The centre of mass of a uniform rod of length 10 meter is moving with a translational velocity of  
50 m/sec. on a frictionless horizontal surface as shown in the figure and the rod rotates about its centre 
of mass with an angular velocity of 5 radian/sec. Find out VA and VB  

fp=kkuqlkj ,d 10 ehVj yEch le:i NM+ dk nzO;eku dsUnz 50 m/sec. ls ?k"kZ.kjfgr {kSfrt lrg ij LFkkukUrjh; 
xfr dj jgk gS ,oa NM+ blds nzO;eku dsUnz ds ifjr% 5 radian/sec. ds dks.kh; osx ls ?kwerh gSA VA o VB Kkr 
djksA 

     

 

 =   = 5 rad/s 

50 m/s

 
Ans.  VA = 25 m/s , VB = 75 m/s    
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Sol.  

 

 

 
 VA  = (Vcm –  /2) 
  = 50 – 5 × 5 = 25 m/s 

 VB  = cmV
2

   
 

 

  = 50 + 25 = 75 m/s 
 
 

H-2 A ring of radius 1 m. performs combined translational and rotational motion on a frictionless horizontal 
surface with an angular velocity of 3 rad/sec as shown in the figure. Find out velocity of its centre and 
point A if the velocity of the lowest point VP is 1 m/sec.   

 fp=kkuqlkj 1 m. f=kT;k dh ,d oy; ,d ?k"kZ.kjfgr {kSfrt lrg ij 3 rad/sec. ds dks.kh; osx ls la;qDr 
 LFkkukUrjh; o ?kw.kZu xfr dj jgh gSA blds dsUnz o fcUnq A dk osx Kkr djks ;fn fuEure fcUnq dk osx VP,  

 1 m/sec. gSA 

    

  = 3 rad/s 

y 

x

 

Ans.  VO = 4 m/sec î , VA = (4 î  + 3 ĵ )m/sec  

Sol.  

 

 

 
 Vcm – R = VP  
 Vcm – 3 × 1 = 1 

 Vcm = 4 m/sec î    

 VA = Vcm î  + R ĵ  

  VA = (4 î  + 3 ĵ ) 
 

H-3 A plank is moving with a velocity of 4 m/sec. A disc of radius 1 m rolls without slipping on it with an 
angular velocity of 3 rad/sec as shown in figure. Find out the velocity of centre of the disc. 

 fp=kkuqlkj ,d iV~Vk 4 m/sec. ds osx ls py jgk gSaA f=kT;k 1 m dh ,d pdrh bl ij fcuk fQlys yq<+d jgh gSA 
bldh dks.kh; pky 3 rad/sec. gSA pdrh ds nzO;eku dsUnz dk osx Kkr djksA  

     

  

4 

1 m 
3 rad/s 

 
Ans.  VCM = 7 m/s. 
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Sol. 

 

 

 
 Vcm – R = V 

 Vcm = V + R 
 Vcm = 4 + 3 × 1 = 7m/s 
 

H-4 The end B of uniform rod AB which makes angle  with the floor is being pulled with a velocity v0 as 

shown. Taking the length of the rod as , calculate the following at the instant when  = 37º   
 le:i NM+ AB dk  fdukjk B tks Q'kZ ls  dks.k cukrk gS] bls fp=kkuqlkj v0 osx ls [khapk tkrk gSA NM+ dh yEckbZ 

 dks ekurs gq,]  = 37º  ds dks.k dh fLFkfr ij fuEu dk eku Kkr djksA  

      

 

 
 (a) The velocity of end A  (b) The angular velocity of rod  (c) Velocity of CM of the rod.   
 (a) fdukjs A  dk osx   (b) NM+ dk dks.kh; osx   (c) NM+ ds nzO;eku dsUnz dk osx  

Ans.  (a) 04v

3
 (b) 05v

3
  (c) vx = 0v

2
, vy = – 02v

3
 

Sol. (a) vA sin  = v0 cos   

 vA = 0v

tan
 = 04v

3
  

 (b)  = 0 Av sin v cos  
 = 

0
0

4v
3v 4

3

5

   
   = 0 0 09v 16v 5v

15 3


  

 (c) vx = 
2

Ax Bxv v 
 
 

 = 0v

2
 

 vy =  Ay By

1
v v

2
  = 02v

3
 

 
 

H-5. A ball of radius R =10.0 cm rolls without slipping on a horizontal plane so that its centre moves with 
constant acceleration a = 2.50 cm/s2; t = 2.00 s after the beginning of motion its position corresponds to 
that shown in Fig. Find : 

 ,d xsan dh f=kT;k R =10.0 cm gS] tks {ksrht ry ij fcuk fQlyu ds yq<d jgh gS rFkk bldk dsUnz fu;r Roj.k 
a = 2.50 cm/s2 ls xfr djrk gSA xfr 'kq: gksus ds t = 2.00 s ds ckn bldh fLFkfr fp=k esa n'kkZ, vuqlkj gSA 
crkvks :  

 

 
 (a) the velocities of the points A, B and O  (b) the accelerations of these points.  
 (a) fcUnq A, B rFkk O dk osx     (b) bu fcUnqvksa dk Roj.k 
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Ans :  (a) vA = 2at = 10.0 cm/s, vB = 2 at = 7.1 cm/s, v0 = 0 ;   (b) aA = 2a

2
22t a

1
R

 
   
 

 = 5.6 cm/s2,  

aB = a = 2.5 cm/s2, a0 = a2t2 / R = 2.5 cm/s2
  

Sol.  

 

 

 
 a = R (Pure rolling)  'kq) yksVuh xfr 

 v = u + at  (v = at)  

 For pure rolling = (v = R) 'kq) yksVuh xfr ds fy;s  

 (a) After 2 sec    (a)  2 sec ckn  

 

 

 
 VA = V + R = 2V = 2at 

 VB = Vi + R (–j)  = ( 2 V) = 2  at 

 V0 = V – R = 0 

 (b) a = R  

 

 

  

 aA = 2a î  + 2R (– ĵ ) 

 aA = 2a î  + 
2 2R

R


 (– ĵ ) 

 aA = 

2
2 2

2 4a t
(2a)

R

 
   
 

,  
4 4

2

2

16a t
4a

R
        

 aA = 
2 4

2

4a t
2a 1

R
  

 aB = (a – 2R) î  + (R) (– ĵ ) 

 aB = 
2 24a ta –

R

 
  
 

î  + a (– ĵ ) 

 aC = 2R 

 aC = 
2v

R
 =

2 2a t

R

 
  
 
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Section (I) : Combined translational & Rotational Motion (Dynamics) 

[k.M (I) : la;qDr LFkkukarjh; o ?kw.kZu ¼cy xfrdh½  

-1. A small solid cylinder is released from a point at a height h on a rough as track shown in figure. 
assuming that it does not slip anywhere, calculates its linear speed when it rolls on the horizontal part of 
the track.  

 ,d [kqjnjs iFk ij ,d NksVs Bksl csyu dks h Å¡pkbZ ij fLFkr fcUnq ls fp=kkuqlkj NksM+k tkrk gSA ;g ekurs gq, fd 
;g dgha Hkh ugha fQlyrk gS rks iFk ds {kSfrt Hkkx ij yq<+dus ij bldh js[kh; pky Kkr djksA    

     

 

      

Ans. 
4gh

3
  

Sol.   (v = R) 

 Using energy conservation ÅtkZ lja{k.k ls  

 mgh = 
1

2
 mv2 + 

1

2
 2 

 mgh = 
1

2
 mv2 + 

1

2

1

2
 mR2 

2
v

R

 
 
 

 

 mgh = 
1

2
 mv2 + 

1

2
 mv2 

 mgh = 
23mv

4
  v = 

4gh

3
 

 

-2. A uniform ball of mass ‘m’ rolls without sliding on a fixed horizontal surface. The velocity of the lowest 
point of the ball with respect to the centre of the ball is V. Find out the total kinetic energy of the ball.  

 m nzO;eku dh ,d le:i Bksl xsan ,d fLFkj {kSfrt /kjkry ij fcuk fQlys yq<+drh gSA xsan ds dsUnz ds lkis{k 
blds fuEure fcUnq dk osx V gSA xsan dh dqy xfrt ÅtkZ gksxh & 

Sol.  Total KE dqy xfrt ÅtkZ = 
1

2
 mv2 + 

1

2
2   

   = 
1

2
 mv2 + 

1

2

2

5
mR22  6 

   = 
1

2
 mv2 + 

1

2

2

5
mv2 = 

7

10
 mv2

 

 

I-3. A string is wrapped over the curved surface of a uniform solid cylinder and the free end is fixed with 
rigid support. The solid cylinder moves down, unwinding the string. Find the downward acceleration of 
the solid cylinder.    

 ,d le:i Bksl csyu dh oØh; lrg ij ,d Mksjh fyiVh gqbZ gS] rFkk bldk nwljk fljk fLFkj n`<+ vk/kkj ij  
ca/kk gqvk gSA Mksjh ds [kqyus ls Bksl csyu uhps dh vksj xfr'khy gSA Bksl csyu dk uhps dh vksj Roj.k Kkr dhft;sA 

     

 

 

Ans. 
2

3
g 
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Sol. For linear motion : 

 js[kh; xfr ds fy, 

  mg – T = ma  ............(i) 
 For angular motion : 

 /kq.khZ xfr ds fy, 

  T.R. = 
2mR

 
2

 
  

 
      

  T = 
mR

2


  ............(ii) 

 For no sliping : 

 dksbZ fQlyu ugha gS vr% 
  a = R   ............(iii) 
 From equation (i), (ii) & (iii) 

 lehdj.k (i), (ii) rFkk (iii) ls 

  a = 
2

3
g 

  

 

 
 

I-4. A uniform disk of mass m is released from rest from the rim of a fixed hemispherical bowl so that it rolls 
along the surface. If the rim of the hemisphere is kept horizontal, find the normal force exerted by the 
bowl on the disk when it reaches the bottom of the bowl.  

 ,d fLFkj v/kZ xksykdkj I;kys dh ifj/kh ds fdukjs ls m nzO;eku dh ,d le:i pdrh dks bl izdkj eqDr fd;k 
tkrk gS fd ;g lrg ij yq<+drh gqbZ uhps dh vksj vkrh gSA ;fn I;kys dh ifjf/k {kSfrt j[kh gqbZ gS] rks tc pdrh] 
I;kys ds iSnsa ij igqaprh gS] rks I;kys }kjk pdrh ij yxkk;k x;k vfHkyEcor~ cy Kkr dhft;sA  

Ans.  
7

3
mg 

Sol.  
 

 
 Let R & r be the radii of hemispherical bowl & disc respectively 
 From energy conservation, 

 R rFkk r Øe'k% v)Zxksys rFkk pdrh dh f=kT;k,a gS rks ÅtkZ laj{k.k fu;e ls 

 mg(R – r) = 
1

2
mv2 + 

1

2
2 

 For pure rolling, 

 'kq) yksVuh xfr ds fy, 

  v = r 

 mg(R – r) = 
1

2
mv2 + 

2
21 1 v

mr  
2 2 r

   
   
   
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 mg(R – r) = 
3

4
 mv2  ...........(i) 

 From FBD of bottom : 

 uhps ds fy, FBD ls 

  N – mg = 
2mv

(R r)
 ...........(ii) 

 From equ. (i) & (ii), 

 lehdj.k (i) o (ii) ls 

   N = 
7

3
mg 

 

I-5. There is a rough track, a portion of which is in the  form of a cylinder of radius R as shown in the figure. 
Find the minimum linear speed of a uniform ring of radius r with which it should be set rolling without 
sliding on the horizontal part so that it can complete round the circle without sliding on the cylindrical 
part.     

 fp=k esa iznf'kZr iFk [kqjnjk gS rFkk bldk ,d Hkkx csyukdkj gS] ftldh f=kT;k  R gSA blds {ksfrt Hkkx ij r f=kT;k 
okyh ,d leku oy; dks fdl U;wure js[kh; pky ls fcuk fQlys yq<drs gq, j[kk tk;s fd ;g csyukdkj Hkkx esa 
o`Ùkkdkj iFk ij iwjk fcuk fQlys pDdj yxk lds\  

     

 

 

Ans. 3g(R r)  

Sol. Let v1 & v2 be minimum speed of ring of bottom & top of cylindrical part 

 ekuk v1 rFkk v2  cSyu ds ryh; rFkk mPpre fcUnq ij oy; dh pky gSA  

   

 

    
 At top of  path 

 lcls Åij ds fcUnq ij 

  N + mg = 
2
2mv

(R – r)
 

 for minimum speed U;wure pky ds fy, N = 0 

  v2
2 = g (R – r)  .......... (i) 

 From energy conservation between bottom & top point of cylindrical part 

 cSyukdkj Hkkx ds mPpre o fuEure fcUnq ds e/; ÅtkZ laj{k.k fu;e ls 

 
1

2
 mv1

2 + 
1

2
 1

2
  = 2 mg (R – r) + 

1

2
 mv2

2 + 
1

2
2

2
 

 For pure rolling 'kq) yksVuh xfr ds fy, 1 = 1v

r
, 2 = 2v

r
 

  
1

2
 mv1

2 +  
1

2
 (mr2) 

2
1

2

v

r
 =  2 mg (R – r) + 

1

2
 mv2

2 + 
1

2
 (mr2) 

2
2

2

v

r
 

  mv1
2 = 2 mg (R – r) + mv2

2  .......... (ii) 

 from equation (i) & (ii) lehdj.k (i) o (ii) ls 
  mv1

2 = 2 mg (R – r) + mg (R – r) 

   v1 = 3g(R – r)   
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I-6. A uniform solid sphere of radius R is placed on a smooth horizontal surface. It is pulled by a by constant 
force acting along the tangent from the highest point. Calculate the distance travelled by the centre of 
mass of the solid sphere during the time it makes one full revolution. 

 ,d fpduh {ksfrt lrg ij R f=kT;k dk ,d leku Bksl xksyk fLFkr gSA fp=kkuqlkj ;g blds 'kh"kZre fcUnq ij Li'kZ 
js[kh; vpj cy }kjk [khapk tkrk gSA xksyk ds }kjk ,d iw.kZ pDdj r; djus esa] yxs le; esa blds nzO;eku dsUnz 
}kjk r; dh xbZ nwjh Kkr dhft;sA     

 F 

R 

 

Ans. 4  R/5  
Sol.  

 

 
 For linear motion, 
  F = ma   ..........(i) 
 For angular motion, 

  F.R. = 22
mR  

5

   
 

 

   = 
5F

2mR
  ..........(ii) 

   = 0t + 
1

2
at2 

  2 = 0 + 
1

2

5F

2mR

 
 
 

t2 

  t2 = 
8 mR

5F

 
  

 

 Distance covered by sphere during one full rotation 

  S = ut + 
1

2
at2 

  = 0 + 
1

2

F

m

 
 
 

8 mR

5F

 
 
 

  

  S = 
4 R

5


     

I-7. A uniform hollow sphere of mass m = 1 kg is placed on a rough horizontal surface for which the 

coefficient of static friction between the surfaces in contact is  = 2/5. Find the maximum constant force 
which can be applied at the highest point in the horizontal direction so that the sphere can roll without 
slipping.  (Take g = 10 m/s2)  

 ,d {ksfrt lrg ij m = 1 fdxzk nzO;eku okyk ,d ,dleku [kks[kyk xksyk j[kk gqvk gSA lEidZ lrgksa ds e/; 
LFkSfrd ?k"kZ.k xq.kkad dk eku  = 2/5 gSA 'kh"kZre fcUnq ij {ksfrt fn'kk esa vf/kdre fdruk vpj cy yxk;k tk 
ldrk gS fd xksyk lrg ij fcuk fQlys yq<+ds \ (g = 10 m/s2)   

Ans. 5 mg, 20 N 
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Sol.  

 

 

 
 For linear motion 

 js[kh; xfr ds fy, 

  F + f = ma   ..............(i) 
 for angular motion 

 ?kq.khZ xfr ds fy, 

  (F – f) R = 22
mR

3

 
 
 

   .............. (ii) 

 for pure rolling a = R    .............. (iii) 

 'kq) yksVuh xfr ds fy, 

 From equation (i) (ii) & (iii) lehdj.k  (i) (ii) o  (iii) ls 

  
F f

F – f


 = 
3

2
 

   F = 5f 
   Fmax = 5fmax  

  Fmax = 5mg = 20 N 
 

Section (J) : Conservation of angular momentum (Combined translation & rotational motion) 

[k.M (J) : dks.kh; laosx laj{k.k ¼la;qDr LFkkukUrjh; ,oa ?kw.kZu xfr½ 
J-1 A uniform rod of length  and mass 4m lies on a frictionless horizontal surface on which it is free to 

move  anyway. A ball of mass m moving with speed v as shown in figure.collides with the rod at one of 

the ends. If ball comes to rest immediately after collision then find out angular velocity  of rod just after 
collistion.       

 yEckbZ  o nzO;eku 4m dh ,d le:i NM+ ,d ?k"kZ.kjfgr {kSfrt lrg ij j[kh gSA ;g fdlh Hkh rjQ tkus ds 
 fy, Lora=k gSA m nzO;eku dh ,d xsan] v pky ls fp=kkuqlkj NM+ ds ,d fljs ij Vdjkrh gSA ;fn VDdj ds rqjUr 
 ckn xsan fojke ij vk tkrh gS rks VDdj ds rqjUr ckn NM+ dk dks.kh; osx Kkr djksA   

     

 

 

O 

v 
m 

4 m 

 
Ans.   = 3 v/2    
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Sol.  

  

 

 
 Torque about centre of mass of external force is zero. nzO;eku dsUnz ds lkis{k ckº; cyks dk cyk?kw.kZ 'kwU; gSA 

  Li = Lf  

 mv 
2

 = 4m 
2

12

 
  
 

 .   

   
3v

2

   
 

 

 
J-2. A uniform rod having mass m1 and length L lies on a smooth horizontal surface. A particle of mass m2 

moving with speed u on the horizontal surface strikes the free rod perpendicularly at an end and it 
sticks to the rod.   

 (a) Calculate the velocity of the com C of the system constituting “the rod plus the particle”. 
 (b) Calculate the velocity of the particle with respect to C before the collision.  
 (c) Calculate the velocity of the rod with respect to C before the collision  
 (d) Calculate the angular momentum of the particle and of the rod about the com C before the collision.  
 (e) Calculate the moment of inertia of the rod plus particle about the vertical axis through the centre of 

mass C after the collision.  
 (f) Calculate the velocity of the com C and the angular velocity of the system about the centre of mass 

after the collision.    
 m1 nzO;eku o L yEckbZ dh ,d le:i NM+ {kSfrt fpduh lrg ij j[kh xbZ gSA m2 nzO;eku dk ,d d.k u pky ls 

xfr djrk gqvk NM+ ds yEcor ,d fdukjs ij yEcor~ Vdjkrk gS rFkk fpid tkrk gSA (a) NM+ o d.k fudk; ds 
nzO;eku dsUnz C dk osx Kkr djksA (b) VDdj ls igys d.k dk C ds lkis{k osx Kkr djksA  (c) VDdj ls igys NM+ 
dk C ds lkis{k osx Kkr djksA (d) VDdj ls igys d.k o NM+ dk C ds lkis{k dks.kh; laosx Kkr djksA (e) VDdj ds 
i'pkr~ fudk; dk ¼NM+ rFkk d.k½ nzO;eku dsUnz C ls xqtjus okyh Å/okZ/kj v{k ds ifjr% tM+Ro vk?kw.kZ Kkr djks (f) 
VDdj ds i'pkr~ nzO;eku dsUnz C dk osx rFkk nzO;eku dsUnz C ds lkis{k fudk; dk dks.kh; osx Kkr djksA     

Ans. (a) 2

1 2

m u

m m
  (b) 1

1 2

m u

m m
 (c) – 2

1 2

m u

m m
  (d) 

2
1 2

2
1 2

m m uL

2 (m m )
,

2
1 2

2
1 2

m m uL

2 (m m )
   

 (e) 
2

1 1 2

1 2

m (m 4m )L

12 (m m )




 (f) 2

1 2

m u

m m
, 2

1 2

6 m u

(m 4m ) L
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Sol.  

 

 

  

 

  

 

   

 

 
 

 (a) Pi = m2v 
 Pf = (m1 + m2) Vcm 
 m2v = (m1 + m2) Vcm 

 Vcm = 2

1 2

m v

m m

 
  

 

 (b) v1 = (u – Vcm) 

 V1 = v – 2

1 2

m u

m m
 = 1

1 2

m u

m m

 
  

 

 (c) V1 = – Vcm = 1

1 2

–m u
m m

 
  

 

 (d) Xcm = 
1 2

1 2

L
m (0) m

2

(m m )

   
 


 = 2

1 2

m L

2(m m )
 

  

 

 

 L1 = 
L

2
 – 2

1 2

m L

2(m m )
  L1 = 

1

2
1

1 2

m L

m m

 
  

  

 momentum of particle d.k dk laosx   

  Pi = 1 1 2
2 cm 2

1 2 1 2

m L m u1
m (u V )L m u

2 2(m m ) m m

  
        

 = 
2

2 1

1 2

m m u

2(m m )

 
   

 

 Momentum for rod NM ds fy;s laosx = 
2

1 2
1 cm cm 2

1 2

m L m u
m V L

2 (m m )
 


  

 (e) For particle : d.k ds fy;s  

  1 = m2L2  = 
2 2

2 1

2
1 2

m m L

4(m m )
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  2 = 

22
1 2

1
1 2

m m LL
m

12 2(m m )

 
   

 

   = 1 + 2 = 
2

1 1 2

1 2

m (m 4m )L

12(m m )




 

 (f) Velocity of centre of mass nzO;eku dsUnz dk osx  

  = 2

1 2

m v

m m

 
  

 

 Using angular momentum conservation dks.kh; laosx lja{k.k ls  
  m2v × Lcm = cm  

  = 1
2

1 2

m L
m u

2(m m )
 = cm . 

  = 1
2

1 2

m L
m u

2(m m )
 = 

2
1 1 2

1 2

m (m 4m )L

12(m m )




 ×   

    = 2

1 2

6m v

(m 4m )L
 

 

J-3. A uniform solid sphere is placed on a smooth horizontal surface. An impulse  is given horizontally to 
the sphere at a height h = 4R/5 above the centre line. m and R are mass and radius of sphere 
respectively.     

 ,d le:i Bksl xksyk ,d fpdus {kSfrt lrg ij j[kk gSA dsUæ dh js[kk ls  h = 4R/5 Å¡pkbZ ij {kSfrt fn'kk esa 
,d vkosx  fn;k tkrk gSaA  m rFkk R Øe'k% xksys ds æO;eku o f=kT;k gSaA   

 

///////////////////////////////////////////////// 

B 

A 

 
h 

 
 (a)  Find angular velocity of sphere & linear velocity of centre of mass of the sphere after impulse.  
 (b)  Find the minimum time after which the highest point B will touch the ground,  
 (c)  Find the displacement of the centre of mass during this interval.    

 (a)  vkosx ds ckn xksys dk dks.kh; osx o xksys ds æO;eku dsaæ dk js[kh; osx Kkr djks A  

 (b)  og U;wure le; ftlds ckn xksys dk mPpre fcUnw B lrg dks Nwrk gS] Kkr djksa 
 (c)  bl vUrjky ds nkSjku æO;eku dsUæ dk foLFkkiu   

 [ Ans. : (a) 
m


, 

2

mR


  (b) 

mR

2I


  (c) 

R

2


 ]   

Sol. V & are linear and angular velocity after giving impulse . 
 V o Øe'k% vkosx nsus ds ckn jsf[k; vkSj dksf.k; osx gSA    

     

 

 
 Applying impulse momentum equuation 

 vkosx laosx lehdj.k esa   
   = mV  

 Applying angular momentum equation wrt centre   

 dsUnz ds lkis{k dks.kh; laosx lehdj.k ykxw djus ij   

   × 
4

5
R = 

2

5
MR2  = 

2

MR


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 (a) Time taken yxk le; = 
angletranversed

angular velocity

acuk gqvk dks.k

dks.kh; osx
  

  t = 



 = 
mR

2




  

 (b) Displacement of COM during same time = v.t 

  nzO;eku dsUnz dk leku le; esa foLFkkiu = v.t 

  = 
m


 = 

mR

2




 

 

J-4. A uniform disc of radius R = 0.2 m kept over a rough horizontal surface is given velocity v0 and angular 

velocity 0 . After some time its kinetic energy becomes zero. If v0 = 10 m/s, find 0.    

 ,d le:i pdrh ftldh f=kT;k R = 0.2m gS, dks [kqjnjs {ksfrt /kjkry ij osx v0  (=10 eh-@lS-) rFkk dks.kh; 

osx0 iznku djds j[krs gSA dqN le; i'pkr~ bldh xfrt ÅtkZ 'kwU; gks tkrh gSA izkjfEHkd dks.kh; osx 0 Kkr 
djksA    

     

 

 
Sol. Kinetic energy can become zero only for the case shown in figure ; 

 fp=kkuqlkj dsoy fuEu fLFkfr ds fy, xfrt ÅtkZ 'kwU; gksxh 

 

 

 
 Torque equation : 

 cyk?kw.kZ lehdj.k  

 (mg).R = 
2MR

.
2

  

   = 
2 g

R


 

 Therefore vr% , t = 0


 = 0R

2 g




  ............(1) 

 For translational motion LFkkukUrfjr xfr ds fy, : 

 t = 0v

g
     ............(2) 

 From (1) & (2) lehdj.k (1) o (2) ls :  0R

2 g




 = 0v

g
 

  0 = 02v

R
 = 

2(10)

0.2
 = 100 rad/sec. Ans. 

 

Section (K) : Toppling   
[k.M (K) : iyVuk 
K-1. A solid cubical block of mass m and side a slides down a rough inclined plane of inclination  with a 

constant speed. Calculate the torque of the normal force acting on the block about its centre and the 
perpendicular distance 'x' from centre of mass at which it is acting.   

 ,d m nzO;eku o a Hkqtk dk Bksl ?kukdkj CykWd [kqjnjs  dks.k okys ry ij uhps dh vksj fu;r pky ls fQlyrk 
gSA blds dsUnz ds ifjr% CykWd ij yxus okys vfHkyEc cy dk cy vk?kw.kZ rFkk nzO;eku dsUnz ls yEcor~ nwjh 'x' Kkr 
djksA tgka ;g dk;Zjr gSA  

Ans. 
1

2
mg a sin, x = 

a tan

2


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Sol.  

 

 

 
 Force balance  cy lUrqfyr djus ij  
 N= mg cos   

 f = mg sin   
 Torque balance (about centre of mass) 

 nzO;eku dsUnz ds lkis{k cyk?kw.kZ lUrqfyr djus ij  

 Nx = f × 
a

2
 = 

amgsin

2


 and x = 

a mgsin

2mgcos




 = 
atan

2


 

 Torque of normal force vfHkyEc cy dk cyk?kw.kZ  Nx = mg sin  
a

2
 


 

PART - II : ONLY ONE OPTION CORRECT TYPE 
 

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

Single Choice Objective, straight concept/formula oriented 
 

Section (A)  : Kinematics   
[k.M (A) : xfrdh 
A-1. A fan is running at 3000 rpm. It is switched off. It comes to rest by uniformly decreasing its angular 

speed in 10 seconds. The total number of revolutions in this period. 

 ,d ia[kk 3000 rpm ls ?kwe jgk gSA ;g cUn fd;k tkrk gS] rks ;g dks.kh; osx dh ,d leku gkl nj ls ?kwerk gqvk 
10 lSd.M esa :d tkrk gSA bl vUrjky esa yxk;s x;s dqy pDdj gksxsaA 

 (A) 150   (B*) 250  (C) 350   (D) 300 

Sol. 0 = 3000 rad/min 

 0 = 
3000

60
 rad/sec = (50 rad/sec) 

 t = 10 sec 

 f = 0 

 f = 0 + t 

  = 50 –  (10) 

  = 5 rad/sec2 

  = o t + 
1

2
   t2 

  = (50) (10) + 
1

2
 (–10) (10)2 

  = 500 – 250 = 250 rad 
 
A-2. A block hangs from a string wrapped on a disc of radius 20 cm free to rotate about its axis which is 

fixed in a horizontal position. If the angular speed of the disc is 10 rad/s at some instant, with what 
speed is the block going down at that instant?   

 ,d yVdk gqvk CykWd] {kSfrt v{k ds ifjr% ?kweus okyh 20 cm f=kT;k dh pdrh ij fyiVh gqbZ Mksjh ls ca/kk gqvk gSA 
;fn fdlh {k.k pdrh dh dks.kh; pky 10 rad/s gks rks uhps dh vksj xfr'khy CykWd dh bl {k.k pky gksxhA 

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

Sol. V = R 
 V = 10 × 0.2 = 2m /sec. 
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Section (B) : Moment of inertia   
[k.M (B) : tM+Ro vk?kw.kZ  

B-1. A uniform circular disc A of radius r is made from a copper plate of thickness t and another uniform 
circular disc B of radius 2r is made from a copper plate of thickness t/2. The relation between the 
moments of inertia IA and IB is     

 ,d r f=kT;k dh o`Ùkkdkj ,d leku pdrh a , t eksVkbZ dh rkacs dh IysV ls cukbZ xbZ gS rFkk nwljh 2r f=kT;k dh 
o`Ùkkdkj ,d leku pdrh B,  t/2 eksVkbZ dh rkacs dh IysV ls gh cukbZ xbZ gSA tM+Rp vk?kw.kZ IA o IB ds e/; laca/k 
gksxkµ      

 (A) IA > IB  (B) IA = IB  (C*) IA < IB  (D) depends on the values of t 
and r.   

 (A) IA > IB  (B) IA = IB  (C) IA < IB  (D) r o t ds eku ij fuHkZj djrk 
gSA   

Sol. mA = (r2.t) 

 mB =  (2r)2 (t/2) = (22t) 
 mB > mA   
 RB > RA  

 so, B > A 
 

B-2. The moment of inertia of a non-uniform semicircular wire having mass m and radius r about a line 
perpendicular to the plane of the wire through the centre is    

 nzO;eku m o f=kT;k r ds ,d vle:i v)Zo`Ùkkdkj rkj dk blds dsUnz ls xqtjus okyh o rkj ds ry ds yEcor~ 
v{k ds lkis{k tM+Ro vk?kw.kZ gksxkµ       

 (A*) mr2   (B) 
1

2
mr2

  (C) 
1

4
mr2

  (D) 
2

5
mr2 

Sol.   

 

 

 

  = 2dmr  

  = r2 dm   = r2 m = mr2 

 

B-3. Let A and B be the moments of inertia of two solid cylinders of identical geometrical shape and size 
about their axes, the first made of aluminium and the second of iron.    

 ;fn le:i T;kfefr; vkÑfr o vkdkj ds nks Bksl cSyu dk mudh v{k ds lkis{k tM+Ro vk?kw.kZ A rFkk B gSaA igyh 
,Y;wfefu;e o nwljh yksgs ls cukbZ tkrh gSµ    

 (A*) A < B   (B) A = B  (C)  A > B  

 (D) relation between A and B depends on the actual shapes of the bodies.    

     A o B ds e/; laca/k budh okLrfod vkÑfr ij fuHkZj djrk gSA      
Sol. B > A  

 B > A 

 so, If the axes are parallel vr% ;fn v{k lekUrj gS rks A < B   
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B-4. Let I1 and I2 be moments of inertia of a body about two axes 1 and 2 respectively, The axis 1 passes 
through the centre of mass of the body but axis 2 does not.   

 (A) I1 < I2     (B) If I1 < I2, the axes are parallel. 

 (C*) If the axes are parallel, I1 < I2  (D) If the axes are not parallel, I1  I2.   
 ;fn 1 o 2 nks v{kksa ds ifjr% ,d oLrq ds tM+Ro vk?kw.kZ Øe'k% I1 o I2 gSA v{k 1 oLrq ds nzO;eku dsUnz ls xqtjrh 

gSA ijUrq  v{k 2 ughaµ         

 (A) I1 < I2     (B) ;fn I1 < I2, v{k lekUrj gSA 

 (C) ;fn v{k lekUrj gS, 1 < 2   (D) ;fn v{k lekUrj ugha gS 1  2.  
Ans.  C  

Sol. I2 = I1 + Md2  Then vr%  I2 > I1 
 

 

B-5.  The moment of inertia of an elliptical disc of uniform mass distribution of mass 'm', semi major axis 'r', 
semi minor axis 'd' about its axis is :     

 m æO;eku dh le#i æO;eku forj.k okyh v)Znh?kZ v{k 'r' rFkk v)Zy?kq v{k  'd'  dh nh?kZ oÙ̀kkdkj pdrh dk tM+Ro 
vk?kw.kZ bldh v{k ds ifjr% gS A    

 (A) 
2mr

2
   (B) 

2md

2
   (C) 

2mr

2
   (D*) 

2mr

2
  

Sol. Moment of inertia of the elliptical disc should be less than that of a circular disc having radius equal to 
the major axis of the elliptical disc. Hence (D) 

 nh?kZ o`Ùkh; pDrh dk tM+Ro vk?kw.kZ bldh v)Znh?kZ v{k ds leku f=kT;k okyh o`Ùkh; pdrh ds tM+Ro vk?kw.kZ ls de 
gksrk gSA Hence (D) 

 

B-6. A unifrom thin rod of length L and mass M is bent at the middle point O as shown in figure. Consider an 
axis passing through its middle point O and perpendicular to the plane of the bent rod. Then moment of 
inertia about this axis is :     

 yEckbZ  L o æO;eku  M dh ,d iryh NM+ e/; fcUnw  O ij fp=kkuqlkj eqM+h gSA e/; fcUnw  O ls xqtjus okyh rFkk 
 eqM+h NM+ ds ry ds yEcor ,d v{k ds ifjr% tM+Ro vk?kw.kZ gSA   

      

 

 

 (A) 
2

3
 mL2      (B) 

1

3
 mL2   

 (C*) 
1

12
 mL2      (D) dependent on   ij fuHkZj djsxk

Sol.  

 

 

  
 0 = 1 + 2 

 0 = 

 
2

m/ 2
2

3

 
 
   + 

 
2

m/ 2
2

3

 
 
   = 

2m

12
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B-7. The moment of inertia of a uniform circular disc about its diameter is 200 gm cm2. Then its moment of 
inertia about an axis passing through its center and perpendicular to its circular face is     

,d le:i o`Ùkkdkj pdrh dk blds O;kl ds ifjr% tM+Ro vk?kw.kZ 200 gm cm2
 gS rks blds dsUnz ls ikfjr ,oa 

o`Ùkkdkj Qyd ds yEcor~ v{k ds ifjr% tM+Ro vk?kw.kZ gksxkµ  

 (A) 100 gm cm2
  (B) 200 gm cm2

  (C*) 400 gm cm2
 (D) 1000 gm cm2

 

Sol. x + y = z 
   2x = z 
    I = 2 × 200 = 400 gm cm2

   
 
B-8. A thin uniform rod of length 4 l, mass 4m is bent at the points as shown in the fig. What is the moment 

of inertia of the rod about the axis passing point O & perpendicular to the plane of the paper. 

 ,d 4 l yEckbZ]  4m nzO;eku dh iryh ,dleku NM+ dks fp=kkuqlkj eksM+k tkrk gSA NM+ dk O ls fudyus okyh rFkk 
dkxt ds lery ds yEcor~ v{k ds lkis{k tM+Ro vk?kw.kZ D;k gksxk \ 

     

 

     

 (A) 
2m

3
  (B*) 

210 m

3
  (C) 

2m

12
  (D) 

2m

24
 

Sol. The given structure can be broken into 4 parts 

 nh xbZ ljapuk dks 4 Hkkxks esa rksMus ij  

   

 

 

 For  AB ds fy,   = CM + m × d2 = 
2

2m 5m

12 4
   ;  AB = 

4

3
 ml2 

 For  BO  ds fy,    = 
2m

3
 

  For composite frame : (by symmetry) 

  lEiw.kZ fudk; ds fy;s : (leferh ls ) 

   = 2[AB + OB] = 
2 24m m

2
3 3

 
 

  
  = 

10

3
 ml2] 

 

B-9. Moment of inertia of a uniform disc about the axis O O is:  

 O O v{k ds lkis{k pdrh dk tM+Ro vk?kw.kZ gS  :    

     

 O O ¢

m 

r 

    

 (A) 
23 m r

2
  (B) 

2m r

2
  (C) 

25 m r

2
  (D*) 

25 m r

4
 

Sol. Pearpendicular axis theorem  

 yEcor~ v{k izes;  2 = x + y = 
2mr

2
      

 from symmetry lefefr ls  x = y  

  x = 
2mr

4
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 Perallel axis theorem lekUrj v{k ij  
  oo´ = x + mr2  

  = 
2mr

4
 + mr2 = 

5

4
 mr2  

  

 

 
 
B-10. The moment of inertia of a hollow cubical box of mass M and side a about an axis passing through the 

centres of two opposite faces is equal to  

 ,d [kks[kys ?kuh; cDls dk nzO;eku M rFkk Hkqtk a gSA bldk] bldh nks foijhr Qydksa ds e/; fcUnqvksa ls xqtjus 
okyh v{k ds lkis{k tM+Rok?kw.kZ gksxk % &   

 (A) 
25 M a

3
  (B) 

25 M a

6
  (C) 

25 M a

12
  (D*) 

25 M a

18
 

Sol. Taking mass of plate m = 
M

6
   IysV dk nzO;eku  m gS rks = 

M

6
   

 Then M of two plates through which the axis is passing = 
2m a

6
 × 2 = 

2m a

3
 

 v{k ds lkis{k nks IysVks dk tMRo vk?kwZ.k  = 
2m a

6
 × 2 = 

2m a

3
 

 M. of 4 plates having symmetrical position from the axis 

 lefer fLFkrh ds fy;s 4 IysVks dk v{k lkis{k tMRp vk?kwZ.k   

 = 4 × 

22m a a
m

12 2

     
   

 = 4 × 
2m a

3

 
 
  

 

 Total M  dqy tMRo vk?kZw.k = 
24 m a

3
 + 

2m a

3
 = 

25 m a

3
 

 using 
M

6
 = m ds mi;ksx ls = M = 

25 Ma

18
 

 

B-11. A uniform thin rod of length  4a 2 a  and of mass  4m 2 m is bent and fabricated to form a square 

surrounded by semicircles as shown in the figure. The moment of inertia of this frame about an axis 

passing through its centre and perpendicular to its plane is  

 yEckbZ  4a 2 a  rFkk nzO;eku  4m 2 m  dh ,d] ,dleku iryh NM+ dks ,d oxZ ds :i esa eksM+k x;k gSA 

rFkk ;g oxZ ,d v)Zo`Ùk }kjk fp=kkuqlkj f?kjk gqvk gSA bl Ýse dk blds dsUnz  ls xqtjus okyh rFkk blds ry ds 

yECkor~ v{k ds ifjr% tM+Ro vk?kwZ.k gksxkA  

 

 (A)
  2
4 2

ma
3


 (B) 

  2
4

ma
2


 (C) 

  2
4 3

ma
3


 (D*) 

 2
ma 10 3

3

 
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Sol. 
2

Rat
I  =

ma

12

2
a

m
2

   
 

 

  

/2m

a/
X

 =
2 2

ma (1 3) ma

12 3


  

  I
Ring

2 2 2
a a a a

m
2 2 2


   

 

       
      
       

 

  
m

2


  

  
2

ma 1 1 1 1 1

2 22 4 4


    

 

 
 
 

 

  
2

ma 1 1

2 2


 


 
 
 

 

2
2

4ma 1 1
Inet. 2 ma

3 2
   


 
 
 

 

  
 2

ma 10 342
ma 2

3 3

 
    

 
 
 

 

 
Section (C) : Torque  
[k.M (C) : cy vk?kw.kZ  

C-1. If a rigid body is subjected to two forces 1F  = ˆ ˆ ˆ2i 3j 4k   acting at (3,3,4) and 2F  = ˆ ˆ ˆ–2i – 3j – 4k  acting 

at (1, 0, 0) then which of the following is (are) true? 
 (A*) The body is in equilibrium. 
 (B) The body is under the influence of a torque only. 
 (C) The body is under the influence of a single force. 
 (D) the body is under the influence of a force together with a torque .     

 ;fn ,d n`<+ oLrq ij nks cy 1F  = ˆ ˆ ˆ2i 3j 4k   , fcUnq (3, 3, 4) ij rFkk 2F  = ˆ ˆ ˆ–2i – 3j – 4k , fcUnq (1, 0, 0) ij 

yxk, tkrs gSa] rks fuEu esa ls dkSulk@dkSuls lR; gSA    

 (A) oLrq lkE;koLFkk esa gSA     (B) oLrq dsoy ,d cyk?kw.kZ ds izHkko esa gSA  

 (C) oLrq dsoy ,d cy ds izHkko esa gSA   (D) oLrq ,d cy o ,d cyk?kw.kZ ds izHkko esa gSA      
Ans.   A 

Sol. 1F


 = 2i + 3j + 4k  

 2F


 = –2i – 3j – 4k 

 Net force net 1 2F F F 0    the body is in translational equilibrium.  

 dqy cy net 1 2F F F 0    rks oLrq LFkkukUrj.k xfr dh lkE;oLFkk esa jgsxhA  

 1r


 = 3i + 3J + 4k 2r


 = i 

 1


  = 1r


 × 1F


 

 = ˆ ˆ ˆ(3i 3j 4k)   × ˆ ˆ ˆ(2i 3j 4k)   

 1


  = ˆ ˆ ˆ ˆ ˆ ˆ9k –12j – 6j 12i 8j –12i   
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 1


  = ˆ ˆ–4j 3k  

  2


  = 2r


 × 2F


 = ( î ) × ( ˆ ˆ ˆ–2i – 3j – 4k ) 

  = –3 k̂  + 4 ĵ  

 1 2
ˆ ˆ ˆ ˆ–4i 3k – 3k 4j 0

  
       
 

 

 body in rotational equilibrium oLrq ?kw.kZu lkE;koLFkk esa gSA 
 

C-2. A force F   = ˆ ˆ4 i 10 j  acts on a body at a point having position vector ˆ ˆ5 i 3 j   relative to origin of 

co-ordinates on the axis of rotation . The torque acting on the body about the origin is: 

 ,d cy F  = ˆ ˆ4 i 10 j , ,d oLrq ij ,d fcUnq ij ftldk ?kw.kZu v{k ij ewy fcUnq ds lkis{k fLFkfr lfn'k 

ˆ ˆ5 i 3 j   gS] dk;Zjr gSA ewy fcUnq ds lkis{k oLrq ij dk;Zjr cyk?kw.kZ gS %    

 (A)  38 k̂      (B)  25 k̂     

(C*) 62 k̂       (D) none of these buesa ls dksbZ ugha 

Sol. F = 4 î  – 10 ĵ  

 r


 = (–5 î  – 3 ĵ ) 

 = r


 × F


 

   = (– 5 î  – 3 ĵ ) × (4 î  – 10 ĵ ) 

   = 50 k̂  + 12 k̂  = 62 k̂  
 

C-3. In case of torque of a couple if the axis is changed by displacing it parallel to itself, torque will : aa   

,d cy ;qXe ds cyk?kw.kZ ds fy, ;fn v{k dks blds lekUrj foLFkkfir fd;k tk;s rks cyk?kw.kZ %   aa  

 (A) increase  (B) decrease  (C*) remain constant (D) None of these  
 (A) c<+sxk   (B) ?kVsxk   (C) fu;r jgrk gS  (D) buesa ls dksbZ ugha  
Sol. torque of a couple is always remains constant about any point 

 fdlh cy;qXe dk cyk?kwZ.k ges'kk fdlh Hkh fcUnq ds lkis{k fu;r jgrk gSA  
 

Section (D) : RotationAL Equilibrium  ?kw.kZu lkE;koLFkk 
D-1. Four equal and parallel forces are acting on a rod (as shown in figure) in horizontal plane at distances 

of 20 cm, 40 cm, 60 cm and 80 cm respectively from one end of the rod. Under the influence of these 
forces the rod : 

 fp=kkuqlkj {kSfrt ry eas] fdlh NM+ ij pkj leku o lekUrj cy NM+ ds ,d fljs ls Øe'k% 20 cm, 40 cm  60 

cm o 80 cm dh nwjh;ksa ij yxk;s tkrs gSaA bu cyksa ds izHkko esa NM+ & 

    

 

    
 (A) is at rest     (B*) experiences a torque 
 (C) experiences a linear motion   (D) experiences a torque and also a linear motion 

 (A) fLFkj gS     (B) cyk?kq.kZ vuqHko djrh gS 
 (C) jsf[k; xfr djrh gS    (D) cyk?kq.kZ vuqHko djrh gS o jsf[kd xfr Hkh djrh gS 
Sol. Torque about O   O ds lkis{k cyk?kw.kZ  
 F × 40 + F × 80 – (F × 20 + F × 60)   

 In clockwise direction nf{k.kkorZ ds fn'kk esa 
 = F × 40 
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D-2. A uniform ladder of length 5m is placed against the wall in vertical plane as shown in the figure. If 

coefficient of friction  is the same for both the wall and the floor then minimum value of  for it not to 
slip is 

 5m yEch ,d le#i lh<+h ,d nhokj ij fp=kkuqlkj Å/okZ/kj ry esa yxh gSA nhokj rFkk Q'kZ ds fy, ?k"kZ.k xq.kkad 

 leku gS rks bldks fQlyus ls jksdus ds fy, dk U;wure eku D;k gksuk pkfg,sA 

     

 

 

 (A)  = 1/2  (B)  = 1/4  (C*)  = 1/3  (D)  = 1/5 

Sol. N1 =  N2  , 
 N1 + N2 = mg , A = o    

 

 

   

 3 N2 – 4 N1 – 
3

2
 mg = o     

 Hence vr%  = 
1

3
 Ans. 

Aliter   

 

 

 
 Using force balance cy lUrqyu ds mi;ksx ls  
 f1 = –N1   N1 + f2 = mg  (1) 

 f2 = N2    N2 = f1  

     N2 = N1       (2) 

 Using aq (1)  lehdj.k  (1) ls  
 N1 + N2 = mg 

 N1 + N1 = mg 

 N1 + 
2

mg

1

 
    

  

 torque about point B  B = 0  For rotational equilibrium 

 fcUnq B ds lkis{k cyk?kwZ.k  B = 0  ?kw.kZu lkE;koLFkk ds fy;s  

 f1 × 4 + mg (5/2 cos 53º) = 3N1 

 4N1 + 
3mg

2
 = 3N1 

 
3mg

2
 = (3 – 4) N1 
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3mg

2
 = (3 – 4)

2

mg

1

 
    

 

 
3

2
 = 

2

3 – 4
1

 
    

 3 + 32 = 6 – 8 

 32 + 8 – 3 = 0 
 32 + 9 –  – 3 = 0 
 3( + 3) –1 ( + 3)   ( = 1/3)   
 
D-3 A rod of weight w is supported by two parallel knife edges A & B and is in equilibrium in a horizontal 

position. The knives are at a distance d from each other. The centre of mass of the rod is at a distance 
x from A. The normal reactions at A and B will be :    

 w Hkkj dh ,d NM+ nks lekUrj rh[ks fdukjks A rFkk B ij muds yEcor~ {kSfrt voLFkk esa j[kh gSaA fdukjs ,d nwljs 
ls d nwjh ij gS rFkk NM dk nzO;eku dsUnz  A fljs ls x nwjh ij gSA A rFkk B ij vfHkyEc izfrfØ;k cy gksxkA  

  (A) NA = 2w (1  x/d), NB = wx/d ]  (B*) NA = w (1  x/d), NB = wx/d ] 

 (C) NA = 2w (1  x/d), NB = 2wx/d ]  (D) NA = w (2  x/d), NB = wx/d ] 
Sol. As shown in FBD  Equation in verticle direction NA + NB = mg 
 Taking moments about ‘A’  
 FBD esa Å/okZ/kj fn'kk esa NA + NB = mg 

 ‘A’ ds ifjr% vk?kw.kZ ysus ij  
  mg.x = d.NB 

  NB = 
mg.x

d
       

  NA = mg – NB 

  NA = mg – 
mg x

d
 = mg . 

d x

d

 
 
 

= w
x1–
d

 
 
 

 

  

 

  
  

D-4 The beam and pans of a balance have negligible mass. An object weighs W1 when placed in one pan 
and W2 when placed in the other pan. The weight W of the object is : 

 fdlh rjktq dk iyM+k o NM+ nzO;eku jfgr gSaA ,d iyMs esa j[kus ij fdlh oLrq dk Hkkj W1 o nwljs iyM+s esa 
j[kus ij W2 Kkr gksrk gSA oLrq dk Hkkj W gS& 

 (A*) 1 2W W   (B) 1 2(W W )   (C) W1
2 + W2

2  (D) (W1
–1 + W2

–1)/2 

Sol.  
 

 –x x 

 

w 1w 

 
weight of object oLrq dk nzO;eku = w 

 w ( – x) = w1x  ...........(i) 
 If weight is kept in another pan then : 
 ;fn nzO;eku nwljs ik=k esa j[kk tk;s rc 

 w2( – x) = wx  ...........(ii) 
 By (i) & (ii) lehdj.k (i) o (ii) ls 

 
2

w

w
 = 1w

w
   w2 = w1 w2  

 w = 1 2w w  
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D-5. A uniform rod of length  is placed symmetrically on two walls as shown in figure. The rod is in 
equilibrium. If N1 and N2 are the normal forces exerted by the walls on the rod then 

  yEckbZ dh ,d leku NM+ dks nks nhokjksa ij lefer :i ls fp=kkuqlkj j[kk gSA NM+ lkE;koLFkk esa gSA ;fn N1 rFkk 
N2 nhokj }kjk NM+ ij yxk;s vfHkyEcor~ cy gksa rc&  

     

 

 
 (A) N1 > N2  (B) N1 > N2  (C*) N1 = N2   

 (D) N1 and N2 would be in the vertical directions.   N1 rFkk N2 Å/okZ/kj fn'kk esa gksus pkfg;sA  
Sol. Balancing torque about the centre of the rod : 

 NM+ ds dsUnz ds lkis{k cyk?kwZ.k dks lUrqfyr djus ij  

 N1 . 
4

 – N2 . 
4

 = 0    N1 = N2. 

  

 

 
 

Section (E) : Rotation about Fixed axis (H = H)  
fLFkj v{k ds lkis{k ?kw.kZu  (H = H) 

E-1. A uniform circular disc A of radius r is made from a metal plate of thickness t and another uniform 
circular disc B of radius 4r is made from the same metal plate of thickness t/4. If equal torques act on 
the discs A and B, initially both being at rest. At a later instant, the angular speeds of a point on the rim 

of A and another point on the rim of B are A and B respectively. We have  

 ,d r f=kT;k dh o`Ùkkdkj ,d leku pdrh A ] t eksVkbZ dh /kkrq dh IysV ls cukbZ tkrh gS rFkk nwljh 4r f=kT;k dh 
,d leku pdrh B, t/4 eksVkbZ dh mlh /kkrq dh IysV ls cukbZ tkrh gSA ;fn nksuksa izkjEHk esa fojkevoLFkk esa gS rFkk 
nksuksa ij leku cy vk?kw.kZ vkjksfir fd;k tk, rks] dqN le; i'pkr~ A  dh ifjf/k ij fLFkr fcUnq rFkk B dh ifj/kh 
ij fLFkr vU; fcUnq dk dks.kh; osx Øe'k% A rFkk B gks rks    

 (A*) A > B  (B) A = B  (C) A < B  
 (D)  the relation depends on the actual magnitude of the torques.  
 laca/k cy vk?kw.kZ ds okLrfod eku ij fuHkZj djrk gSA 
Sol.  =  

 A = B  

 A A = B B  

 A < B  

 A > B 

 A > B   
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E-2. A body is rotating with constant angular velocity about a vertical axis fixed in an inertial frame. The net 
force on a particle of the body not on the axis is   

 (A) horizontal and skew with the axis   (B) vertical   
 (C*) horizontal and intersecting the axis  (D) none of these. 

 tM+Roh; ra=k esa ,d fLFkj Å/okZ/kj v{k ds lkis{k ,d oLrq ,d leku dks.kh; osx ls ?kw.kZu xfr dj jgh gSA oLrq ds 
,d d.k  ij tks oLrq dh v{k ij fLFkr ugha gS ] ij ifj.kkeh cy gksxkµ    

 (A) {kSfrt rFkk v{k ls >qdko ij    (B) Å/okZ/kj   
 (C*) {kSfrt o v{k dks dkVrk gqvk    (D) mijksDr esa ls dksbZ ugha  
Sol. Body is rotating uniformly so resultant force on particale is centripetal force which is horizontal and 

intercecting the axis of rotation. 

 oLrq ,dleku ls ?kw.kZu dj jgh gS vr% d.k ij yxus okyk ij.kkeh cy vfHkdsUnzh; cy gS tks fd {kSfrt gS rFkk 
?kw.kZu v{k dks dkVrk gSA  

 

E-3. One end of a uniform rod having mass m and length  is hinged. The rod is placed on a smooth 

horizontal surface and rotates on it about the hinged end at a uniform angular velocity . The force 
exerted by the hinge on the rod has a horizontal component  

 ,d m nzO;eku o  yEckbZ dh le:i NM+ dk ,d fljk vkyfEcr gSA NM+ ,d fpdus {kSfrt ry ij j[kh xbZ gS 
rFkk vkyfEcr fljs ds lkis{k leku dks.kh; osx ls ?kw.kZu djrh gSA n`<+ vkyEc }kjk NM+ ij yxk, x, cy dk 
{kSfrt ?kVd gksxkµ 

 (A) m2  (B) zero  'kwU;  (C) mg   (D*) 
1

2
m2 

Sol.  

 

 

 

 N = 2m
2

  
 

 

 

E-4. The uniform rod of mass 20 kg and length 1.6 m is pivoted at its end and swings freely in the vertical 
plane. Angular acceleration of rod just after the rod is released from rest in the horizontal position as 
shown in figure  is 

 fp=kkuqlkj 20 kg nzO;eku rFkk 1.6 m yEckbZ dh ,d ,dleku NM+ vius ,d fljs ds fcUnq ij dhyfdr gS rFkk 
Å/okZ/kj ry esa eqä :i ls >wy ldrh gSA NM+ dks {kSfrt fLFkfr esa] fojke ls NksM+us ds rqjUr ckn NM+ dk dks.kh; 
Roj.k gksxk %    

     

 

 

 (A*) 
15g

16
   (B) 

17g

16
  (C) 

16g

15
  (D) 

g

15
 

Sol. Initial velocity of each point onthe rod is zero so angular velocity of rod is zero. 
 Torque about O  

  =   

 20g (0.8) = 
2m

3
     20g (0.8) = 

220(1.6)

3
  

   
3 g

3.2
 =  = angular acceleration    = 

15 g

16
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gy% NM+ ij izR;sd fcUnq dk izkjfEHkd osx 'kwU; gS blfy;s NM+ dk dks.kh; osx 'kwU; gksxkA 
 O ds ifjr% vk?kw.kZ  
  =  

 20g (0.8) = 
2m

3
      20g (0.8) = 

220 (1.6)

3
  

   
3 g

3.2
 =  = dks.kh; Roj.k    = 

15 g

16
    

   

 

 
 
E-5. Two men support a uniform horizontal rod at its two ends. If one of them suddenly lets go, the force 

exerted by the rod on the other man just after this moment will:  
 (A) remain unaffected (B) increase  (C*) decrease 
 (D) become unequal to the force exerted by him on the rod. 
 nks vkneh ,d le#i {kSfrt NM+ dks blds nksuksa fdukjksa ij ls mBkrs gaSA  ;fn muesa ls ,d O;fDr NM+ dks vpkud 

NksM+ nsrk gS rks NM+ }kjk nwljs O;fDr ij vkjkfir cy% 
 (A) vifjofrZr jgsxk  (B) c<+sxk  (C*) ?kVsxk 
 (D) mlds }kjk NM+ ij vkjksfir cy ls vyx gksxk 
Sol. Beam is not at rotational equilibrium, so force exerted by the rod (beam) decreases 

 NM ?kw.kZu lkE;koLFkk esa ugh gS vr% NM+ }kjk yxus okyk cy ?kVsxkA  
 

Section (F) : Rotation about fixed axis (energy conservation)   
 fLFkj v{k ds lkis{k ?kw.kZu ¼ÅtkZ laj{k.k½   

F-1. A uniform metre stick is held vertically with one end on the floor and is allowed to fall. The speed of the 
other end when it hits the floor assuming that the end at the floor does not slip :    

 ,d ehVj dh ,d le:i NM+ Å/okZ/kj j[kh tkrh gSA bldk ,d fljk Q'kZ ij gS vkSj ;g fxjus nh tkrh gS ;g 
ekurs gq,s fd Q'kZ okyk fljk fQlyrk ugha gSA tc ;g Q'kZ ij Vdjkrh gS rc nwljs fljs dh pky Kkr djks A  

 (A) 4g   (B*) 3g   (C) 5g   (D) g   

Sol.  

 

 

 
 using energy conservation ÅtkZ lja{k.k ls  

  mg 
2

 = 
1

2
 2

 

  mg 
2

 = 
1

2
. 

2m

3
2 

   = 1m   = 
3g

 

  VA =  = 3g  =  3g  
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F-2. A uniform rod is hinged as shown in the figure and is released from a horizontal position. The angular 
velocity of the rod as it passes the vertical position is: (axis is fixed, smooth and horizontal)  

 ,d le:i NM+ fp=kkuqlkj dhyfdr dh x;h gSA bls {kSfrt voLFkk ls NksM+k tkrk gSA NM+ ds Å/okZ/kj voLFkk esa 
ig¡qpus ij bldk dks.kh; osx gS % (v{k tM+or~, ?k"kZ.kjfgr vkSj {kSfrt gSA)  

     

 

 

 (A) 
12g

3
  (B) 

2g

3
  (C*) 

24g

7
  (D) 

3g

7
 

Sol. By energy conservation ÅtkZ lja{k.k ls : 

 

 

 mg
4

 = 
1

2
. 2 27

m  
48

   
 

 [ (about O) = 

22m
m

12 4

   
 

] 

 0 = 
7

48
m2    = 

24g

7
 Ans. 

 

Section (G) : Angular Momentum & its conservation  dks.kh; laosx rFkk dks.kh; laosx laj{k.k  

G-1. A constant torque acting on a uniform circular wheel changes its angular momentum from A0 to 4A0 in  
4 sec. the magnitude of this torque is:  

 ,d fu;r cyk?kw.kZ ,d le#i o`Ùkkdkj ifg;s dk dks.kh; laosx 4 sec.esa  A0 ls 4A0 rd ifjofrZr djrk gSA bl 
cyk?kw.kZ dk ifjek.k gS% 

 (A) 4A0   (B) A0   (C*) 3A0 /4  (D) 12A0 

Sol.  = 
dL

dt
 = 0 04A – A

4
 = 03A

4

 
 
 

 

 

G-2. A particle moves with a constant velocity parallel to the Y-axis. Its angular momentum about the origin. 
(A) is zero  (B*) remains constant (C) goes on increasing  (D) goes on decreasing.  

 ,d d.k Y-v{k ds lekUrj vpj osx ls xfr djrk gS] ewy fcUnq ds lkis{k bldk dks.kh; laosx  
 (A) 'kwU; gS   (B) fu;r jgrk gS  (C) yxkrkj c<+rk gSA  (D) yxkrkj ?kVrk gS  
Sol. 

 

 

 
  L = (mvd) = constant becouse v = const. and d = const. 

  L = (mvd) = fu;r D;ksfd v = fu;r gS rFkk d = Hkh fu;r gSA 
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G-3.  A particle is projected at time t = 0 from a point P on the ground with a speed V0, at an angle of 45° to 
the horizontal. What is the magnitude of the angular momentum of the particle about P at time t = v0/g.  

 ,d d.k t = 0 ij tehu ij {kSfrt ls 45° ds dks.k ij fcUnq P ls v0 pky ls iz{ksfir fd;k tkrk gSA  t = v0/g le; 
ij d.k dk P ds lkis{k dks.kh; laosx dk ifjek.k D;k gksxk    

 (A) 
2
0mv

2 2 g
  (B) 

3
0mv

2 g
  (C) 

2
0mv

2 g
    (D*) 

3
0mv

2 2 g
 

Sol.  

 

 

 

 x = v0 cos 45º × t = 0v t

2
 

  = mgx = 0mgv t

2
 = 

dL

dt
 

  L = 0mgv

2

0v / g

0

t dt  = 
3
0mv

2 2 g
 

 

G-4. A uniform thin circular ring of mass 'M' and radius 'R' is rotating about its fixed axis passing through its 

centre perpendicular to its plane of rotation with a constant angular velocity . Two objects each of 
mass m, are attached gently to the opposite ends of a diameter of the ring. The ring now rotates with an 
angular velocity.       

 'M' nzO;eku o R f=kT;k dh ,d iryh ,dleku oy; bldh fLFkj v{k tks dsUnz ls xqtjrh gS] rFkk ?kq.kZu ry ds 
 yEcor~ gS] ds lkis{k leku dks.kh; osx ls ?kw.kZu djrh gSA nks oLrq,sa izR;sd  m nzO;eku dh blds O;klr% foijhr 
 fdukjksa ij /khjs ls j[k nh tkrh gSA vc oy; dk dks.kh; osx gksxk -     

 (A) 
M

(M m)




  (B*) 
M

(M 2m)




  (C) 
M

(M 2m)




  (D) 
(M 3m)

M

 


Sol. No external torque so L = constant; 

 dksbZ ckº; cyk?kw.kZ ugh gS vr% L = fu;r jgsxkA  
 11 = 22 

 (MR2) = (MR2+2mR2) 2 

   2 = 
M

M 2m

 
  



 
G-5. A boy sitting firmly over a rotating stool has his arms folded. If he stretches his arms, his angular 

momentum about the axis of rotation  
 (A) increases  (B) decreases  (C*) remains unchanged (D) doubles   
 ,d cPpk ?kw.kZu dj jgs LVwy ij Hkqtk,a fldkSMdj cSBk gSA ;fn ;g viuh Hkqtk,sa QSykns] rks ?kw.kZu v{k ds lkis{k 

bldk dks.kh; laosx          
 (A) c<+rk gS   (B) ?kVrk gS   (C*) vifjofrZr jgrk gS   (D) nqxuk gks tkrk gS   
Sol. external torque ckº; cyk?kw.kZ ext  = 0 

 11 = 22 

 when he stretches his arms   
 tc ;g viuh Hkqtk dks QSykrk gS] rks  c< tkrk gS vr%]  
 so vr%  1 < 2 
 then rc  (1 > 2) 

 so, (L = constant)  vr% (L = fu;r jgsxk)  
 

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


Rigid Body Dynamics 
 

 

 

Corporate 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 
ADVRB - 46 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

Section (H) : Combined Translational + Rotational Motion (Kinematics)   

   la;qDr LFkkukarjh; xfr $ ?kw.kZu xfr ¼xfrdh½  

 
H-1. The centre of a disc rolling without slipping on a plane surface moves with speed u. A particle, on the 

lower half of the rim making an angle 60º with vertical, will be moving at speed   

 lery lrg ij fcuk fQlys yq<+dus okyh pdrh dk dsUnz u  pky ls xfr djrk gSA fuEu v/kZo`Ùk ij fLFkr Å/okZ/kj 
ls  60º ds dks.k ij] pdrh dh ifj/kh ij fLFkr ,d fcUnq dh pky gksxh  

 (A) zero 'kwU;  (B*) u   (C) u   (D) 2u 

Sol.  

 

 

  

 For pure rolling 'kq) yksVuh xfr ds fy;s  R = u,  v = 2 2 1
u u 2uu

2
   = u 

 
H-2. A thin string is wrapped several times around a cylinder kept on a rough horizontal surface. A boy 

standing at a distance  from the cylinder draws the string towards him as shown in figure. The cylinder 
rolls without slipping. The length of the string passed through the hand of the boy while the cylinder 
reaches his hand is     

 [kqjnjs {kSfrt ry ij j[ks x, ,d csyu ij ux.; eksVkbZ dh ,d jLlh dbZ ckj yisVh xbZ gSA fp=kkuqlkj  nwjh ij 
 [kM+k cPpk bldks viuh rjQ [khaprk gSA ;fn csyu fcuk fQlys yq<drk gS] rks tc cSyu mlds gkFk ij igqprk gS 
 rks cPps ds gkFk ls xqtjus okyh jLlh dh yEckbZ gksxh   

      

 

 
 (A)    (B*) 2   (C) 3   (D) 4  
Sol.  

 

 

 
 When A point travels  distance then B point 2 so, 2 length of string passes through the hand of the 

boy . 

 tc fcUnq  A nwjh r; djrk gS rc B 2 nwjh r; djsxk vr% cPps ds gkFk ls 2 yEckbZ dh jLlh xqtjsxhA  
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H-3. A uniform cylinder of mass M and radius R rolls without slipping down a slope of angle  to the 

horizontal. The cylinder is connected to a spring constant K while the other end of the spring is 
connected to a rigid support at P. The cylinder is released when the spring is unstretched. The 
maximum displacement of cylinder is       

 {kSfrt ds lkFk  dks.k okys ur ry ij M nzO;eku o R f=kT;k dk ,dleku csyu fcuk fQlys a uhps dh vksj 
yq<+drk gSA csyu K fLizax fu;rkad okyh ,d fLizax ls tqM+k gqvk gS tcfd fLizax dk nwljk fljk ,d n`<+ vk/kkj P ls 
tqM+k gqvk gSA tc fLizaax vfoLrkfjr gksrh gS rc csyu dks fojke ls NksM+k tkrk gSA csyu dk vf/kdre foLFkkiu gS&  

     

 

      

 (A) 
3 Mg sin

4 K


   (B) 

Mgsin

K


  (C*) 

2 Mg sin

K


 (D) 

4 Mgsin

3 K


 

Sol. Using Energy conservation, ÅtkZ laj{k.k ls  
 (at maximum distance vf/kdre nwjh ij  V = 0 V0 = 0)   

  

 

 

 
1

2
Kx2 = (mg x sin ) 

 x = 
2mg sin

K

 
 
 

  

 
H-4. A system of uniform cylinders and plates is shown in figure. All the cylinders are identical and there is 

no slipping at any contact. Velocity of lower & upper plate is V and 2V respectively as shown in figure. 
Then the ratio of angular speed of the upper cylinders to lower cylinders is  

 le:i csyu o IysVksa dk fudk; fp=kkuqlkj gSA lHkh csyu ,d gh çdkj ds gSa rFkk fdlh Hkh lEidZ lrg ij 
 fQlyu ugha gSA uhps okyh rFkk Åijh IysV dk osx Øe'k% V rFkk 2V fp=kkuqlkj gS rks Åij rFkk uhps okys csyuksa 
 ds dks.kh; osx dk vuqikr D;k gksxkA 

     

 

 
 (A*) 3    (B) 1/3    (C) 1  (D) none of these  buesa ls dksbZ ugha 
Sol. (A)  Since there is no slipping at any interface, the velocities of bottom and upper most point of lower 

and upper cylinder are shown in figure.  

 D;ksfd ;gk¡ fdlh Hkh lEidZ lrg ij fQlyu ugh gS vr% fups okys vkSj Åij okys csyu ds fuEure vkSj mPpre 
fcUnq ds fy, osx fp=kkuqlkj gksxs 

 Angular velocity of upper cylinder = 
2V V

2R


 = 

3V

2R
 

 Åij okys csyu ds fy, dks.kh; osx  

 Angular velocity of lower cylinder = 
V 0

2R


 = 

V

2R
    

 fups okys csyu ds fy, dks.kh; osx  
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 The ratio is 
3

1
 vr% vuqikr 

3

1
 gSA 

  

 

 
 

 
H-5. When a person throws a meter stick it is found that the centre of the stick is moving with a speed of  

10 m/s vertically upwards & left end of stick with a speed of 20 m/s vertically upwards. Then the angular 
speed of the stick is:   

 tc ,d vkneh us ,d ehVj NM+ dks QSadk rks ;g ns[kk x;k fd mlds dsUnz dh pky Å/okZ/kj Åij dh vksj 10 m/s 

gS vkSj ckb± vksj ds fljs dh pky 20 m/s Å/okZ/kj Åij dh vksj gS rks NM+ dh dks.kh; pky gksxh :  

 (A*) 20 rad/ sec (B) 10 rad/sec   (C) 30 rad/sec      (D) none of these  bueas ls dksbZ ugh  
Sol. 20 = Vcm + wR 

 20 = 10 +  
2

 
 
 

 10 = 
2


  ( = 20 rad / se) 

 

Section (I) :  Combined translational & Rotational Motion (Dynamics) 

  la;qDr LFkkukarjh; xfr rFkk ?kw.kZu xfr ¼xfrdh½  
 

I-1. As shown in the figure, a uniform disc of mass m is rolling without slipping with a angular velocity . 

The portion AB is rough and BC is smooth.  When it crosses point B disc will be in :  
 fp=kkuqlkj ,d m nzO;eku dh le:i pdrh dks.kh; osx ls fcuk fQlys yksVuh xfr djrh gSA AB Hkkx [kqjnjk o 
 BC fpduk gSA tc ;g B dks ikj djrh gS] pdrh esa gksxh :    

     

 

v 

 

A 
B 

µ  
0
  = C 

 
 (A) translational motion only   (B*) pure rolling motion   
 (C) rotational motion only   (D) none of these   
 (A) dsoy LFkkukUrjh; xfr    (B*) 'kq) yksVuh xfr   

 (C) dsoy ?kw.kZu xfr     (D) buesa ls dksbZ ugha  
Sol. Disc is in pure rolling and external forces are zero after smooth surface, so pure rolling continue. 

 pdrh 'kq) ykSVuh xfr dj jgh gS rFkk cká cy 'kwU; gS vr% fpduh lrg ds ckn 'kq) ykSVuh pkyw jgsxhA  
 

I-2. A solid sphere, a hollow sphere and a ring, all having equal mass and radius, are placed at the top of 

an incline and released. The friction coefficients between the objects and the incline are equal but not 
sufficient to allow pure rolling. The greastest kinetic energy at the bottom of the incline will be achieved 
by         

 (A*) the solid sphere  (B) the hollow sphere  (C) the ring   
 (D) all will achieve same kinetic energy.  

 leku nzO;eku o f=kT;k dk ,d Bksl xksyk] [kks[kyk xksyk rFkk oy; ,d ur ry ds 'kh"kZ ls ,d lkFk NksM+s tkrs 
gSaA oLrq o ur ry ds e/; ?k"kZ.k xq.kkad leku gS rFkk 'kq) yksVuh xfr ds fy, i;kZIr ugha gSA ryh ij lcls 
vf/kd xfrt mtkZ izkIr djsxkµ  

 (A*) Bksl xksyk   (B) [kks[kyk xksyk  (C) oy;  
 (D) lHkh leku xfrt ÅtkZ izkIr djsaxs  
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Sol.  

 

 

 
 mg sin – f = ma  

 a = 
mgsin – f

m

 
  

    .......(i) 

 a is same for  each body.  (izR;sd oLrq ds fy, a leku gS) 
 f.R =   

 
2

f.R

mk
   

 For solid sphere k2 = 
2

5
 R2 is minimum there fore  is maximum hence, k.E. for solid sphere will be 

max at bottom.   

 Bksl xksys ds fy, k2 = 
2

5
 R2 U;wure gS vr% vf/kdre gksxkA vr% xfrt ÅtkZ Hkh Bksl xksys ds fy, vf/kdre 

gksxhA  
 

I-3.  A hollow sphere and a solid sphere having equal mass and equal radii are rolled down without slipping 

 on a   rough inclined plane.     
 (A) The two spheres reach the bottom simultaneously   
 (B*) The hollow sphere reaches the bottom with lesser speed.   
 (C) The solid sphere reaches the bottom with greater kinetic energy  
 (D) The two spheres will reach the bottom with same linear momentum    
 ,d [kks[kyk xksyk o Bksl xksyk ftudk nzO;eku o f=kT;k leku gSA ,d [kqjnjs ur ry ij fcuk fQlyu ds uhps 

yq<+dk, tkrs gSa] rks  
 (A) nksuks xksys ryh ij ,d lkFk igq¡psxs   (B) [kks[kyk xksyk ryh ij de pky ls igq¡psxk 
 (C) Bksl xksyk ryh ij vf/kd xfrt mtkZ ls igq¡psxk  (D) nksuksa xksys ryh ij leku js[kh; laosx ls igq¡psxs 

Sol. a = 
2

2

gsin

k
1

R

 
  
 

 
 

 

 For solid sphere Bksl xksys ds fy;s   
2

2

k 2

5R
  

 For hollow sphere [kks[kys xksys ds fy;s =  
2

3
 mR2 = mk2 

  
2

2

k 2

3R
    

 so vr%  ks < kH 

 then rc as > aH  

 (so speed of solid sphere is greater then hollow sphere)  

 ( vr% Bksl xksys dh pky] [kks[kys xksys ls T;knk gksxh)  
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I-4. A solid sphere, a hollow sphere and a solid cylinder , all having equal mass and radius, are placed at 

the top of an incline and released. The friction coefficients between the objects and the incline are equal 
but not sufficient to allow pure rolling. Greastest time will be taken in reaching the bottom by    

 (A) the solid sphere (B) the hollow sphere (C) the solid cylinder (D*) all will take same time. 

 leku nzO;eku o f=kT;k dk ,d Bksl xksyk] [kks[kyk xksyk rFkk Bksl csyu ,d ur ry ds 'kh"kZ ls NksM+s tkrs gSa] 
oLrq o ur ry ds e/; ?k"kZ.k xq.kkad leku gS rFkk 'kq) yksVuh xfr ds fy, i;kZIr ugha gSA fuEu ds }kjk ryh rd 
igq¡pus esa fy;k x;k le; vf/kdre gksxk -    

 (A) Bksl xksyk   (B) [kks[kyk xksyk  (C) Bksl csyu   (D) lHkh leku le; ysaxs  
Sol.  

 

 

   
 mg sin  – f = ma 

 a = 
mg sin – f

m


 

 a is equal for each body so all the object will reach at same time. 

 a lHkh oLrqvks ds fy, leku gS vr% lHkh oLrq leku le; esa igqpsxhA 

 

I-5.  A rough inclined plane fixed in a car accelerating on a horizontal road is shown in figure. The angle of 

incline  is related to the acceleration a of the car as a = g tan. If a rigid sphere is set in pure rolling on 
the incline  

 fp=k esa ,d fpduk ur ry fn[kk;k x;k gS tks ,d dkj esa tM+or fd;k x;k gSA dkj {kSfrt lM+d ij Rofjr gksrh 
gSA ur ry dk >qdko dks.k  o dkj dk Roj.k fuEu izdkj ls lacaf/kr gS  a = g tan. ;fn ,d n`<+ xksys dks ur 
ry ij 'kq) yksVuh xfr nh tk, rks -   

     

 

 
 (A*) it will continue pure rolling   (B) Friction will act on it 
 (C) its angular velocity will increase  (D) its angular velocity will decrease.  
 (A) ;g yxkrkj 'kq) yksVuh xfr djsxk   (B) bl ij ?k"kZ.k cy dk;Z djsxk  

 (C) bldk dks.kh; osx c<+sxk    (D) bldk dks.kh; osx ?kVsxk 
Sol. a = (g tan ) so net force along the indined plane is zero so it will continue in pure rolling with constant 

angular velocity. 

 a = (g tan ) vr% urry ds vuqfn'k dqy cy 'kwU; gS vr% ;g 'k`) yksVuh xfr (vpj dks.kh; osx ls) djrk jgsxkA  
 

I-6. A sphere S rolls without slipping, moving with a constant speed on a plank P. The friction between the 

upper surface of P and the sphere is sufficient to prevent slipping, while the lower surface of P is 
smooth and rests on the ground.  Initially, P is fixed to the ground by a pin N. If N is suddenly removed:  

 ,d xksyk  S  ,d Iykad  P ij fcuk fQlys fu;r pky ls py jgk gSA  P  dh Åijh lrg o xksys ds e/; ?k"kZ.k 
fQlyu jksdus ds fy,s i;kZIr gSA tcfd  P  dh fupyh lrg fpduh gS o lrg ij fojke ij j[kk gSA çkjEHk esa P  

lrg ls ,d fiu N }kjk tqM+k (fixed) gSA ;fn  N vpkud gVk fy;k tk;s rks &   
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 (A) S will begin to slip on P    
 (B) P will begin to move backwards  
 (C) the speed of S will decrease and its angular velocity will increase  
 (D*) there will be no change in the motion of S and P will still be at rest. 

 (A) S]  P ij fQlyuk çkjEHk djsxk            

 (B) P ihNs pyuk çkjEHk djsxk   

 (C) S dh pky ?kVsxh o bldk dks.kh; osx c<+sxk    
 (D) S dh xfr esa dksbZ ifjorZu ugha vk;sxk o P vc Hkh fojke ij jgsxk 
Sol. There is no relative motion between sphere and plank so friction force is zero then no any change in 

motion of sphere and plank. 

 ;gk¡ xksys vkSj Iykad ds e/; dksbZ lkisf{kd xfr ugh gS vr% ?k"kZ.k cy 'kwU; rFkk xksys vksj Iykad dh xfr eas dksbZ 
 ifjoZru ugh gksxkA 

I-7. A body is given translational velocity and kept on a surface that has sufficient friction. Then: 

 ,d oLrq dks LFkkukUrjh; osx fn;k tkrk gS ,oa i;kZIr ?k"kZ.k okyh lrg ij j[kk tkrk gS] rks  % 
 (A*) body will move forward before pure rolling 
 (B) body will move backward before pure rolling 
 (C) body will start pure rolling immediately    
 (D) none of these 
 (A) 'kq) ?kw.kZu ls igys oLrq vkxs dh vksj xfr djsxh 
 (B) 'kq) ?kw.kZu ls igys oLrq ihNs dh vksj xfr djsxh 
 (C) oLrq rqjar 'kq) ?kw.kZu çkjaHk djsxh    

 (D) buesa ls dksbZ ugha  
Sol. Due to linear velocity body will move forward before pure rolling. 

 js[kh; osx ds dkj.k oLrq 'kq} yksVuh xfr ls igys vkxs dh vksj xfr djsxhA  

I-8. A body of mass m and radius r is rotated with angular velocity  as shown in the figure & kept on a 

surface that has sufficient friction then the body will move :  
 fp=kkuqlkj m nzO;eku o r f=kT;k dh ,d oLrq  dks.kh; osx ls ?kw.kZu djrh gS rFkk ,d lrg ij j[kh tkrh gS 
 ftldk i;kZIr ?k"kZ.k gS rks oLrq xfr djsxh :   

     

 

 
 (A) backward first and then move forward (B) forward first and then move backward 

 (C*) will always move forward   (D) none of these  
 (A) igys ihNs dh vksj rFkk ckn esa vkxs dh vksj  (B) igys vkxs dh vksj rFkk ckn esa ihNs dh vksj  

 (C*) ges'kk vkxs dh vksj     (D) buesa ls dksbZ ugha  
Sol. 

 

 

 
 Friction will at forward dir so body will always move in forward dir. 

 ?k"kZ.k vkxs dh vksj yxsxk] vr% oLrq ges'kk vkxs dh vksj xfr djsxhA 








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-9. A body of mass m and radius R rolling horizontally without slipping at a speed   climbs a ramp to a 

height 
23

4g


. The rolling body can be   

 (A) a sphere   (B) a circular ring  (C) a spherical shell  (D*) a circular disc  

   pky ls {ksfrt lrg ij fcuk fQlys ykSVuh xfr dj jgh m nzO;eku rFkk R f=kT;k dh ,d oLrq ÅpkbZ 
23

4g


. ds 

jsEi ij p<+rh gSA oLrq gks ldrh gSA  

 (A) ,d xksyk   (B) ,d o`Ùkkdkj oy;  (C) ,d xksyh; dks'k  (D) ,d o`Ùkkdkj pdrh 

Sol. (d) 

 From energy conservation ÅtkZ laj{k.k ls 
1

2
mv2 

2

2

k
1

r

 
 

 
 = mgh= mg 

23v

4g

 
 
 

 

      K = 
R

2
 

   Body is a disc oLrq pdrh gSA  
 

Section (J) : conservation of angular momentum (combined translation & rotational motion) 

  dks.kh; laosx laj{k.k ¼la;qDr LFkkukUrjh; xfr ,oa ?kw.kZu xfr½ 
J-1. A sphere is released on a smooth inclined plane from the top. When it moves down its angular 

momentum is:   

 ,d fpdus ur ry ds Åijh fljs ls ,d xksyk eqDr :i ls NksM+k tkrk gSA tc ;g uhps dh vksj xfr djrk gS rks 
bldk dks.kh; losx 

 (A) conserved about every point   izR;sd fcUnq ds lkis{k lajf{kr gksxkA 

 (B) conserved about the point of contact only    dsoy laidZ fcUnq ds lkis{k lajf{kr gksxkA 

 (C) conserved about the centre of the sphere only   dsoy xksys ds dsUnz ds lkis{k lajf{kr gksxkA 

  (D*) conserved about any point on a fixed line parallel to the inclined plane and passing through 
 the centre of the ball. 

       xksys ds dsUnz ls xqtjus okyh rFkk ur ry ds lekukUrj ,d fLFkj js[kk ij fLFkr fdlh Hkh fcUnq ds lkis{k 
lajf{kr gksxkA 

Sol. (D) As the inclined plane is smooth, the sphere can never roll rather it will just slip down. 
  Hence, the angular momentum remains conserved about any point on a line parallel to the inclined 

plane and passing through the centre of the ball.   
  pwafd ur lery fpduk gS vr% xksyk ?kw.khZ xfr u djds js[kh; xfr djsxk] vr% dks.kh; laosx urlery ds lekUrj 

rFkk fdlh Hkh fcUnq ds ifjr% lajf{kr jgsxkA   
 

J-2. A circular wooden loop of mass m and radius R rests flat on a horizontal frictionless surface. A bullet, 
also of mass m, and moving with a velocity V, strikes the loop and gets embedded in it. The thickness 
of the loop is much smaller than R. The angular velocity with which the system rotates just after the 
bullet strikes the loop is 

 m nzO;eku o R f=kT;k dh ,d o`Ùkkdkj ydM+h dh oy; leryh; :i ls ,d ?k"kZ.k jfgr {ksfrt ry ij fLFkj j[kk 
gqvk gSA leku nzO;eku m dh ,d xksyh V osx ls xfr djrh gqbZ oy; ls Vdjkdj blesa /kal tkrh gSA oy; dh 
eksVkbZ R dh rqyuk esa cgqr de gSA xksyh ds oy; esa /kal tkus ds Bhd ckn fudk; dk dks.kh; osx gSA  

     

 

 

 (A) 
V

4R
   (B*) 

V

3R
  (C) 

2 V

3R
  (D) 

3 V

4R
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Sol. Conservation of angular momentum about C.O.M. of m and loop of mass m gives  

 m nzO;eku vkSj m nzO;eku dh oy; ds nzO;eku dsUnz ds lkis{k dks.kh; laosx laj{k.k ls  

  
mVR

2
 = 

2 2
2 R R

m R m m
2 2

                    
 

   V = 3 R     = 
V

3R
    Ans. (B) 

 

Section (K) : Toppling  
 

K-1. A uniform cube of side a and mass m rests on a rough horizontal table. A horizontal force 'F' is applied 

normal to one of the faces at a point that is directly above the centre of the face, at a height 
3a

4
 above 

the base. The minimum value of 'F' for which the cube begins to tilt about the edge is (assume that the 
cube does not slide).   

 a Hkqtk o m nzO;eku dk ,d le:i ?ku [kqjnjh {kSfrt est ij j[kk x;k gSA ,d {kSfrt cy 'F' dsUnz ds Bhd mij 

 vk/kkj ls 
3a

4
 Å¡pkbZ ij yxk;k tkrk gSA ?ku ds Hkqtk ds lkis{k yq<+dus (tilt) ds fy, 'F' dk U;wure eku D;k gksxk\ 

 ¼ekuk fd ?ku fQlyrk ugha gS½   

 (A*) 
2

mg
3

  (B) 
4

mg
3

  (C) 
5

mg
4

  (D) 
1

mg
2

 

Sol.  

 

 

   
 For topling about edge xx   
 xxds lkis{k iyVus ds fy, 

 Fmin. 
3a

4
  = mg 

a

2
   F min. = 

2mg

3
  

 
K-2. A homogenous block having its cross-section to be a parallelogram of sides 'a' and 'b' (as shown) is 

lying at rest and is in equilibrium on a smooth horizontal surface. Then for acute angle :  
 ,d laekxh CykWd ftldh vuqizLFk dkV Hkqtk 'a' rFkk 'b', fp=kkuqlkj gS rFkk ;g ,d lekUrj prqHkqZt ds :i es gSAa 

;fn ;g lkE;oLFkk esa ?k"kZ.kghu {kSfrt lrg ij j[kk gS rks dks.k  ¼U;wudks.k½ dk eku gksxk :  
 

b 

a 

 

(A*) 
b

cos
a

     (B) 
b

cos
a

    (C) 
b

cos
a

    (D) 
b

cos
a

   

 (E) 
a

cos
b

    
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Sol.  

 

 

b/2 

a 

N 

mg 

a/2 

 
 The block will not topple if mg acts from within the base area of the block. So, 

 ;fn CykWd ugh iyVrk gS rks mg lnSo vk/kkj dh yEckbZ ds vUnj ls xqtjuk pkfg,] vr% 

  
a b

cos
2 2

   
b

cos
a

    

     

K-3. An equilateral uniform prism of mass m rests on a rough horizontal surface with coefficient of friction . 
A horizontal force F is applied on the prism as shown in the figure. If the coefficient of friction is 
sufficiently high so that the prism does not slide before toppling, then the minimum force required to 
topple the prism is :  

 m nzO;eku dk ,d le:i leckgq fizTe ?k"kZ.k xq.kkad ds [kqjnqjs lery ij j[kk gSA bl ij {kSfrt cyF 

fp=kkuqlkj vkjksfir gksrk gS ;fn ?k"kZ.k xq.kkad bruk i;kZIr gS fd og iyVus (topple djus) ls igys f[kldrk ugha gSa 
rkss fizTe dks iyVus (topple djus) ds fy, vko';d U;wure cy gksxkA  

 

 

 (A*) 
mg

3
  (B) 

mg

4
   (C) 

mg

3


  (D) 

mg

4


 

Sol. (Moderate) The tendency of rotating will be about the pont C. For minimum force, the torque of  F about 
C has to be equal to the torque of mg about C.   

 fizTe dh fcUnq C ds izfr ?kw.kZu xfr djus dh izo`fr gSA U;wure cy ds fy;s  F dk fcUnq C ds ifjr% vk?kw.kZ mg dk 
C ds ifjr% vk?kw.kZ ds cjkcj gksuk pkfg,  

  F 
3

a
2

 
  
 

 = mg 
a

2

 
 
 

 

  F = 
mg

3
  Ans.   

  

 


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PART - III : MATCH THE COLUMN 
 

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

1. In each situation of column-I, a uniform disc of mass m and radius R rolls on a rough fixed horizontal 

surface as shown in the figure. At t = 0 ( initially) the angular velocity of disc  is  and velocity of centre 

of mass of disc is v (in horizontal direction). The relation between v and  for each situation and also 
initial sense of rotation is given for each situation in column-I . Then match the statements in column-I 
with the corresponding results in column-II .     

 izR;sd fLFkfr esa] ,d ,dleku pdrh ftldk nzO;eku m rFkk f=kT;k R gS] ?k"kZ.k;qDr fLFkj (fixed) {kSfrt lrg ij 
yksVuh xfr (roll) dj jgh gSA izkjEHk esa t = 0 ij] pdrh dh dks.kh; pky 0 gS rFkk pdrh ds nzO;eku dsUnz dk osx 
{kSfrt fn'kk esa v0 gSA rFkk v0  ,oe~ 0 dk lEcU/k izR;sd fLFkfr esa fn;k x;k gS rFkk ?kw.kZu dh izkjfEHkd izo`fÙk izR;sd 
fLFkfr ds fy, LrEHk -I esa nh xbZ gS rc LrEHk -I esa fn;s x;s dFkuksa ls lEcfU/kr LrEHk-II esa fn;s x;s ifj.kkeksa dks 
lqesfyr dfj,A 

  Column-I     Column-II 
 

 (A) 

 

  (v > R ) (p) The angular momentum of disc about point A  

    (as shown in figure) remains conserved. 
 

 (B)  

 

 (v > R ) (q) The kinetic energy of disc after it starts rolling  

       without slipping is less than its initial kinetic energy. 
  

 (C) 

 

  (v < R ) (r) In the duration disc rolls with slipping, the  

    friction acts on disc towards left. 
 

 (D) 

 

  (v < R ) (s) In the duration disc rolls with slipping, the  friction acts  

   on disc for some time towards right and for some time 
  towards left. 
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   LrEHk- I             LrEHk - II     
 

 (A) 

 

  (v > R ) (p) fp=kkqulkj fcUnq  A ds ifjr% pdrh dk dks.kh; laosx  

    lajf{kr gksrk gSA 

 

 (B) 

 

  (v > R ) (q) pdrh ds fcuk fQlys yksVuh xfr (rolling) 'kq: djus  

    ds ckn] pdrh dh xfrt ÅtkZ dk eku bldh izkjfEHkd  
    xfrt ÅtkZ ls de gksxkA 
 

 (C) 

 

  (v < R ) (r) pdrh tc fQlyus ds lkFk yksVuh xfr djrh gS rks ml 

    le;kUrjky esa pdrh ij ?k"kZ.k cka;h (left) vksj yxsxkA
   

 (D)  

 

 (v < R ) (s) tc pdrh fQlyrh gqbZ yksVuh xfr (roll) djrh gS rks  

    ml le;kUrjky ds nkSjku pdrh ij dqN le; ds fy,  
    ?k"kZ.k cy nka;h (right) vksj dqN le; ds cka;h (left) vksj 

   gksxkA 

Ans.  (A) p,q,r  (B) p,q,r  (C) p,q   (D) p,q,r  
Sol. Since all forces on disc pass through point of contact with horizontal surface, the angular momentum of 

disc about point on ground in contact with disc is conserved. Also the angular momentum of disc in all 
cases is conserved about any point on the line passing through point of contact and parallel to velocity 
of centre of mass. 

 The K.E. of disc is decreased in all cases due to work done by friction. 
 From calculation of velocity of lowest point on disc, the direction of friction in case A, B and D is towards 

left and in case C is towards right. 
 The direction of frictional force cannot change in any given case. 

 pwafd pdrh ij lHkh cy {kSfrt lrg ls blds lEidZ fcUnq ls xqtjrs gS] pdrh ds tehu ds lkFk lEidZ fcUnq ds 
ifjr% dks.kh; laosx lajf{kr jgrk gSA lEidZ fcUnq ls tkus okyh js[kk ij rFkk nzO;eku dsUnz ds osx ds lekUrj] fdlh 
fcUnq ds ifjr% lHkh fLFkfr;ksa esa pdrh dk dks.kh; laosx lajf{kr jgrk gSA 

 lHkh fLFkfr;ksa esa ?k"kZ.k ds }kjk fd;s x;s dk;Z ds dkj.k pdrh dh xfrt ÅtkZ ?kV tkrh gSA pdrh ij U;wure fcUnq 
ds osx dh x.kuk ls] fLFkfr A, B rFkk D esa ?k"kZ.k dh fn'kk cka;h vksj gS rFkk fLFkfr C esa nka;h vksj gSA 

 fdlh nh xbZ fLFkfr esa ?k"kZ.k cy dh fn'kk cny ugh ldrh gSA 
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2. A uniform disc rolls without slipping on a rough horizontal surface with uniform angular velocity. Point O 

is the centre of disc and P is a point on disc as shown in the figure. In each situation of column  a 
statement is given and the corresponding results are given in column-II. Match the statements in 
column-I with the results in column-II.   

 ,d ,dleku pdrh (disc) ,d [kqjnjh {kSfrt lrg ij fcuk fQlys ,dleku dks.kh; osx ls yq<+drh (roll) gqbZ xfr 
djrh gS fcUnq O pdrh (disc) dk dsUnz gS rFkk P fp=kkuqlkj pdrh ij ,d fcUnq gSA LrEHk- dh izR;sd fLFkfr esa ,d 
dFku fn;k x;k gS rFkk LrEHk-II esa laxr ifj.kke fn;s x;s gSaA LrEHk-I esa fn;s x;s dFkuksa dks LrEHk-II esa fn;s x;s 
dFkuksa ls lqesfyr dhft,A   

 

 
   Column      Column 
 (A) The velocity of point P on disc   (p) Changes in magnitude with time. 
 (B) The acceleration of point P on disc   (q) is always directed from that point (the  
             point on disc given in column-I)  
             towards centre of disc. 
 (C) The tangential acceleration of point P on disc (r) is always zero. 
 (D) The acceleration of point on disc which is in   (s) is non-zero and remains constant 
      contact with rough horizontal surface        in magnitude.  

     LrEHk I        LrEHk II 

 (A) pdrh (disc) ij fcUnq P dk osx   (p) le; ds lkFk ifjek.k esa ifjofrZr gksrk gSA 

 (B) pdrh (disc) ij fcUnq P dk Roj.k  (q) ges'kk ml fcUnq tks LrEHk-I esa pdrh (disc) ij fn;k 
           x;k gS] ls pdrh ds dsUnz dh vksj funsZf'kr gksrk gSA 

 (C) pdrh (disc) ij fcUnq P dk Li'kZjs[kh; Roj.k (r) ges'kk 'kwU; gksrk gSA 

 (D) pdrh ij fLFkr fcUnq] tks [kqjnjh {kSfrt   (s) v'kwU; (nonzero) gS rFkk ifjek.k esa fu;r jgrk gSA  
     lrg ds lkFk lEidZ gS ml fcUnq dk Roj.k  

Ans.  (A) p  (B) q,s  (C) p  (D) q,s 
Sol. (A)  Speed of point P changes with time 

 (B)  Acceleration of point P is equal to 2x ( = angular speed of disc and x = OP). The acceleration is 
directed from P towards O. 

 (C)  The angle between acceleration of P (constant in magnitude) and velocity of P changes with time. 
Therefore, tangential acceleration of P changes with time. 

 (D)  The acceleration of lowest point is directed towards centre of disc and remains constant with time  

 (A)  fcUnq P dh pky le; ds lkFk cnyrh gSA  
 (B)  fcUnq P dk Roj.k 2x ( = fMLd dh dks.kh; pky rFkk x = OP) ds cjkcj gks rks Roj.k P ls O dh fn'kk esa 

gksxkA  
 (C)  P ds Roj.k (ifjek.k esa fu;r) rFkk P ds osx ds chp dk dks.k le; ds lkFk ifjofrZr gksrk gS] blfy;s P dk 

Li'kZjs[kh; Roj.k le; ds lkFk cnyrk gSA   
 (D) fuEure fcUnq dk Roj.k (disc) ds dsUnz dh fn'kk esa gksrk gS rFkk le; ds lkFk fLFkr jgrk gSA 
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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) 
 

1. Three rings each of mass m and radius r are so placed that they touch each other. The radius of 
gyration of the system about the axis as shown in the figure is : 

      

 

 

 (A) 
6

5
 r  (B) 

5

6
r  (C) 

6

7
r  (D*) 

7

6
r 

 rhu oy; çR;sd dk nzO;eku m o f=kT;k r gS] bl çdkj j[kh gS fd os ,d&nwljs dks Li'kZ dj jgh gSA fp=k esa n'kkZbZ 
xbZ v{k ds lkis{k fudk; dh ?kw.kZu f=kT;k gksxh &   

      

 

 

 (A) 
6

5
 r  (B) 

5

6
r  (C) 

6

7
r  (D*) 

7

6
r 

Sol.  = 1 + 2 + 3 

 1 = 2 = 
3

2
mr2 

 3 = 
2mr

2
  

   = 1 + 2 + 3 = 
7

2
mr2 

    

 

 
 Moment of inertia = 3mk2  where k is radius of gyration. 

 tMRo vk?kwZ.k   = 3mk2   tgka k ?kw.kZu f=kT;k gSA 

 3mk2 = 
7

2
mr2  

  k = 
7

6
r 
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2. A hollow cylinder has mass M, outside radius R2 and inside radius R1. Its moment of inertia about an 
axis parallel to its symmetry axis and tangential to the outer surface is equal to : 

 (A) 
M

2
 (R2

2 + R1
2) (B) 

M

2
 (R2

2 – R1
2) (C) 

M

4
 (R2 + R1)2 (D*) 

M

2
 (3R2

2 + R1
2) 

 ,d [kks[kys csyu dk nzO;eku M, ckgjh ,oa vkUrfjd f=kT;k;sa Øe'k% R2 ,oa R1 gSaA lefefr v{k ds lekUrj ,oa 
ckgjh lrg ds Li'kZ js[kh; v{k ds ifjr% bldk tM+Ro vk?kw.kZ gS &   

(A) 
M

2
 (R2

2 + R1
2) (B) 

M

2
 (R2

2 – R1
2) (C) 

M

4
 (R2 + R1)2 (D*) 

M

2
 (3R2

2 + R1
2) 

Sol.  

 

 

 
 Taking cylindrical element of radius r and thickness dr 

 r f=kT;k rFkk dr eksVkbZ dk ,d csyukdkj vo;o ysus ij  

  dm = 
2 2
2 1

M

(R R ) 
 × (2r  dr) 

 AB = ed  = 2dm r  = 

2

1

R

3

2 2
2 1R

2M
.r dr

(R R )  = 2 2
2 1

1
M (R R )

2
  

 Using parallel axis theorem lekUrj v{k izse; ls  

 IXY = 2 2
2 1

1
M (R R )

2
  + MR2

2
  = 2 2

2 1

M
(3R R )

2
  

 

3. Two uniform rods of equal length but different masses are rigidly joined to form an Lshaped body, 
which is then pivoted about O as shown in the figure. If in equilibrium the body is in the shown 
configuration, ratio M/m will be:      

      

 m O 

M 90° 
30° 

 

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

 leku yEckbZ rFkk fHkUu&fHkUu nzO;eku dh nks le:i NM+as  Lvkdkj esa n`<+ tqM+h gqbZ gS rFkk ;g fp=kkuqlkj O ij 
fuyfEcr gSA ;fn çnf'kZr O;oLFkk esa oLrq lUrqyu dh lkE;koLFkk esa gks rks M/m vuqikr gksxk : 

      

 m O 

M 90° 
30° 

 

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

Sol. In equilibrium, torques of forces mg and Mg about an axis passing through O balance each other. 

 lkE;oLFkk esa] mg rFkk Mg cyksa dk cyk?kw.kZ O ls ikfjr v{k ds lkis{k ,d nwljs dks lUrqfyr dj nsrk gS vr% 

 mg. 
L

2
cos30° = Mg 

L

2
cos60°   

M
3

m
   
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4. Four forces tangent to the circle of radius ‘R’ are acting on a wheel as shown in the figure. The resultant 
equivalent one force system will be :        

    

 

 

 (A) 

 

  (B) 

 

    (C*) 

 

   (D) 

 

 

 

4. ‘R’ f=kT;k ds o`Rr ds Li'kZ js[kh;] ifg;s ij yxs pkj cy fp=k esa n'kkZ;s x;s gSA fn;s x;s cyks ds ifj.kkeh rqY; ,d 
cy fudk; gksxkA     

     

 

 

 (A) 

 

  (B) 

 

    (C*) 

 

   (D) 

 

 

 

Sol. net
ˆ ˆF (400 100)i (200 200)j     = ˆ ˆ300i 400j    | F |  = 500 N 

 Angle made by netF  with the vertical is  = tan–1 
300

400

 
 
 

 = 37° 

 netF  }kjk m/okZ/kj ds lkFk cuk;k x;k dks.k  = tan–1 
300

400

 
 
 

 = 37° 

 also = 500 R therefore point of application of the resultant force is at a distance R from the centre. 
 Hence (C). 

 rFkk  = 500 R gS] vr% og fcUnq tgkW ij ij.kkeh cy dk mi;ksx fd;k tk;s dsUnz ls R nwjh ij gksxkA  
 Hence  vr% (C) lgh gSA 

 
5. A uniform thin rod of mass ‘m’ and length L is held horizontally by two vertical strings attached to the 

two ends. One of the string is cut. Find the angular acceleration soon after it is cut :  

 (A) 
g

2L
   (B) 

g

L
   (C*) 

3g

2L
  (D) 

2g

L
  

 ,d le:ih ‘m’ nzO;eku o L yEckbZ dh iryh NM+ fljksa ij nks Å/oZ Mksfj;ksa ls {kSfrt yVdh gqbZ gSA ;fn ,d jLlh 
dks dkV fn;k tkrk gS rks dkVus ds rqjUr ckn NM+ dk dks.kh; Roj.k D;k gksxk \  

 (A) 
g

2L
   (B) 

g

L
   (C*) 

3g

2L
  (D) 

2g

L
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Sol. (C) 
 Immediately after string connected to end B is cut, the rod has tendency to rotate about point A. 
 Torque on rod AB about axis passing through A and normal to plane of paper is  

 B fljs ls tqMh jLlh dks dkVus ds rqjUr ckn] NM dh fcUnq A ds lkis{k ?kw.kZu djus dh izo`fÙk gksxh . 

 A ls xqtjus okyh rFkk dkxt ds ry ds yEccr~ v{k ds lkis{k NM AB dk cyk?kwZ.k  

  
2m

3
   =  mg

2
     = 

3g

2
 

     

 

 
 Aliter : Applying Newton’s law on center of mass  
 oSdfYid gy : nzO;eku dsUnz ij U;wVu ds fu;e ls  

 mg – T  =ma   .....(i)  

 Writing  = I  about center of mass  

  = I  nzO;eku dsUnz ds lkis{k      

 T 
2

 = 
2m

12
     ....(ii)   

 Also rFkk a = 
2
    ....(iii) 

 From (i) , (ii) and (iii)  lHkh (i) , (ii) vkSj (iii)  ls  

  = 
3g

2
  

 
6. A uniform rod hinged at its one end is allowed to rotate in vertical plane. Rod is given an angular 

velocity  in its vertical position as shown in figure. The value of  for which the force exerted by the 
hinge on rod is zero in this position is:     

      

 

 

 (A) 
g

L
   (B*) 

2g

L
  (C) 

g

2L
  (D) 

3g

L
 

 ,d leku NM+] ,d fljs ij dhyfdr gS rFkk Å/okZ/kj ry esa ?kweus ds fy, LorU=k gSA NM+ dks bldh Å/okZ/kj 
fLFkfr ls fp=kkuqlkj dks.kh; osx  nsrs gSA dk og eku Kkr djksa ftlds fy;s bl fLFkfr esa dhyfdr fcUnq }kjk 
NM+ ij yxk;k cy 'kwU; gksxk&  

      

 

 

 (A) 
g

L
   (B*) 

2g

L
  (C) 

g

2L
  (D) 

3g

L
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Sol. For the circular motion of com :  nzO;eku dsUnz dh o`Ùkh; xfr ds fy,  
 

 

 mg = m
L

2

 
 
 

2     = 
2g

L
 

 Note : Since the reaction at the end is zero, the gravitational force will have to provide the required 
centripetal force.  

 uksV %  pwafd fljs ij izfrfØ;k 'kwU; gS vr% xq:Rokd"kZ.k cy i;kZIr vfHkdsUnzh; cy nsxkA  
 

7. Two points A & B on a disc have velocities v1 & v2 at some moment. Their directions make angles 60° 
and 30° respectively with the line of separation as shown in figure. The angular velocity of disc is : 

      

 

  

 (A) 13v

d
   (B) 2v

3d
  (C) 2 1v v

d


  (D*) 2v

d
 

 pdrh ij fLFkr nks fcUnq  A  o  B dk osx fdlh {k.k ij v1 o v2 gSA fp=kkuqlkj nksauks fcUnqvksa dks i`Fkd djus okyh 
js[kk ls mudh fn'kk,sa Øe'k% 60° o 30° dks.k cukrs gS rks pdrh dk dks.kh; osx gSA  

      

 

 

 (A) 13v

d
   (B) 2v

3d
  (C) 2 1v v

d


  (D*) 2v

d
 

Sol. For rigid body separation between two point remains same. 

 nz< oLrq ds fdUgh nsk fcUnqvks ds e/; nwjh leku jgrh gSA 

 v1 cos60° = v2 cos30° 

 1v

2
 = 23 v

2
  v1 = 3 v2    

  

 

  

 disc = 2 1v sin30 v sin60

d

  
 = 

2 1v 3v

2 2
d


 = 2 2v 3 3v

2d

 
 = 22v

2d
 = 2v

d
 

 disc = 2v

d
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8. Uniform rod AB is hinged at the end A in a horizontal position as shown in the figure (the hinge is 
frictionless, that is, it does not exert any friction force on the rod). The other end of the rod is connected 
to a block through a massless string as shown. The pulley is smooth and massless. Masses of the 
block and the rod are same and are equal to ' m '. Acceleration due to gravity is g. The tension in the 
thread,  and angular acceleration of the rod just after release of block from this position     

    

 

 

 (A) 
3mg

8
, 

g

8
  (B*) 

5mg

8
, 

3g

8
  (C) 

mg

8
 , 

5g

8
  (D) 

7mg

8
 , 

7g

8
  

 

8. fp=k esa fn[kk;s vuqlkj ,d ,dleku NM+ AB, {kSfrt fLFkfr esa A fljs ij dhyfdr (hinged) gSA ;gk¡ dhydhr 
[kwaVh (hinge) ?k"kZ.kjfgr gS rFkk ;g NM+ ij dksbZ ?k"kZ.k cy ugha yxkrh gSA NM+ dk nwljk fljk ,d nzO;eku jfgr 
jLlh }kjk fp=kkuqlkj ,d CykWd ls tqM+k gSA f?kjuh nzO;eku jfgr rFkk fpduh gSA CykWd rFkk NM+ dk nzO;eku leku 
rFkk izR;sd dk nzO;eku m gSaA xq:Roh; Roj.k g gSA CykWd dks bl fLFkfr ls NksM+us ds rqjUr ckn] jLlh esa ruko 
rFkk NM+ dk dks.kh; Roj.k gksxk&  

 

 

 (A) 
3mg

8
, 

g

8
  (B*) 

5mg

8
, 

3g

8
  (C) 

mg

8
 , 

5g

8
  (D) 

7mg

8
 , 

7g

8
  

Sol. (a, b) Let  be the angular acceleration of rod and a be acceleration of block just after its release. 

 ekuk NM+ dk dks.kh; Roj.k  gS rFkk blds NksM+s tkus ds rqjUr ckn CykWd dk Roj.k a gSA 

    mg – T = ma  ..... (1)   

   T – mg
2

 = 
2m

3
  .... (2)   

   and  rFkk a =    .... (3)   

 Solving we get     gy djus ij] ge izkIr djrs gSa 

  T = 
5 mg

8
  and rFkk   = 

3g

8
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9. In the figure shown a ring A is rolling without sliding with a velocity v on the horizontal surface of the 
body B (of same mass as A). All surfaces are smooth. B has no initial velocity. What will be the 
maximum height (from initial position) reached by A on B. 

     

 

 

 (A) 
23 v

4 g
  (B*) 

2v

4 g
  (C) 

2v

2 g
   (D) 

2v

3 g
 

 fp=kkuqlkj oy;  A fi.M B dh {kSfrt lrg ij v osx ls fcuk fQlys yq<+d jgh gSA ;fn A rFkk B dk nzO;eku 
 leku gS rFkk lHkh lrg fpduh gks rFkk B dk çkjfEHkd osx 'kwU; gSA A }kjk B dh lrg ij çkIr vf/kdre Åpk¡bZ 
 ¼izkjfEHkd fLFkfr ls ½Kkr djks \ 

     

 

 

 (A) 
23 v

4 g
  (B*) 

2v

4 g
  (C) 

2v

2 g
   (D) 

2v

3 g
 

Sol.  

 

 

 
 When ball at maximum height block and ball has equal velocity  

 tc xaasn ÅpkWbZ ij gS rc CYkkWd vkSj xasn dk osx leku gksxkA vf/kdre  

 So Using momentum conservation  
 vr% laosx lja{k.k ls  
  Pi = mv 

  Pf = 2mv0  (v0 final velocity) (v0 vfUre osx gS) 
  Pi = Pt 
  mv = 2 mv0 

  V0 = 
V

2

 
 
 

 

 Using energy conservation ÅtkZ lja{k.k ls  

 
1

2
2 + 

1

2
mv2 = 

1

2
 2 +

1

2
 2mv0

2 + mgh 

  ( = mR2) 

  v = R 

 
1

2
mv2 = 

1

2
 2mv0

2 + 2mgh 

 v2 – 2
2v

4
  = 2gh 

 
2v

h`
4g

 
  

 
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10. A uniform rod of mass m, length  is placed over a smooth horizontal surface along y-axis and is at rest 

as shown in figure. An impulsive force F is applied for a small time t along x-direction at point A after 
this rod moves freely. The x–coordinate of end A of the rod when the rod becomes parallel to x–axis for 
the first time is (initially the coordinate of centre of mass of the rod is (0, 0)) :   

      

 

 

 (A) 
12


   (B) 1

2 12

  
 

  (C) 1
2 6

  
 

  (D*) 1
2 6

  
 

  

 m nzO;eku ,oa  yEckbZ dh ,d le:i NM+ y-v{k ds vuqfn'k fp=kkuqlkj fpduh {kSfrt lrg ij fLFkj voLFkk esa 
 j[kh gSA ,d vkosxh; cy F dks fcUnq A ij x fn'kk esa vYi le; t ds fy, yxkrs gS ftlds i'pkr~ ;g NM+ 
 LorU=krk iwoZd xfr djrh gS rks NM+ ds fljs A ds x–funsZ'kkad gS tc NM+ çFke ckj x–v{k ds lekUrj gksrh gS 
 (izkjEHk esa NM+ ds nzO;eku dsUnz ds funsZ'kkad (0, 0) gSa) :    

      

 

 

 (A) 
12


   (B) 1

2 12

  
 

  (C) 1
2 6

  
 

  (D*) 1
2 6

  
 

  

Sol. As torque = change in angular momentum 

 D;ksfd cyk?kwZ.k = dks.kh; laosx esa ijhoZru  
  Ft = mv  (Linear) ¼js[kh;½+  ..... (1) 

 and vkSj F
2

  
 

  t = 
2m

12
    (Angular) ++ +++¼dks.kh;½ ..... (2) 

 Dividing : (1) and (2) (1) vkSj (2) djus ij  

  2 = 
12v


   = 

6v
 

 Using dk mi;ksx ls  S = ut : 

 Displacement of COM is nzO;eku dsUnz dk foLFkkiu  
2


 = t = 

6v 
 
 

t  and vkSj  x = vt 

 Dividing Hkkx nsus ij   
2x


 = 

6
  

  x = 
12


  Coordinate of A will be  A ds funsZ'kkad fuEu gksxs , 0

12 2

   
 

    Hence (D). vr% (D) lgh gSA 
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11. A uniform rectangular plate of mass m which is free to rotate about the smooth vertical hinge passing 
through the centre and perpendicular to the plate, is lying on a smooth horizontal surface. A particle of 
mass m moving with speed 'u' collides with the plate and sticks to it as shown in figure. The angular 
velocity of the plate after collision will be :    

     

 2a 

a 

m 

u 

      

 (A) 
12 u

5 a
  (B) 

12 u

19 a
  (C) 

3 u

2 a
  (D*) 

3 u

5 a
 

 ,d le:i vk;rkdkj m nzO;eku dh IysV blds nzO;eku dsUnz ls xqtjus okyh o IysV ds yEcor~ fpdus  
Å/okZ/kj dhyd ds lkis{k ?kweus ds fy, Lora=k gSA ;g IysV fpdus {kSfrt ry ij j[kh xbZ gSA m nzO;eku dk ,d 
d.k fp=kkuqlkj 'u' pky ls xfr djrk gqvk IysV ls Vdjkrk gS o blls fpid tkrk gSA VDdj ds ckn IysV dk 
dks.kh; osx gksxk :   

     

 2a 

a 

m 

u 

      

 (A) 
12 u

5 a
  (B) 

12 u

19 a
  (C) 

3 u

2 a
  (D*) 

3 u

5 a
 

Sol. Conserving the angular momentum : about the hinge   
 fdyd ds ijhr% dks.kh; laosx lajf{kr djus ij :   

  mua = 
2 2

2m(a 4a ) 5
ma

12 4

 
  

  
 

   = 
3

5

u

a
  Ans. 

 
12. A rod can rotate about a fixed vertical axis. The mass is non-uniformly distributed along the length of 

the rod. A horizontal force of constant magnitude and always perpendicular to the rod is applied at the 
end. Which of the following quantity (after one rotation) will not depend on the information that through 
which end the axis passes ? (Assuming initial angular velocity to be zero)   

 (A) angular momentum    (B*) kinetic energy  
 (C) angular velocity    (D) none of these  

 ,d NM+ ,d fLFkj yEcor v{k ds lkis{k ?kw.kZu dj ldrh gSA NM+ dh yEckbZ ds vuqfn'k nzO;eku vle:i rjhds ls 
forfjr gSA NM+ ds ,d fljs ij fu;r ifjek.k dk {kSfrt cy ges'kk NM+ ds yEcor dk;Zjr gSA ,d pDdj ds ckn 
fuEu esa ls dkSulh jkf'k bl ckr ij fuHkZj ugha djsxh fd v{k fdl fljs ls xqtjrk gS (izkjfEHkd dks.kh; osx 'kwU; 
ekfu;s)   

 (A) dks.kh; laosx   (B*) xfrt mtkZ   (C) dks.kh; osx   (D) fuEu esa ls dksbZ ugha  
Sol. Since the work done is independent of the information about which point the rod is rotating, 
 by work-energy theorem the kinetic energy will also be independent of the same.  Hence (B)   
 D;ksafd fd;k x;k dk;Z bl lwpuk ij fuHkZj ugha djrk fd NM+ fdl fcUnq ds lkis{k ?kw.kZu djrh gSA vr% dk;Z ÅtkZ 

izes; ls xfrt ÅtkZ Hkh bl ij fuHkZj ugha djrhA vr% (B) lgh gSA 
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13. A particle is attached to the lower end of a uniform rod which is hinged at its other end as shown in the 
figure. The minimum speed given to the particle so that the rod performs circular motion in a vertical 

plane will be : [ length of the rod is , consider masses of both rod and particle to be same ]  

      

 

      

 (A) 5g    (B) 4g   (C*) 4.5g    (D) none of these  

 fp=k esa fn[kk;s vuqlkj ,d NM+ ,d fljs ij dhyfdr gS rFkk nwljs fupys fljs ij ,d d.k tqM+k gSA d.k dks fn;k 
x;k U;wure osx D;k gksxk rkfd NM+ Å/okZ/kj ry esa o`Ùkh; xfr dj lds & [NM+ dh yEckbZ gS, NM+ o d.k dk 
nzO;eku nksuksa m ekus ]   

      

 

      

 (A) 5g    (B) 4g   (C*) 4.5g    (D) buesa ls dksbZ ugha 

Sol. For (rod + particle) system :   
 (NM+ + d.k) fudk; ds fy, :   

 
2 2

2

1 m v

2 3

   
      
   

 + 
1

2
mv2  = 2 mg

3

2

 
 
 

  

 [Since, com will finally reach a height 
3

2
4

 
 
 

]   

 [D;ksafd] nzO;eku dsUnz vUr esa 
3

2
4

 
 
 

 Å¡pkbZ ij igq¡psxk ]      v = 4.5 g  

 

14. A particle of mass m is moving horizontally at speed v perpendicular to a uniform rod of length d and 
mass M = 6m . The rod is hinged at centre O and can freely rotate in horizontal plane about a fixed 
vertical axis passing through its centre O. The hinge is frictionless.The particle strikes and sticks to the 
end of the rod. The angular speed of the system just after the collision :     

      

 

 
 (A*) 2v/3d  (B) 3v/2d  (C) v/3d   (D) 2v/d 

 ,d nzO;eku m, ,d NM+ ds yEcor~ v pky ls {kSfrtr% xfr dj jgk gSA nh xbZ ,dleku NM+ dh yEckbZ d rFkk 
 nzO;eku M = 6m gSA NM+ dks dsUnz O ij fdydhr fd;k gqvk gS rFkk ;g dsUnz O ls xqtjus okyh Å/okZ/kj fLFkj v{k 
 ds ifjr% {kSfrt ry esa eqDr :i ls ?kw.kZu dj ldrh gSA fdydhr fcUnq ?k"kZ.k jfgr gSA d.k Vdjkrk gS o NM+ ds 
 fljs ls fpid tkrk gSA VDdj ds Bhd ckn fudk; dh dks.kh; pky gksxh& 

      

 

 
 (A*) 2v/3d  (B) 3v/2d  (C) v/3d   (D) 2v/d 
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Sol. By conservation of angular momentum about hinge O. 

 fdydhr fcUnq O ds ifjr% dks.kh; laosx laj{k.kls 
  L =  

 mv 
d

2
= 

22Md d
m

12 2

     
   

    
2 2mvd md md

2 2 4

 
    
 

 

 2mvd 3
md

2 4
       

2 v

3 d
   

 
15. A uniform sphere of mass ' m ' is given some angular velocity about a horizontal axis through its centre 

and gently placed on a plank of mass ' m '. The co-efficient of friction between the two is . The plank 
rests on a smooth horizontal surface. The initial acceleration of the centre of sphere relative to the plank 
will be :       

     

 

m 

m 
 

 (A) zero   (B) g    (C) (7/5) g  (D*) 2 g 

 ' m ' nzO;eku ds ,d le:i xksys dks ,d dsUnz ls xqtjus okyh {kSfrt v{k ds lkis{k dqN dks.kh; osx fn;k tkrk gS 
rFkk /khjs ls m nzO;eku ds r[rs ij j[k fn;k tkrk gSaA nksuksa ds chp ?k"kZ.k xq.kkad µ gSA r[rk fpdus {kSfrt ry ij 
j[kk x;k gSA r[rs ds lkis{k xksys ds dsUnz dk izkjfEHkd Roj.k gksxk :  

     

 

m 

m 
 

 (A) 'kwU;   (B) g    (C) (7/5) g  (D*) 2 g 

Sol. FBD for sphere & block   xksys vkSj CykWd ds fy, FBD  

    

 
a 1 

f r 

m 
m 

f r 

a 2      

 a1 = rf

m
 = 

mg

m


   a2 = rf

m
 = 

mg

m


 

 1
ˆa gi     2

ˆa gi    

 rel 1 2
ˆa a a 2 gi      

 arel = 2g. 
 

16. A rod of negligible mass and length  is pivoted at the point 
4

 distance from the left end as shown. A 

particle of  mass m is fixed to its left end & another particle of mass 2 m is fixed to the right end. If the 
system is released from rest and after sometime becomes vertical, the speed v of the two masses and 
angular velocity at that instant is       

     

 

 

 (A*)
1 40g

4 19
, 

3 40g

4 19
, 

40g

19
  (B) 

1 20g

2 19
 , 

3 20g

4 19
, 

20g

19
 

 (C) 
1 20g

4 19
, 

3 20g

4 19
, 

20g

19
  (D) 

1 40g

2 19
 , 

1 40g

2 19
, 

40g

19
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16.  yEckbZ rFkk ux.; nzO;eku dh ,d NM+ dks cka;s Nksj ls 
4
 nwjh ij fp=kkuqlkj dhyfdr dj fn;k tkrk gSA ,d 

m nzO;eku dk d.k blds cka;s fljs ij rFkk nwljk 2 m nzO;eku dk d.k nka;s fljs ij cka/k fn;k tkrk gSA vxj 
fudk; dks fp=kkuqlkj fLFkj voLFkk ls NksM+k tkrk gS rks nksauks nzO;eku dh pky rFkk dks.kh; osx D;k gksxk tc 
fudk; Å/okZ/kj fLFkfr ls xqtjrk gSA     

     

 

 

 (A*)
1 40g

4 19
, 

3 40g

4 19
, 

40g

19
  (B) 

1 20g

2 19
 , 

3 20g

4 19
, 

20g

19
 

 (C) 
1 20g

4 19
, 

3 20g

4 19
, 

20g

19
  (D) 

1 40g

2 19
 , 

1 40g

2 19
, 

40g

19
 

Sol. Decrease in PE = Increase in rotational K.E 

 fLFkfrt ÅtkZ esa deh= ?kw.kZu xfrt ÅtkZ esa of̀) 

   

 

 

  2mg. 
3

4
  – mg. 

4
 = 

1

2
 . 2  = 

1

2

2 2
3

m 2m
4 4

        
     

 2    

   = 
40g

19
 and  v1 = 

4
 = 

1 40g

4 19
 and v2 = 

3

4
 = 

3 40g

4 19
 

 
17. Two identical balls A & B of mass m each are placed on a fixed wedge as shown in figure. Ball B is kept 

at rest and it is released just before two balls collide. Ball A rolls down without slipping on inclined plane 
& collides elastically with ball B. The kinetic energy of ball A just after the collision with ball B is (Neglect 
friction between A and B, also neglect the radius of the balls) :     

     

 

    

 (A*) 
mgh

7
  (B) 

mgh

2
  (C) 

2mgh

5
  (D) 

7mgh

5
 

 nks ,d leku Bksl xsans  A o B çR;sd æO;eku m, fp=k esa n'kkZ;s vuqlkj ,d fLFkj ost ij j[kh tkrh gSA xasn  

B fojke ij j[kh gS ,oa xsan B nksuksa xsanksa ds Vdjkus ls Bhd igys NksM+h tkrh gSA xasn  A  ur ry ij fcuk fQlys 
yq<+drh gS vkSj xsan  B ls çR;kLFk VDdj djrh gSA xasn B ls VDdj ds rqjar ckn xsan  A dh xfrt ÅtkZ gksxh %   

(A rFkk B ds e/; ?k"kZ.k ux.; ekus rFkk xsanksa dh f=kT;k dks uxU; ekus) 

     

 

    

 (A*) 
mgh

7
  (B) 

mgh

2
  (C) 

2mgh

5
  (D) 

7mgh

5
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Sol.  

 

 

 
 Just before collision Between two Balls 

 nksuksa xsnksa ds e/; VDdj ds rqjUr ckn  
 potential energy lost by Ball A = kinetic energy gained by Ball A. 

 xsan A dh fLFkfrt ÅtkZ es deh = xsan A xfrt ÅtkZ esa o`f) 

 
h

mg
2

 = 2 2
cm cm

1 1
mv

2 2
    

 = 

2
2 2cm

cm

v1 2 1
mR mv

2 5 R 2

 
   

 
 

 = 
1

5

2
cmmv   +  

1

2

2
cmmv    

 
5

mgh
7

 = 2
cmmv      

mgh

7
 = 

1

5

2
cmmv   

 After collision only translational kinetic energy is transfered to ball B 

 VDdj ds ckn dsoy LFkkukUrj.k xfrt ÅtkZ xsan B dks LFkkukUrfjr gksxhA 

 So just after collision rotational kinetic energy of Ball A = 
1

5

2
cmmv   = 

mgh

7
 

 vr% VDdj ds rqjUr ckn xsan A dh xfrt ÅtkZ = 
1

5

2
cmmv   = 

mgh

7
 

 
18. A solid uniform disc of mass m rolls without slipping down an inclined plane with an acceleration a. The 

frictional force on the disc due to surface of the plane is 

 (A) 2 ma  (B) 
3

2
 ma  (C) ma   (D*) 

1

2
 ma 

 ,d Bksl le:i pdrh ftldk nzO;eku m gS] ,d urry ij a Roj.k ls fcuk fQlys yq<+drh gSA ry dh lrg ds 
dkj.k pdrh ij ?k"kZ.k cy gksxkA  

 (A) 2 ma  (B) 
3

2
 ma  (C) ma   (D*) 

1

2
 ma 

Sol.  

 

 

  

f   

 
 Torque about COM nzO;eku dsUnz ds lkis{k cyk?kw.kZ 
 f.R =  ·   (a = R) 

 f.R = 
2mR

2

a

R
  = 

2mR
· R

2

 
  
 

  
ma

f
2

  
 
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19. A small block of mass ‘m’ is rigidly attached at ‘P’ to a ring of mass ‘3m’ and radius ‘r’. The system is 

released from rest at  = 90° and rolls without sliding. The angular acceleration of ring just after release 
is  

     
 P 

 

 

 (A) 
g

4r
   (B*) 

g

8r
  (C) 

g

3r
   (D) 

g

2r
 

 ,d ‘m’ nzO;eku dk NksVk CykWd ,d oy; ftldk nzO;eku '3m' rFkk f=kT;k 'r' gS ij n`<+ :i ls yxk gSA fudk; 
fojke ls  = 90º ij eqDr fd;k tkrk gS rFkk fcuk fQlys yq<+drk gSA fojke ls eqDr djus ds rqjUr ckn oy; dk 
dks.kh; Roj.k fdruk gksxk –      

 P 

 

 

 (A) 
g

4r
   (B*) 

g

8r
  (C) 

g

3r
   (D) 

g

2r
 

Sol. f = 4 ma  .... (1) 

 (mg – f)r = (3 mr2 + mr2)   
 mg – f = 4 ma  .... (2) 
 from (1) and (2)      

   8 ma = mg 

   a = 
g

8
      = 

g

8 r
 

 

 

 
 

 
20. A uniform ring of radius R is given a back spin of angular velocity V0/2R and thrown on a horizontal 

rough surface with velocity of center to be V0. The velocity of the centre of the ring when it starts pure 
rolling will be  

 (A) V0/2   (B*) V0/4  (C) 3V0/4  (D) 0 

 R f=kT;k dh ,d ,dleku oy; dks V0/2R  dks.kh; osx dk i'p pØ.k (back spin) djkds ,d [kqjnjs {ksfrt ry 
ij Qsadk tkrk gSA Qsadrs le; dsUnz dk osx V0 gSA  'kq) yksVuh xfr izkjEHk gksus ds ckn oy; ds dsUnz dk osx 
gksxkA  

 (A) V0/2   (B*) V0/4  (C) 3V0/4  (D) 0 
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Sol. Here, u = V0, 0 = 0V

2R
  

 At pure rolling ; ¼'kq) ?kw.khZ; xfr ds fy,½ 

  V = V0 – fF

m

 
 
 

t 

 & 
V

R
 = 0 fV F

2R m.R

    
 

t (In pure rolling V = R) ('kq) ?kw.khZ; xfr ds fy, V = R)( = 



 = f

2

F .R

mR
) 

  V0 – V = V + 0V

2
 

  2V = 0V

2
  V = 0V

4
  Ans.   

 

21. A box of dimensions and b is kept on a truck moving with an acceleration a. If box does not slide, 
maximum acceleration for it to remain in equilibrium (w.r.t.truck) is : 

     

 
a 

b 

l 

  

 (A) 
g

b
   (B*) 

g b
    (C) g   (D) none of these 

 ,d rFkk b foekvksa dk ,d CykWd a Roj.k ls py jgs Vªd ij j[kk gSA ;fn ckWDl ugha ljdrk gS vkSj ;g 
lkE;koLFkk esa jgs ¼Vªd ds lkis{k½ rks CykWd dks vf/kdre fdruk Rofjr dj ldrs gSA  

     

 
a 

b 

l 

 

 (A) 
g

b
   (B*) 

g b
    (C) g   (D) buesa ls dksbZ ugha 

Sol. For maximum a, normal reaction will shift to left most position. 

 vf/kdre Roj.k ds fy, vfHkyEc izfrfØ;k cy cka;s fdukjs ij LFkkukUrfjr gks tk;sxk  

            

 

 
 for rotational equilibrium P = = 0 [in frame of truck] 

 ?kw.kZu lkE; voLFkk ds fy, P = = 0 [Vªd ds funsZ'k ra=k esa ] 

 ma 
2

 = mg
b

2
   a = 

gb
 

 
22. If the positions of two like parallel forces on a light rod are interchanged, their resultant shifts by 

onefourth of the distance between them then the ratio of their magnitude is: 
 (A) 1: 2   (B) 2: 3   (C) 3: 4   (D*) 3: 5  

 ;fn fdlh gYdh NM+ ij, nks lekUrj ¼,d gh fn'kk ds½ cyksa dh fLFkfr ijLij cny ns, rks mudk ifj.kkeh cy 
muds chp dh nwjh ds ,d pkSFkkbZ ls foLFkkfir gks tkrk gS rks muds ifjek.kksa dk vuqikr gksxkµ   

 (A) 1: 2   (B) 2: 3   (C) 3: 4   (D*) 3: 5  
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Sol.  
 

 Torque about point A  fcUnq A ds lkis{k cyk?kw.kZ 

   TA = Fr  d
2

 + F2 (d) 

 

 

  1
A  = Fr 

3d

4

 
 
 

 + F1 (d) 

 (F1 + F2) 
d

2
 + F2d = (F1 + F2) 

3d

4

 
 
 

 + F1d 

 1 2F F

2


 + F2 = 1 2 1

3 3
F F F

4 4

   
 

 

 1F

2
 – 

3

4
 F1 – F1 = 2

1 2

F3 F F –
4 2

  
 

 

 1
1

–F – F
4

 
 
 

 = 2 2–F F–
4 2

 
 
 

 

 15F

4
 = 23F

4
 

 5F1 = 3F2 

 1

2

F

F
 = 

3

5

 
 
 

 

 
23. Consider two point masses m1 and m2 connected by alight rigid rod of length r0. The moment of inertia 

of the system about an axis passing through their centre of mass and perpendicular to the rigid rod is 

given by            

 nks fcUnq nzO;ekuksa m1 rFkk m2 dks ,d gYdh n`<+ r0 yEckbZ dh NM+ }kjk tqM+s gq, ekfu;sA n`<+ NM+ ds yEcor~ rFkk 

muds nzO;eku dsUnzksa ls xqtjus okyh ,d v{k ds ifjr% fudk; dk tM+Ro vk?kw.kZ fn;k tkrk gS  

 (A) 
 

21 2
0

1 2

m m
r

2 m m
 (B*) 21 2

0
1 2

m m
r

m m
  (C) 21 2

0
1 2

2m m
r

m m
  (D) 

2 2
21 2
0

1 2

m m
r

m m




 

Ans. (B)  

Sol. µr0
2  
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24. In the following arrangement the pulley is assumed to be light and the string inextensible. The 

acceleration of the system can be determined by considering conservation of a certain physical 

quantity. The physical quantity conserved and the acceleration respectively, are 

 fuEu O;oLFkk esa f?kjuh dks gYdh rFkk jLlh vforkU; ekfu;sA fudk; dk Roj.k fdlh ,d HkkSfrd jkf'k dks lajf{kr 

ekudj fu/kkZfjr fd;k tk ldrk gSA lajf{kr HkkSfrd jkf'k rFkk Roj.k Øe'k% gS 

 

1kg

2kg

3kg
 

 (A*) energy and g/3    (B) linear momentum and g/2    

(C) angular momentum and g/3   (D) mass and g/2 

(A) ÅtkZ rFkk g/3    (B) js[kh; laosx rFkk g/3    

(C) dks.kh; laosx rFkk g/3    (D) nzO;eku rFkk g/3 

Ans. (A)  

Sol. No dissipative forces so total mech energy is conserved  

 (3 + 1)gx – 2gx  = 
1

2
(3+1+2)v2 

  2gx = 3v2 

  2gv = 6v
dv

2dt
 

  dv g

dt 3
 

 

PART - II : SINGLE AND DOUBLE VALUE INTEGER TYPE 

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

 

1. A wheel starting from rest is uniformly accelerated at 2 rad/s2 for 20 seconds. It rotates uniformly for the 
next 20 seconds and is finally brought to rest in the next 20 seconds. Total angular displacement of the 
wheel is n × 102 radian where n is. 

 ,d ifg;k fojkekoLFkk ls çkjEHk gksdj 2 rad/s2 ds Roj.k ls 20 lSd.M ds fy, ,d leku Rofjr gksrk gSA bldks 
vxys 20 lSd.M ds fy, ,d leku :i ls ?kweus fn;k tkrk gS vkSj vUr esa vxys 20 lSd.M ckn fojkekoLFkk esa 
yk;k tkrk gSA ifg;s dk dqy dks.kh; foLFkkiu  n × 102  radian  gS tgk¡  n gksxk  

Ans. 16 
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Sol. 0 = 0   = 2rad/se2   t = 20 sec 

 

 

 
  = +t 

  = 0 + 2 × 20 = 40 
 Area of graph is equal to total angular displacement  

 xzkQ dk {ks=kQy dqy dks.kh; foLFkkiu ds rqY; gSA  

  = 
1

2
 (60 + 20) × 40 = 1600 rad 

 
2.  Two steel balls of equal diameter are connected by a rigid bar of negligible weight as shown & are 

dropped in the horizontal position from height h above the heavy steel and brass base plates . If the 
coefficient of restitution between the ball & steel base is 0.6 & that between the other ball & the brass 
base is 0.4. The angular velocity of the bar immediately after rebound is n×10-2 rad/s where n is: 
(Assume the two impacts are simultaneous.) (g = 9.8m/s2)  

 

 
 ,d leku O;kl dh nks LVhy dh xsansa ux.; nzO;eku dh n`<+ NM+ ls fp=kkuqlkj tqM+h gSA bls h Å¡pkbZ ls LVhy rFkk 

czkal dh IysV ij {kSfrt fLFkfr ls NksM+k tkrk gSA ;fn LVhy rFkk xsan ds chp o czkal rFkk xsns ds chp çR;kLFk 

xq.kkad Øe'k%0.6 rFkk 0.4 gS rks VDdj ds rqjUr ckn okil ykSVrs le; xsan dk dks.kh; osx n×10–2 rad/s gS tgk¡ 

n gksxkA ¼ekuk nksauks VDdj ,d lkFk gksrh gSA½  (g = 9.8m/s2)   
 

 
Ans. 28 

Sol. e = ssv

2 gh
,  vss = 0.6 2gh  

   vsb = 0.4 2gh  

  = ss sbv v
 = 

0.2 2 9.8 0.1

1

 
 = 0.2 × 1.96  = 0.2 × 1.4 = 0.28 rad/sec. 

 

 
3. Three identical uniform rods, each of length , are joined to form a rigid equilateral triangle. Its radius of 

gyration about an axis passing through a corner and perpendicular to the plane of the triangle is 
n

 

where n is :   

 rhu le:i NM+s] çR;sd dh yEckbZ  gS, bUgsa tksM+dj ,d n`<+ leckgq f=kHkqt cukrs gSA ,d 'kh"kZ ls xqtjus okyh rFkk 

f=kHkqt ds ry ds yEcor~ v{k ds lkis{k bldh ?kw.kZu f=kT;k 
n

 gS tgk¡ n gksxk    
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Sol. 2 

 M of the system w.r.t an axis  to plane & passing through one corner 

 ry ds yEccr~ rFkk fudk; ds ,d fdukjs ls ikl gksrhs gq;h fdlh v{k ds lkis{k tMRo vk?kwZ.kA  

   

 

 

 = 
2ML

3
 + 

2ML

3
 + 

2
2ML 3 L

M
12 2

         

 

 = 
22ML

3
 + 

2 2ML 3ML

12 4

 
 

  
 

 = 
22ML

3
 + 

210 ML

12
 = 

23ML

3
= 

218ML

12
 = 

3

2
ML2 

 Now vc  
3

2
 ML2 = 3k2M 

 k = 
2

 

 [ Ans.: 
2

 ]   

 

4. The moment of inertia of a thin uniform rod of mass m & length  about an axis passing through one 

end & making angle  = 45º with its length is 
2m

n
 where n is.   

 m  nzO;eku rFkk   yEckbZ dh ,d iryh ,dleku NM+ dk blds ,d fljs ls xqtjus okyh rFkk bldh yEckbZ ds 

lkFk    = 45º dk dks.k cukus okyh v{k ds lkis{k tM+Ro vk?kw.kZ 
2m

n
 gS tgk¡ n gksxk  

Ans. 6   

Sol. linear density js[kh; ?kuRo   = 
m

 

 

 

 

  dm = 
m

dx
 
 
 

 

 AB = 2dm · x  = 2

o

m
dx · (x cos 45)  

 
m 2

0

x
dx

2   = 
m

2

3x

3

 
  
 

2

0

m

6

 
   
 

    
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5. A uniform rod of mass m and length L is suspended with two massless strings as shown in the figure. If 
the rod is at rest in a horizontal position the ratio of tension in the two strings T1/T2 is: 

 

T 1 T 2 

L 

3L/4 

 
 m nzO;eku o L yEckbZ dh le:i NM+ nks nzO;ekughu jfLl;ksa ls fp=kkuqlkj yVdh gqbZ gSA ;fn NM+ {kSfrt voLFkk 

esa fLFkj gks rks nksauks jfLl;ksa esa rukoksa dk vuqikr T1/T2 gksxk :  

     

 

T 1 T 2 

L 

3L/4 

 
Sol. 2 

  

 

 
 A = 0        

 T1 × 
3L

4
  – mg 

L

2
 = 0  ....(1) 

 T1 = 
2mg

3
  

 T1 + T2 = mg   ....(2) 

 T2 = 
mg

3
 

 1

2

T 2

T 1
  Ans. 

 

6. Two persons of equal height are carrying a long uniform wooden beam of length . They are at distance 

/4 and /6 from nearest ends of the rod. The ratio of normal reactions at their heads is n  : 3 where n is 
: 

 nks O;fDr ftudh Å¡pkbZ leku gS] ,d yEcs ,d leku ydM+h ds xës ¼yEckbZ ) dks ys tks jgs gSaA os xês ds 

fudVre fljksa ls /4 rFkk /6 dh nwjh ij gaSA muds fljksa (heads) ij vfHkyEc izfrfØ;k cyks dk vuqikr n  : 3 gS 
tgk¡ n gksxk &  

Sol. 4 

 

 

  
 For rotational equilibrium ?kw.kZu lkE;koLFkk ds fy;s  

 N1 × 
4

 = N2  × 
3

 

 N1 : N2 = 4 : 3  
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7.  A (i) ring and (ii) uniform disc both of radius R is given an angular velocity  and then carefully placed on 

a horizontal surface such that its axis is vertical. If the coefficient of friction is  for both cases then the 
ratio of the time taken by the ring and disk to come to rest is n : 3 where n is :  (The pressure exerted by 
the disc and ring on the surface can be regarded as uniform).    

 ,d (i) oy;]  rFkk (ii) ,d leku pdrh  izR;sd dh f=kT;k R gS] dks dks.kh; osx ls pØ.k xfr iznku djrs gS] vkSj 
rc bls lko/kkuhiwoZd {kSfrt lrg ij j[k nsrs gSaA budh v{k Å/okZ/kj gSA ;fn nksuksa fLFkfr;ksa esa ?k"kZ.k xq.kkad dk 
eku  gSA rc oy; rFkk pdrh }kjk fojkekoLFkk rd vkus esa yxs le; dk vuqikr n  : 3 gS tgk¡ n gksxk ¼ pdrh 
rFkk oy; }kjk lrg ij yxk;s x;s nkc dks ,d leku eku ldrs gS½   

Ans.  4 
Sol. For ring 

 

 

 
  =  mgR =  mR2  

  = 
g

R


 

  = 0 – t 

 o =  0 – t 

 t = 0R

g




 

For disc 

 

 

   = 
2

m

R

 
  

 

 

 For small ring friction force  NksVh oy; ds fy;s ?k"kZ.k cy 

 dfr = (2rdr)g 

 Torque of the friction  ?k"kZ.k dk cyk?kwZ.k  
  = (–rdfr) = – 2gr2dr 

  = –2g 

R

2

0

r dr  = – 
2

3
 gR3 

 For rotation about  z-axis z-v{k ds lkis{k ?kw.kZu ds fy;s axis 

 ( = ) 

 – 
2

3
 gR3 = 

2( R )( )

2

 
R2 

 = 
–4 g
3R

 
 
 

 

 From equation of motion   xfr ds lehdj.k ls  

  = 0 +  t 

 0 = 0 + 
–4 g
3R

 
 
 

t  t = 03R

4 g

 
  

 

 Ratio = 4:3 
 n = 4  
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8. Each of the double pulleys shown has a centroidal mass moment of inertia of ‘mr2’,  inner radius r and 
an outer radius 2r. Assuming that the bearing friction of hinge at A and at B is equivalent to torque of 

magnitude 
mgr

4
 then the tension (in N) in the string connecting the pulleys is : (m = 3kg, g = 10m/s2, 

and r =0.1m)    
 

     
n'kkZbZ xbZ f} f?kjuh;k¡ izR;sd dk dsUnzh; nzO;eku tM+Ro vk?kw.kZ  ‘mr2’, vkUrfjd f=kT;k r o cká f=kT;k  2r gSA 

ekuk A o B ds v{k ij fc;jhxa ?k"kZ.k (bearing friction) dk cy vk?kw.kZ 
mgr

4
 ifjek.k ds cjkcj gS rks  f?kjuh;ksa dks 

tksMus okyh Mksjh esa ruko U;wVu esa gksxk (m = 3kg, g = 10m/s2, rFkk r =0.1m) 

      

 

 
Ans. 10  
Sol. Correction SR Sir [Check the numerical answer]  

 

 

 
 mg –T  = ma = mr          ....(i) 

  {a = r} 

 T×r –T’ × 2r – 
mgr

4
= mr2 ... (ii) 

 T’×r – 
mgr

4
= mr2 (2)   ....(iii) 

 Solivng  T’ = mg

3
 = 10N  
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9. The pulley shown in figure has a radius of 10 cm and moment of inertia 0.1 kg-m2. The string going 
over it attached at one end to a vertical spring of spring constant 100 N/m fixed from below, and 
supports a 11 kg mass at the other end. The system is released from rest with the spring at its natural 
length. Find the speed (in m/s) of the block when it has descended through 10 cm. (Take g = 10 m/s2 
and assume that the there is no slipping between string and pulley).  

 

 
 fp=k esa n'kkZbZ xbZ ,d f?kjuh dh f=kT;k 10 cm rFkk tM+Ro vk?kw.kZ 0.1 kg-m2 gSA blls tkrh ,d Mksjh dk ,d 
 fljk 100 N/m fLizax fu;rkad dh ,d Å?okZ/kj fLizax ls tqM+k gqvk gS tks uhps ca/kh gS rFkk nwljs fljs ij 11 kg 

 nzO;eku ca/kk gSA fLizax mldh izkÑfrd yEckbZ dh fLFkfr esa gS tc fudk; dks fojkekoLFkk ls eqDr djrs gSaA tc ;g  

 10 cm ls uhps vk tkrk gS rc CykWd dh pky eh@lS- esa Kkr dhft,A (g = 10 m/s2  ysos, rFkk iqfy ,oa Mksjh ds 
 e/; dksbZ fQlyu ugh gSA) 

      

 

  
Ans. 1   

Sol. Using energy conservation ÅtkZ lja{k.k ls       

 mgh = 
1

2
kx2 + 

1

2
2 + 

1

2
mv2 

 String does not slip jLlh fQlyrh ugh gS 

      

 

 
 So(V = r) 

 mg x = 
1

2
kx2 + 

1

2
 

2

2

v

r

 
  
 

+  
1

2
mv2 

 x = 0.1m   = 0.1 kg – m2 r = 0.1 m K = 100 N/m 
 m = 11 kg 

 11 × 10 × 0.1 = 
1

2
 × 100 × (0.1)2 + 

1

2
 × 0.1 

2

2

V

(0.1)
 + 

1

2
 × 11 × V2  

 22 = 1 + 10 V2 + 11 V2  
 21 V2 = 21 
 V = 1 m/s 
 

10. The angular momentum of a particle about origin is varying as L = 4 2 t + 8 (S units) when it moves 
along a straight line y = x – 4 (x,y in meters). The magnitude of force (in N) acting on the particle would 
be : 

 ,d d.k tc ljy js[kk y = x – 4 ds vuqfn'k xfr djrk gS rks ewy fcUnq ds lkis{k bldk dks.kh; laosx  

L = 4 2  t + 8 (S ek=kd esa gS rFkk x,y ehVj esa gS½ ds lkFk ifjofrZr gksrk gSA d.k ij yx jgs cy dk ifjek.k 
U;wVu esa gksxk &    
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Sol. 2 

 

 

 

  = 
dL

dt
 = 4 2   

 from figure fp=k ls  r 2 2  m 

 Hence vr%  = r F  

 4 2  = 2 2 .F  F  = 2 N   Ans. 
 
11. A plank P is placed on a solid cylinder S, which rolls on a horizontal surface. The two are of equal 

mass. There is no slipping at any of the surfaces in contact. The ratio of the kinetic energy of P to the 
kinetic energy of S is n : 3 where n is : 

 

 
 CykWd P dks {kSfrt lrg ij ?kw.kZu xfr dj jgs Bksl csyu S ij j[kk tkrk gSA nksuksa ds nzO;eku leku gSA lEidZ 

fcUnq ds chp dgh ij Hkh fQlyu xfr ugha gS rks  P dh xfrt ÅtkZ o S dh xfrt ÅtkZ dk vuqikr n : 3  gS tgk¡  
n gksxk 

     

 

 
Ans. 8 
Sol. Let velocity of c.m. of sphere be v. The velocity of the plank = 2v. 

 ekuk xksys ds nzO;eku dsUnz dk osx v gSA rFkk Iykad dk osx 2v gSA 

 Kinetic energy of plank = 
1

2
× m × (2v)2  = 2mv2 

 Iykad dh xfrt ÅtkZ = 
1

2
× m × (2v)2 = 2mv2 

 Kinetic energy of cylinder = 
1

2
mv2 +

1

2
 + 2 21

mR
2

  
 

 

 csyu dh xfrt ÅtkZ = 
1

2
mv2 +

1

2
 + 2 21

mR
2

  
 

 

       = 21 1
mv 1

2 2

  
 

 = 23 1
. mv

2 2
  

  
K.E.  of  plank

K.E.  of  sphere
  tkZ dh xfrt Åxksys

frt ÅtkZIykad dh x

  = 
2

2

2mv

3
mv

4

=
8

3
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12. A uniform rod of mass m = 5.0 kg and length  = 90 cm rests on a smooth horizontal surface. One of 
the ends of the rod is struck with the impulse J = 3.0 N-s in a horizontal direction perpendicular to the 
rod and removed. As a result of which the rod gets angular velocity and linear velocity instantaneously. 
The force(in N) with which one half of the rod will act on the other in the process of motion later on. 

m = 5.0 kg nzO;eku o  = 90 cm yEckbZ dh ,d leku NM+ {kSfrt fpduh lrg ij fojkekoLFkk esa j[kh gqbZ gSA NM+ 
ds ,d fljs dks NM+ ds yEcor~ {kSfrt fn'kk esa J = 3.0 N-s  vkosx nsrs gSa rFkk fQj gVk ysrs gSA blds ifj.kke 
Lo:i mlh {k.k] NM+ dks.kh; rFkk js[kh; osx izkIr dj ysrh gS] rks Kkr djs fd xfr dh izfØ;k esa NM+ dk vk/kk Hkkx 
cps gq, vk/ks Hkkx ij fdruk cy U;wVu esa yxk,xk   

Ans. 9 

Sol. due to hitting of the ball, the angular impulse received by the rod about the CM is equal to J
2

 
 
 

 If  is 

the angular velocity then 

 xsan dh VDdj ds dkj.k NM+ ij dks.kh; vkosx dke djsxk rFkk NM ds nzO;eku dsUnz ds lkis{k bldk eku J
2

 
 
 

 

gksxkA ;fn dks.kh; osx  gS rks  

 
2m

12
.  = J

2

 
 
 

 

  = 
6J

m

 
 
 

     

 Hence the force exerted by one half on the other half = 
m

2

 
 
 

ac  = 
2m

8

 
  
 

  = 
29J

2m
 = (9N) 

 vr% vk/ks Hkkx }kjk nwljs vk/ks Hkkx ij yxk;k x;k cy = 
m

2

 
 
 

ac  = 
2m

8

 
  
 

  = 
29J

2m
 = (9N)   

 
13. A uniform solid sphere of mass m and radius r is projected along a rough horizontal surface with the 

initial velocity v0 and angular velocity 0 as shown in the figure. If the sphere finally comes to complete 

rest then 0

0

2 r

v


 is equal to:   

 

w 
0 

v 
0 

/////////////////////////////////////////////////////// 
 

 m nzO;eku o r f=kT;k dk ,d ,dleku Bksl  xksyk [kqjnjs lery lrg ij fn[kk, vuqlkj izkjfEHkd osx v0 rFkk 

dks.kh; osx 0 ls iz{ksfir fd;k tkrk gSA ;fn xksys dk vfUre osx 'kwU; gks rks 0

0

2 r

v


 fdlds cjkcj gksxk 

     

 

w 
0 

v 
0 

/////////////////////////////////////////////////////// 
 

Ans. 5 
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Sol. 

 

 

w 
0 

v 
0 

A 

 mg 
  

 Torque about point A    fcUnq A ds lkis{k cy&vk?kw.kZ   

 ( mg) R = 22
mR .

5
  

  = 
5 g

2 R

 
 
 

   

 v = u + at 
 0 = v0 – gt  

 t = 0v

g

 
  

 

  = 0 + t 

 0 = 0 – 
5 g

2P


 . 0v

g
  

 0 = 05v

2R
 

 
14.  A  thin uniform rod AB of mass m = 1.0 kg moves translationally with acceleration w = 2.0 m/s2 due to 

two antiparallel forces F1 and F2 (Fig.) . The distance between the points at which these forces are 
applied is equal to a = 20 cm. Besides, it is known that F2 =  5.0.N. Find the length (in m) of the rod. 

 

a 

F 1 

F 2 

B  
 fp=kkuqlkj ,d iryh ,d leku NM+ AB ftldk nzO;eku m = 1.0 kg gS] nks izfrlekUrj (antiparallel) cyksa F1 o 

F2 ds dkj.k w = 2.0 m/s2 ds Roj.k ls LFkkukUrjh; xfr djrh gSA ftu fcUnqvksa ij ;g cy yxrs gSa] muds e/; dh 
nwjh a = 20 cm gSA ;|fi ;g Kkr gS fd cy F2 =  5.0.N. gS rks NM+ dh yEckbZ ehVj esa Kkr djksA  

     

 

a 

F 1 

F 2 

B  
Ans.   1 
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Sol. Motion of rod is purely translational net torque about C.M of the rod should be equal to zero 

 NM+ dh xfr 'kq) LFkkukUrfjr xfr gS rFkk NM+ ds nzO;eku dsUnz ds lkis{k dqy cyk?kqZy 'kwU; gS vr% 

 F1 
2

 = F2 – a
2

 
 
 

 

  1

2

F

F
 = 

a1–
2

 
 
 
 

 

 For translational motion of rod  NM+ dh LFkkukUrfjr xfr ds fy;s  

  F2 – F1 = ma´ 

  1– 1

2

F

F
 = 

2

ma´

F

 
 
 

 

 2a/ = 
2

ma´

F
   = 22aF

ma´
 = (1m) 

 
15. A hollow smooth uniform sphere A of mass ‘m’ rolls without sliding on a smooth horizontal surface. It 

collides elastically and headon with another stationary smooth solid sphere B of the same mass m and 
same radius. The ratio of kinetic energy of ‘B’ to that of ‘A’ just after the collision is 3 : n where n is :  

 

 
 ,d ‘m’ nzO;eku dk fpduk [kks[kyk le:i xksyk A ,d lery fpdus /kjkry ij fcuk fQlys yq<+drk gSA ;g ,d 

vU; leku f=kT;k o leku nzO;eku okys fpdus Bksl fLFkj xksys ‘B’ ls lEeq[k izR;kLFk :i ls VDdj djrk gSA 
VDdj ds Bhd ckn B rFkk A dh xfrt Åtkvksa dk vuqikr 3 : n gS tgk¡ n gksxk&  

     

 

 
Ans. 2 
Sol. Since the two bodies have same mass and collide head-on elastically, the linear momentum gets 

interchanged.  
 Hence just after the collision 'B' will move with velocity 'v0' and 'A' becomes stationary but continues to 

rotate at the same initial angular velocity 0v

R

 
 
 

. Hence, after collision.   

 D;ksafd nksuksa oLrqvksa dk nzO;eku cjkcj gS vkSj nksuksa lEeq[k izR;kLFk VDdj djrs gSa] blfy, mudk laosx vkil esa 
cny tkrk gSA vr% laosx vkil esa cny tkrk gSA  

 vr% VDdj ds Bhd ckn 'B'  , 'v0' osx ls xfr djrk gS rFkk 'A' :d tkrk gS] ijUrq mlh dks.kh; osx 0v

R

 
 
 

 ls ?kw.kZu 

djrk gSA vr% VDdj ds ckn  

  (K.E.)B = 2
0

1
mv

2
 

 and vkSj (K.E.)A = 21

2
  = 

2
2 0v1 2

mR .
2 3 R

  
  

   
  B

A

(K. E.) 3

(K. E.) 2
   

 Note : Sphere 'B' will not rotate, because there is no torque on 'B' during the collision as the collision is 
head-on.  

 uksV : xksyk 'B' ?kw.kZu ugha djsxk] D;ksafd 'B' ij VDdj ds nkSjku cy vk?kw.kZ ugha gS] D;ksafd VDdj lEeq[k gS ] 
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16. The free end of the string wound on the surface of a solid cylinder of mass M = 1kg & radius R = 
2

3
m is 

pulled up by a force F as shown. If there is sufficient friction between cylinder & floor then the upper 
limit to the angular acceleration(in rad/s2) of the cylinder for which it rolls without slipping is:  
(g = 10m/s2)     

 F 

M 

 

 ,d jLlh dk eqDr fljk  M = 1kg nzO;eku o  R =
2

3
m f=kT;k ds Bksl csyu dh lrg ij cka/kdj F cy ls 

fp=kkuqlkj [khapk tkrk gSA ;fn csyu o Q'kZ ds e/; bruk i;kZIr ?k"kZ.k gS] rc csyu ds dks.kh; Roj.k dh vf/kdre 
lhek jsfM;u@lS2 esa D;k gksxh ftlls ;g fcuk fQlys yksVuh xfr dj ldsA (g = 10m/s2)  

     

 F 

M 

 
Ans.   10   
Sol. (F + N = mg)    ——(i) 

  

 

     

 A  = F.R = 
23mR

2
   ——(ii) 

 For maximum  
 vf/kdre ds fy;s  
  N = 0 
 (F = mg) 

 mg . R = 
3

2
 mR2  

 
2g

3R

     
  
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17.  A uniform solid cylinder of mass m = 1kg rests on two horizontal planks. A thread is wound on the 
cylinder. The hanging end of the thread is pulled vertically down with a constant force F.   

    

 

 
 (a) Find the maximum magnitude of the force F(in N) which still does not bring about any sliding of the 

cylinder, if the coefficient of friction between the cylinder and the planks is equal to  = 
1

3
.  

 (b)The acceleration amax of the axis of  the cylinder rolling on the planks is 
n

3
m/s2   where n is: 

 m=1kg nzO;eku dk ,d leku Bksl csyu nks {kSfrt r[rksa ij fojke esa gSA csyu ds pkjksa vksj ,d /kkxk yisVk x;k 
 gSA /kkxs ds Lora=krkiw.kZd uhps yVds gq, fljs dks ,d fu;r cy F ls [khapk tkrk gS    

    

 

 
 (a) cy F dk og vf/kdre ifjek.k ¼U;wVu esa½ Kkr dhft, ftlls csyu esa fdlh Hkh izdkj dh fQlyu ugha gks] 

;fn csyu vkSj r[rs ds e/; ?k"kZ.k xq.kkad  = 
1

3
 ds cjkcj gS   

 (b) r[rks ij yq<+dus esa csyu dh v{k dk vf/kdre Roj.k amax, 
n

3
m/s2    gS tgk¡ n gksxkA  

Ans.  (a) 10 (b) 20   
Sol.  

 

 

mg 

N 1 

N 2 

fr 1 

fr 2 

x y 

F  
 Using Newten`s second law in y and x dir. 

 x vkSj y fn'kk esa U;wVu ds f)rh; fu;e ls  
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 fr1 + fr2 = (mwc)  —— x dir  ——(i) 
 

 N1 + N2 – mg – F = 0 —— y dir 
 N1 + N2 = mg + F   ——(ii) 

 Torque about axis of cylinder  csyu dh v{k ds lkis{k cyk?kwZ.k  

 FR – (fr1 + fr2 ) R = 
2mR

2
  = 

2mR

2
cw

R

 
 
 

  

 pure rolling 'kq) yksVuh xfr  cw

R

 
  

 
 

 fr1 + fr2   (N1 + N2)    ——(i) 

 from eq1   lHkh 1 ls 

 F   
3 gm

2 – 3K
 

 
 

 

 Fmax  = 
3 gm

2 – 3K
 

 
 

 = 10 N 

 wc max = 1 2(N N )

m

 
 

 = 
m


 (mg + Fmax) = 

m


 (mg + 

3 mg

2 – 3K
 

 
 

  = 
2 g

2 – 3
 
  

 = 
20

3
m/s2 

 
18. A cylinder rotating at an angular speed of 50 rev/s is brought in contact with an identical stationary 

cylinder. Because of the kinetic friction, torques act on the two cylinders, accelerating the stationary one 
and decelerating the moving one. If the common magnitude of the angular acceleration and 
deceleration be1 rev/s2, then how much time (ins) will it take before the two cylinders have equal 
angular speed ?    

 50 pDdj/lSd.M dks.kh; pky ls ?kwe jgk ,d csyu fLFkj voLFkk esa fLFkr ,d vU; ,d leku csyu ds lEidZ esa 
yk;k tkrk gSA xfrt ?k"kZ.k ds dkj.k] nksauks csyuksa ij cy vk?kw.kZ yxrs gS] fLFkj okyk Rofjr gksrk gS rFkk xfr'khy 
voeafnr gksrk gSA ;fn dks.kh; Roj.k rFkk dks.kh; voeanu dk mHk;fu"B ifjek.k 1 rev/s2  gS] rks nksuksa csyuksa dh 
dks.kh; pky ,d leku gksus esa fdruk le; lSd.M esa yxsxk \  

Ans. 25    
Sol.  

 

 

 2  = 0 

 1  = 100 rad/sec 

A B 

 

 

  
f 

 
 

 (a1 = a2) 

 fR = 1  fR = 2  

 1 = 2       = 2 rad/sec2  

 For A cylinder  csyu A ds fy, : = 0 – t  

     = 100 – 2t  ...(i) 
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 For B cylinder  csyu B ds fy,  = 0 – t   0 = 0 

     = t  

     = 2 t  ....(ii) 

 From (i) and (ii)  lehdj.k (i) rFkk (ii) ls  = 100  –   

    2 = 100  

     = 50  

 From (ii) equation  lehdj.k (ii) ls  50  = 2 t 

    t = 25 sec 
 
19. A uniform disc of mass M = 1kg, radius R = 1m is moving towards right on smooth horizontal surface 

with velocity v0 = 20 m/s & having angular velocity 0 = 4 rad/s about the perpendicular axis outward 
the plane of disc passing through centre of disc. Suddenly top point of the disc gets hinged about a 
fixed smooth axis. The angular velocity (in rad/s) of disk about new rotation axis is:   

 

 
 æO;eku M = 1kg, f=kT;k R = 1m  dh ,d le#i pdrh nka;h vksj  v0 = 20m/s osx ls fpduh {kSfrt lrg ij 

xfr'khy gS ,oa pdrh ds dsUæ ls ikfjr blds ry ds yEcor~ v{k ds ifjr% bldk dks.kh; osx 0 = 4 rad/s gSA 
vpkud pdrh dk 'kh"kZ fcUnq fLFkj fpduh v{k ds ifjr% fdydhr dj fn;k tkrk gSA u;h ?kw.kZu v{k ds ifjr%pdfr 
dk dks.kh; osx jsfM;u@lSd.M esa D;k gksxk %         

    

 

 
Ans. 12 
Sol. Conserving angular momentum about A 

 A ds lkis{k dks.kh; losx lj{k.k ls 

 

 

 

 Mv0R - 
2MR

2
0 = 

2
2MR

MR
2

 
  

 
   = 

2

3

0 0v

R 2

 
 

 
  =12 rad/s  

 [ Ans.: 0 0v2

3 R 2

 
 

 
 ] 
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20. A regular hexagonal uniform block of mass m = 4 3 kg  rests on a rough horizontal surface with 

coefficient of friction µ as shown in figure. A constant horizontal force is applied on the block as shown. 
If the coefficient of friction is sufficient to prevent slipping before toppling, then the minimum force(in N) 
required to topple the block about its corner A is:(g = 10m/s2) 

 

A  

 fp=kkuqlkj le"kVHkqt ds :i esa m = 4 3 kg nzO;eku dk cuk ,d le:i CykWd µ ?k"kZ.k xq.kkad okyh {kSfrt [kqjnjh 
lrg ij j[kk x;k gS rFkk bl ij fp=kkuqlkj ,d vpj {kSfrt cy yxkrs gSA ;fn]iyVus ls iwoZ fQlyu jksdus ds 
fy, vko';d ?k"kZ.k xq.kkad dk eku i;kZIr gS rks fljs A ds ifjr% bls iyVus ds fy, fdruk U;wure cy U;wVu esa 
vko';d gksxkA(g = 10m/s2)  

      

 

A   
Ans. 20 

Sol. For toppling of block about A ; A ds ifjr% CykWd dks iyVus ds fy,     

    

 

A  

  net = 0  

  F. 3 a = mg. 
a

2
    F =

mg

2 3
 =20 N 

 

21. A uniform rod of length   = 1m is kept as shown in the figure. H is a horizontal smooth surface and W is 
a vertical smooth wall. The rod is released from this position. The angular acceleration (in radian/sec2) 
of the rod just after the release is :           

 

 
 ' '= 1m yEckbZ dh ,d le:i NM+ dks fp=kkuqlkj j[kk x;k gSA H {kSfrt fpduh lrg gS rFkk W fpduh Å/okZ/kj 
 nhokj gSA NM+ dks n'kkZbZ xbZ fLFkfr esa NksM+k tkrk gSA NksM+us ds Bhd ckn NM+ dk dks.kh; Roj.k jsfM;u@lS2  esa Kkr 
 djksA 

      

 

 
Ans.   9 
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Sol. (mg) cos
2

  
 

 = 



 

 

 mg cos
2

  
 

 = 
2m

12
 + m

2

2

 
 
 

 = 
2m

3
 

   = 
3g cos

2

 
 
 

 = 9 rad/s2 

 
22. A uniform circular disc has radius R & mass m. A particle also of mass m is fixed at a point A on the 

edge of the disc as shown in the figure. The disc can rotate freely about a fixed horizontal chord PQ 
that is at a distance R/4 from the centre C of the disc. The line AC is perpendicular to PQ. Initially the 
disc is held vertical with the point A at its highest position. It is then allowed to fall so that it starts 

rotating about PQ.  The linear speed of the particle as it reaches its lowest position is ngR , where n is 

an integer. Find the value of n     
 

C 

P Q 
R/4 

A 

R 

 
 ,d le:i o`Ùkkdkj pdrh dh f=kT;k R rFkk nzO;eku m gSA ,d d.k] ftldk nzO;eku Hkh m gS] fp=kkuqlkj pdrh ds 

fdukjs ij fcUnq A ij tqM+k gqvk gSA pdrh ,d fLFkj {kSfrt thok PQ ds ifjr% ?kweus ds fy, Lora=k gS] ftldh 
pdrh ds dsUnz  C ls nwjh R/4 gSA js[kk AC, PQ ds yEcor~ gSA vkjaHk esa pdrh dks bl izdkj Å/okZ/kj j[krs gSa rkfd 
fcUnq A mldh mPpre fLFkfr esa gksrk gSA vc bldks fxjus nsrs gSa] ftlls ;g PQ ds ifjr% ?kweuk vkjaHk dj nsrh gSA 

ftl {k.k d.k fuEure~ fLFkfr esa igqaprk gS] ml {k.k d.k dh js[kh; pky ngR  gSA tgka n ,d iw.kZda gSA n dk 

eku Kkr dhft,A      

     

 

C 

P Q 
R/4 

A 

R 

 
Ans.  5 
Sol. Initial and final positionsare shown below 
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 Decrease in potential energy of mass ‘m’ = mg 5R
2

4

  
 

 = 
5mgR

2
 

 Decrease in potential energy of disc = mg
R

2
4

  
 

 = 
mgR

2
 

 Therefore, total decrease in potential energy of system 

= 
5mgR

2
 + 

mgR

2
 = 3 mgR 

 Gain in kinetic energy of system  = 
1

2
2 

 Where          = moment of inertia of system ( disc + mass ) about axis PQ. 
   = moment of inertia of disc + moment of inertia of mass 

   = 

22mR R
m

4 4

     
   

 + m

2
5R

4

 
 
 

  

           = 
215mR

8
 

 From conservation of mechanical energy - 
 Decrease in potential energy = Gain in kinetic energy 

  3 mgR = 
1

2

215mR

8

 
  
 

2 

   = 
16g

5R
  

 Therefore, linear speed of particle at its lowest point 

  v = 
5R

4

 
 
 

 =
5R

4

16g

5R
   

 or v = 5 gR      Ans.  

Sol. çkjfEHkd rFkk vfUre fLFkfr;k¡ uhps n'kkZ;s vuqlkj gSA  

  

 

 

 'm' nzO;eku dh fLFkfrt ÅtkZ esa deh = mg
5R

2
4

  
 

 = 
5mgR

2
 

 pdrh dh fLFkfrt ÅtkZ esa deh = mg
R

2
4

  
 

  = 
mgR

2
 

 vr% fudk; dh dqy fLFkfrt ÅtkZ ?kVrh gS &  

 = 
5mgR

2
 + 

mgR

2
 = 3 mgR 
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 xfrt ÅtkZ esa o`f) = 
1

2
2 

 ;gk¡ = fudk;  ( pdrh + nzO;eku  ) PQ v{k ds lkis{k tM+Ro vk?kw.kZ gSA 

        = pdrh dk tM+Ro vk?kw.kZ  + nzO;eku dk tM+Ro vk/kw.kZ 

        = 

22mR R
m

4 4

     
   

 + m

2
5R

4

 
 
 

  

           = 
215mR

8
 

 ;kaf=kd ÅtkZ ds laj{k.k ls - 

 fLFkfrt ÅtkZ esa de = xfrt ÅtkZ esa o`f) 

  3 mgR =
1

2

215mR

8

 
  
 

 2 

   =  
16g

5R
 

 blfy,, fcUnq dk d.k dh js[kh; pky 

  v = 
5R

4

 
 
 

 = 
5R

4

16g

5R
  ;k v = 5 gR  Ans.  

 

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

Hkkx - III : ,d ;k ,d ls vf/kd lgh fodYi çdkj 
 
1*. A rigid body is in pure rotation. 

  ,d n`<+ fi.M 'kq) ?kw.kZu xfr dj jgk gSA  
  (A) You can find two points in the body in a plane perpendicular to the axis of rotation having same 

 velocity. 
  (B) You can find two points in the body in a plane perpendicular to the axis of rotation having same 

 acceleration. 
  (C*) Speed of all the particles lying on the curved surface of a cylinder whose axis coincides with 

 the axis of rotation is same.   
  (D*) Angular speed of the body is same as seen from any point in the body. 

  ,d n`<+ fi.M 'kq) ?kw.kZu xfr dj jgk gSA  
  (A) ?kw.kZu v{k ds yEcor~ ry esa fi.M esa nks ,sls fcUnq gks ldrs gS ftudk osx leku gSA  
  (B) ?kw.kZu v{k ds yEcor~ ry esa fi.M esa nks ,sls fcUnq gks ldrs gS ftudk Roj.k leku gSA  

  (C*) ,d csyu ftldh v{k ] ?kw.kZu v{k ds lEikrh gS] ds oØh; i`"B ij fLFkr lHkh fcUnqvksa dh pky leku gSA  
 (D*) fi.M ij fLFkr fdlh Hkh fcUnq ds lkis{k fi.M dh dks.kh; pky leku gSA 

Sol. All points in the body, in plane perpendicular to the axis of rotation revolve in concentric circles. All 
points lying on circle of same radius have same speed (and also same magnitude of acceleration) but 
different directions of velocity ( also different directions of acceleration) 

 Hence there cannot be two points in the given plane with same velocity or with same acceleration. 
 As mentioned above, points lying on circle of same radius have same speed. 
 Angular speed of body at any instant w.r.t. any point on body is same by definition. 

 oLrq esa ?kw.kZu v{k ds yEcor~ ry ij lHkh fcUnq ladsUnzh; oÙ̀kksa esa ifjHkze.k djrs gSaA leku f=kT;k ds o`Ùk ij lHkh 
fcUnqvksa dh leku pky ¼rFkk Roj.k dk Hkh leku ifjek.k½ gSa ysfdu osx dh fn'kk ¼Roj.k dh fn'kk Hkh½ fHkUu gSaA 

 blfy;s fn;s x;s ry esa nks ,sls fcUnq laHko ugh gS ftudk osx ¼rFkk Roj.k Hkh leku½ leku gksA 
 Åij ;g crk;k x;k gS fd leku f=kT;k dh o`Ùk ij fcUnqvksa dh leku pky gSA  
 fdlh {k.k ij oLrq dh dks.kh; pky oLrq ij fLFkr fdlh fcUnq ds lkis{k ifjHkk"kk ls leku gksrh gSA 
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2.* A sphere is rotating uniformly about a fixed axis passing through its centre then:  
 (A*) The particles on the surface of the sphere do not have any angular acceleration. 
 (B*) The particles on the axis do not have any linear acceleration  
 (C*) Different particles on the surface have same angular speeds. 
 (D) All the particles on the surface have same linear speed  

,d xksyk blds dsUnz ls xqtjus okyh fLFkj v{k ds lkis{k ,d leku ?kw.kZu djrk gS  

 (A) xksys dh lrg ij fLFkr d.k dk dksbZ dks.kh; Roj.k ugha gksxkA  
 (B) Åij of.kZr v{k ij fLFkr d.kksa dk js[kh; Roj.k ugha gksxkA  

 (C) lrg ij fLFkr vyx&vyx d.kksa dk dks.kh; osx leku gksxkA  

 (D) lrg ij fLFkr lHkh d.kksa dh js[kh; pky leku gksxhA  
Sol. Sphere is rotating about a diameter   
 xksyk] O;kl ds lkis{k ?kw.kZu dj jgk gSa vr% 
 so vr%, a = R  

 but, R is zero for particles on the diameter.  
 ysfdu O;kl ij fLFkr fcUnqvks ds fy;s R 'kwU; gksxk  

 
3*. The moment of inertia of a thin uniform square plate ABCD of uniform thickness about an axis passing 

through the centre O and perpendicular to the plate is -    

      

 

O 
3

B 1 A 

C D 2 

4 

 
 (A*) 1 + 2           (B*) 3 + 4  (C*) 1 + 3  (D) 1 + 2  + 3 + 4  
 where 1 , 2 , 3 , and 4 are respectively the moments of inertia about axes 1, 2, 3, and 4 which are in 

the plane of the plate.   
 ,d iryh  ,dleku eksVkbZ dh le:i oxkZdkj IysV ABCD dk IysV ds ry ds yEcor~ o blds dsUnz O ls xqtjus 

okyh v{k ds lkis{k tM+Ro vk?kw.kZ gksxk -    

      

 

O 
3

B 1 A 

C D 2 

4 

 
 (A*) 1 + 2           (B*) 3 + 4  (C*) 1 + 3  (D) 1 + 2  + 3 + 4  
 tgk¡ 1 , 2 , 3 , rFkk 4 Øe'k% v{k 1, 2, 3, o 4 ds lkis{k tM+Ro vk?kw.kZ gS] tks ry esa fLFkr gSA 

Ans.  A, B, C  
Sol.  
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 Using perpendicular theorem yEccr~ v{k izesl ls  
 0 = 4 + 3   3 = 4 
 0 = 1 + 2   2 = 1 
     3 = 2 
 so, (0 = 1 + 3) 
 

4*. In the figure shown a uniform rod of mass m and length is hinged. The rod is released when the rod 

makes angle = 60° with the vertical. 

      

 

 

 (A*)  The angular acceleration of the rod just after release is
3 3g

4
 

 (B*) The normal reaction due to the hinge just after release is 
19mg

8
 

 (C*) The angular velocity of the rod at the instant it becomes vertical is 
3g

2
 

 (D*)The normal reaction due  to the hinge at the instant the rod becomes vertical is
7

4
mg 

 

4*. n'kkZ;s x;s fp=k esa m  æO;eku  rFkk yEckbZ dh ,d le:i NM+ dks dhyfdr fd;k tkrk gSA tc NM+ Å/okZ/kj ls 

= 60° dks.k cukrh gS] rc NM+ dks fojke ls NksM+k tkrk gSA 

      

 

 

 (A*)  NksMus ds Bhd i'pkr~ NM dk dks.kh; Roj.k 
3 3g

4
 gSA 

 (B*) NksMus ds Bhd i'pkr~ dhyd ds dkj.k vfHkyEc izfrfØ;k 
19mg

8
  gSA 

 (C*) NM dk dks.kh; osx tc ;g Å/okZ/kj gks tkrh gS] 
3g

2
 gSA 

 (D*) ml {k.k ij dhyd ds dkj.k vfHkyEc izfrfØ;k tc ;g Å/okZ/kj gks tkrh gS] 
7

4
mg  gSA 

Ans. (A), (B), (C), (D) 
Sol.  
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(A) mg 
2

 sin 60° = 
2m

3
  

  = 
3 3g

4
  

 (B) N2 – mg cos60° = 0  N2 = 
mg

2
         

 mg sin 60 – N1 = m
2


 

 mg
3

2
  – m

2
 . 

3 3g

4
= N1  

 N1 = 
mg 3

8
 

 N = 2 2
1 2N N  = 

2 2
mg 3 mg

8 2

          
=

19mg

8
   

 (C) mg
2

 (1 – cos 60°) = 21
I

2
  =

2
21 m

2 3
  

        = 
3g

2
  

 (D) N – mg =
2m

2


  

  N =
7

4
 mg 

 
5*. Consider a disc rolling without slipping on a horizontal surface at a linear speed V as shown in figure  

     

 

 
 (A*) the speed of the particle A is 2V 
 (B) the speed of B, C and D are all equal to V  

 (C*) the speed of C is zero and speed of B is 2V   
 (D*) the speed of O is less than the speed of B  

 ,d leku pdrh {kSfrt lM+d ij js[kh; osx V ls fp=kkuqlkj 'kq) yksVuh xfr djrh gS  

     

 

 
 (A) d.k A dh pky 2V gksxh  
 (B) B, C rFkk D dh pky V leku gksxh  

 (C) C dh pky 'kwU; gS] rFkk B dh pky 2V   gS  

 (D) O dh pky B dh pky ls de gS 
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Sol.    

 

 

 
 for pure rolling  'kq) ykSVuh xfr ds fy,  
 V = R  VA = 2V 

 VB = 2 V (VC = 0) 
 

 
6*.  A cylinder rolls without slipping over a horizontal plane with constant velocity. The radius of the cylinder 

is equal to r. At this moment       

      

 

C v 
B 

A 

 

 (A) The speed of B is 2  times the speed of A. 
 (B*) The radius of curvature of trajectory traced out by A is 4r. 

 (C*) The radius of curvature of trajectory traced out by B is 2 2 r. 
 (D) The radius of curvature of trajectory traced out by C is r . 

 ,d csyu {kSfrt ry ij fcuk fQlys vpj osx ls yq<+drk gSA csyu dh f=kT;k r gSA bl {k.k ij    

      

 

C v 
B 

A 

 

 (A)   B dh pky A dh pky dh 2   xquk gSA  

 (B*)  A }kjk cuk;s x;s iFk dh oØrk f=kT;k 4r gS 

 (C*) B }kjk cuk;s x;s iFk dh oØrk f=kT;k 2 2 r. gS  
 (D) C }kjk cuk;s x;s iFk dh oØrk f=kT;k r  gS  
Sol.  

 

 

 

 RA = 
2

2

(2v)

r
 = 

2

2

4v

r
 = 

2

2

4v r

v
 = 4r 

 RB = 
2

2

( 2V)

r

2

 
  
 

 = 
2

2

2v
2

r

 
   

 

 RB = 
2

2 2

2v 2r

r
 = 

2 2r 2

2
 = (2 2r)    
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7*. A uniform solid sphere is released from rest from the top of an inclined plane of inclination . Then 
choose the correct option(s).     

 (A*) The minimum coefficient of friction between sphere and the incline to prevent slipping is 
2

7
 tan . 

 (B*) The kinetic energy of solid sphere as it moves down a distance S on the incline is mgSsin if 

2

7
  tan 

 (C*) The magnitude of work done by friction on the solid sphere is less than mgScos as it moves 

down a distance  S on the incline if 
2

7
   tan  . 

 (D) The magnitude of work done by friction on the solid sphere is equal to mgScos as it moves down 

a distance  S on the incline if 
2

7
   tan . 

 

7*. dks.k ds ur ry ds 'kh"kZ ls ,d le:i Bksl xksyk NksM+k tkrk gSA rc lgh fodYiksa dk p;u dhft,A  

 (A*) xksys rFkk urry ds e/; U;wure ?k"kZ.k xq.kkad fQlyu jksdus ds fy, 
2

7
 tan  gS . 

 (B*) tc Bksl xksyk ur ry ij uhps dh vksj S nwjh rd xfr djrk gS rc mldh xfrt ÅtkZ mgS sin gS ;fn  

2

7
  tan 

 (C*) tc Bksl xksyk urry ij uhps dh vksj S nwjh rd xfr djrk gS rc Bksl xksys ij ?k"kZ.k cy }kjk fd;s x;s 

dk;Z dk ifjek.k   mgScosls de gS ;fn 
2

7
   tan . 

 (D) tc Bksl xksyk urry uhps dh vksj S nwjh rd xfr djrk gS rc Bksl xksys ij ?k"kZ.k cy }kjk fd;s x;s dk;Z 

dk ifjek.k mgScosds cjkcj gS  ;fn 
2

7
   tan . 

Ans. (a) 
2

7
 tan  (b) 

11

12
 mgsin 

Sol. (a)  

 

 

 
 mg sin  – f = ma –(i) 

 Torque about com  nzO;eku dsUnz ds lkis{k cyk?kw.kZ  

 fR = I 

 fR = 
2

5
 mR2 .   For pure rolling 'kq) yksVuh xfr ds fy;s  a = R 

 f =  
2

5
m (R)   

 f = 
2

5
 m (R) = 

2
ma

5

 
 
 

 

 mg sin  – 
2

5
ma = ma 

 mg sin  =
2

5
 ma + ma = 

7ma

5
 

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


Rigid Body Dynamics 
 

 

 

Corporate 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 
ADVRB - 98 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

 a = 
5g sin

7

 
 
 

 

 f = 
2

5
m 

5g sin

7

 
 
 

= 
2mg sin

7

 
 
 

  

 f = N 

  = 
f

N
 = 

2mg sin

7mg cos




 = 
2

tan
7

  
 

 

 (b) torque about com nzO;eku dsUnz ds lkis{k cyk?kw.kZ  

 f.R = 
2

5
 mR2 .

 NR = 
2

5
 mR2.  

 
1

tan
7

  
 

 (mg cos ) R = 
2

5
 mR2  

  = 
5g sin

14R


 

 mg sin  – f = ma 

 mg sin  – 
1

7
tan  . mg cos  = ma 

 mg sin  – 
1

5
 mg sin  = ma 

 a = 
6

g sin
7

  
 

 

 2 21 1
K.E mv

2 2

      
  

 

 v2 = u2 + 2as 

 v2 = 0 + 2 
6

7
 g sin  

 v2 = 
12

g sin
7

  
 

   

 s = ut + 
1

2
 at2 

  = 0 + 
1

2
 × 

6

7
 g sin  t2 

 t = 

½
7

3gsin

 
  

 

 K.E. = 

2
21 12 1 2 5gsin 7

m gsin mR  
2 7 2 5 14R 3gsin

                      
 

 K.E. = 
6

7
mgsin + 

5

84
mgsin 

 K.E. = 
11

12
mgsin. 
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8.* A uniform solid cylinder rolls without slipping on a rough horizontal floor, its centre of mass moving with 
a speed v. It makes an elastic collision with smooth vertical wall. After impact:  

 (A*) its centre of mass will move with a speed v initially 
 (B) its motion will be rolling without slipping immediately 
 (C*) its motion will be rolling with slipping initially and its rotational motion will stop momentarily at some 

instant 
 (D*) its motion will be rolling without slipping only after some time.  
 ,d csyu [kqjnjs {kSfrt Q'kZ ij fcuk fQlys yq<+drk gSA bldk æO;eku dsUæ v  pky ls py jgk gSA ;g fpduh 

Å/okZ/kj nhokj ls çR;kLFk VDdj djrk gSA VDdj ds ckn % 
 (A) çkjaHk esa bldk æO;eku dsUæ v pky ls xfr djsxkA  
 (B) mlh {k.k ls] bldh xfr fcuk fQlys yksVuh xfr gksxhA  

 (C) çkjaHk esa bldh xfr fQlyus dss lkFk yksVuh xfr gksxh vkSj fdlh {k.k bldh ?kw.kZu xfr ,d {k.k ds fy, #d 
tk;sxhA  

 (D) dsoy dqN le; ckn bldh xfr fcuk fQlys yksVuh xfr gksxhA  

Sol. 

 

 

  

 

 
 

 

 

   

 

 
 velocity of COM after collision is V friction will act such that  = o at some intant after some time  

(V = R) 

VDdj ds ckn] nzO;eku dsUnz dk osx V gS rFkk ?k"kZ.k bl rjg yxrk gS fd dqN le; ckn fdlh {k.k ij  = o 

vFkkZr (V = R) gksxkA 

 

9*. If    L  = 0 for a rigid body, where   = resultant torque & L  = angular momentum about a point and 
both are non - zero. Then :    

 (A) L  may be constant    (B) L| |= constant  

 (C*) L| |may decrease    (D*) L| |may increase   

 ;fn fdlh n`<+ fi.M ds fy,    L  = 0 gS] tgk¡ fdlh fcUnq ds lkis{k   = ifj.kkeh cyk?kw.kZ rFkk L  = dks.kh; 
laosx gS rFkk nksuksa dk eku v'kwU; gSa rks %  

 (A) L  = fu;rkad     (B) L| |= fu;rkad    

 (C*) L| |?kV ldrk gSa      (D*) L| |c<+ ldrk gS  

Sol. 

  × L


 

 then rc  

 angle between 

  and L


  may be 0° or 180° 

 so vr% L
 
 
 

 may increase or decrease  dk eku c< ;k ?kV ldrk gSA  
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10. In absence of external forces on a rigid system, which of the following quantities must remain constant? 
(A*) angular momentum     
(B*) linear momentum     

 (C*) moment of inertia about fixed axis through any point on body   
 (D*) kinetic energy  
 ;fn ,d n`<+ fudk; ij cká cy ugha gS] rks dkSulh jkf'k;k¡ fLFkj jguh pkfg, -  
 (A) dks.kh; laosx      

 (B) js[kh; laosx   

 (C) oLrq dh fdlh fcUnq ls xqtjus okyh tM+or~ v{k ds lkis{k tM+Ro vk?kw.kZ         

 (D) xfrt mtkZ   
Sol. In absence of external force linear momentum and angular momentum remains const. 

 ckº; cy dh vuqifLFkrh esa js[kh; laosx vkSj dks.kh; laosx fu;r jgrk gSA 
 
11.* In the given figure a ball strikes a rod elastically and rod is smoothly hinged at point A. Then which of 

the statement(s) is/are correct for the collision?  

       

 

 
 (A) linear momentum of system (ball + rod) is conserved 
 (B*) angular momentum of system about hinged point A is conserved 
 (C*) initial  KE of the system is equal to final KE of the system   
 (D) linear momentum of ball is conserved. 

 fn;s x;s fp=k esa ,d xsan ,d NM+ ij çR;kLFk :i ls Vdjkrh gS vkSj NM+ fcUnq A ij ?k"kZ.k jfgr dhyfdr gS rks 
VDdj ds fy, dkSulk@ls dFku lR; gS@gSa  ?   

      

 

 
 (A) fudk; (xsan + NM+) dk js[kh; laosx lajf{kr gSA 

 (B) dhyfdr fcUnq A ds ifjr% fudk; dk dks.kh; laosx lajf{kr gSA  
 (C) fudk; dh izkjfEHkd xfrt ÅtkZ rFkk vfUre xfrt ÅtkZ leku gSA  

 (D) xsan dk js[kh; laosx lajf{kr gSA  

Sol. External force will act at hinge so linear momentum of system will not remain const. but torque of 

external force is zero about hinge so L


 = const., collision is elastic so K.E = const. 

 ckº; cy dhydhr (hinge) ij dk;Z djrk gS vr% fudk; dk js[kh; laosx fu;r ugh jgsxk ysfdu ckº; cy dk 

 cyk?kw.kZ 'kwU; gS vr% L


 = fu;r jgsxkA rFkk VDdj izR;kLFk gS vr% xfrt ÅtkZ fu;r gksxhA 

 
12.* A horizontal disc rotates freely about a vertical fixed axis through its centre. A ring, having the same 

mass and radius as the disc, is now gently placed on the disc coaxially. After some time. the two rotate 
with a common angular velocity:     

 (A*) some friction exists between the disc and the ring before achieving common angular velocity  
 (B*) the angular momentum of the 'disc plus ring' about axis of rotation is conserved 
 (C) the final common angular velocity is 2/3rd of the initial angular velocity of the disc 
 (D*) The final common angular velocity is 1/3rd of the initial angular velocity of the disc  
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 ,d {kSfrt pdrh blds dsUæ ls ikfjr ,d Å/okZ/kj fLFkj v{k ds ifjr% eqDr #i ls ?kwe jgh gSA leku æO;eku o 
f=kT;k dh ,d oy;] pdrh ij /khjs ls lek{kh; :i ls j[k nh tkrh gSA dqN le; ckn] nksauksa ,d leku dksa.kh; 
osx ls ?kweus yxrh gSA       

 (A) mHk;fu"V dks.kh; osx izkIr djus ds igys] pdrh o oy; ds e/; dqN ?k"kZ.k gSA 

 (B) pdrh rFkk oy; dk ?kq.kZu v{k ds ijhr% dks.kh; laosx lajf{kr gSA 

 (C) vafre mHk;fu"B dks.kh; osx] pdrh ds çkjafHkd dks.kh; osx dk  2/3rd gSA 
 (D) vafre mHk;fu"B dks.kh; osx] pdrh ds çkjafHkd dks.kh; osx dk 1/3rd gSA 
Sol. at the moment when ring is placed friction will act between them due to relative motion. Friction is 

internal force between them so angular momentum of system is conserved. 

 tc oy; dks j[kk tkrk gS ml le; muds e/; lkisf{kd x  fr ds dkj.k ?k"kZ.k cy yxrk gS rFkk buds e/; ?k"kZ.k 
vkUrfjd cy gS vr% fudk; dk dks.kh; laosx fu;r jgsxkA  

 I11 = I22  

 
2mR

2
 0 = 

2
2mR

mR
2

 
   

 
 

  = 0

3


 

 
13*. A wheel (to be considered as a ring) of mass m and radius R rolls without sliding on a horizontal 

surface with constant velocity v. It encounters a step of height R/2 at which it ascends without sliding. 
 

R 

R/2 
/////////////////////////////// 

/////////////////////////////// 

/ / 
/ / 

 
(A*) the angular velocity of the ring just after it comes in contact with the step is 3v/4R 

 (B*) the normal reaction due to the step on the wheel just after the impact is 
mg

2
–

29 mv

16 R
  

 (C*) the normal reaction due to the step on the wheel increases as the wheel ascends 
 (D) the friction will be absent during the ascent. 

 m nzO;eku o R f=kT;k (oy; dh rjg ekuk tk ldrk gS) dk ifg;k¡ fcuk fQlys {kSfrt ry esa v fu;r osx ls 
 yq<+d jgk gSA ftl {k.k ;s fcuk fQlys R/2 Åpk¡bZ dh fl<h ij p<rk gS ml {k.k 

 

R 

R/2 
/////////////////////////////// 

/////////////////////////////// 

/ / 
/ / 

 
(A*) lh<+h ds lEidZ esa vkus ds Bhd ckn oy; dk dks.kh; osx  3v/4R gSA 

 (B*) ifg;s }kjk lh<+h ij vkosx ds Bhd ckn vfHkyEc çfrfØ;k cy 
mg

2
 –

29 mv

16 R
  gSA 

 (C*) tc ifg;k p<+rk gS rks ifg;s }kjk lh<+h ij yxk;k x;k vfHkyEc çfrfØ;k cy c<+rk gSA 

 (D) p<+kbZ ds nkSjku ?k"kZ.k cy vuqifLFkr gksxkA 
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Sol. By angular momentum conservation ;  

 dks.kh; laosx lja{k.k ls  

 L =    mv
R

2
 + mvR = 2mR2  

 
3

2
mvR = 2mR2  

  = 
3v

4R
 

 

 

 
 Also at the time of contact ;      

 lEidZ ds le; ij   

 mgcos – N = 
2mv

R
 

  N = mg cos – 
2mv

R
 

 when it ascends  decreases so cos increases and v decreases.  

 tc ;g c<+rk gS rks  de gksrk gS vr% cos  c<+sxk vkSj v ?kVsxkA 

  mgcos is increasing and 
2mv

R
is decreasing  

  mg cos c<+sxk vkSj 
2mv

R
 ?kVsxkA 

  we can say N increases as wheel ascends.  

  tSls gh ifg;k fups vk;sxk N c<+sxkA 
 
14*. A hollow sphere is set into motion on a rough horizontal surface with a  speed v in the forward direction 

and an rotational speed v/R in the anticlockwise direction as shown in figure. Find the translational 
speed of the sphere (a) when it stops rotating and (b) when slipping finally ceases and pure rolling 
starts.  

      

 

 
 (A) The angular momentum of the sphere about its centre of mass is conserved. 

 (B*) The speed of the sphere at the instant  it stops rotating momentarily is
v

3
 

 (C*) The speed of the sphere after pure rolling starts is 
v

5
 

 (D) Work done by fricition upto pure rolling starts is zero. 
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 ,d [kqjnjh {kSfrt lrg ij ,d [kks[kyk xksyk vkxs dh vksj jsf[kd pky v ls rFkk okekorhZ fn'kk esa v/R dks.kh; 
 pky ls fp=kkuqlkj xfr'khy fd;k tkrk gSA xksys dh jsf[kd pky Kkr dhft;sA (a) tc  ;g ?kw.kZu can dj ns rFkk 
 (b) tc vafre :i ls fQlyuk can gks tk;s rFkk 'kq) yksVuh xfr izkjEHk gks tk;sA      

      

 

 
 (A)  xksys ds nzO;eku dsUnz ds ifjr% xksys dk dks.kh; laosx lajf{kr jgrk gSA  

 (B*) tc ;g ?kw.kZu djuk cUn dj nsrk gS rc ml {k.k ij xksys dh pky 
v

3
 gS 

 (C*) 'kq) yksVuh xfr izkjEHk djus ds i'pkr~ xksys dh pky  
v

5
 gSA 

 (D) 'kq) yksVuh xfr izkjEHk gksus rd ?k"kZ.k cy }kjk fd;k x;k dk;Z 'kwU; gSA  

Ans. (a) 
v

3
 (b)  

v

5
 

Sol.  

 

 

 
 If we take moment at A then external torque will be zero, initial angular momentem = final angular 

momentum. 

 ;fn fdlh {k.k A ij ckº; cyk?kw.kZ 'kwU; gS rks izkfjEHkd dks.kh; laosx = vfUre dks.kh; laosx  

 MvR – = Mv0R 

 MvR – 
2

3
 MR2 

v

R
 = Mv0R 

 v0 = 
v

3

 
 
 

 

 (b) Again after some time pure rolling starts 

      iqu% dqN le; ckn 'kq) yksVuh xfr 'kq: gks tkrh gSA 

 Mv0R = 
2

3
MR2 × 

v

R


 + Mv´R 

 M 
v

3

 
 
 

 R =  
2

3
MR2  +

v

R


 Mv´R 

 v´ = 
v

5

 
 
 

 

 

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


Rigid Body Dynamics 
 

 

 

Corporate 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 
ADVRB - 104 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

15*. Two small particles A and B of masses M and 2M respectively, are joined rigidly to the ends of a light 

rod of length  as shown in the figure. The system translates on a smooth horizontal surface with a 
velocity u in a direction perpendicular to the rod. A particle P of mass M kept at rest on the surface 
sticks to the particle A as the particle P collides with it. Then choose the correct option(s)  

    

 

 

 (A*) The speed of particle A just after collision is 
u

2
 

 (B) The speed of particle B just after collision is 
u

2
 

 (C*) The velocity of centre of mass of system A+B+P is 
3u

4
 

 (D*)  The angular speed of the system A+B+P after collision is 
u

2
 

 nks d.k A rFkk B, ftuds nzO;eku Øe'k% M rFkk 2M gS] ,d  yEckbZ dh gYdh NM+ ls n`<+rkiwoZd fp=kkuqlkj tqM+h 
 gSA ;g fudk; ,d ?k"kZ.kjfgr {kSfrt ry ij u osx ls NM+ ds yEcor~ fn'kk esa xfr djrk gSA lrg ij j[kk M 

 nzO;eku dk ,d d.k P fojkekoLFkk esa bl izdkj j[kk gS fd og d.k A ls fpid tkrk gS] tc d.k P blls 
 Vdjkrk gS] rks lgh fodYiksa dk p;u dhft,A   

     

 

 

 (A*) VDdj ds Bhd i'pkr~ d.k A  dh pky 
u

2
 gSA 

 (B) VDdj ds Bhd i'pkr~ d.k B  dh pky 
u

2
 gSA 

 (C*) fudk; A+B+P ds nzO;eku dsUnz dk osx 
3u

4
 gSA 

 (D*)  VDdj ds i'pkr~ fudk; A+B+P  dh dks.kh; pky 
u

2
 gSA 

Sol. [Hint : The light rod will exert a force on the particle B only along its lengths]   
 [Hint : gYdh NM+ d.k B ij dsoy mldh yEckbZ ds vuqfn'k cy yxk,xh]  
 before collision angular momentum about COM : 
 VDdj ls iwoZ nzO;eku dsUnz ds lkis{k dks.kh; laosx  

 Li = 2mu
2

 – mu
2

 = 
mu

2
     

 Lf =  

2 2
22m 2m m

2 2

         
   

 

 Li = Lf       = 
u

2
 

 Linear momentum  js[kh; laosx  

 Pi = 3Mu Pt = 4MV  

 Pi = Pf   V = 
3

u
4

 

 VA = V – 
2

  = 
3u

4
– 

u

2 2
  = 

u

2
 

 VB = V + 
2

  = u 
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16*. A block with a square base measuring a  a and height h, is placed on an inclined plane. The 

coefficient of friction is . The angle of inclination () of the plane is gradually increased. The block will: 
 

 

 (A*) topple before sliding if  > 
a

h
   (B) topple before sliding if  < 

a

h
 

 (C) slide before toppling if  > 
a

h
  (D*) slide before toppling if  < 

a

h
 

  a  a eki dk oxkZdkj vk/kkj o h Å¡pkbZ okyk ,d xqVdk ,d ur ry ij j[kk gSA ?k"kZ.k xq.kkad  gSA urry dk 
 >qdko dks.k  () /khjs ls c<+k;k tkrk gS rks xqVdk %&  

 

 

 (A) ;fn   > 
a

h
 gS rks fQlyus ls igys iyV tk;sxk  

(B) ;fn   < 
a

h
 gS rks fQlyus ls igys iyV tk;sxk 

 (C) ;fn  > 
a

h
 gS rks iyVus ls igys fQly tk;sxk  

(D) ;fn   < 
a

h
 gS rks iyVus ls igys fQly tk;sxk 

Sol. For no slipping fQlyu u gksus ds fy, 

  µmg cos mg sin .........(1) 

 For toppling  yq<+dus ds fy,      

  mg sin 
h

2
 mg cos

a

2
   .........(2) 

  

 

 
 for minimum µ (by dividing)  U;wure µ ds fy, (Hkkx nsus ij) 

  µ. 
2

a
= 

2

h
 µmin = 

a

h
   

 [ Ans.: a/h ]  
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Sol.    

 

 

 
 If ;fn f > mg sin   

 mg cos  > mg sin  

 ( > tan )  block will topple before sliding  vr% fQlyus ls igys Cykad iyV tks;xkA  

 torque about point A A =0  fcUnq A ds lkis{k cyk?kwZ.k A =0 

 mg sin   h
2

 = mg cos
a

2
 

 tan  =  a
h

 

  >  a
h

 

 If ;fn  > tan  (block will slide) (CykWd fQlysxk)  
 
17. A uniform disc of mass M and radius R is lifted using a string as shown in the figure. Then, 

 
 (A*) its linear acceleration is g upward  
 (B) its linear acceleration is g downward 

 (C*) its angular acceleration is 
2g

.
R

  

 (D*) its rate of change of angular momentum is MgR. 

 M nzO;eku rFkk R f=kT;k dh ,d ,dleku pdrh dks Mksjh ds }kjk fp=kkuqlkj mBk;k tkrk gS] rc  

 
 (A*) bldk js[kh; Roj.k g Åij dh vksj gSA (B) bldk js[kh; Roj.k g uhps dh vksj gSA 

 (C*) bldk dks.kh; Roj.k 
2g

.
R

gSA (D*) blds dks.kh; laosx esa ifjorZu dh nj MgR gSA 
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Sol. (acd) 

  

3Mg Mg
Mg Ma

2 2
     

  a g   

  I    

  

2
3Mg Mg

R R
2 2

MR

2
     

  2Mg   
2g

R
  

  
dL

MgR
dt

  
 

 

PART - IV : COMPREHENSION 

Hkkx - IV : vuqPNsn (COMPREHENSION) 

Comprehension # 1  
 A uniform disc of mass ‘m’ and radius R is free to rotate in horizontal plane about a vertical smooth 

fixed axis passing through its centre. There is a smooth groove along the diameter of the disc and two 

small balls of mass 
m

2
 each are placed in it on either side of the centre of the disc as shown in fig. The 

disc is given initial angular velocity 0 and released.      

 

 
vuqPNsn # 1  

 ,d ,dleku pdrh ftldk nzO;eku m rFkk f=kT;k R gS] ;g {kSfrt ry esa dsUnz ls ikfjr rFkk Å/okZ/kj fpduh 
fLFkj v{k ds ifjr%] {kSfrt ry esa ?kweus ds fy, LorU=k gSA ;gk¡ ,d fpduk [kk¡pk (groove) gS tks fd pdrh ds 

O;kl ds vuqfn'k gS rFkk blesa nks NksVh xsans] izR;sd dk nzO;eku 
m

2
 gS] budks pdrh ds dsUnz ij nksuksa rjQ 

fp=kkuqlkj j[kk tkrk gSA pdrh dks vkjfEHkd dks.kh; pky 0 nsdj budks eqDr dj fn;k tkrk gSA 

      

 

 
 
1. The angular speed of the disc when the balls reach the end of the disc is :  

 (A) 0

2


   (B*) 0

3


  (C) 02

3


  (D) 0

4


 

 tc xsans pdrh ds fdukjs ij igq¡p tkrh gS ml le; pdrh dh dks.kh; pky gksxh & 

 (A) 0

2


   (B*) 0

3


  (C) 02

3


  (D) 0

4


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Sol. Let the angular speed of disc when the balls reach the end be . From conservation of angular 
momentum 

 tc xsan pdrh ds fdukjs ij igq¡p tkrh gS ml le; mldh dks.kh; pky  gSA dks.kh; laosx laj{k.k ls  

  
1

2
mR2  0= 

1

2
 mR2  + 

m

2
R2     +

m

2
 R2    or  = 0

3


 

 
2. The speed of each ball relative to ground just after they leave the disc is :  

     

 

   

 (A) 0R

3


  (B) 0R

2


  (C*) 02R

3


       (D) 0R

3


 

 izR;sd xsan tc pdrh dks Bhd NksM+rh gh gS ¼vyx gksrh gS½ ml le; izR;sd xsan dh tehu ds lkis{k pky D;k gksxh  

     

 

  

 (A) 0R

3


  (B) 0R

2


  (C*) 02R

3


       (D) 0R

3


 

Sol. The angular speed of the disc just after the balls leave the disc is  

   = 0

3


   

 Let the speed of each ball just after they leave the disc be v. 
 From conservation of energy  

  
1

2

21
mR

2

 
 
 

 0
2 = 

1

2

21
mR

2

 
 
 

 2 + 
1

2

m

2

 
 
 

 v2 +
1

2

m

2

 
 
 

 v2 

 Solving we get 

  v = 02R

3


 

 NOTE :  v = 2 2
r( R) v  ; vr = radial velocity of the ball  

gy% tc xsan pdrh dks Bhd NksM+us okyh gksrh gS ml le; pdrh dh dks.kh; pky  = 0

3


 gSA 

 rFkk pdrh dks NksM+us ds Bhd ckn xsan dh pky v gS rc ÅtkZ laj{k.k ls  

  
1

2

21
mR

2

 
 
 

 0
2 = 

1

2

21
mR

2

 
 
 

 2 + 
1

2

m

2

 
 
 

 v2 +
1

2

m

2

 
 
 

 v2 

 gy djus ij  

  v = 02R

3


 

 NOTE :  v = 2 2
r( R) v   ; vr = xsan dk f=kT; osx 
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3. The net work done by forces exerted by disc on one of the ball for the duration ball remains on the disc 
is  

 (A) 
2 2

02mR

9


  (B) 

2 2
0mR

18


  (C) 

2 2
0mR

6


  (D*) 

2 2
0mR

9


 

 ml le; ds fy, tc xsan pdrh ij gh jgrh gS rc pdrh }kjk ,d xsan ij vkjksfir cy ds dkj.k fd;k x;k dk;Z 
fdruk gksxkA    

 (A) 
2 2

02mR

9


  (B) 

2 2
0mR

18


  (C) 

2 2
0mR

6


  (D*) 

2 2
0mR

9


 

Sol. Workdone by all forces equal Kf – Ki = 
1 m

2 2

 
 
 

v2 = 
2 2

0mR

9


 

 lHkh cyksa }kjk fd;k x;k dk;Z  Kf – Ki = 
1 m

2 2

 
 
 

v2 = 
2 2

0mR

9


 

 
Comprehension # 2 
 A uniform disc of mass M and radius R initially stands vertically on the right end of a horizontal plank of 

mass M and length L, as shown in the figure. 
 The plank rests on smooth horizontal floor and friction between disc and plank is sufficiently high such 

that disc rolls on plank without slipping. The plank is pulled to right with a constant horizontal force of 
magnitude F.  

     

 

  
vuqPNsn # 2  

 M nzO;eku dh o R f=kT;k dh ,d ,dleku pdrh izkjEHk esa ,d {kSfrt r[rs ds nkfgus fljs ij Å/okZ/kj [kM+h gSA 
r[rs dk nzO;eku   M rFkk yEckbZ L fp=kkuqlkj gSA 

 r[rk ,d fpdus {kSfrt /kjkry ij gS rFkk pdrh rFkk r[rs ds e/; ?k"kZ.k bruk i;kZIr gS fd pdrh fcuk fQlys 
r[rs ij ykSVuh xfr dj ldrh gSA r[rs dks nkfguh rjQ ,d fu;r {kSfrt cy yxk;k tkrk gS ftldk ifjek.k F 

gSA 

 

 
 

4. The magnitude of acceleration of plank is  

 (A) 
F

8M
   (B) 

F

4M
   (C) 

3F

2M
   (D*) 

3F

4M
  

 r[rs ds Roj.k dk ifjek.k gS& 

 (A) 
F

8M
   (B) 

F

4M
   (C) 

3F

2M
   (D*) 

3F

4M
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5. The magnitude of angular acceleration of the disc is -  

 (A) 
F

4mR
  (B) 

F

8mR
   (C*) 

F

2mR
  (D) 

3F

2mR
 

 pdrh ds dks.kh; Roj.k dk ifjek.k gS & 

 (A) 
F

4mR
  (B) 

F

8mR
   (C*) 

F

2mR
  (D) 

3F

2mR
 

 

6. The distance travelled by centre of disc from its initial position till the left end of plank comes vertically 

below the centre of disc is  

 (A*) 
L

2
   (B) 

L

4
   (C) 

L

8
   (D) L 

 izkjfEHkd fLFkfr ls tc rd r[rs ds cka;s fljs ds Å/okZ/kj Bhd uhps pdrh dk dsUnz vkrk gS ml nkSjku rd pdrh 

ds dszUnz }kjk r; dh xbZ nwjh gksxhA  & 

 (A*) 
L

2
   (B) 

L

4
   (C) 

L

8
   (D) L 

Sol.  The free body diagram of plank and disc is 

 Applying Newton's second law 

 F – f = Ma1   .... (1) 

 f = Ma2    .... (2) 

 FR = 
1

2
MR2    .... (3)    

 

 

 
 from equation 2 and 3 

  a2  = 
R

2


 

 From constraint  a1 = a2 + R  

   a1 = 3a2   .... (4) 

 Solving we get  a1 = 
3F

4M
 and  = 

F

2MR
 

 If sphere moves by x the plank moves by L + x. The from equation (4) 

  L + x = 3x or x = 
L

2
 

 r[rs o pdrh dk FBD U;wVu ds f}rh; fu;e ls 

  F – f = 
1

2
Ma1  .... (1) 

  f = Ma2   .... (2) 

  FR = MR2   .... (3)   
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lehdj.k 2 o 3 ls   

a2  = 
R

2


 

  

 

 
 izfrcfU/kr xfr ls a1 = a2 + R  

   a1 = 3a2   .... (4) 

 gy djus ij   a1 = 
3F

4M
 and rFkk  = 

F

2MR
 

 ;fn xksyk x pyrk gS rks r[rk L + x pyrk gS rks lehdj.k (4) ls 

  L + x = 3x ;k x = 
L

2
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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 solid sphere of radius R has moment of inertia about its geometrical axis. If it is melted into a disc of 
radius r and thickness t. If it's moment of inertia about the tangential axis (which is perpendicular to 

plane  of the disc),  is also equal to , then the value of r is equal to :  [JEE 2006 , 3/184]   

     

 

r 

I 

 

 (A*) 
2

15
R  (B) 

2

5
 R  (C) 

3

15
 R  (D) 

3

15
R 

 R f=kT;k dk ,d Bksl xksyk vius T;kferh; v{k ds ifjr tM+Ro vk?kw.kZ j[krk gSA ;fn bls r f=kT;k o t eksVkbZ dh 
,d pdrh ds :i esa fi?kyk;k tkrk gSA ;fn bldk Li'kZT;k v{k ds ifjr% ¼tks pdrh ds ry ds yEcor~ gS½ tM+Ro 
vk?kw.kZ Hkh ds cjkcj gS] rc r dk eku cjkcj gS - :       

     

 

r 

I 

 

 (A*) 
2

15
R  (B) 

2

5
 R  (C) 

3

15
 R  (D) 

3

15
R 

Ans. (A) 
Sol. 2/5 MR2 = 1/2 Mr2 + Mr2  

  2/5 MR2 = 3/2 Mr2  

  r2 = 
4

15
R2  

  r = 
2R

15
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2.* A solid sphere is in pure rolling motion on an inclined surface having inclination .  

      

 

 
//////////////////////  

 (A) frictional force acting on sphere is f =  mg cos . 
 (B) f is dissipative force.  
 (C*) friction will increase its angular velocity and decreases its linear velocity. 

 (D*) If  decreases, friction will decrease.   
 

2.* ,d Bksl xksyk ufr dks.k okys vkur ry ij 'kq) ykSVuh xfr dj jgk gS-   [JEE 2006 , 5/184] 

      

 

 
//////////////////////  

 (A) xksys ij dk;Zjr ?k"kZ.k cy f =  mg cos gSA  
 (B) f {kf;r cy gSA   

 (C*) ?k"kZ.k bldk dks.kh; osx c<+k;sxk rFkk bldk js[kh; osx ?kVk;sxkA  

 (D*) ;fn  ?kVsxk] ?k"kZ.k Hkh ?kVsxk  
Sol.  

 

 

q 

r f 

 
 necessary torque for rolling   = fr,  (frictional force provides this torque) 

 as  mg sin  – f = ma  

 but  a = r    mg sin  – f = mr   

 as   = fr =      = fr/  

   mg sin  – f = mrfr/ = 5f/2  
22mr

5

 
   
 

 

   mg sin  =  
7f

2
 

 thus friction increases the torque in hence the angular velocity and decreases the linear velocity. 

 If  decreases friction will decrease. 
Sol.  

 

 

q 

r f 

 
 yq<+dus ds fy, vko';d cyk?kw.kZ    = fr,  (?k"kZ.k cy ;g cyk?kw.kZ çnku djrk gS) 
 D;ksafd  mg sin  – f = ma  

 ijUrq  a = r    mg sin  – f = mr   

 D;ksafd   = fr =      = fr/  

   mg sin  – f = mrfr/ = 5f/2  
22mr

5

 
   
 

 

   mg sin  =  
7f

2
 

 bl çdkj ?k"kZ.k cyk?kw.kZ ds }kjk dks.kh; osx dks c<+krk gS o js[kh; osx dks ?kVkrk gSA  
 ;fn   ?kVrk gS ?k"kZ.k ?kVsxkA  
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3*. A ball moves over a fixed track as shown in the figure. From A to B the ball rolls without slipping. If 
surface BC is frictionless and KA, KB and KC are kinetic energies of the ball at A,B and C respectively, 
then :            [JEE 2006 , 5/184] 

     

 

     
 (A*) hA > hC ; KB > KC    (B*) hA > hC ; KC > KA 
 (C) hA = hC ; KB = KC    (D) hA < hC ; KB > KC 

 ,d xsan fp=kkuqlkj fLFkj iFk ij xfr djrh gSA A ls B rd xsan fcuk fQlys yq<+drh gSA ;fn BC lrg ?k"kZ.k jfgr 
gks rFkk  KA, KB o KC xsan dh Øe'k% A,B o C ij xfrt ÅtkZ,sa gks] rc &   

     

 

    
 (A*) hA > hC ; KB > KC    (B*) hA > hC ; KC > KA 
 (C) hA = hC ; KB = KC    (D) hA < hC ; KB > KC 
Sol. As total mechanical energy at points A,B and C will be constant  

  A = B = C  

  mghA + KA = KB = mgh + KC 

  KB > KA   (mghA + KA = KB) 
 and KB > KC   (mghC + KC = KB) 

 Also  hA – hC = C AK K

mg


 when mghA + KA = mghC + KC  

 if hA > hC    KC > KA  (if LHS is positive then RHS have to be positive) 

Sol. D;ksafd dqy ;kaf=kd ÅtkZ fcUnq A,B o C  ij fu;r gksxhA 

  A = B = C   mghA + KA = KB = mgh + KC 
 

  KB > KA   (mghA + KA = KB) 
 

 rFkk KB > KC   (mghC + KC = KB) 

 ;fn hA – hC = C AK K

mg


 tc mghA + KA = mghC + KC  

 ;fn hA > hC    KC > KA  
 

 (;fn LHS /kukRed gS rks RHS Hkh /kukRed gksuk pkfg,) 
 

4. A rectangular plate of mass M of dimensions (a × b) is hinged along one edge. The plate is maintained 
in horizontal position by colliding a ball of mass m, per unit area, elastically 100 times per second this 
ball is striking on the right half shaded region of the plate as shown in figure. Find the required speed of 
the ball (ball is colliding in only half part of the plate as shown). (It is given M = 3 kg, m = 0.01 kg, b = 2 
m, a = 1 m, g = 10 m/s2)        [JEE 2006, 6/184] 

     

 
 

× 
× 

a

b 

b/2 

× 
× 
× 
× 
× 

× 
× 
× 
× 
× 
× 
× 

× 
× 
× 
× 
× 
× 
× 

× 
× 
× 
× 
× 
× 
× 

× 
× 
× 
× 
× 
× 
× 

× 
× 
× 
× 
× 
× 
× 

× 
× 
× 
× 
× 
× 
× 

× 
× 
× 
× 
× 
× 
× 
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4. M nzO;eku dh ,d IysV ftldh foek,sa (a × b) gS] dks blds ,d fdukjs ls fuyfEcr fd;k tkrk gSA IysV ds bdkbZ 
{kS=kQy ij m nzO;eku dh xsnsa 100 xsansa@lSd0 dh nj ls izR;kLFk :i ls Vdjkrh gSA ftlls IysV {kSfrt :i esa 
fp=kkuqlkj cuh jgrh gSA xsan dh vko';d pky D;k gksxh\  (xsansa IysV ds vk/ks Hkkx ij Vdjkrh gSA). 

(fn;k x;k gS M = 3 kg, m = 0.01 kg, b = 2 m, a = 1 m, g = 10 m/s2)  [JEE 2006, 6/184] 

     

 
 

× 
× 

a

b 

b/2 

× 
× 
× 
× 
× 

× 
× 
× 
× 
× 
× 
× 

× 
× 
× 
× 
× 
× 
× 

× 
× 
× 
× 
× 
× 
× 

× 
× 
× 
× 
× 
× 
× 

× 
× 
× 
× 
× 
× 
× 

× 
× 
× 
× 
× 
× 
× 

× 
× 
× 
× 
× 
× 
× 

 
Ans. V = 10 m/s 
Sol. (As collision is elastic) 

  F = 
dP 2mV

2mV
dt 1

   

  torque about hinge = 2mV × 
b b

2 4

  
 

 × 100 

  = 2mV 
3b

4
 × 100 = Mg

b

2
  

  V = 10 m/s 

Sol. D;ksafd VDdj çR;kLFk gS 

  F = 
dP b

n x a x 2mV
dt 2

   
 

 

 dhyd ds ifjr% cyk?kw.kZ dks larqfyr djus ij,  

  dhyd ds ifjr% cyk?kw.kZ = n × 
b

a
2

  
 

× (2mv) 
3b

4
 = Mg × 

b

2
 

 bu ekuksa dks çfrLFkkfir djus ij ge ikrs gS,  
  V = 10 m/s   
 

 

Paragraph for Question Nos. 5 to 7  
 

Two discs A and B are mounted coaxially on a vertical axle. The discs have moments of inertia  and 2 
respectively about the common axis. Disc A is imparted an initial angular velocity 2 using the entire 

potential energy of a spring compressed by a distance x1. Disc B is imparted an angular velocity  by a 
spring having the same spring constant and compressed by a distance x2. Both the discs rotate in the 
clockwise direction.        [JEE-2007, 12/162] 

ç'u 16 ls 18 ds fy, vuqPNsn  

 nks pdfr;k¡ A ,oa B ,d Å/okZ/kj /kqjh ij lek{k :i ls O;ofLFkr (mount) dh xbZ gSA mHk;fu"B v{k (common 

axis) ds ifjr% mu pdfr;ksa ds tM+Ro vk?kw.kZ Øe'k%  rFkk 2 gSA ,d fLçax dks x1 nwjh ls nckdj mldh lEiw.kZ 
fLFkfrt ÅtkZ dk mi;ksx dj pdrh A dks 2 çkjfEHkd dks.kh; osx fn;k tkrk gSA mrus gh fLçax xq.kkad okys ,d 
nwljs fLçax dks x2 nwjh ls nckdj pdrh B dks  dks.kh; osx fn;k tkrk gSA nksauks pdfr;k¡ nf{k.kkorhZ (clockwise) 

fn'kk esa ?kwe jgh gSA      

 

5. The ratio x1/x2 is  vuqikr x1/x2 gS 

 (A) 2   (B) 
1

2
   (C*) 2   (D) 

1

2
  

 vuqikr x1/x2 gS 

 (A) 2   (B) 
1

2
   (C*) 2   (D) 

1

2
  

Ans. (C) 
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Sol.  2 2
1

1 1
(2 ) kx

2 2
      

 2 2
2

1 1
2 kx

2 2
       1

2

x

x
 = 2  

 

 
6. When disc B is brought in contact with disc A, they acquire a common angular velocity in time t. The 

average frictional torque on one disc by the other during this period is  

 (A*) 
2

3t


  (B) 

9

2t


  (C) 

9

4t


  (D) 

3

2t


 

 tc pdrh  B dks pdrh A ds lkFk lEidZ esa yk;k tkrk gS rks os  t  le; esa leku dks.kh; osx çkIr dj ysrs gSA bl 
vof/k esa ,d pdrh ij nwljh ds }kjk yxk;k x;k vkSlr ?k"kZ.k cy vk?kw.kZ gS 

 (A*) 
2

3t


  (B) 

9

2t


  (C) 

9

4t


  (D) 

3

2t


 

Ans. (A)  
Sol. Apply conservation of angular momentum  

 js[kh; laosx laj{k.k fu;e yxkus ij  
  ( × 2) + (2 × ) = ( + 2) ’   

   ’ = 4

3


   

 For Disc A   pdrh A  ds fy;s 
  t =  × (2 – ’)   

     =  
2

3t


 

 

7. The loss of kinetic energy during the above process is  

 (A) 
2

2


  (B*) 

2

3


  (C) 

2

4


  (D) 

2

6


 

mijksDr çfØ;k esa gksus okyk xfrt ÅtkZ dk âkl (loss) gS 

 (A) 
2

2


  (B*) 

2

3


  (C) 

2

4


  (D) 

2

6


 

Ans. (B) 

Sol. Initial Kinetic Energy k1 = 
1

2
×  × (2)2 + 

1

2
×2 × 2       

 Final Kinetic Energy k2 = 
1

2
×  × ’2 + 

1

2
 × 2 ’2    

 Loss of Kinetic Energy  = k1 – k2 = 
2

3


 

Sol. izkjfEHkd xfrt mtkZ   k1 = 
1

2
×  × (2)2 + 

1

2
×2 × 2       

 vfUre xfrt mtkZ   k2 = 
1

2
×  × ’2 + 

1

2
 × 2 ’2    

 xfrt mtkZ esa âkl = k1 – k2    =  
2

3


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8. A small object of uniform density rolls up a curved surface with an initial velocity v. It reaches up to a 

maximum height of 
23v

4g
 with respect to the initial position. The object is  [JEE-2007, 3/162] 

    

 

v 
  

 (A) ring   (B) solid sphere  (C) hollow sphere  (D*) disc 

 ,d leku ?kuRo okyh ,d NksVh oLrq osx v ls çkjEHk dj ,d oØ lrg ij Åij dh vksj yq<+drh (rolls) gSA 

vkjfEHkd fLFkfr dh vis{kk ;g 
23v

4g
 dh vf/kdre Å¡pkbZ rd igq¡prh gSA oLrq gSA  

    

 

v 
  

 (A) oy; (ring)  (B) Bksl xksyk  (C) [kks[kyk xksyk  (D*) pdrh (disc) 

Sol. From the conservation of energy 
 loss in KE of body = Gain in potential energy 

  
1

2
 mv2 + 

1

2
 

2
v

r

 
 
 

 = mg
3

4

2
v

g
   

 on solving  

   = 
2mr

2
  The body is a disc 

Sol. ÅtkZ laj{k.k fu;e ls  
 oLrq dh xfrt mtkZ esa âkl = fLFkfrt mtkZ esa o`f)  

 
1

2
 mv2 + 

1

2
 

2
v

r

 
 
 

 = 
3

4

2
v

g
mg   

 gy djus ij  I = 
2mr

2
    oLrq pdrh gS  

 
9. STATEMENT – 1 : If there is no external torque on a body about its centre of mass, then the velocity of 

the center of mass remains constant.      [JEE-2007, 3/162] 
 because 
 STATEMENT – 2 : The linear momentum of an isolated system remains constant. 
 (A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
 (B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement1 
 (C) Statement-1 is True, Statement-2 is False 
 (D*) Statement-1 is False, Statement-2 is True  

 oDrO; - 1 : ;fn fdlh oLrq ij mlds nzO;eku dsUnz ds ifjr% dksbZ ckâ; cy vk?kw.kZ ugha gS] rks nzO;eku dsUnz dk 
osx vpj jgsxkA D;ksafd      

 oDrO; - 2: ,d foyfxr fudk; (isolated system) dk js[kh; laosx vpj jgrk gSA 

 (A) oDrO;-1 lR; gS, oDrO;-2 lR; gS; oDrO;-2 oDrO; -1 dk lgh Li"Vhdj.k gSA 

 (B) oDrO;-1 lR; gS, oDrO;-2 lR; gS ; oDrO;-2 oDrO;-1 dk lgh Li"Vhdj.k ugha gSA 

 (C) oDrO; -1 lR; gS, oDrO;-2 vlR; gSA 

 (D*) oDrO; -1 vlR; gS , oDrO;-2 lR; gSA   
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Sol. If torque external = 0, then angular momentum = constant =  
 ;fn cká cyk?kw.kZ = 0, rks dks.kh; laosx = fu;r =  
 
10. STATEMENT -1 : Two cylinders, one hollow (metal) and the other solid (wood) with the same mass 

and identical dimensions are simultaneously allowed to roll without slipping down an inclined plane from 
the same height. The hollow cylinder will reach the bottom of the inclined plane first. [JEE-2008, 3/163] 

 and 
 STATEMENT -2 : By the principle of conservation of energy, the total kinetic energies of both the 

cylinders are identical when they reach the bottom of the incline. 
 (A) STATEMENT -1 is True, STATEMENT -2 is True; STATEMENT -2 is a correct explanation  
  for STATEMENT -1  

(B) STATEMENT -1 is True, STATEMENT -2 is True; STATEMENT -2 is NOT a correct 
explanation for  

  STATEMENT -1  
 (C) STATEMENT -1 is True, STATEMENT -2 is False 
 (D*) STATEMENT -1 is False, STATEMENT -2 is True. 
 

10. oDrO; -1 : leku nzO;eku ,oa le:i foekvksa ds nks csyu] ftuesa ls ,d [kks[kyk (/kkrq)  vkSj nwljk Bksl (ydM+h dk)  
gS] ,d ur lery (Inclined plane) ij leku Åpk¡bZ ls] fcuk fQlys] ,d lkFk yq<+dk;s tkrs gSA [kks[kyk csyu ur 
lery dh ryh ij igys igq¡psxkA        [JEE-2008, 3/163] 

 rFkk           

 oDrO; -2: ÅtkZ laj{k.k ds fl)kUr ds vuqlkj] tc nksauks csyu ur lery dh ryh ij igq¡psaxs] mudh xfrt&ÅtkZ 
leku gksxhA 

 (A) oDrO; -1 lR; gS , oDrO;-2 lR; gS; oDrO;-2 oDrO; -1 dk lgh Li"Vhdj.k gSA  

 (B) oDrO; -1 lR; gS , oDrO;-2 lR; gS; oDrO;-2 oDrO;-1 dk lgh Li"Vhdj.k ugha gSA  

 (C) oDrO; -1 lR; gS, oDrO;-2 vlR; gSA  
 (D*) oDrO;-1 vlR; gS, oDrO;-2 lR; gSA  
Sol.  

  

 

 
The acceleration of centre of mass of either cylinder  

 a =
2

2

gsin

K
1

R




 where K is radius of gyration.    

 So acceleration of centre of hollow cylinder  
 is less than that of solid cylinder.      
 Hence time taken by hollow cylinder will be more. 
 So statement-1 is wrong. 
 Ans. (D) 
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Sol.  
 

 
fdlh csyu ds nzO;eku dsUnz dk Roj.k  

 a = 
2

2

gsin

K
1

R




  tgk¡ K ?kw.kZu f=kT;k gSA  

 blfy;s [kks[kys csyu ds dsUnz dk Roj.k Bksl csyu ds dsUnz  
 ds Roj.k ls de gSA vr% [kks[kys csyu }kjk fy;k x;k le;            

 vf/kd gSA blfy;s dFku -1 vlR; gSA 

 Ans. (D) 
 
11. If the resultant of all the external forces acting on a system of particles is zero, then from an inertial 

frame, one can surely say that       [JEE 2009, 4/160, –1] 
 (A*) linear momentum of the system does not change in time 
 (B) kinetic energy of the system does not changes in time 
 (C) angular momentum of the system does not change in time 
 (D) potential energy of the system does not change in time 

 d.kksa ds ,d fudk; ij yx jgs ckgjh cyksa dk ifj.kkeh cy ;fn 'kwU; gks] rks fdlh tMRoh; Ýse ls ;g fuf'pr 
:i ls dgk tk ldrk gS fd  

 (A) fudk; dk js[kh; laosx le; ds lkFk ugha cnyrk 
 (B) fudk; dh xfrt ÅtkZ le; ds lkFk ugha cnyrh  

 (C) fudk; dk dks.kh; laosx le; ds lkFk ugha cnyrk 
 (D) fudk; dh fLFkfrt ÅtkZ le; ds lkFk ugha cnyrh 
Sol. (A) Since there in no resultant external force, linear momentum of the system remains constant. 
 (B) Kinetic energy of the system may change. 

(C) Angular momentum of the system may change as in case of couple, net force is zero but torque is 
not zero. Hence angular momentum of the system is not constant. 

 (D) Potential energy may also change. 

 (A) paqfd ifj.kkeh cká cy ugh gS fudk; dk js[kh; laosx fu;r jgsxk]  

 (B) fudk; dh xfrt ÅtkZ ifjofrZr gks ldrh gSA 

 (C) fudk; dk dks.kh; laosx ifjofrZr gks ldrk gS tSlk fd cy ;qXe dh fLFkfr esa] dqy cy 'kwU; gksrk gS fdUrq cy 
vk?kw.kZ 'kwU; ugh gksrk gSA vr% fudk; dk dks.kh; laosx fu;r ugh gksrk gSA 

 (D) fLFkfrt ÅtkZ Hkh ifjofrZr gks ldrh gSA 
 

12*. A sphere is rolling without slipping on a fixed horizontal plane surface. In the figure, A is the point of 
contact, B is the centre of the sphere and C is its topmost point. Then,  [JEE 2009, 4/160, –1] 

     

 

 

 (A) C AV V  =  B C2 V V     (B*) C BV V  = B AV V  

 (C*) C AV V  = B C2 V V    (D) C AV V  = B4 V  
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 ,d fLFkj {kSfrt lery i`"B ij ,d xksyk fcuk fQlys yq<+d jgk gSA fp=k esa] A ry ls lEidZ fcUnq] B xksys dk 
dsUnz rFkk C mldk lcls Åijh fcUnq gSA rc     [JEE 2009, 4/160, –1] 

     

 

 

 (A) C AV V  =  B C2 V V     (B*) C BV V  = B AV V  

 (C*) C AV V  = B C2 V V    (D) C AV V  = B4 V  

Sol.  (B, C)  

  

 

 

  A
ˆ ˆV V(i) R( i)   ; B

ˆV Vi  ; C
ˆ ˆV Vi Ri   

  C A
ˆV V 2 Ri      

  2 B C
ˆ ˆ ˆV V 2 [ V(i) V(i) R(i)]       = –2R( î ) 

 Hence vr%   C AV V  = B C2(V V )   

 so blfy, C A| V V |  = B C| 2(V V ) |  

   C BV V  = R( î ) 

   B AV V  = R( î ) 

   C B B AV V V V    

 Hence vr%  C A
ˆV V 2 R(i)    

   C B B AV V V V   ; B4V  = 4V( î ) = 4R ( î ) 

 Hence vr%  C A BV V 2(V )     

 
13. A block of base 10 cm × 10 cm and height 15 cm is kept on an inclined plane. The coefficient of friction 

between them is 3 . The inclination  of this inclined plane from the horizontal plane is gradually 

increased from 0º. Then        [JEE 2009, 3/160, –1] 

 (A) at  = 30º, the block will start sliding down the plane 

 (B*) the block will remain at rest on the plane up to certain  and then it will topple 

 (C) at  = 60º, the block will start sliding down the plane and continue to do so at higher angles 

 (D) at  = 60º, the block will start sliding down the plane and on further increasing , it will topple at 

certain   
 

13. 10 cm × 10 cm vk/kkj o 15 cm Å¡pkbZ dk ,d xqVdk ,d urry ij j[kk gSA ry vkSj xqVds ds chp ?k"kZ.k xq.kkad 

3  gSA bl urry vkSj {kSfrt ry ds chp dks.k  dks 0º ls /khjs&/khjs c<+k;k tkrk gSA rc JEE 2009, 3/160, –1] 

 (A)  = 30º ij xqVdk uhps ljdus yxrk gS 
 (B)  ds fdlh fo'ks"k eku rd xqVdk ry ij fLFkj jgrk gS vkSj mlds ckn iyV tkrk gS 
 (C)  = 60º ij xqVdk uhps ljdus yxrk gS,  dk eku vksj c<+kus ij Hkh xqVdk ljdrk jgrk gS 
 (D)  = 60º ij xqVdk uhps ljdus yxrk gS] dk eku vksj vf/kd c<+kus ij fdlh fo'ks"k  ij ;g iyV tkrk gS 
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Solution : Angle of repose 0 = tan–1 = tan–1 3  = 60º 

  tan = 
5

15 / 2
 = 

2

3
.  < 45º.     

  Block will topple before it starts slide down. 

   

 

 

Solution : foJkfUr dks.k 0 = tan–1 = tan–1 3 = 60º 

  tan =
5

15 / 2
 = 

2

3
.  < 45º.     

  CykWd ds uhps fQlyus ls igys ;g iyV tk;sxk 

   

 

 
 
14. A boy is pushing a ring of mass 2 kg and radius 0.5 m with a vertical stick as shown in the figure. The 

stick applies a normal force of 2 N on the ring and rolls it without slipping with an acceleration of  
0.3 m/s2. The coefficient of friction between the ground and the ring is large enough that rolling always 
occurs and the coefficient of friction between the stick and the ring is (P/10). The value of P is 

[JEE 2011, 4/160] 
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14. ,d  yM+dk NM+h ls ,d fjax dks 2N vfHkyEc cy yxkdj /kdsy jgk gS ¼fp=k nsf[k;s½A fjax dk nzO;eku 2 kg vkSj 
f=kT;k 0.5 m gSA fjax fcuk fQlys 0.3 m/s2 ds Roj.k ls yq<+d jgh gSA fjax vkSj tehu ds chp ?k"kZ.k xq.kkad bruk gS 
fd yq<+duk ges'kk laHko gSA ;fn NM+h vkSj fjax ds chp ?k"kZ.k xq.kkad (P/10) gks] rc P dk eku gS  

[JEE 2011, 4/160] 

     

 

 
Ans. P = 4  
Sol.     

 

 

 
 

 f}fÙk; fu;e Law  2 – f = 2 [0.3] 

   f = 2 – 0.6 
   f - 1.4 Nx   ...(i)   

 a = R   
   0.3 =  [0.5] 

    = 
3

5
rad/s   ....(ii) 

   c = c   
   fR – 2R = mR2   

   f  – 2 = mR 

   1.4 – 2 = 
2

2

3

5

 
 
 

  

   1.4 – 0.6 = 2µ 

 0.8 = 2µ     = 0.4 = 
P

10
  P = 4 Ans.  

 

15. Four solid spheres each of diameter 5 cm and mass 0.5 kg are placed with their centers at the 

corners of a square of side 4cm. The moment of inertia of the system about the diagonal of the square 
is N × 10–4 kg-m2, then N is        [JEE 2011, 4/160] 

 5 cm O;kl ds pkj Bksl xksyksa] çR;sd dk nzO;eku 0.5 kg gS] dks ,d 4cm Hkqtk ds oxZ ds dksuksa ij Øe'k% j[kk 
x;k gSA oxZ ds d.kZ ij bl fudk; dk tM+Ro&vk?kw.kZ ;fn N × 10–4 kg-m2, gks] rc N dk eku gSµ 

Ans. 9 
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Sol. 

 

 

 

  = 22
MR

5

 
 
 

 2 + 2 22
MR Mx 2

5

  
 

 

   = 22
MR 2

5

 
 
 

 + 22
MR 2

5

 
 
 

 + (Mx2) 2  

   = 4 22
MR

5

 
 
 

+ 2mx2 = 28
MR

5
 + 2mx2 

    = 

2

48 5
0.5 2 (0.5) (4 2) 10

5 2


             

 

    = 
5

8
5

   
 × 10–4 = 9 × 10–4 = N × 10–4  

  So, N = 9 Ans. 

 
16. A thin uniform rod, pivoted at O, is rotating in the horizontal plane with constant angular speed , as 

shown in the figure. At time, t = 0, a small insect starts from O and moves with constant speed v with 
respect to the rod towards the other end. It reaches the end of the rod at t = T and stops. The angular 

speed of the system remains  throughout. The magnitude of the torque (|  |) on the system about  
O, as a function of time is best represented by which plot ?    

 

 

 (A) 

 

   (B*) 

 

 

 (C) 

 

   (D) 
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16. ,d iryh ,dleku NM+ fcUnq O ij dhyfdr gS vkSj {kSfrt ry esa ,dleku dks.kh; pky  ls ?kwe jgh gS ¼fp=k 
nsf[k;s½A t = 0 ij ,d NksVk dhM+k O ls pyuk 'kq: djds NM+ ds vafre fljs ij t = T le; ij igq¡p dj :d tkrk 
gSA dhM+k NM+ ds lkis{k ,dleku pky v ls pyrk gSA fudk; dh dks.kh; pky iwjs le;   cuh jgrh gSA O ds 

ifjr% fudk; ij yxus okys cy&vk?kw.kZ dk eku (|  |) le; ds lkFk ftl izdkj cnyrk gS mldk loksZRre o.kZu 
fdl xzkQ esa gS\       [IIT-JEE-2012, Paper-1; 3/70, –1] 

 

 

 (A) 

 

   (B*) 

 

 

 (C) 

 

   (D) 

 

 

Ans. (B) 
Sol.  

 

 

 
  L = [m(vt)2]  
  L = mv2t2  

 So   = 
dL

dt
 = 2mv2t 

   t 
   straight line passing through (0, 0) 
Sol.  

 

 

 
 L = [m(vt)2]  
 L = mv2t2  

So   = 
dL

dt
 = 2mv2t 

  t    straight line passing through (0, 0) 
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17. A small mass m is attached to a massless string whose other end is fixed at P as shown in the figure. 

The mass is undergoing circular motion is the x-y plane with centre at O and constant angular speed . 

If the angular momentum of the system, calculated about O and P are denoted OL  by PL and  

respectively, then      [IIT-JEE-2012, Paper-1; 3/70, –1] 

      

 

   

 (A) OL  and PL  do not vary with time. 

 (B) OL  varies with time while PL  remains constant. 

 (C*) OL  remains constant while PL  varies with time. 

 (D) OL  and PL  both vary with time. 

 m nzO;eku dk ,d NksVk fiaM nzO;eku&jfgr /kkxs ls tqM+k gSA /kkxs dk nwljk fljk P ij caf/kr gSa ¼fp=k nsf[k;sA½ fiaM 
x – y ry esa ,dleku dks.kh; pky ls o`Ùkh; xfr dj jgk gSA o`Ùk dk dsUnz O ij gSA ;fn O vkSj P fcUnwvksa ds 

lkis{k fudkys x;s bl fudk; ds dks.kh; laosx Øe'k% 0L  vkSj PL  gS] rc 

     

 

 

 (A) 0L  vkSj PL  le; ds lkFk ugh cnyrs gSA    

 (B) 0L  le; ds lkFk cnyrk gS] tcfd PL  ,dleku gSA    

 (C) 0L  ,dleku jgrk gS] tcfd PL  le; ds lkFk cnyrk gSA    

 (D) 0L  vkSj nksuksa PL  le; ds lkFk cnyrs gSA 

 Ans. (C) 
 
18. A lamina is made by removing a small disc of diameter 2R from a bigger disc of uniform mass density 

and radius 2R, as shown in the figure. The moment of inertia of this lamina about axes passing through 
O and P is IO and IP, respectively. Both these axes are perpendicular to the plane of the lamina. The 

ratio P

O

I

I
 to the nearest integer is :     [IIT-JEE-2012, Paper-1; 4/70] 

 

2R 

2R 
O 

P
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 ,d ,dleku æO;eku ?kuRo dh 2R f=kT;k dh xksy fMLd esa ls ,d 2R O;kl dh NksVh xksy fMLd fudkydj ,d 
iVy (lamina) cuk;k x;k gS ¼fp=k nsf[k,½A bl iVy dk tM+Ro&vk?kw.kZ O vkSj P ls tkusokys v{kksa ds ifjr% Øe'k% 

0 ,oa 1 gSaA nksuksa v{k iVy ds ry ds yEcor~ gSaA rc vuqikr P

O

I

I
 fudVre iw.kk±d esa D;k gS \ 

     

 

2R 

2R 
O 

P

 
Ans. 3 
Sol.  

 

 

 

 

 

 I0 = 
2(4m) (2R)

2
 –  

3

2
mR2 

  = mR2 [8 – 
3

2
] 

  = 
13

2
mR2 

 

 

 

 

 IP = 
3

2
 (4m) (2R)2 – 

2
2 2mR

m[(2R) R ]
2

 
  

  
 

  = 24 mR2 – 211
mR

2
 

  = 237
mR

2
 

  P

O

37
I 2

13I

2

  = 
37

3
13

  

 Ans. 3 
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Paragraph for Q. No. 19-20  
 The general motion of a rigid body can be considered to be a combination of (i) a motion of its centre of 

mass about an axis, and (ii) its motion about an instantanneous axis passing through center of mass. 
These axes need not be stationary. Consider, for example, a thin uniform welded (rigidly fixed) 
horizontally at its rim to a massless stick, as shown in the figure. Where disc-stick system is rotated 

about the origin ona horizontal frictionless plane with angular speed , the motion at any instant can be 
taken as a combination of (i) a rotation of the centre of mass the disc about the z-axis, and (ii) a rotation 
of the disc through an instantaneous vertical axis passing through its centre of mass (as is seen from 

the changed orientation of points P and Q). Both the motions have the same angular speed  in the 
case. 

    

 Z 

Y 
Q P 

X 

P Q 

 
 Now consider two similar systems as shown in the figure: case (a) the disc with its face vertical and 

parallel to x-z plane; Case (b) the  disc with its face making an angle of 45° with x-y plane its horizontal 
diameter parallel to x-axis. In both the cases, the disc is welded at point P, and systems are rotated with 

constant angular speed  about the z-axis.  
 

 

 Z 

Y

Q 

P 

X 
Case (a) 

  

 Z 

Y

Q 

P 

X 
Case (b) 

45° 

 
iz'u 19 ls 20 ds fy, vuqPNsn  

O;kid :i ls fdlh n`<+ fi.M dh xfr dks ge nks vyx&vyx xfr;ksa ds la;qDr :i esa ns[k ldrs gSa % (i) mlds 
lagfr&dsUæ dh fdlh v{k ds ifjr% xfr] vkSj (ii) mlds lagfr&dsUæ ls xqtjus okys fdlh rkR{kf.kd&v{k ds ifjr% 
mldh xfrA ;g vko';d ugha gS fd nksuksa v{k fLFkj gksaA mnkgj.k ds fy, ge {kSfrt ry esa j[kh ,d leku fMLd 
dks ysrs gSa tks viuh  ifjf/k ij ij ,d æO;eku jfgr NM+ ls n`<+rk ls tqM+h gS ¼fp=k nsf[k;s½A ;g fMLd&NM+ 
fudk; mn~xe ds ifjr%  dks.kh; pky ls ?k"kZ.k&jfgr {kSfrt ry esa ?kwe jgk gSA rc fdlh Hkh {k.k fMLd dh xfr 
dks nks fHkUu xfr;ksa ds v/;kjksi.k ds :i esa ns[k ldrs gSa (i) fMLd ds lagfr dsUæ dk z- v{k ds lkis{k ?kw.kZu] vkSj 
(ii) fMLd dk vius lagfr dsUæ ls xqtj jgs Å/okZ/kj rkR{kf.kd&v{k ij ?kw.kZu ¼tks fd fcUnqvksa P vkSj Q ds vkil esa 
LFkku cnyus ds :i esa fn[krk gS ½A bl mnkgj.k esa bu nksuksa ?kw.kZuksa dh dks.kh; pky  gSA  

    

 Z 

Y 
Q P 

X 

P Q 
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vc fp=k esa n'kkZ;s x;s mlh izdkj ds fudk; ds nks fHkUu Lo:iksa (cases) ij /;ku nsaA Case (a) : fMLd dk i`"B  
Å/okZ/kj gS vkSj x-z ry ds lekarj gS ; Case (b) : fMLd dk i`"B x-y ry esa 45° dks.k cukrk gS ,oa mldk {kSfrt 
O;kl x–v{k  ds lekarj gSA nksuksa cases esa fMLd fcUnq P ij tfM+r gS rFkk ;g fudk; z- v{k ds ifjr%  dks.kh; 
pky ls ?kw.kZu djrk gSA 

 

 

 Z 

Y

Q 

P 

X 
Case (a) 

  

 Z 

Y

Q 

P 

X 
Case (b) 

45° 

 
19. Which of the following statement regarding the angular speed about the istantaneous axis (passing 

through the centre of mass) is correct?    [IIT-JEE-2012, Paper-2; 3/66, –1] 

 (A) It is 2  for both the cases   (B) it is  for case (a); and 
2


 for case (b). 

 (C) It is  for case (a); and 2  for case (b) (D*) It is  for both the cases 

 rkR{kf.kd&v{k ¼tks lagfr&dsUæ ls xqtj jgk gS½ ds ifjr% ?kw.kZu dh dks.kh; pky ds ckjs esa dkSu lk izdFku lgh gS \ 

 (A) nksuksa cases  ds fy;s ;g 2  gSA    

 (B) Case (a) ds fy;s ;g  gS ; Case (b) ds fy;s ;g 
2


 gSA  

 (C) Case (a) ds fy;s ;g  gS ; Case (b) ds fy;s ;g 2  gSA 
 (D) nksuksa cases ds fy;s ;g  gSA 
Ans. (D) 
Sol. Angular Velocity of rigid body about any axes which are parallel to each other is same . So  angular 

velocity is  .  
 Angular Velocity of rigid body about any axes which are parallel to each other is same . So  angular 

 velocity is . 
 
20. Which of the following statements about the instantaneous axis (passing through the centre of mass) is 

correct?       [IIT-JEE-2012, Paper-2; 3/66, –1] 
 (A*) It is vertical for both the cases (a) and (b). 
 (B) It is verticle for case (a); and is at 45° to the x-z plane and lies in the plane of the disc for case (b) 
 (C) It is horizontal ofr case (a); and is at 45° to the x - z plane and is normal to the plane of the disc for 

case (b). 
 (D) It is vertical of case (a); and is at 45° to the x - z plane and is normal to the plane of the disc for 

case (b). 

 rkR{kf.kd&v{k ¼tks lagfr&dsUæ ls xqtj jgk gS½ ds ckjs esa dkSu lk izdFku lgh gS \ 
 (A) ;g nksukssa fLFkfr;ksa (a) rFkk (b) ds fy;s Å/okZ/kj gSA    

 (B)  Case (a) ds fy;s Å/okZ/kj gS ; Case (b) ds fy;s x-z ry ls 45° dks.k ij ,oa fMLd ds i`"B esa gSA 
 (C) Case (a) ds fy;s {kSfrt gS ; Case (b) ds fy;s x-z ry ls 45° dks.k ij ,oa fMLd&i`"B ds yEcor~ gSA  

 (D) Case (a) ds fy;s Å/okZ/kj gS ; Case (b) ds fy;s x-z ry ls 45° dks.k ij ,oa fMLd&i`"B ds yEcor gSA 
Ans. (A) 
Sol. Since z- coordinate  of any particle is not changing with time so axis must be parellel to z axis. 

 pwfad fdlh d.k dk z funsZ'kkad le; ds lkFk ifjofrZr ugha gksrk gS vr% v{k z-v{k ds lekUrj gksxh   
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21. Two solid cylinders  P and Q of same mass and same radius start rolling down a fixed inclined plane 
form the same height at the same time. Cylinder P has most of its mass concentrated near its surface, 
while Q has most of its mass concentrated near the axis. Which statement (s) is (are) correct? 

 (A) Both cylinders P and Q reach the ground at the same time 
 (B) Cylinder P has larger linear acceleration than cylinder Q. 
 (C) Both cylinder reaches the ground with same translational kinetic energy. 
 (D*) Cylinder Q reaches the ground with larger angular speed.  [IIT-JEE-2012, Paper-2; 4/66] 

 leku æO;eku vkSj leku f=kT;k ds nks Bksl csyu P vkSj Q ,d tM+ vkur ry ij leku Å¡pkbZ ls ,d gh le; 
yq<+duk 'kq: djrs gSaA csyu P dk vf/kdre æO;eku mldh lrg dh vksj dsfUær gS vkSj csyu Q dk vf/kdre 
æO;eku mlds v{k dh vksj dsfUær gSA rc dkSu izdFku lgh gS@gSa \  

 (A) nksuksa csyu P rFkk Q ,d lkFk tehu ij igq¡psaxsA 
 (B) csyu P dk js[kh; Roj.k csyu Q ls T;knk gSA 
 (C) nksuksa csyu tehu ij leku LFkkukarj.k xfrt&ÅtkZ ds lkFk igq¡prs gSaA 
 (D) csyu Q tehu ij T;knk dks.kh;&xfr ls igq¡prk gSA   
Ans. (D) 
Sol. IP > IQ 

 aP = 
2

P

g sin

I mR




, aQ = 

2
Q

g sin

I mR




 

 aP < aQ  V = u + at  t  
1

a
 

 t P > tQ 

 V2 = u2 + 2as  v  a  VP < VQ 

 Translational K.E. = 
1

2
mV2  TR KEP < TR KEQ 

 LFkkUrfjr xfrt ÅtkZ K.E. = 
1

2
mV2  TR KEP < TR KEQ 

 V = R V P < Q 
 
22.* The figure shows a system consisting of (i) a ring of outer radius 3R rolling clockwise without slipping 

on a horizontal surface with angular speed  and (ii) an inner disc of radius 2R rotating anti-clockwise 

with angular speed /2. The ring and disc are separated frictionaless ball bearings. The system is in the 
x-z plane. The point P on the inner disc is at distance R from the origin O, where OP makes an angle of 
30º with the horizontal. Then with respect to the horizontal surface,   [IIT-JEE-2012, Paper-2; 4/66] 

     

 

 

 (A*) the point O has linear velocity 3R î .        

 (B*) the point P has a linear velocity 
11

4
R î  + 

3

4
R k̂   

 (C) the point P has linear velocity 
13

4
Rw î  – 

3

4
R k̂   

 (D) The point P has a linear velocity 
3

3
4

 
  

 
 Rw î  + 

1

4
Rw k̂ .  
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22.* fp=k esa fn[kk;s fudk; ds fgLls gSa % (i) 3R ckgjh&f=kT;k dh fjax] tks {kSfrt lrg ij  dks.kh; pky ls nf{k.kkorZ 
fcuk fQlys yq<+d jgh gS] vkSj (ii) 2R f=kT;k dh Hkhrjh fMLd tks /2 dks.kh; pky lss okekorZ ?kwe jgh gSA ?k"kZ.k 
&jfgr ckWy&fc;fjax ¼xksfy;k¡½ fjx vkSj fMLd dks ,d nwljs ls vyx j[krs gSaA fudk; x-z ry esa gSA Hkhrjh fMLd 
ij fcUnq P mn~xe O ls R nwjh ij gS vkSj OP {kSfrt ls 30° dk dks.k cukrk gSA rc {kSfrt lrg ds lkis{k   

[IIT-JEE-2012, Paper-2; 4/66] 
 

 

 (A) fcUnq O dk js[kh; osx ˆ3R i  gSA  (B) fcUnq P dk js[kh; osx 
11 3ˆ ˆR i R k
4 4

    gSA 

 (C) fcUnq P  dk js[kh; osx 
13 3ˆ ˆR i R k
4 4

    (D) fcUnq P dk js[kh; osx 
3 1ˆ ˆ3 R i R k
4 4

 
     

 
 gSA 

Ans. (A,B) 

Sol. V0 = 3R î        

 VP (3R
R

2


 –  cos 60º) î   + 

R

2


 sin 60 ĵ  

 = 
11 R 3 Rˆ ˆi i

4 4

 
  

 

 

 

Sol. V0 = 3R î  

 VP (3R – 
R

2


 cos 60º) î  + 

R

2


 sin 60 ĵ    

 = 
11 R 3 Rˆ ˆi i

4 4

 
  

 

 

 
 Ans. (A,B) 
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23. A uniform circular disc of mass 50kg and radius 0.4 m is rotating with an angular velocity of 10 rad/s–1 
about its own axis, which is vertical. Two uniform circular rings, each of mass 6.25 kg and radius 0.2 m, 
are gently placed symmetrically on the disc in such a manner that they are touching each other along 
the axis of the disc and are horizontal. Assume that the friction is large enough such that the rings are 
at rest relative to the disc and the system rotates about the original axis. The new angular velocity  
(in rad s–1) of the system is :      [JEE (Advanced)-2013; 4/60] 

 ,d 50 kg o 0.4 m f=kT;k dh ,dleku fMLd viuh Å/okZ/kj v{k ds fxnZ 10 rad/s–1 ds dks.kh; osx ls ?kwe jgh gSA 
nks ,dleku o`Ùkkdkj NYys /khj ls fMLd ij lefer rjhds ls ,d nwljs dks Nwrs gq, bl çdkj fMLd ry ij j[ks 
tkrs gS fd os fMLd ds v{k dks Hkh Li'kZ djsaA çR;sd NYys dk nzO;eku 6.25 kg o f=kT;k 0.2 m gSA bl fudk; dk 
u;k dks.kh; osx (rad s–1 esa) fuEu gksxk (eku yhft, fd fMLd ,oe~ NYys ds chp ?k"kZ.k bruk gS fd fMLd o NYys 
ds chp lkis{k xfr 'kwU; gS vkSj fudk; ewy v{k ij ?kw.kZu dj jgk gS)  

Ans. 8 
Sol. 

 

 

   

 1 1 = 2 2 

 2 = 1
1

2





 = 

4

5
 × 10 rad/s = 8 rad/s 

 
24.* In the figure, a ladder of mass m is shown leaning against a wall. It is in static equilibrium making an 

angle with the horizontal floor. The coefficient of friction between the wall and the ladder is 1 and that 

between the floor and the ladder is 2. The normal reaction of the wall on the ladder is N1 and that of 
the floor is N2. If the ladder is about to slip, then   [JEE (Advanced)-2014,P-1, 3/60]              

      

 

 

 (A) 1 = 0  2  0 and N2 tan  =
mg

2
   (B) 1  0  2  0 and N1 tan  = 

mg

2
   

 (C*) 1  0  2  0 and N2 = 
1 2

mg

1  
  (D*) 1  0  2  0 and N1 tan  = 

mg

2
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24.* nzO;eku m okyh ,d lh<+h nhokj ds lgkjs frjNh [kM+h gS] tSlk fp=k esa n'kkZ;k x;k gSA {kSfrt Q'kZ ls dks.k cukrs 
gq, ;g LFkSfrd lkE;koLFkk esa gSA nhokj o lh<+h ds chp ?k"kZ.k xq.kkad 1 gSA rFkk Q'kZ o lh<+h ds chp ?k"kZ.k xq.kkad 
2 gSA nhokj }kjk lh<+h ij yxk;k x;k vfHkyfEcr izfrfØ;k cy N1 rFk Q'kZ }kjk lh<+h ij yxk;k x;k vfHkyfEcr 
izfrfØ;k cy N2 gSA tc lh<+h ljdus okyh gks] rc  

      

 

 

 (A) 1 = 0  2  0 rFkk N2 tan  =
mg

2
   (B) 1  0  2  0 rFkk N1 tan  = 

mg

2
   

 (C*) 1  0  2  0 rFkk N2 = 
1 2

mg

1  
  (D*) 1  0  2  0 rFkk N1 tan  = 

mg

2
  

Ans. (C, D) 
Sol. Since rod is about to slip so both friction will be limiting  

  f1 = 1 N1  

  f2 = 2 N2                  

 In option (A) (D)  1 = 0  
 Net torque about A should be zero 

  mg cos 
2

 = N1 sin   

   N1 = 
mgcot

2


 

   N1tan = 
mg

2
 

 and  N2 = mg 

  

 

 
 (B) 2 = 0  
 There is no force to balance N1 so rod can not remain in equilibrium 

 (C)  N1 = 2N2  

  N2 + 1N1 = mg 

  N2 + 1 2 N2 = mg 

  N2 = 
1 2

mg

1  
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Hindi pwafd NM+ fQlyrh gS vr% nksuksa ?k"kZ.k lhekUr gksaxs  

  f1 = 1 N1  

  f2 = 2 N2            

  fodYi (A)(D) esa   1 = 0  

  

 

 
 A ds lkis{k dqy cyk?kw.kZ 'kwU; gksuk pkfg;s  

  mg cos 
2

 = N1 sin   

   N1 = 
mgcot

2


 

   N1tan = 
mg

2
 

 rFkk  N2 = mg 

 (B) 2 = 0  

 ;gk¡ N1 dks larqfyr djus ds fy;s dksbZ cy ugha gS vr% NM+ lkE;koLFkk esa ugha jg ldrh gSA  
 (C)  N1 = 2N2  

  N2 + 1N1 = mg 

  N2 + 1 2 N2 = mg 

  N2 = 
1 2

mg

1  
 

 
25. A horizontal circular platform of radius 0.5 m and mass 0.45 kg is free to rotate about its axis. Two 

massless spring toy-guns, each carrying a steel ball of  mass 0.05 kg are attached to the platfrom at a 
distance 0.25 m from the centre on its either sides along its diameter (see figure).Each gun 
simultaneously fires the balls horizontally and perpendicular to the diameter in opposite directions. After 
leaving the platfrom, the balls have horizontal speed of 9ms–1 with respect to the ground. The rotational 
speed of the platfrom in rad–1 after the balls leave the platform is   [JEE (Advanced)-2014,P-1, 3/60] 
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 fp=k esa fn[kk;k x;k 0.5 m f=kT;k rFkk 0.45 kg nzO;eku okyk ,d {kSfrt o`Ùkh; IysVQkeZ vius v{k ds ifjr% ?kweus 
ds fy, Lora=k gSA nks nzO;eku jfgr dekuh okyh f[kykSuk cUnwds (toy-guns), ftu ij 0.05 kg nzO;eku okyh LVhy 
dh xsan yxh gS] IysVQkeZ ds O;kl ij dsUnz ls 0.25 m dh nwjh ij] dsUnz ds nksuksa vksj fLFkr gSaA nksuksa cUnwds ,d 
lkFk xksfy;ksa ds O;kl ds yacor~] {kSfrt ry esa foijhr fn'kkk esa nkxrh gSaA IysVQkeZ dks NksM+us ds i'pkr~ xksfy;ksa dh 
Hkwfe ds lkis{k {kSfrt fn'kk esa xfr 9ms–1 gSA xksfy;ksa ds IysVQkeZ NksM+us ds i'pkr~ IysVQkeZ dh ?kw.khZ; xfr rad–1 esa 
gS%            

     

 

 
 
Ans. 4 

Sol. Applying conservation of angular momentum. dks.kh; laosx laj{k.k yxkus ij 

      

 

 

 2mvr – 
2MR

0
2

   

 
2

4mvr

MR
           

 

2

2

1
(4) (5 10 ) (9)

4

1
45 10

4





   
  

 
  = 4 rad/s 

 
26. A uniform circular disc of mass 1.5 kg and radius 0.5m is initially at rest on a horizontal frictionless 

surface. Three forces of equal magnitude F = 0.5 N are applied simultaneously along the three sides of 
an equilateral triangle XYZ its vertices on the perimeter of the disc (see figure). One second after 
applying the forces, the angular speed of the disc in rad s–1 is :   [JEE (Advanced)-2014,P-1, 3/60] 
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 ,d ,dleku o`Ùkkdkj fMLd ftldk nzO;eku 1.5 kg rFkk f=kT;k 0.5 m gS] izkjEHk esa ?k"kZ.k jfgr {kSfrt lrg ij 
fojkekoLFkk esa gSA cjkcj ifjek.k F = 0.5 N okys rhu cy ,d lkFk t = 0 fp=k esa fn[kk;s x;s leckgq f=kHkqt XYZ, 

ftlds 'kh"kZ fcanq fMLd dh ifjf/k ij fLFkr gS] dh Hkqtkvksa ds vuqfn'k yxk;s tkrs gSaA cyksa dks yxkus ds 1 lSd.M 
i'pkr~ fMLd dh dksf.k; xfr] rad s–1 esa gS %     

     

 

 
Ans. 2 
Sol.  

 

 

 

 
dt

  
I

 = 
I

t

0

3Fsin30 R dt
 = 

 2
3. (0.5) (0.5) (0.5) (1)

1.5 0.5

2

 = 2 rad/s 

 
27. Two identical uniform discs roll without slipping on two different surfaces AB and CD (see figure) 

starting at A and C with linear speeds v1 and v2, respectively, and always remain in contact with ths 
surfaces. If they reach B and D with the same linear speed and v1 = 3 m/s, then v2 in m/s is  
(g = 10 m/s2)        [JEE(Advanced) 2015 ; P-1, 4/88] 

 

 

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


Rigid Body Dynamics 
 

 

 

Corporate 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 
ADVRB - 136 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

27. fp=kkuqlkj nks fHkUu lrgksa AB o CD ij leku o`Ùkkdkj pfØdk,a (fMLd) A rFkk C ls Øe'k% v1 rFkk v2 izkjfEHkd 
js[kh; osxksa ls fcuk fQlyrs gq, yq<+duk 'kw: djrh gSa rFkk lnSo lrgksa ds laidZ esa jgrh gSA ;fn B rFkk D fcUnqvksa 
ij igqWpdj nksuksa pfØdkvksa ds js[kh; osx cjkcj gSa rFkk v1 = 3 m/s gS, rc m/s esa v2 dk eku gSA (g = 10 m/s2) 

[JEE(Advanced) 2015 ; P-1, 4/88] 

     

 

 
Ans. 7 
Sol. Final kinetic energy of both discs is same 

 23 1
m(3)

2 2

 
  

 + mg (30) = 2
2

3 1
mv

2 2
 + mg(27) 

  
3

4
. 9 + 300 = 2

2

3
v

4
 + 270 

  
27

4
 + 30 = 2

2

3
v

4
      2

2v  = 9 + 40  v2 = 7 

 

28. A ring of mass M and radius R is rotating with angular speed  about a fixed vertical axis passing 

through its centre O with two point masses each of mass 
M

8
 at rest at O. These masses can move 

radially outwards along two massless rods fixed on the ring as shown in the figure. At some instant the 

angular speed of the system is 
8

9
  and one of the masses is ata distance of 

3
R

5
 from O. At this 

instant the distance of the other mass from O is :   

      

 

     

 (A) 
2

R
3

   (B) 
1

R
3

   (C) 
3

R
5

   (D*) 
4

R
5
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28. ,d nzO;eku M rFkk f=kT;k R dk NYyk vius dsUnz O ls gksdj tkus okyh fLFkj Å/okZ/kj v{k ds pkjksa vksj  

dks.kh; xfr ls ?kwe jgk gSA bl le; ij 
M

8
 nzO;eku ds nks fcUnq nzO;eku NYys ds dsUnz O ij fojke fLFkfr esa gSaA 

oks n'kkZ;s fp=kkuqlkj NYys ij yxh nzO;eku jfgr nks NM+ksa ij f=kT;r% ckgj dh vksj xfr dj ldrs gSaA fdlh ,d 

{k.k ij fudk; dh dks.kh; xfr 
8

9
  gS rFkk ,d fcUnq nzO;eku O ls 

3
R

5
 dh nwjh ij gSA bl {k.k nwljs fcUnq 

nzO;eku dh O ls nwjh gksxh %              [JEE(Advanced) 2015 ; P-1, 4/88, –2] 

      

 

 

 (A) 
2

R
3

   (B) 
1

R
3

   (C) 
3

R
5

   (D*) 
4

R
5

 

Ans. (D)  
 By conservation of angular momentum 

 dks.kh; laosx laj{k.k ls  

     

 

 

 MR2  = 
2 2

2 M 9R Md
MR

8 25 8

 
   

 

8

9


       

 R2 = 
2 2 2200R 9R 25d

8 25

  
   

8

9
  

 225 R2 – 209 R2 = 25 d2  

 d = 
216R

25
 

 d = 
4R

5
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29. The dinsities of two solid spheres A and B of the same radii R vary with radial distance r as 

A

r
(r) k

R

    
 

 and 

5

B

r
(r) k

R

    
 

, respectively, where k is a contant. The moments of inertia of the 

individual spheres about axes passing through their centres are A and B, respectively, If B

A




 = 
n

10
, the 

value of n is :       [JEE(Advanced) 2015 ; P-2,4/88]  

 R f=kT;k ds nks Bksl xksyksa A vkSj B ds ?kuRoksa dk f=kT; nwjh r ds lkFk laca/k Øe'k% A

r
(r) k

R

    
 

 rFkk 

5

B

r
(r) k

R

    
 

 gSa, tgkW k ,d fLFkjkad gSA xksyksa ds vius&vius dsUnz ls gksdj tkus okyh v{kksa ds ifjr% tM+Rok?kw.kZ 

Øe'k% A rFkk B gSA ;fn B

A




 = 
n

10
 gS, rc n dk eku gSA  

Ans. 6 
Sol. Consider a shell of radius r and thickness dr 

 dI = 
2

3
 (.4r2dr)r2         

 I = Id  

 
I

I

B

A

 = 

R 5
2 2

5

o

R

2 2

o

2 r
k .4 r dr r

3 R

2 r
k 4 r dr r

3 R








 = 

6

10
   

 

dr 
r 

 
 

30. A uniform wooden stick of mass 1.6 kg and length  rests in an inclined manner on a smooth, vertical 

wall of height h (< ) such that a small portion of the stick extends beyond  the wall. The reaction force 

of the wall on the stick is perpendicular to the stick. The stick makes an angle of 30° with the wall and 

the bottom of the stick is on a rough floor. The reaction of the wall on the stick is equal in magnitude to 

the reaction of the floor on the stick. The ratio 
h

l
 and the frictional force f at the bottom of the stick are  

(g = 10 ms–2)      [JEE (Advanced) 2016 ; P-1, 3/62, –1 ] 

 (A) 
3 16 3

,f N
16 3

 
l

h
    (B) 

3 16 3
,f N

16 3
 

l

h
 

 (C) 
3 3 8 3

,f N
16 3

 
l

h
    (D*)  

3 3 16 3
,f N

16 3
 

l

h
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 1.6 kg nzO;eku vkSj  yEckbZ dh ,dleku ydM+h dh ,d MaMh ,d fpduh [kM+h nhokj] ftldh ÅapkbZ h(< ) gS] 

ij vkur rjhds ls bl rjg ls j[kh x;h gS fd MaMh dk ,d NksVk lk Hkkx nhokj ls Åij fudyk gqvk gSA MaMh ij 

nhokj dk izfrfØ;k cy MaMh ds yEc:i esa gSA MaMh nhokj ds lkFk  30° dk dks.k cuk jgh gS vkSj MaMh dk vk/kkj 

,d ?k"kZ.k okyh t+ehu ij gSA nhokj ls MaMh ij izfrfØ;k rFkk t+ehu ls MaMh ij izfrfØ;k dh ek=kk leku gSA 
h

l
 

dk vuqikr ,oa MaMh ds vk/kkj ij ?k"kZ.k cy f gS (g = 10 ms–2)  [JEE (Advanced) 2016 ; P-1, 3/62, –1 ] 

 (A) 
3 16 3

,f N
16 3

 
l

h
    (B) 

3 16 3
,f N

16 3
 

l

h
 

 (C) 
3 3 8 3

,f N
16 3

 
l

h
    (D*)  

3 3 16 3
,f N

16 3
 

l

h
 

Ans. (D) 

Sol. balancing torque about lowest point 

fuEure fcUnq ds ifjr% cyk?kw.kZ larqyu ds }kjk 

 
60sin

h
N  = 60cos

2
mg


  ......(1) 

 mg
2

N
N   

 
3

mg2
NmgN

2

3
  

 
33

mg2
  2h = 

4

mg
   

 
16

33h



 

 f = N sin 60° =
3

106.1

3

mg

2

3

3

mg2 
    

 

60° 

N 

x 

N 
 

h 

mg

30° 

f 
x sin 60 = h 

 

 

 

31.* The position vector r


 of particle of mass m is given by the following equation 

ĵtît)t(r 23 


 

Where = 
3

10
 m s–3,  = 5 m s–2 and m = 0.1 kg. At t = 1 s, which of the following statement(s) is (are) 

true about the particle.      [JEE (Advanced) 2016 ; P-1, 4/62, –2]    

 (A*) The velocity v


 is given by   1–msĵ10î10v 


    

(B*) The angular momentum L


 with respect to the origin is given by k̂)3/5–(L 


 N ms  

(C) The force F


 is given by  ĵ2îF 


 N    

(D*) The torque 


 with respect to the origin is given by 
20

k̂
3

    Nm. 
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31.* m nzO;eku ds ,d d.k dk fLFkfr&lfn'k r


 uhps lehdj.k esa fn;k x;k gSA   

ĵtît)t(r 23 


, 

ftlesa = 
3

10
 m s–3,  = 5 m s–2  ,oa m = 0.1 kg. gSA  le; t = 1 s ij] fuEufyf[kr esa ls dkSulk@dkSuls dFku 

lR; gS@gSa ?        [JEE (Advanced) 2016 ; P-1, 4/62, –2] 

 (A*) osx dk eku    –1ˆ ˆv 10i 10j ms   gS     

(B*) ewy fcUnq ds fxnZ dks.kh; laosx dk eku k̂)3/5–(L 


 N ms gS  

(C) cy dk eku  ĵ2îF 


 N gS     

(D*) ewy fcUnq ds fxnZ ?kw.kZu dk eku  k̂3/20


Nm gS  

Ans. (ABD) 

Sol. 3 2ˆ ˆr t i t j    

 2ˆ ˆv 3t i 2tj    

 210 ˆ ˆv 3 1 i 5 2 1 j
3

       

 ˆ ˆv 10 i 10 j   

 L m(r v)   

 ˆ ˆ ˆ ˆL 0.1 [ i j] [10i 10j]      

 ˆ ˆL 0.1[10 k 10 k]     

 
10 ˆL 0.1 [10 10 5] k
3

     

 
100 ˆL 0.1 50] k

3
   

   = 0.1 
50

k̂
3

 
  

 

 ˆ ˆa 6ti 2j    

 
10 ˆ ˆF ma [0.1][ 6 i 5 2 j]
3

      

 ˆ ˆF 0.1[20i 10j]   = ˆ ˆ2i j  

 ˆ ˆ ˆ ˆr F ( i j) (2i j)         

  = ˆ ˆak 2 k   

 = 
10 20ˆ ˆ ˆk 10k k
3 3


   
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32.* Two thin circular discs of mass m and 4m, having radii of a and 2a, respectively , are rigidly fixed by a 

massless, rigid rod of length 24al  through their centers. This assembly is laid on a firm and flat 

surface, and set rolling without slipping on the surface so that the angular speed about the axis of the 

rod is . The angular momentum of the entire assembly about the point 'O' is L


(see the figure). Which 

of the following statement (s) is (are) true ?     

 m rFkk 4m  nzO;eku okyh nks iryh  o`rkdkj pf=kdk,¡ (discs), ftudh f=kT;k;sa Øe'k% a rFkk 2a gSa] ds dsUnzksa dks 

24al  yEckbZ dh nzO;eku&jfgr nz<+ (rigid) MaMh ls tksM+k x;k gSA bl lewg dks ,d etcwr lery lrg ij 

fyVk;k x;k gS vkSj fQlyk;s fcuk bl rjg ls ?kqek;k x;k gS fd bl dks.kh; xfr MaMh ds v{k ds fxnZ  gSA iwjs 

lewg dk fcUnq 'O' ds fxnZ dks.kh; laosx L

gS (fp=k nsf[k;sa)A fuEufyf[kr esa ls dkSulk@dkSuls dFku lR; gS@gSaA 

             [JEE (Advanced) 2016 ; P-2, 4/62, –2] 

 

l 

l 

m 

4m 

2a 

O 

z 

a 

 

 (A) The magnitude of the z-component of L


 is 55 ma2 .    

(B) The magnitude of angular momentum of the assembly about its centre of mass is 17 ma2 
2


. 

(C)The magnitude of angular momentum of centre of mass of the assembly about the point O is 81ma2 



(D*) The centre of mass of the assembly rotates about the z-axis with an angular speed of 
5


. 
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32.* m rFkk 4m  nzO;eku okyh nks iryh  o`rkdkj pf=kdk,¡ (discs), ftudh f=kT;k;sa Øe'k% a rFkk 2a gSa] ds dsUnzksa dks 

24al  yEckbZ dh nzO;eku&jfgr nz<+ (rigid) MaMh ls tksM+k x;k gSA bl lewg dks ,d etcwr lery lrg ij 

fyVk;k x;k gS vkSj fQlyk;s fcuk bl rjg ls ?kqek;k x;k gS fd bl dks.kh; xfr MaMh ds v{k ds fxnZ  gSA iwjs 

lewg dk fcUnq 'O' ds fxnZ dks.kh; laosx L

gS (fp=k nsf[k;sa)A fuEufyf[kr esa ls dkSulk@dkSuls dFku lR; gS@gSaA 

[JEE (Advanced) 2016 ; P-2, 4/62, –2] 

 

l 

l 

m 

4m 

2a 

O 

z 

a 

 

(A) L

 ds z-?kVd dk ifjek.k 55 ma2  gS    

(B) iwjs lewg dk mlds lagfr&dsUnz ds fxnZ dks.kh; laosx dk ifjek.k 17 ma2 
2


 gS 

(C) iwjs lewg dk lagfr&dsUnz dk fcUnq O ds fxnZ dks.kh; laosx dk ifjek.k 81ma2  gS

(D*) iwjs lewg ds lagfr&dsUnz z-v{k ds fxnZ dks.kh; osx 
5


 ls ?kwe jgk gS 

Ans. (D) (IIT has given answer D or B,D. In our sheet we have given answer BD) 

Sol.  

 






 O 

a 4/5 

CM 
m 

P 

4m





cos  = 
5

24

a22





 

z 



 

 (D) Velocity of point P : a =  then  

 fcUnw P dk osx : a =  rks 

 = 


a
 = Angular velocity of C.M. w.r.t point O.  

 = 


a
 = nzO;eku dsUnz dk fcUnq O ds lkis{k dks.kh; osx  

Angular velocity of C.M. w.r.t z axis =  cos 
nzO;eku dsUnz dks z v{k ds lkis{k dks.kh; osx =  cos  

C.M. – z = 
a 24 a 24

5 524a

 
  

CM – z = 
5


  

(B) LD – CM = 
2

ma17

2

)a2(m4

2

ma 222 
   

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


Rigid Body Dynamics 
 

 

 

Corporate 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 
ADVRB - 143 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

(C) LCM – O = (5m) 
2 29 9 81m 81m a

5 5 5 5

       
 

LCM – O = 
5

ma2481

5

am81 2 



 

(A) LZ = LCM–0 cos – LD–CM sin  

           = 
2

281 24 24 17ma 1
a m

5 5 2 24


      = 

2 281 24ma 17ma

25 2 24

  
   

 

Paragraph for Question Nos. 33 to 34 
 A frame of reference that is accelerated with respect to an inertial frame of reference is called a non-

inertial frame of reference. A coordinate system fixed on a circular disc rotating about a fixed axis with a 

constant angular velocity  is an example of a non-inertial frame of reference. The relationship between 

the force rotF
r

 experienced by a particle of mass m moving on the rotating disc and the force inF
r

 

experienced by the particle in an inertial frame of reference is,   

       rot in rotF F 2m m r      
r r rr r r r

, 

 Where rot
r

 is the velocity of the particle in the rotating frame of reference and r
r

is the position vector of 

the particle with respect to the centre of the disc. 

 Now consider a smooth slot along a diameter of a disc of radius R rotating counter-clockwise with a 

constant angular speed  about its vertical axis through its center. We assign a coordinate system with 

the origin at the center of the disc, the x-axis along the slot, the y-axis perpendicular to the slot and the 

z-axis along the rotation axis  k̂  
r

. A small block of mass m is gently placed in the slot at 

  ˆr R / 2 i
r

 at t = 0 and is constrained to move only along the slot.  

 


R 

R/2 

m 

 
 

 iz'u 33 vkSj 34 ds fy, vuqPNsn 

,d funsZ'k ra=k tks ,d tM+Roh; funsZ'k ra=k dh rqyuk esa Rofjr gks] vtM+Roh; funsZ'k ra=k dgykrk gSA fLFkj dks.kh; 

osx  ls ?kwerh gqbZ fMLd ij c) (fixed) funsZ'k ra=k vtM+Roh; ra=k dk ,d mnkgj.k gSA  m nzO;eku dk ,d d.k 

?kwerh gqbZ fMLd ij xfreku gSA xfreku d.k fMLd ij c) funsZ'k ra=k ds lkis{k cy rotF
r

 rFkk ,d tM+Roh; funsZ'k 

ra=k ds lkis{k cy inF
r

 dks eglwl djrk gSA rotF
r

 vkSj inF
r

 ds chp dk laca/k fuEufyf[kr lehdj.k esa fn;k x;k gS

       rot in rotF F 2m m r      
r r rr r r r

, 

 ;gk¡ ij rot
r

 ?kwers gq, funsZ'k ra=k esa d.k dk osx gS rFkk r
r
d.k dk fMLd ds e/; fcUnq ds lkis{k fLFkfr lfn'k 

(position vector) gSA 

 

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


Rigid Body Dynamics 
 

 

 

Corporate 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 
ADVRB - 144 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

 Ekkfu, fd R f=kT;k dh ,d fMLd] ftlesa O;kl ds lekukUrj ,d ?k"kZ.kjfgr [kk¡pk gS] ,d fLFkj dks.kh; xfr ls 

vius v{k ij okekorZ fn'kk esa ?kwe jgh gSA ,d funsZ'k ra=k ekfu, ftldk ewyfcUnw fMLd ds e/; fcUnq ij gS ,oa   

x-v{k [kk¡ps ds lekukUrj gS] y-v{k [kk¡ps ds vfHkyEc ij gS ,oa z-v{k ?kweus okyh v{k ds lekukUrj gS  k̂  
r

A 

m nzO;eku okys ,d NksVs xqVds dks le; t = 0 ij   ˆr R / 2 i
r

 fcUnq ij /khjs ls bl rjg ls j[kk tkrk gS fd oks 

flQZ [kk¡ps esa gh py ldsA 

    

 


R 

R/2 

m 

 
 

33. The distance r of the block at time t is :   [JEE (Advanced) 2016 ; P-2, 3/62, –1] 

 (A) 
R

cos2 t
2

   (B)  2 t 2 tR
e e

4

    (C) 
R

cos t
2

   (D*)  t tR
e e

4

   

 Lke; t ij xqVds dh nwjh r dk eku gS % 

 (A) 
R

cos2 t
2

   (B)  2 t 2 tR
e e

4

    (C) 
R

cos t
2

   (D*)  t tR
e e

4

   

Ans. (D) 

Sol. mr2 = ma a = r2 

 2r
dr

vdv
  

  
v

0

r

2/R

2 rdrvdv  

 v = 
4

R
r

2
2   

  



t

0

r

2/R
2

2

dt

4

R
r

dr
  .....(1) 

 Assume ekuk : r = sec
2

R
  

 dr = 
2

R
sec  tan  d  

  



 t

02
2

dt

tan
4

R

dtansec
2

R

 ; t = 










 


R

Rr4

R

r2
n

22

   ;   tt ee
4

R
r     
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34. The net reaction of the disc on the block is :      [JEE (Advanced) 2016 ; P-2, 3/62, –1] 

 (A) 2 ˆ ˆm Rsin t j – mgk      (B) 2 ˆ ˆm Rcos t j – mgk    

 (C*)  2 t t1 ˆ ˆm R e e j mgk
2

       (D)  2 2 t 2 t1 ˆ ˆm R e e j mgk
2

      

 xqVds ij fMLd dh usV izfrfØ;k (net reaction) gS % 

 (A) 2 ˆ ˆm Rsin t j – mgk      (B) 2 ˆ ˆm Rcos t j – mgk    

 (C*)  2 t t1 ˆ ˆm R e e j mgk
2

       (D)  2 2 t 2 t1 ˆ ˆm R e e j mgk
2

      

Ans. (C) 

Sol.  

 

 

r vr 

î  

)ĵ(y  

)k̂(  

 

 k̂)îrk̂(mk̂)îv(m2FF
rotinrot 


 

 îrm)ĵ(mv2Fîmr 2
rotin

2 


 

 ĵmv2F rin 


    ......(1) 

  tt ee
4

R
r    

  tt
r ee

4

R
v

dt

dr   ;    ĵee
4

R
m2F tt

in 


 


 

  ĵee
2

mR
F tt

2

in
 





 

 Also reaction is due to disc surface then  

 bl izdkj pdrh dh lrg }kjk Hkh izfrfØ;k vkjksfir gks rks 

   k̂mgĵee
2

mR
F tt

2

reaction 


 

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35. Consider regular polygons with number of sides n = 3, 4, 5 ................ as shown in the figure. The 
centre of mass of all the polygons is at height h from the ground. They roll on a horizontal surface about 
the leading vertex without slipping and sliding as depicted. The maximum increase in height of the locus 
of the center of mass for each polygon is . Then  depends on n and h as    

 fp=k }kjk n'kkZ;s lecgqHkqtksa dh Hkqtkvksa dh la[;k n = 3, 4, 5 ................ gSA lHkh cgqHkqtksa dk lagfr dsUnz (centre 

of mass) vuqHkwfed ry ls h Å¡pkbZ ij gSA ;s fcuk fQlys f{kfrt ry ij izfrxkeh 'kh"kZ (leading vertex) ds pkjksa 
vksj ?kw.kZu dj vxzlfjr gks jgs gSA izR;sd cgqHkqt ds lagfr dsUnz ds js[kkiFk (locus) dh Å¡pkbZ dh vf/kdre of̀)  
gSA rc  dh h vkSj n ij fuHkZjrk fuEu esa ls nh tk,xh           [JEE (Advanced) 2017 ; P-2, 3/61, –1] 

 

h h h 

 

 (A) 
2

hsin
n

    
 

 (B) 2htan
2n

    
 

 (C) 2hsin
n

    
 

 (D*) 
1

h 1

cos
n

 
 
   

  
    

 

Ans. (D) 

Sol.  

 

h 

/n 
R 

R=Maximum 
height 

 

cos
n

 
 
 

 = 
h

R
 

= R–h = 
h

h

cos
n


 

 
 

 

   = 
1

h

cos 1
n

 
 
 
       
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36. A wheel of radius R and mass M is placed at the bottom of a fixed step of height R as shown in the 
figure. A constant force is continuously applied on the surface of the wheel so that it just climbs the step 

without slipping. Consider the torque  about an axis normal to the plane of the paper passing through 
the point Q. Which of the following options is/are correct ?   

 ,d f=kT;k R ,oa nzO;eku M dk ifg;k (wheel) ,d R Å¡pkbZ okys n`<+ lksiku (step) ds ry ij j[kk gS (tSls fp=k 
esa fn[kk;k x;k gS)A ifg;s dks lksiku p<+kus ek=k ds fy, ,d vpj cy ifg;s ds i`"Bij lrr~ (continuous 

constant force) dk;Zjr gSA dkxt ds i`"B ls vfHkyEc fn'kk esa (perpendicular to the plane of the paper) fcUnq 
Q ls tkus okyh v{k ds lkis{k cyvk?kw.kZ ekfu;sA fuEu esa ls dkSu¼lk½ ls izdFku lgh gS@gSa \ 

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

X 

P 
Q 

S 

R 

 
 (A*) If the force is applied normal to the circumference at point P then  is zero   

 (B) If the force is applied tangentially at point S then 0 but the wheel never climbs the step  

 (C) If the force is applied at point P tangentially then  decreases continuously as the wheel climbs 

 (D) If the force is applied normal to the circumference at point X then  is constant 

 (A*) ;fn fcUnq P ij ifg;s dh ifjf/k ls vfHkyac fn'kk esa cy yxk;k tk; rc  'kwU; jgsxkA 

 (B) ;fn fcUnq S ij Li'khZ; cy yxk;k tk, rc 0 gS fdUrq ifg;k lksiku ij dHkh Hkh ugha p<+sxk 
 (C) ;fn fcUnq P ij Li'khZ; cy (tangential force) yxk;k tk, rc tSls ifg;k lksiku ij p<+sxk oSls lrr~ 

?kVsxkA 

 (D) ;fn fcUnq X ij ifg;s dh ifjf/k ls vfHkyac fn'kk (normal direction) esa cy yxk;k tk, rc  vpj jgsxkA 

Ans. (A) (IIT has given answer A or AB. In our sheet we have given answer C) 
Sol.  

 

F 
P 

 
  = 0, it can never climb, so option (A) is incorrect. 
 (B) Wheel can climb, so option (B) is incorrect. 

 (C)  = F(2Rcos) – mgRcos 

      cos 

 since when  increases,   decreases. 

 So its correct. 

 

mg

F 



 

 (D)   
 

mg

F 


x r 

  
 = Fr – mgRcos  increases with   
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37. A rigid uniform bar AB of length L is slipping from its vertical position on a frictionless floor (as shown in 

the figure). At some instant of time, the angle made by the bar with the vertical is . Which of the 

following statements about its motion is/are correct?  

 ,d  L yEckbZ dk nz< naM (rigid bar) AB viuh m/okZ/kj fLFkfr ls ?k"kZ.kghu vuqHkwfed ry (frictionless horizontal 

surface) ij fp=kkuqlkj fQly jgk gSA le; ds fdlh {k.k ij naM m/okZ/kj ls cuk;k dks.k   gSA fuEu esa ls dkSulk 
¼ls½ izdFku lgh gS@gSa?     

 

O 

B 

L 

A 



 

 (A) The trajectory of the point A is a parabola     

(B*) Instantaneous torque about the point in contact with the floor is proportional to sin .   

(C*) When the bar makes an angle  with the vertical, the displacement of its midpoint from the initial 

position is proportional to (1– cos)    

(D*) The midpoint of the bar will fall vertically downward. 

(A) fcUnq A dk iziFk ijoyf;d (parabolic path) gSA     

(B*) naM vkSj Hkwry ds Li'kZ fcUnq ds pkjksa rjQ rkR{kf.kd cy;k?kw.kZ (lnstantaneous torque) sin  ds lekuqikrh 

gSA   

(C*) tc naM m/okZ/kj ls   dks.k cukrk gS rc naM ds e/; fcUnq dk foLFkkiu mlds vkjafHkd fLFkfr (1– cos) ds 

lekuqikrh gSA     

(D*) naM dk e/; fcUnq m/okZ/kj uhps dh vksj (vertically downward) fxjsxkA  

Ans. (BCD) (IIT has given answer BCD. In our sheet we have given answer CD) 

Sol.  

 

 



90–

(0,0) 
x 

y 

(x,y) 

 

 x = sin
2

  , y = cos 
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2 2

2 2

y 4x
1   

 Path of A is ellipse  A dk iFk nh?kZ o`Ùk gSA  

 mg
2

sin = 
2 2

2m
m sin

12 4

 
    

 
=  

2
2m

1 3sin
12

    

   = 
2

6gsin

(1 3sin )



 
 

 torque w.r.t. B ds lkis{k cy vk?kw.kZ = 
2m

3
  

 


N 

coR 

mg 

 

            =  
2

2

m 6gsin

3 1 3sin

 
   

 

 (c) ycm = 
L

(1 cos )
2

   

 (D) midpoint will fall vertically downwards e/; fcUnq Å/okZ/kj uhps dh vksj fxjsxkA 

 

Paragraph for Question Nos. 38 to 39 

iz'u 38 vkSj 39 ds fy, vuqPNsn 

One twirls a circular ring (of mass M and radius R) near the tip of one's finger as shown in Figure-1. In 

the process the finger never loses contact with the inner rim of the ring. The finger traces out the 

surface of a cone, shown by the dotted line. The radius of the path traced out by the point where the 

ring and the finger is in contact is r. The finger rotates with an angular velocity 0. The rotating ring rolls 

without slipping on the outside of a smaller circle described by the point where the ring and the finger is 

in contact (Figure-2). The coefficient of friction between the ring and the finger is  and the acceleration 

due to gravity is g.   

,d o`Ùkkdkj oy; (circular ring) (nzO;eku M ,oa f=kT;k R) ,d maxyh ds ifjr /kzqr?kw.kZu djrk gS  
(tSlk fp=k 1 (Figure 1) esa n'kkZ;k x;k gS)A bl izØe esa maxyh oy; ds varfjd i`"B ls ges'kk Li'kZ djrh gSA 
maxyh ,d 'kadq (cone)  ds i`"B dk vuqjf[k; iFk dk vuqlj.k djrh gS tSls dh fcUnqfdr js[kk }kjk n'kkZ;k x;k 
gSA maxyh ,oa oy; ds Li'kZ fcUnq ds vuqjsf[k; iFk dh f=kT;k r gSA maxyh dks.kh; osx 0 ls ?kw.kZu dj jgh gSA 
oy; r f=kT;kokys o`Ùk ds ckgjh i`"B ij fQlyu jfgr ?kw.kZu (rolls without slipping) djrk gSA tSlk fp=k 2 

(Figure 2) esa oy; ,oa maxyh ds Li'kZ fcUnq }kjk n'kkZ;k x;k gSA oy; ,oa maxyh ds chp ?k"kZ.k xq.kkad 
(coefficient of friction) , ,oa xq:Roh; Roj.k g gSA  

  

R 

R 

r 

Figure-1 Figure-2 

 
 
38. The total kinetic energy of the ring is :     [JEE (Advanced) 2017 ; P-2, 3/61] 

 oy; dh dqy xfrt mtkZ gS 

 (A)  22

0

1
M R r

2
   (B)  22

0

3
M R r

2
   (C) 2 2

0M R   (D)  22

0M R r   

Ans. Bonus (IIT has given Bonus marks for this question. In our sheet we have given answer D) 
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Sol. Finger and ring will have same . 

 Point C is instantanious axis of rotation 

 

 

A 



o 

v=0(R–r) 

C 

 

 KE = 2
0

2
2

)rR(M
2

MR

2

1












  

 

39. The minimum value of 0 below which the ring will drop down is:   [JEE (Advanced) 2017 ; P-2, 3/61] 

 U;wure 0 ftlds de gksrs gh oy; fxj tk;sxk] og gS  

 (A*) 
 

g

R r 
  (B) 

 
g

2 R r 
  (C) 

 
3g

2 R r 
  (D) 

 
2g

R r 
 

Ans. (A) 

 

40*. Consider a body of mass 1.0 kg at rest at the origin at time t = 0. A force ˆ ˆF ( ti j)    is applied on the 

body, where  = 1.0 Ns−1 and  = 1.0 N. The torque acting on the body about the origin at time  

t = 1.0s is  . Which of the following statements is (are) true?  [JEE (Advanced) 2018 ; P-1, 4/60] 

 1.0 kg nzO;eku (mass) dh ,d oLrq le; t = 0 ij ewy fcUnq (origin) ij fojkekoLFkk eas gSA bl oLrq ij ,d cy  

F  = (at î  + ) yxk;k tkrk gS] tgk¡  = 1.0 Ns−1 vkSj  = 1.0 N gSA le; t = 1.0s ij ewy fcUnq ds lkis{k oLrq 

ij yxus okyk cy vk?kw.kZ (torque)   gSA fuEufyf[kr dFkuksa eas ls dkSulk (ls) lgh gS (gS) ? 

 (A) 
1

| | Nm
3

    

(B) The torque   is in the direction of the unit vector k̂  

cy vk?kw.kZ   ek=kd lfn'k (unit vector) k̂  dh fn'kk esa gSA 

 (C)  The velocity of the body at t = 1 s is 11 ˆ ˆv (i 2j)ms
2

     

le; t =  1s ij oLrq dk osx 11 ˆ ˆv (i 2j)ms
2

 
  
gSA  

(D) The magnitude of displacement of the body at t = 1 s  is 
1

m
6

  

le; t =  1s ij oLrq ds foLFkkiu dk ifjek.k
 

1
m

6
  gSA 

Ans. (A,C) 
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Sol. m = 1kg 

 ˆ ˆma F ti j    

 (1) ˆ ˆa ti j   

 
dv ˆ ˆt i j
dt

   

 
2t 1ˆ ˆ ˆ ˆv i tj i j
2 2

     

 
3 2t tˆ ˆs i j
6 2

   

 
1 1ˆ ˆs(t 1) i j
6 2

    

 r F    

 = 
1 1ˆ ˆ ˆi j i j
6 2

         
 

 = 
1 1ˆ ˆ ˆ ˆ(i j) ( j i)
6 2

   = 
1 1 2 1ˆ ˆ ˆ ˆk k k k
6 2 6 3


     

 || = 
1

3
 at t = 1 sec 

 || = 
1

3
 , t = 1 sec ij 

41. A ring and a disc are initially at rest, side by side, at the top of an inclined plane which makes an angle 

60° with the horizontal. They start to roll without slipping at the same instant of time along the shortest 

path. If the time difference between their reaching the ground is (2 – 3) / 10 s, then the height of the 

top of the inclined plane, in metres, is __________.  Take g = 10 ms−2.  

 ,d o`Ùkkdkj oy; (ring) vkSj ,d o`Ùkkdkj pdrh (disc), ,d vkur cy (inclined plane) ds 'kh"kZ ij vxy&cxy 

(side by side) fojkekoLFkk esa gSA vkur ry] {kSfrt ry (horizontal plance) ls 60° dk dks.k cukrk gSA nksuksa 

oLrq, ,d gh iy] U;wure nwjh okys iFk ij fcuk fQlys yksVuk (rolling without slipping) vkjEHk djrh gSA ;fn 

nksukssas oLrqvksa ds {kSfrt ry ij igq¡pus dk le;kUrj (2 – 3) / 10 s, gks rks vkur ry ds 'kh"kZ dh Å¡pkbZ 

________ ehVj gSA g = 10 ms−2 ysaA     [JEE (Advanced) 2018 ; P-1, 3/60] 

Ans. 0.75  

Sol. acm = 
2 2

2 2

3g
gsin 2

K K
1 1

R R




 
 

 ring

3g
3g2a

1 1 4
 


 

 disc

3g
g2a

1 31
2

 

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 ring

2h
2.

4h 4 16h3
t

3g3g 3 3g

4

    

 disc

2h
2.

4h 3 4h3
t

g g g3

3

    

 
16h 4h h 16

t 4
3g g g 3

 
      

 
 

 
h 4

2
g 3

 
  

 
 

 
h 2 3

2
g 3

 
   

 

h
2 1

3
   

 
h 1

3 2
    

3
h 0.75m

4
   

 
 

42. In the List-I below, four different paths of a particle are given as functions of time. In these functions,  

and  are positive constants of appropriate dimensions and  . In each case, the force acting on the 

particle is either zero or conservative. In List-II, five physical quantities of the particle are mentioned: p    

is the linear momentum, L  is the angular momentum about the origin, K is the kinetic energy, U is the 
potential energy and E is the total energy. Match each path in List-I with those quantities in List-II, which 
are conserved for that path.    [JEE (Advanced) 2018 ; P-2, 3/60, –1] 

List-I List-II 

P. ˆ ˆr(t) t i tj    1. p  

Q. ˆ ˆr(t) cos ti sin tj      2. L  

R. ˆ ˆr(t) (cos ti sin tj)      3. K 

S. 2ˆ ˆr(t) t i t j
2


    

4. U 

  5. E 

 

 uhps nh x;h lwph-I esa] ,d d.k ds pkj fofHkUu iFk] le; ds fofHkUu Qyuksa (functions) ds :i esa fn;s x;s gSaA bu 
Qyuksa esa  rFkk  mfpr foekvksa okys /kukRed fu;rkad (positive constants) gSa] tgk¡  A izR;sd iFk esa d.k 
ij yxus okyk cy ;k rks 'kwU; gS ;k laj{kh (conservative) gSA lwph-II esa d.k dh ik¡p HkkSfrd jkf'k;ksa dk fooj.k 

fn;k x;k gS % p  js[kh; laosx (linear momentum) gS] L ewy fcanq (origin) ds lkis{k dks.kh; laosx  

(angular momentum) gS] K xfrt ÅtkZ (kinetic energy) gS, U fLFkfrt ÅtkZ (potential energy) gS vkSj E dqy 
ÅtkZ (total energy)  gSA lwph-I ds izR;sd iFk dk lwph-II esa fn;s x;s mu jkf'k;ksa ls lqesy dhft;s] tks ml iFk ds 
fy, laj{kh (conserved) gSaA 
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LWPH-I LWPH-II 
P. ˆ ˆr(t) t i tj    1. p  

Q. ˆ ˆr(t) cos ti sin tj      2. L  

R. ˆ ˆr(t) (cos ti sin tj)      3. K 

S. 2ˆ ˆr(t) t i t j
2


    

4. U 

  5. E 
(A) P → 1, 2, 3, 4, 5;     Q → 2, 5;     R → 2, 3, 4, 5;    S → 5     
(B) P → 1, 2, 3, 4, 5;     Q → 3, 5;     R → 2, 3, 4, 5;    S → 2, 5   
(C)  P → 2, 3, 4;            Q → 5;         R → 1, 2, 4;        S → 2, 5   
(D)  P → 1, 2, 3, 5;        Q → 2, 5;     R → 2, 3, 4, 5;    S → 2, 5   

Ans. (A) 

Sol. (P) V  = constant fu;r a 0  P → 1, 2, 3, 4, 5   

 (Q) 2a r  path of the particle is elliptical  d.k dk iFk nh?kZo`rkdkj gS Q → 2, 5; 
 (R) 2a r   path of the particle is circular  d.k dk iFk o`rkdkj gS R → 2, 3, 4, 5 

 V = constant fu;r 

 (S) a  = constant fu;r S → 5   
 
 

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

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

 

1. A thin circular ring of mass m and radius R is rotating about its axis with a constant angular velocity . 
Two objects each of mass M are attached gently to the opposite ends of a diameter of  the ring. The 

ring now rotates with an angular velocity  :     [AIEEE-2006, 4½/180] 

 (1*) 
m

(m 2M)




    (2) 
(m 2M)

m

 
   (3) 

(m 2M)

(m 2M)

 


  (4) 
m

(m M)




  

 m nzO;eku vkSj R f=kT;k dk ,d iryk o`Ùkh; oy; vius v{k ij ,d fLFkj dks.kh; osx  ls ?kw.kZu dj jgk gSA 
oy; ds O;kl ds foijhr fljksa ij çR;sd M nzO;eku dh nks oLrq,¡ /khjs ls tksM+h tkrh gSA oy; vc ftl dks.kh; osx 
 ls ?kw.kZu djsxk og gS :         

 (1*) 
m

(m 2M)




    (2) 
(m 2M)

m

 
   (3) 

(m 2M)

(m 2M)

 


  (4) 
m

(m M)




  

Sol. Li = Lr 

 mR2 = (mR2 + 2MR2) 

  = 
m

m 2M

 
  

 

 

2.  Four point masses, each of value m, are placed at the corners of a square ABCD of side .  The 
moment of inertia about an axis passing through A and parallel to BD is : [AIEEE-2006, 4½/180] 

 (1) m2   (2) 2m2   (3) 3 m2  (4*) 3m2 

  Hkqtk ds ,d oxZ ABCD ds pkjksa dksuks ij çR;sd m nzO;eku ds pkj fcUnq nzO;eku j[ks gSA A ls xqtjus okys vkSj 

BD dss lekUrj v{k ds ifjr% bl fudk; dk tM+Ro vk?kw.kZ gS :     

 (1) m2   (2) 2m2   (3) 3 m2  (4*) 3m2 

Sol. I = 2m (/ 2 )2 + m( 2 )2 = 3m2  
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3. For the given uniform square lamina  ABCD, whose centre is O,   [AIEEE 3/120 2007]  

      
 (1) AC EF2     (2) AD = 2EF  (3*) AC = EF  (4) AC = EF2  

 

3. nh xbZ ,dleku oxkZdkj iVy ABCD ds fy,, ftldk dsUnz O gS :   [AIEEE 3/120 2007]  

      
 (1) AC EF2     (2) AD = 2EF  (3*) AC = EF  (4) AC = EF2  

Sol. AC = 
21 M

2 6

 
  
 

 = 
2M

12
 , EF = 

2M

12
, AC = EF   

 

4.  A round uniform body of radius R, mass M and moment of inertia I rolls down (without slipping) an 

inclined plane making an angle  ? with the horizontal. Then its acceleration is :   
          [AIEEE 3/120 2007] 

 (1*) 
2

gsin

1 /MR



 
  (2) 

2

gsin

1 MR /



 
  (3) 

2

gsin

1 /MR



 
   (4) 

2

gsin

1 MR /



 
 

 f=kT;k R, nzO;eku M o tM+Ro vk?kw.kZ I dk ,d ,dleku xksy fi.M {kSfrt ls   dks.k ij >qds lery ij chuk 
fQlyu ds yq<+drk gSSA bldk Roj.k gS &      

 (1*) 
2

gsin

1 /MR



 
  (2) 

2

gsin

1 MR /



 
  (3) 

2

gsin

1 /MR



 
   (4) 

2

gsin

1 MR /



 
 

Sol. mg sin – ƒ = maCM  ..........(i) 

 ƒ.R =    ..........(ii)   

 aCM = R   ..........(iii) 
 On solving (i),(ii) & (iii) 

 aCM = 

2

gsin

1
MR





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5. Angular momentum of the particle rotating with a central force is constant due to : 
           [AIEEE 3/120 2007]    
 (1) constant force         (2) constant linear momentum     
 (3*) zero torque        (4) constant torque   

 dsUnzh; cy ds lkFk ?kwers ,d d.k dk dks.kh; laosx fu;r jgrk gSA bldk dkj.k gS  
 (1) fu;r cy      (2) fu;r jSf[kd laosx 

 (3*) 'kwU; cy vk?kw.kZ    (4) fu;r cy vk?kw.kZ 
Sol.  Central force is directed towards a point, therefore torque of the central force is zero. 
 

 
6. Consider a uniform square plate of side 'a' and mass 'm'. The moment of inertia of this plate about an 

axis  perpendicular to its plane and passing through one of its corners is :  [AIEEE 3/105 2008]   

 (1) 
1

12
ma2  (2) 

7

12
ma2  (3*) 

2

3
ma2  (4) 

5

6
ma2 

 Hkqtk 'a' rFkk nzO;eku 'm' dhs fdlh ,dleku oxkZdkj IysV ij fopkj dhft,A bl IysV dk ml v{k ds ifjr% tks 
blds ry ds yEcor~ gS rFkk blds fdlh ,d dksus ls xqtjrh gS] tM+Ro vk?kw.kZ  

 (1) 
1

12
ma2  (2) 

7

12
ma2  (3*) 

2

3
ma2  (4) 

5

6
ma2 

Sol. IA = Icm + m

2
a

2

 
 
 

  

 = 
2ma

6
 + 

2ma

2
     

 = 
2

3
 ma2  

 

 

 
 

7. A thin uniform rod of length  and mass m is swinging freely about a horizontal axis passing through its 

end. Its maximum angular speed is . Its centre of mass rises to a maximum height of : 
          [AIEEE 4/144 2009]   

 (1) 
1

6 g


  (2) 

2 21

2 g


  (3*) 

2 21

6 g


  (4) 

2 21

3 g


 

 yEckbZ  vkSj nzO;eku m dh ,d iryh ,dleku NM+ vius ,d fljs ls xqtj jgh {kSfrt v{k ij Lora=k :i ls 
nksyk;eku gSA bldh vf/kdre dks.kh; pky  gSA bldk nzO;eku dsUnz bl egÙke Å¡pkbZ rd mBsxk %  

(1) 
1

6 g


  (2) 

2 21

2 g


  (3*) 

2 21

6 g


  (4) 

2 21

3 g


 

Ans.  (3) 

Sol. 
1

2
 2 = mgh 

 
1

2

2m

3

 
  
 

  2 = mgh 

 h = 
2 2

6g


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8. A small particle of mass m is projected at an angle  with the x-axis with an initial velocity v0 in the x-y 

plane as shown in the figure. At a time t < 0v sin

g


, the angular momentum of the particle is  

     

 

  

 (1) –mg v0 t2 cos  ĵ      (2) mg v0 t cos  k̂    

 (3*) – 1

2
 mg v0 t2 cos  k̂     (4) 

1

2
mg v0 t2 cos  î   

 where ˆ ˆi, j  and k̂  are unit vectors along x, y and z-axis respectively. 

 
8. x-v{k ls dks.k ij nzO;eku m ds ,d NksVs d.k dks ,d izkjfEHkd osx v0 ls x-y ry esa iz{ksfir fd;k tkrk gS tSlk 

fd fp=k esa n'kkZ;k x;k gSA le; t < 0v sin

g


, ds fy,] d.k dk dks.kh; laosx gSµ  [AIEEE 4/144 2010] 

     

 

  

 (1) –mg v0 t2 cos  ĵ      (2) mg v0 t cos  k̂    

 (3*) – 1

2
 mg v0 t2 cos  k̂     (4) 

1

2
mg v0 t2 cos  î   

 tgk¡ ˆ ˆi, j  vkSj k̂  Øe'k% x, y vkSj z-v{k ij bdkbZ lfn'k gS  
Sol.  

 

 

 

 dks.kh; laosx angular momentum = m 2
0 0 0 0

1
(v sin gt)(V cos t) (V cos ) V sin t gt

2

          
  

 

 = – 
1

2
mg V0 t2 cos 0 k̂  
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9. A thin horizontal circular disc is rotating about a vertical axis passing through its centre. An insect is at 
rest at a point near the rim  of the disc. The insect now moves along a diameter of the disc to reach its 
other end. During the journey of the insect, the angular speed of the disc :[AIEEE - 2011, 4/120, –1] 

 (1) remains unchanged     (2) continuously decreases 
 (3) continuously increases   (4*) first increases and then decreases 
 ,d iryh {kSfrt o`Ùkh; pdrh vius dsUæ ls xqtj jgh Å/okZ/kj v{k ij ?kw.kZu dj jgh gSA pdrh dh /kqjh ds lehi 

fcUnq ij ,d dhM+k fojke voLFkk esa gSA dhM+k vc  ,d O;kl ij ,d fljs ls nwljs fljs rd xfr'khy gksrk gSA dhM+s 
dh ;k=kk ds nkSjku] pdrh dh dks.kh; pky :    

 (1) vifjofrZr jgrh gS     (2) yxkrkj ?kVrh gS 
 (3) yxkrkj c<+rh gS     (4*) igys c<+rh gS vkSj fQj ?kVrh gS 
Ans. (4) 
Sol.  

 

 

 
 From angular momentum conservation about vertical axis passing through centre. When insect is 

coming from circumference to center. Moment of inertia first decrease then increase. So angular 
velocity inecrease then decrease.   

 dsUnz ls xqtjus okyh Å/okZ/kj v{k ds lkis{k dks.kh; laosx laj{k.k ls tc dhM+k ifjf/k ls dsUnz dh vksj vk jgk gSA 
tM+Ro vk?kw.kZ igys ?kVrk gS rFkk fQj c<+rk gSA vr% dks.kh; osx igys c<+sxk rFkk fQj ?kVsxkA 

 

10. A mass m hangs with the help of a string wrapped around a pulley on a frictionless bearing. The pulley 
has mass m and radius R. Assuming pulley to be a perfect uniform circular disc, the acceleration of the 
mass m, if the string does not slip on the pulley, is :   [AIEEE - 2011, 4/120, –1] 

 (1) 
3

g
2

   (2) g   (3*) 
2

g
3

  (4) 
g

3
 

 ,d ?k"kZ.kghu cs;fjax ij ,d f?kjuh ds pkjksa vksj ,d Mksjh dks yisV dj æO;eku m yVdk;k x;k gSA f?kjuh dk 
æO;eku m vkSj f=kT;k R gSA ;g eku ysa fd f?kjuh ,d iw.kZ ,d leku o`Ùkh; pdrh gSA ;fn Mksjh f?kjuh ij 
fQlyrh ugha gS] rc æO;eku  m dk Roj.k gS :   

 (1) 
3

g
2

   (2) g   (3*) 
2

g
3

  (4) 
g

3
 

Ans. (3) 
Sol.  

 

 

  

 

 
mg – T = ma       

 TR = 
2mR

2


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 T = 
mR

2


 = 

ma

2
 

 mg – 
ma

2
 = ma 

 
3ma

2
 = mg 

 a = 
2g

3
  Ans. 

 
11. A pulley of radius 2m is rotated about its axis by a force F = (20t – 5t2) newton (where t is measured in 

seconds) applied tangentially. If the moment of inertia of the pulley about its axis of rotation is 10 kg m2, 
the number of rotations made by the pulley before its direction of motion if reversed, is:   
         [AIEEE - 2011, 4/120, –1] 

 (1) less than 3     (2*) more than 3 but less than 6 
 (3) more than 6 but less than 9   (4) more than 9 
 Li'kZjs[kh; yxk;s x;s cy F = (20t – 5t2) U;wVu (tgk¡ t lsd.M esa ukik x;k gS) ds dkj.k 2m f=kT;k dh ,d f?kjuh 

viuh v{k ij ?kw.kZu djrh gSA ;fn ?kw.kZu v{k ds bnZ&fxnZ] f?kjuh dk tM+Ro vk?kw.kZ 10 kg m2  gS] rc f?kjuh dh 
xfr dh fn'kk izfryksfer gksus ls igys f?kjuh }kjk fd;s x;s pDdjksa dh la[;k gS  :  

 (1) 3 ls de     (2) 3 ls vf/kd ijUrq 6 ls de 

 (3) 6 ls vf/kd ijUrq 9 ls de   (4) 9 ls vf/kd 

Ans. (2) 

Sol. To reverse the direction d 0    (work done is zero) 

 fn'kk ds O;qRØe ds fy, d 0    (fd;k x;k dk;Z 'kwU; gS) 

  = (20 t – 5t2) 2 = 40t – 10t2  

  = 
2

240t 10t
4t t

10

 
  


 

  = 
t

0
dt  = 2t2 – 

3t

3
 

  is zero at 'kwU; gS 

 2t2 – 
3t

3
 = 0  

 t3 = 6t2  

 t = 6 sec. ij 

  = dt  

 = 
36

2

0

t
(2t )dt

3
  

 

6
3 4

0

2t t

3 12

 
 

  
 = 216 

2 1

3 2

   
 = 36 rad. 

 No of revolution 
36

2
 Less than 6 

 pDdjksa dh la[;k 
36

2
 , 6 ls de gSA  

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


Rigid Body Dynamics 
 

 

 

Corporate 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 
ADVRB - 159 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

12. A particle of mass ‘m’ is projected with a velocity  making an angle of 30º with the horizontal. The 
magnitude of angular momentum of the projectile about the point of projection when the particle is at its 
maximum height ‘h’ is :           [AIEEE 2011, 11 May; 4/120, –1] 

 (1) zero   (2) 
3m

2g


  (3*) 

33 m

16 g


  (4) 

23 m

2 g


 

 {kSfrt ls 30º ds dks.k ij osx   ls nzO;eku 'm' ds ,d d.k dks ç{ksfir fd;k tkrk gSA tc d.k viuh vf/kdre 
Å¡pkbZ ‘h’ ij gS] rc ç{ksi fcUnq ds lkis{k d.k ds dks.kh; laosx dk ifjek.k gS: 

 (1) 'kwU;    (2) 
3m

2g


  (3*) 

33 m

16 g


  (4) 

23 m

2 g


 

Ans. (3) 
Sol.   

 

 

 
 L0 = Pr 

 L0 = mv cos H  

     = 
3

mg
2

.
2 2v sin 30º

2g
 = 

33mv

16g
 

 

13. A hoop of radius r and mass m rotating with an angular velocity 0 is placed on a rough horizontal 
surface. The initial velocity of the centre of the hoop is zero. What will be the velocity of the centre of 
the hoop when it ceases to slip ?     [AIEEE 2013, 4/120, –1] 

 (1) 0r

4


   (2) 0r

3


   (3*) 0r

2


  (4) r0 

 dks.kh; osx 0 ls ?kw.kZu dj jgs nzO;eku m vkSj f=kT;k r ds ,d gwi dks ,d [kqjnwjs {kSfrt ry ij j[kk gSA gwi ds 
dsUnz dk izkjfEHkd osx 'kwU; gSA tc ;g fLyi djuk cUn dj ns] rc gwi ds dsUn dk osx D;k gksxk ? 

 (1) 0r

4


   (2) 0r

3


   (3*) 0r

2


  (4) r0 

Sol. 

 

 
0 

R 

V 

V 
 

 mr20 = mvr + mr2 × 0v

r
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14. A mass 'm' supported by a massless string wound around a uniform hollow cylinder of mass m and 
radius R. If the string does not slip on the cylinder, with what acceleration will the mass fall on release ? 

          [JEE (Main) 2014, 4/120, –1] 
 

  

 (1) 
2g

3
   (2*) 

g

2
   (3) 

5g

6
   (4) g 

 f=kT;k R ,oa nzO;eku m ds ,d ,dleku [kks[kys csyu ds pkjksa rjQ ,d nzO;ekufoghu Mksjh ls ,d nzO;eku 'm' 
voyafcr gSaA ;fn Mksjh csyu ij fQlyrh ugha gS] rc NksM+s tkus ij nzO;eku fdl Roj.k ls fxjsxk \ 

 

  

 (1) 
2g

3
   (2*) 

g

2
   (3) 

5g

6
   (4) g 

Sol.  

 

 

 
 mg – T = ma  .....(1) 

 T.R = mR2
a

R
   .....(2) 

 
g

2
 = a   

 Ans (2) 
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15. A bob of mass m attached to an inextensible string of length l is suspended from a vertical support. The 

bob rotates in a horizontal circle with a angular speed  rad/s about the vertical. About the point of 
suspension :  

 (1) angular momentum is conserved.         [JEE (Main) 2014, 4/120, –1] 
 (2) angular momentum changes in magnitude but not in direction 
 (3*) angular momentum changes in direction but not in magnitude. 
 (4) angular momentum changes both in direction and magnitude.   

 yEckbZ l dh ,d vforkU; M+ksjh ls c¡/ks nzO;eku m ds ,d ckWc dks ,d Å/okZ/kj vk/kkj ls yVdk;k tkrk gSA ckWc 
Å/okZ/kj ij dks.kh; pky  rad/s ls ,d {kSfrt o`Ùk esa ?kw.kZu djrk gSA fuyacu fcUnq ij:   

 (1) dks.kh; laosx lajf{kr jgrk gSA  

 (2) dks.kh; laosx ifjek.k esa ifjorZu'khy gSa ijUrq fn'kk esa ughaA 
 (3) dks.kh; laosx fn'kk esa ifjorZu'khy gS ijUrq ifjek.k esa ughaA 

 (4) dks.kh; laosx nksuksa fn'kk ,oa ifjek.k esa ifjorZu'khy gSA 
Ans. (3) 
Sol.  

 

 
 Angular momentum of the pendulum about the suspension point 'O' is  

 L m (r v)   

 Then r  can be resolved into two components, radial component rrad,  and axial component raxial. Due to 
rrad, L will be axial and due to raxial, L will be radially outwards as shown.  

So net angular momentum will be as shown in figure whoose value will be constant (|L| = mv). But its 
direction will change as shown in the figure. 

 fcUnq 'O' ds lkis{k isaMqye dk dks.kh; laosx  

 L m (r v)   

 r  dks nks ?kVd esa fo;ksftr fd;k tk ldrk gSA tks Øe'k% f=kT;h; rrad , v{kh; raxial gksaxsA rrad ds dkj.k L v{k ds 
vuqfn'k gksxk tcfd raxial ds dkj.k L f=kT;h; fn'kk esa ckgj dh vksj gksxkA  

 fp=k esa iznf'kZr gS vr% dks.kh; laosx dk dksbZ ifjek.k (|L| = mv) fu;r jgsxk fdUrq bldh fn'kk ifjofrZr gksxhA 

Sol. 

 

 

 
 Angular momentum of the pendulum about the suspension point 'O' will have a constant magnitude :  

(L) = mv (op) but its direction will change as shown in the figure. 

 fcUnq 'O' ds lkis{k dks.kh; laosx dk ifjek.k fu;r (L) = mv (op) gS ysfdu bldh fn'kk yxkrkj fp=kkuqlkj cnysxhA 
 

 
 
 

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


Rigid Body Dynamics 
 

 

 

Corporate 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 
ADVRB - 162 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

16. Form a solid sphere of mass M and radius R a cube of maximum possible volume is cut. Moment of 
inertia of cube about an axis passing through its centre and perpendicular to one of its faces is   
         [JEE(Main)-2015; 4/120, –1] 

 (1) 
2MR

32 2
    (2) 

2MR

16 2
   (3*) 

24MR

9 3
    (4) 

24MR

3 3
  

 fdlh Bksl xksys dk nzO;eku M rFkk bldh f=kT;k R gSA blesa ls vf/kdre lEHko vk;ru dk ,d D;wc (?ku) dkV 
fy;k tkrk gSA bl D;wc dk tM+Ro vk?kw.kZ fdruk gksxk, ;fn bldh ?kw.kZu v{k blds dsUnz ls gksdj xqtjrh gS rFkk 
blds fdlh ,d Qyd ds yEcor~ gS ?   

 (1) 
2MR

32 2
    (2) 

2MR

16 2
   (3*) 

24MR

9 3
    (4) 

24MR

3 3
  

Ans. (3) 
Sol. AB =  2R      

 a 3  = 2R 

 a = 
2R

3
       

 Mass of cube ?ku dk nzO;eku = 

3

3

M 2R

4 3R
3

 
  
 

 

 = 
3

3

3M 8R
·

4 R 3 3
 = 

2M

3
 

 Moment of inertia of cube about  given axis is  

 nh xbZ v{k ds ifjr% ?ku dk tM+Ro vk?kw.kZ     

 = 
2ma

6
 

 

 

  

 

 
 

17. A particle of mass m is moving along the side of square of side ‘a’ with a uniform speed  in the x-y 
plane as shown in the figure :       [JEE Main 2016, 4/120, –1] 

   

R   

45°   

D   C   

B   

A   
  

  
  

  

a   y   

O   x   

a   a   

a   
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 Which of the following statements is false for the angular momentum  about the origin ?  

 (1) R ˆL m – a k
2

 
   

 
when the particle is moving from C to D.  

(2) R ˆL m a k
2

 
   

 
 when the particle is moving from B to C.  

(3) m ˆL R k
2


  when the particle is moving from D to A.      

 (4) m ˆL – R k
2


  when the particle is moving from A to B. 

 fp=k esa Hkqtk ‘a’  dk oxZ x-y  ry esa gSA m nzO;eku dk ,d d.k ,dlkeu xfr  ls bl oxZ dh Hkqtk ij py jgk 
gS tSlk fd fp=k esa n'kkZ;k x;k gSA 

   

R   

45°   

D   C   

B   

A   
  

  
  

  

a   y   

O   x   

a   a   

a   

 
 rc fuEu esa dkSulk dFku] bl d.k ds ewy fcUnq ds fxnZ dks.kh; vk?kw.kZ  ds fy;s] xyr gSA   

 (1) R ˆL m – a k
2

 
   

 
tc d.k C ls D dh vksj py jgk gSA   

(2) R ˆL m a k
2

 
   

 
 tc d.k B ls C dh vksj py jgk gSA  

(3)  m ˆL R k
2


  tc d.k D ls A dh vksj py jgk gSA      

 (4) m ˆL – R k
2


  tc d.k A ls B dh vksj py jgk gSA 

Ans. (1, 3)  
 From C to D 

 C ls D rd 

 
0

R ˆL mv a k
2

 
  

   
 from B to C 

 B ls C rd 

 
0

R ˆL mv a k
2

 
  

   
 from D to A 

 D ls A rd 

 
 0

mv ˆL R k
2

 
 

 from A to B 

 A ls B rd  

 
 0

mv ˆL R k
2

 
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18. The moment of inertia of a uniform cylinder of lengthland radius R about its perpendicular bisector is . 
What is the ratio l/R such that the moment of inertia is minimum?        [JEE (Main) 2017 ; 4/120, –1] 

 (1) 
3

2
   (2*) 

3

2
  (3) 

3

2
   (4) 1 

 ,d f=kT;k R rFkk yEckbZ l ds ,d leku csyu dk mlds vfHkyEc f}Hkktd ds lkis{k tM+Ro vk?kw.kZ gSA tM+Ro 
vk?kw.kZ ds fuEure~ eku ds fy, vuqikr l/R D;k gksxk ?   

 (1) 
3

2
   (2*) 

3

2
  (3) 

3

2
   (4) 1 

Ans. (2) 

Sol. 
4

MR

12

M 22




 

 


R 

 

 







M

4

M

12

M 2

;   M = (R2)    2M
R


 

 
2

2

d M M 1
(2 ) 0

d 12 4

       
 

 
24

M

6 




  

 





  23 R
2

3

2

M3
 

 
2

3

R2

2




 

 
2

3

R



 

 
19. A slender uniform rod of mass M and length l is pivoted at one end so that it can rotate in a vertical 

plane (see figure). There is negligible friction at the pivot. The free end is held vertically above the pivot 

and then released. the angular acceleration of the rod when it makes an angle  with the vertical is. 
         [JEE (Main) 2017; 4/120, –1] 

     

 

x 

z 

  

 (1) 
2g

cos
3


l

  (2*) 
3g

sin
2


l

  (3) 
2g

sin
3


l

   (4) 
3g

cos
2


l
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19. ,d nzO;eku M ,oa yEckbZ l dh iryh ,oa ,d leku NM+ dk ,d fljk /kqjkxzLr gS ftlls fd og ,d Å/okZ/kj 
lery esa ?kwe ldrh gSA (fp=k nsf[k;s)A /kwjh dk ?k"kZ.k ux.; gSA NM+ ds nwljs fljs dks /kqjh ds Åij Å/okZ/kj j[kdj 
NksM+ fn;k tkrk gSA tc NM Å/oZ ls  dks.k cukrh gS rks mldk dks.kh; Roj.k gksxkA 

          [JEE (Main) 2017; 4/120, –1] 

     

 

x 

z 

  

 (1) 
2g

cos
3


l

  (2*) 
3g

sin
2


l

  (3) 
2g

sin
3


l

   (4) 
3g

cos
2


l

 

Ans. (2) 
Sol.  

 

Initially 



mg 

(/2)sin 

at any time t izkjEHk esa 
t le; ij 

 


3

m

2
sinmg

2
 

 sin
2

g3


 

 
20. Seven identical circular planar disks, each of mass M and radius R are welded symmetrically as shown. 

The moment of inertia of the arrangement about the axis normal to the plane and passing through the 

point P is        [JEE (Main) 2018; 4/120, –1] 

 fp=kkuqlkj lkr ,d tSlh o`Ùkkdkj lrey fMLdkssa] ftuesa izR;sd dk nzO;eku M rFkk f=kT;k R gS] dks lefer :i ls 

tksM+k tkrk gSA lery ds yEcor~ rFkk P ls xqtjus okyh v{k ds lkis{k] bl la;kstu dk tM+Ro vk?kw.kZ gS : 

     

 

O 

P 

 

 (1) 273
MR

2
   (2*) 2181

MR
2

   (3) 219
MR

2
  (4) 255

MR
2

 

Ans. (2) 
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Sol. Ip = I0 + 7M(3R)2 

 = 
2 2

2MR MR
6 M(2R)

2 2

  
     

+ 7M(3R)2 = 2181
MR

2
 

21. From a uniform circular disc of radius R and mass 9 M, a small disc of radius 
3

R
 is removed as shown 

in the figure. The moment of inertia of the remaining disc about an axis perpendicular to the plane of the 

disc and passing through centre of disc is :    [JEE (Main) 2018; 4/120, –1] 

 R f=kT;k rFkk 9 M nzO;eku ds ,dleku xksykdkj fMLd ls 
3

R
f=kT;k dk ,d NksVk xksykdkj fMLd dkV dj fudky 

fy;k tkrk gS] tSlk fd fp=k esa n'kkZ;k x;k  gSA fMLd ds lrg ds yEcor~ ,oa mlds dsUnz ls xqtjus okys v{k ds 

lkis{k cph gqbZ fMLd dk tMRo vk?kw.kZ gksxkA  
 

3

R2  

R 

 

 (1) 10 MR2  (2) 2MR
9

37
  (3*) 4 MR2   (4) 2MR

9

40
 

Ans. (3) 

Sol. 

 

+ 

–M 

2R/3 

R 

9M 

 

[Using negative mass concept] _.kkRed nzO;eku fl}kUr dk mi;ksx djus ij 

2

22

R
M

9MR 2R3
I M

2 2 3

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

 

= 2 29 1 4
MR 4MR

2 18 9

     
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SUBJECTIVE QUESTIONS  

fo"k;kRed iz'u ¼SUBJECTIVE QUESTIONS½ 
 

1. Find the M.I. of a rod about (i) an axis perpendicular to the rod and passing through left end. (ii) An axis 

through its centre of mass and perpendicular to the length whose linear density varies as = ax where 
a is a positive constant and 'x' is the position of an element of the rod relative to its left end. The length 

of the rod is . 
 NM+ dk tM+Ro vk?kw.kZ Kkr djks & (i) NM+ ds cka;s fljs ls ikfjr yEcor~ v{k ds ifjr%A (ii) NM+ ds nzO;eku dsUnz ls 

ikfjr rFkk yEckbZ ds yEcor~ v{k ds ifjr% ftldk jsf[kd ?kuRo = ax ds vuqlkj ifjofrZr gksrk gS] ;gka a 

/kukRed fLFkjkad gS rFkk 'x' NM+ ds cka;s fljs ls fdlh Hkkx dh nwjh gSA NM+ dh yEckbZ  gS& 

Ans. (i) 
4a

4
   (ii) 

4a

36
 

Sol. (i)  

  

 

x 

dx 

A 

B  

  AB = 2dmx , AB = 3

0

ax dx  = 
4a

4

 
  
 

 

 (ii)   

  

 

x 

dm 

dx 

 

  xcm = 

2

0

Q

0

ax dx

ax dx




 = 

2

3

 
 
 

 

  

 

2/3  

 cm 

dx 

 AB A 

B  

  AB = cm + m

2
2

3

 
 
 

, cm = AB – 
24m

9
 

  m = 

0

ax  dx  = 
2a

2
 

  cm = 
4 4a 2a

4 9
  

  
4

cm

a

36

 
  
  

 Ans. 
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2. The pulley (uniform disc) shown in figure has, radius 10 cm and moment of inertia about its axis 

 = 0.5 kgm2 (B and A both move)    

2kg 4kg

45° 45°

m

A B

fixed

 
 (a) Assuming all the plane surfaces are smooth and there is no slipping between  pulley and string, 

calculate the acceleration of the mass 4kg. 

 (b) The friction coefficient between the block A and the plane below is  = 0.5 and the plane below the 
B block is frictionless.Assuming no slipping between pulley and string find accelaration of 4kg block   

       

2. fp=k esa fn[kkbZ xbZ f?kjuh dh f=kT;k 10 cm gS rFkk bldh v{k ds lkis{k tM+Ro vk?kw.kZ  = 0.5 kg-m2  

(B rFkk A nksuks xfr djrs gSA) 

2kg 4kg

45° 45°

m

A B

fixed

 
 (a) lHkh lery lrg dks ?k"kZ.k jfgr ekurs gq, rFkk f?kjuh ,oa Mksjh esa dksbZ fQlyu ugh gS ekurs gq, 4 kg ds 

CykWd dk Roj.k Kkr djksA  
 (b) ;fn A CykWd o ur ry ds e/; ?k"kZ.k xq.kkad  = 0.5 gS rFkk B CykWd ds uhps dk ry  ?k"kZ.k jfgr gS f?kjuh ,oa 

Mksjh esa dksbZ fQlyu ugh gSA ekurs gq, 4kg ds CykWd dk Roj.k Kkr djksaA   
Ans. (a) 0.25 m/s2 (b) 0.125 m/s2     

Sol. (a)    

 

 

 
 For 2kg mass,   2 kg nzO;eku ds fy,  
  T1 – 2g sin 45º = 2a  ......(i) 

 For 4kg mass    4 kg nzO;eku ds fy,  
  4g sin45º – T2 = 4a   ............(ii) 

 For pulley,  f?kjuh ds fy,  

  r(T2 – T1) =  = (a/r)  ............(iii)  ( =  
2mr

2

 
  
 

) 

 From eq. (i),(ii) and (iii)    lehdj.k (i), (ii) o (iii) ls       

  a = 

2

(4 2)gsin

4 2
r

 
   

 

 

  a = 
(4 2) 10 1/ 52

0.5
4 2

0.01

  
   
 

 

  a = 0.248  = (0.25 m/s2) 
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(b) m1 = 4kg  m2 = 2kg 

   = 0.2 (between inclined plane and 2kg block)     (2 kg CykWd o ur ry ds vuqfn'k) 
   = 0.5 kg-m2  r = 0.1 m 

  m1gsin – T2 = m1a    .........(i) 

  T1 – (m2gsin + m2gcos) = m2a  .........(ii) 

  r(T1 – T2) = . = 
a

r

  
 

    .........(iii) 

  From eq. (i),(ii) and (iii)   lehdj.k (i), (ii) o (iii) ls   

  m1g sin – (m2g sin + m2gsin) + 
2

a

r


 = m1a + m2a 

  Put values :  eku j[kus ij   

  4g sin45º – (2g sin45º + 0.2 2g sin45º) + 
0.5

0.01
a = 6a 

   27.80 – (13.69 + 6.95) = 56a 

  = a = 
7

56
 = (0.125 m/s2). 

 

3. A uniform rod of length 'a' rests against a frictionless wall as shown in figure. Find the friction coefficient 
between the horizontal surface and the lower end if the minimum angle that the rod can make with the 

horizontal is ., without slipping.   
 'a' yEckbZ dh ,d leku NM+ dks ,d fpduh nhokj ds fo:) uhps iznf'kZr fp=kkuqlkj j[kk x;k gSA ;fn NM+ fcuk 

fQlys] {kSfrt ls U;wure dks.k  cuk ldrh gS] rks NM+ ds fupys fljs vkSj {kSfrt lrg ds e/; ?k"kZ.k xq.kkad Kkr 
dhft,A        

     

 

 
 'a' yEckbZ dh ,d leku NM+ dks ,d fpduh nhokj ds fo:) uhps iznf'kZr fp=kkuqlkj j[kk x;k gSA ;fn NM+ fcuk 

fQlys] {kSfrt ls U;wure dks.k  cuk ldrh gS] rks NM+ ds fupys fljs vkSj {kSfrt lrg ds e/; ?k"kZ.k xq.kkad Kkr 
dhft,A        

     

 

 
 

Ans. 
2

2

acos sin

2b acos sin

 

  
 

Sol.  

 

 

 
 N2 sin  = f ——(i) 

 N1 + N2 cos  = mg ——(ii) 
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 Torque about point A  fcUnq A ds lkis{k cyk?kwZ.k 

 ( N2 cos ) 
b

tan

 
  

 + N2 sin  b = mg a
2

 cos ) 

 N2 = 
 mgacos sin

2b

 
 

 N2 cos  = 
 2mgacos sin

2b

 
 

 From equn. lehdj.k  ....(ii) ls 

 N1 = mg – N2 cos  = mg – 
2mgacos sin

2b

 
 

 N1 = mg 
2(2b – acos sin )

2b

 
 

 N2 sin  = N1 

  = 2

1

N sin

N


 

 = 

2

2

mg acos sin

2b

mg(2b – acos sin )
2b

 

 
  

 = 
2

2

acos · sin

2b – acos sin

  
 

   
 

 
 

4. A uniform square plate of mass m is supported as shown. If the cable suddenly breaks, determine just 
after that moment;  

 m nzO;eku dh le:i oxkZdkj IysV fp=kkuqlkj yVdkbZ tkrh gSA ;fn vpkud jLlh VwV tk;s rks bl {k.k ds rqjUr 
ckn Kkr djksA  

 
B 

A C

  

 
 (a) The angular acceleration of the plate. (b) The acceleration of corner C. 
 (c) The reaction at A.     
 m nzO;eku dh le:i oxkZdkj IysV fp=kkuqlkj yVdkbZ tkrh gSA ;fn vpkud jLlh VwV tk;s rks bl {k.k ds rqjUr 

ckn Kkr djksA  

 
B 

A C

  

 
 (a) IysV dk dks.kh; Roj.k     (b) C dksus dk Roj.k  
 (c) A ij izfrfØ;k  
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Ans.   (a) 
3 g

2 2
 (cw) (b) 

3

2
 g   (c) 

Mg

4
 

Sol.   

 

Ny

mg

C

bb

o
Nx

C

bb

o
Nx

C

bb

o
Nx

C

bb

o
Nx

C

bb

o
Nx

C

bb

o
Nx

C

bb

o
Nx

 

 mg  b / 2  =   , =
2mb

6
  + m

2
b

2

 
 
 

 

  I = 
2mb

6
  + 

2mb

2
 = 

2mb

2

1
1

3

  
 

  

   = 
22mb

3
 

 Hence vr%  
mgb

2
 = 

22mb

3
    = 

3g

2 2b
 

  Accn of  corner C = 2 2b b   = 
3g

2
  

  Acceleration of O in horizontal direction is zero So Nx = 0 

    {ksfrt fn'kk esa Roj.k 'kwU; gS vr%  

  C Hkkx dk Roj.k = 2 2b b   =  
3g

2
 

  O fcUnq dk osx 'kwU; gSA blfy, Nx = 0   

  mg – Ny = m 
b

2
   

  =  m 
b

2

3g

2 2 b

 
  
 

   = 
3 mg

4
  

  Ny = 
mg

4
   

 

5. A uniform slender rod AB of mass m is suspended from two springs as shown. If spring 2 breaks, 
determine at that instant ;   

      

 

           

  

 

   

 
 

   
 (a) The angular acceleration of the bar.  
 (b) The acceleration of point A.  
 (c) The acceleration of point B.  
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 m nzO;eku dh ,d leku csyukdkj NM+ AB nks fLizax ls fp=kkuqlkj yVdh gS ;fn fLizax 2 VwV tk, rks bl {k.k Kkr 
dhft,-     

      

 

           

  

 

   

 
 

   
 (a)  NM+ dk dks.kh; Roj.k  
 (b) fcUnq A dk Roj.k    

 (c) fcUnq B dk Roj.k  
Ans. (i) (a) 3 g/L (cw)  

 (b) ˆ ˆi j3
2

  
 

g = 1.323 g  49.1º 

 (c) ˆ ˆi 2 j3
2

  
 

g = 2.18 g  66.6º   

 (ii) (a) g/L (cw) (b)  3
2

 
 
 

 g î    

 (c) ˆ ˆi j3
2

  
 

  g = 1.323 g  130.9º 

Sol. (a)   

  

 

L 

2 1 

kxsin30º kxsin30º 

30º 30º 
B 

A 

mg 

 
 (i)    

  

 

 
  

 Before cutting  dkVus ds igys  2k xsin30º = mg  

 kx = mg  (T = kx = mg) 

 After cutting dkVus ds ckn  
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 (ii) Torque about COM    COM ds lkis{k cy vk?kw.kZ  

  (Tsin30º) x 
2

 =  

  
mg

4
 = 

2m
.

12
  

   = 
3g 

 
 

 (clockwise)  ¼nf{k.kko`ÙkZ½  

 (b) acceleration of point A        A fcUnq dk Roj.k  
  max = T cos30º 

  ax = 
mg 3

2m
 = 

3g

2
 = aAC  

  mg – T sin30º = may 

  mg – 
mg

2
 = may   

  aAy = 
g

2

  
 

 + 
2


 = 

g

2
  + 

3g

2
 = (g) () 

  aA = 
3 ˆ ˆi j  g
2

 
  

 
 

 (c) aBx = 
3

g
2

  

  aBy = 
g

2 2

   
 

 = 2g ( ) 

  aB = 
3 ˆ ˆi 2 j  g
2

 
  

 
 

 (ii)  

  

 

kxsin30º 

30º 

kxsin30º 

30º 

1 
2 

L/3 L/3 L/3 

mg 

 
 Before cutting   dkVus ds igys 
  mg = 2kx sin30º = kx = T 
  T = mg. 

 After cutting   dkVus ds ckn  
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 (a) Torque about COM    COM ds lkis{k cy vk?kw.kZ  

  (T sin30º) 
6

 
 
 

  = . 

  (mg) 
1

2

 
 
  6

 
 
 

  = 
2m

.
12

  

   = 
g 

 
 

 (cw). 

 (b)  (T cos30º) = max   

  mg 
3

2
= max 

  ax = 
3g

2

 
  
 

 

  aAx = 
3g ˆ( i)
2

  

  mg – 
ma

2
 = may 

  ay = 
g

2
 ( ĵ ) 

  aAy = (ay – 
2

) = 
g

2

 
 
 

 – 
g

2

 
 
 

 = 0 

  A

3 ˆa gi
2

 
   
 

 

 (c) cx

3 ˆa gi
2

   

  cy

g ˆa  j
2 2

     
 

 = – g ĵ  

  ac = acx î  + acy ĵ   = – 
3 ˆ ˆgi gj
2

 
  

 
 

 
6. A 2 kg sphere moving horizontally to the right with an initial velocity of 5 m/s strikes the lower end of an 

8 kg rigid rod AB. The rod is suspended from a hinge at A and is initially at rest. Knowing that the 
coefficient of restitution between the rod and sphere is 0.80, determine the angular velocity of the rod 
and the velocity of the sphere immediately after the impact.   

      

 /////////////////////// 

1.2m 

v s 

A 

 
 ,d 2 kg nzO;eku dk xksyk nka;h vksj 5 m/s ds izkjfEHkd osx ls {kSfrt fn'kk esa xfr djrk gqvk 8 kg nzO;eku dh ,d 

n`<+ NM+ AB ds fupys fljs ls Vdjkrk gSA NM+ fcUnq A ls dhyfdr dh tkrh gS rFkk izkjEHk esa fojkevoLFkk esa gSA 
NM+ o xksys ds e/; izR;koLFkku xq.kkad 0.80 ekurs gq, VDdj ds Bhd ckn NM+ dk dks.kh; osx o xksys dk osx Kkr 
djksA 

      

 /////////////////////// 

1.2m 

v s 

A 
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Ans.  = 
45

14
= 3.21 rad/s (ccw), vs = 

1

7
= 0.143 m/s  

 
Sol.  

 

 

 
 Angular momentum about point A 

  Li = m1vs (us : Final velocity of ball after collision)   

 A fcUnq ds lkis{k dks.kh; laosx :  

  Li = m1vs (us : VDdj ds ckn xsan dk vafre osx) 

 Lƒ = 
2

2m

3
+ m1us 

  Li = Lƒ 

  (m1vs = 
2

2m .

3


 + m1us) 

  2 × 5 = 
8 1.2

3

 
b + (2 × us) 

  10 = 
32

10


 + 2us ............ (i) 

 Coefficient of restitution  izR;koLFkku xq.kkad  

  e = s

s

u

v

 
 

  0.8 = s

s

u

v

 
 

  
4

5
 = 

  s1.2 u

5

 
 

  4 = 
6

5


 – us 

  us = 
6 – 20

5

 
 
 

  ............ (ii)   

 Put equation (ii) in equation (i)   
 lehdj.k (ii) dks lehdj.k (i) esa j[kus ij  

  10 = 
32

10


 + 2

6 – 20
5

 
 
 

  

  10 = 
32

10


 + 

12 – 40
5


 

  100 = 32 + 24 – 80 

   = 
45

14
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 Put  in equation (ii)  
  dks lehdj.k (ii) esa j[kus ij  

  us = 
6 20

5

 
 
 

 

  us = 

45
6 20

14

5

   
   

  us = 
270 – 280

14 5
 = – 10

14 5
 =

1

7

  
 

 

  So direction is () us 
1

7

 
 
 

  

  blfy, fn'kk () us 
1

7

 
 
 

 

 

7.  A rotating disc (figure) moves in the positive direction of the x  axis. Find the equation y (x) describing 
 the position of the instantaneous axis of rotation, if at the initial moment the axis C of the disc was 
 located at the point O after which it moved  

     

 

 
 (a) With a constant velocity v, while the disc started rotating counter clockwise with a constant angular 

acceleration  (the initial angular velocity is equal to zero); 
 (b) With a constant acceleration a (and the zero initial velocity), while the disc rotates counterclockwise 

with a constant angular velocity . 
 

7. ,d ?kwf.kZr pdrh ¼fp=k½] x v{k dh /kukRed fn'kk esa xfr djrh gSA rkR{kf.kd ?kw.kZu v{k dh fLFkfr dks n'kkZus okyh  
y(x) dh lehdj.k Kkr dhft,A ;fn izkjEHk esa pdrh dh v{k C fcUnq O ij fLFkr Fkh ftlds ckn og xfr 

       

 

 
 (a)  fu;r osx v ds lkFk 'kq: djrh gS] tcfd pdrh fu;r dks.kh; Roj.k  ls okekorZ ?kweuk 'kq: djrh gSA 

 ¼izkjfEHkd dks.kh; osx 'kwU; gSA½     
 (b)   fu;r Roj.k a ¼o izkjfEHkd osx 'kwU; gS½ ds lkFk 'kq: djrh gS] tcfd pdrh fu;r dks.kh; osx  ls 

okekorZ ?kwerh gSA 

Ans.  (a) y = 
2v

x
 (Hyperbola) ; (b) y = 

2ax


 (Parabola)]    

Ans.  (a) y = 
2v

x
 (vfrijyo;) ;  (b) y = 

2ax


 (ijoy;)]   
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Sol. (a)  

  

 

 
 Let coordinates of instantaneous axis of rotation be P(x,y). 
 then velocity of P w.r.t. ground is zero.   
 ekuk rk{kf.kd ?kw.kZu v{k ds funsZ'kkad P(x,y). 

 rc P dk osx C ds lkis{k 'kwU; gSA  

  
ˆCP vi 0    

  b t ( k̂ ) × ˆ ˆ ˆ[(x v t) i yj] vi 0     

  x = vt 

 and yt = V 
 from these eliminating t   
 vkSj yt = V 

 mijksDr lehdj.k ls t dks gVkus ij  

 
y x

. 1
v





 or xy = 

2v


 

  locus of P is a Hyperbola.  
  vr% P dk fcUnqiFk vfrijoy; gksxk  

 (b) Here coordinate at point C = 21
Nt , 0

2

 
 
 

    

 (b) C fcUnq ds funsZ'kkad = 21
Nt , 0

2

 
 
 

 

  
ˆCP vi 0    

  21ˆ ˆ ˆ ˆk (x w t )i yj w ti 0
2

        
  x = 21

w t
2

 

  y = w t 
  from these eliminating  t,   

  t dks gVkus ij   

  x = 

2
21

w y
2 w

 
 
 

 

  x = 
2

2 w


y2 

  Eqn. of parabola.   

  lehdj.k ijoy; dh gSA  
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8. A block X of mass 0.5 kg is held by a long massless string on a fixed frictionless inclined plane  inclined 
at 30º to the horizontal. The string is wound on a uniform solid cylindrical drum Y of mass 2 kg and 
radius 0.2 m as shown in figure. The drum is given an initial angular velocity such that block X starts 
moving up the plane.   

 0.5 kg dk ,d CykWd X, ,d yEch o nzO;ekujfgr jLlh dh lgk;rk ls ?k"kZ.kjfgr ur ry tks {kSfrt ls 30º dks.k 
ij >qdk gqvk gS] ij j[kk tkrk gSA jLlh dks ,d 2 kg nzO;eku o 0.2 m f=kT;k ds le:i csyu y ij fp=kkuqlkj 
yisVk tkrk gSA csyu dks izkjfEHkd dks.kh; osx bl izdkj fn;k tkrk gS fd CykWd X, ry ij mij dh vksj xfr 
izkjEHk djrk gSA   

      

 

  
 (a)  Find the tension in the string during motion. 
 (b)  At a certain instant of time the magnitude of the angular velocity of Y is  

 10 rad s1. Calculate the distance travelled by X from that instant of time until it comes to rest.   
 0.5 kg dk ,d CykWd X, ,d yEch o nzO;ekujfgr jLlh dh lgk;rk ls ?k"kZ.kjfgr ur ry tks {kSfrt ls 30º dks.k 

ij >qdk gqvk gS] ij j[kk tkrk gSA jLlh dks ,d 2 kg nzO;eku o 0.2 m f=kT;k ds le:i csyu y ij fp=kkuqlkj 
yisVk tkrk gSA csyu dks izkjfEHkd dks.kh; osx bl izdkj fn;k tkrk gS fd CykWd X, ry ij mij dh vksj xfr 
izkjEHk djrk gSA   

      

 

  
 (a)  xfr ds nkSjku jLlh esa ruko Kkr djksA 

 (b)  fdlh {k.k Y ds dks.kh; osx dk ifjek.k 10 rad s1 gS] rks  
  ml {k.k ds ckn fojkekoLFkk rd vkus esa  X }kjk r; nwjh Kkr djksA     

Sol.  a =  R 

  mg sin 30 0 – T = ma     .........(1) 

  or vkSj 
mg

2
 – T = ma     .........(2) 

    = 
I


 = 

2

TR

1
MR

2

 

   = 
2T

MR
 .........(3) 

 Solving Equations  (1), (2) and (3) for T, we get  
 T ds fy, lehdj.k (1), (2) rFkk (3) dks gy djus ij  

    T = 
1

2

M mg

M 2m
 

 Substituting the value, we get  

     T = 
1

2

 
 
 

(2)(0.5)(9.8)

2 (0.5)(2)

 
 

 
  = 1.63 N 

    T = 1.63 N 
 (ii) From Eq. (3) , angular retardation of drum  

     = 
2T

MR
 = 

(2)(1.63)

(2)(0.2)
 = 8.15 rad/s2  

 or linear retardation of block  

   a = R = (0.2) (8.15) = 1.63 m/s2  
 At the moment when angular velocity of drum is    

    0 = 10 rad/s 
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 The linear velocity of block will be   

   v 0 =  0 R = (10) (0.2) = 2 m/s 
 Now, the distance (s) travelled by the block until it comes to rest will be given by  
 eku j[kus ij ge izkIr djsaxs  

   T = 
1

2

 
 
 

(2)(0.5)(9.8)

2 (0.5)(2)

 
 

 
  = 1.63 N 

   T = 1.63 N 

 lehdj.k (iii) ls Mªe dk dks.kh; eanu  

    = 
2T

MR
 = 

(2)(1.63)

(2)(0.2)
 = 8.15 rad/s2  

 CykWd dk js[kh; eanu  
   a = R = (0.2) (8.15) = 1.63 m/s2  

 og {k.k tc Mªe dk dks.kh; osx  

    0 = 10 rad/s 

 CykWd dk js[kh; osx  
   v 0 =  0 R = (10) (0.2) = 2 m/s 

 vc CykWd }kjk r; nwjh tc rd ;g fojke esa ugha vk tk;s  

   s = 
2

0v

2a
  [ Using v 2 = v0

2  – 2as with v = 0 ]  

   s = 
2

0v

2a
  [ v 2 = v0

2  – 2as dk mi;ksx djus ij v = 0 ]   

      = 
2(2)

2(1.63)
 m   

 or  ;k  s = 1.22 m 

Ans. (a) 1.633 N  (b) 1.224 m          
 
9. A rod of length R and mass M is free to rotate about a horizontal axis passing through hinge P as in 

figure. First it is taken aside such that it becomes horizontal and then released. At the lowest point the 
rod hits the small block B of mass m and stops. Find the ratio of masses such that the block B 
completes the circular track of radius R. Neglect any friction.  

     

 

M 

P 

m 

B  
 M nzO;eku o R yEckbZ dh ,d NM+ fp=kkuqlkj P ij fuyEcu ls xqtjus okyh {kSfrt v{k ds lkis{k ?kweus ds fy;s 

Lora=k gSA igys bls bl izdkj ysrs gSa fd ;g {kSfrt gksrh gS vkSj fQj NksM+rs gSaA NM+ fupys fcUnq ij m nzO;eku ds 
,d NksVs CykWd B ls Vdjkrh gS o :d tkrh gSA nzO;ekuksa ds vuqikr Kkr dhft,] rkfd NksVk CykWd B, R f=kT;k ds 
o`Ùkkdkj iFk ij iwjk pDdj yxkrk gSA lHkh ?k"kZ.k ux.; gSA  

     

 

M 

P 

m 

B  
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Sol. Minimum velocity required by block ‘m’ to complete the motion in 5gR  

   

 

 

 conserving mech. energy  

  
1

2
2 = Mg . 

R

2
    = 

MgR


 

 Cons. angular momentum wrt P before & after collision. 

   = m.R 5gR  

  
MgR




 = mR 5gR  

  MgR = m2R2 5gR 

 putting  = 
2ML

3
 

  
M

m
 = 15  

 Ans.  :    
M

15
m

  

Sol. CykWd ‘m’ dks iwjk ,d pDdj yxkus ds fy, U;wure osx 5gR  gksuk pkfg,A  

 

 

 ;kaf=kd ÅtkZ laj{k.k ls  

  
1

2
2 = Mg – 

R

2
   = 

MgR


 

 fcUnq P ds lkis{k VDdj rFkk VDdj ds ckn dks.kh; laosx laj{k.k ls   

   = m.R 5gR  

  
MgR




 = mR 5gR  

 MgR = m2R2 5gR 

   = 
2ML

3
 j[kus ij 

  
M

m
 = 15  

 Ans.  :    
M

15
m

  
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10. A 3 kg uniform rod rotates in a vertical plane about a smooth pivot at B. A spring of constant k = 300 
N/m and of unstretched length 100 mm is attached to the rod as shown. Knowing that in the position 
shown the rod has an angular velocity of 4 rad/s clockwise, determine the angular velocity of the rod 
after it has rotated through.  [g = 10 m/s2 ]   

     

 

 
 (a) 90º    (b) 180º  

 3 kg dh ,d leku NM+ ,d fpdus fuyEcu B ds lkis{k ,d Å/okZ/kj ry esa ?kwerh gSA ,d fLizax ftldk fu;rkad  

k = 300 N/m rFkk yEckbZ ¼ fcuk [khaph voLFkk esa½ 100 mm gS] NM+ ls fp=kkuqlkj tqM+h gSA ;g tkurs gSa fd bl 
voLFkk esa NM+ dk dks.kh; osx 4 jsfM;u/lsd.M nf{k.kkorZ gSA NM+ dk dks.kh; osx Kkr djks] tcfd ;g Øe'k% ?kwerh 
gS ; [ g = 10 m/s2 ]   

     

 

 
 (a) 90º   ls 
 (b) 180º ls  

Ans. (a)   
2

3
86 rad/s  (b) 4 rad/s 

Sol. (i)  

  

 

 
  L = Natural length of spring  
  L = fLizax dks fcuk [kksyh voLFkk esa yEckbZ  
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 (ii)  

  

 

 
 (a) By energy conservation from (i) to (ii)   

 (a) (i) rFkk (ii) esa ÅtkZ laj{k.k ls  

  2 2 2
1

1 1 1
I kx I mg x

2 2 2 2

         
  

  ............. (i) 

   I = Icm + 

2

x
2

  
 

, 

   I = 
2m

12
 + m

2

x
2

  
 

   ............. (ii) 

    2 2x x y L      ............. (iii) 

  Put equation (ii) and (iii) in equation (i)  
  lehdj.k (ii) rFkk (iii) dks (i) esa j[kus ij  

   

221 m
m x

2 12 2

        
2 +  1/ 2

2 21
K x y L

2
   

   = 

221 m
m x

2 12 2

        
 1

2 + mg x
   

 

   x = 150 mm, y = 20 mm,  = 450 mm, K = 300 N/m 

   m = 3 kg,  = 4 rad/sec 

  Put all the data   lehdj.k esa eku j[kus ij  

   1 = 
2

86
3

 rad/sec 

 (b) rotating to 180° condition is  
 (b) 180° ?kqekus ij  

    

 

 
  This is like a initial condition so 2 = 
   2 = 4 rad / sec   
  ;g izkjfEHkd fLFkfr dh rjg gS] vr% 2 = 
   2 = 4 rad / sec.   
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11.  The angular momentum of a particle relative to a certain ' point O varies with time as 2M a bt  , where 

a  and b  are constant vectors, with a   b . Find the force moment N relative to the point O acting on 
the particle when the angle between the vectors N and M equals 45°.    

 fdlh d.k dk ,d fuf'pr fcUnq 'O' ds lkis{k dks.kh; laosx le; ds lkFk 2M a bt   ds vuqlkj ifjofrZr gksrk gS] 

tgk¡ a , b  fu;r lfn'k o a   b  gSA d.k ij dk;Zjr cy vk?kw.kZ N dk fcUnq 'O' ds lkis{k eku Kkr dhft, tc 
lfn'k N o M ds e/; dks.k 45° gSA    

Ans :  N = 2b
a

b
 

Sol.  

 

 

 
 Force moment relative to point O  
 O fcUnq ds lkis{k cy vk?kw.kZ  

  N  = 
dM

dt
 = 2bt     

 Let the angle between M  and N   
 ekuk M  rFkk N  ds chp dks.k  
   = 45º at t = t0 

 Then  rc 
1

2
  = 

M . N

M N
 = 

2
0 0

2 2 4
0 0

(a bt ).2bt

a b t 2bt




 

   = 
2 3

0

2 2 4
0

2b t

a b t . 2bt
 = 

2
0

2 2 4
0

bt

a b t
 

 Solving gy djus ij,  t0 = 
a

b
 (as t0 cannot be nagative)    ( t0 +_.kkRed ugha gks ldrk)   

 Therefore vr%   0

a
N 2bt 2b

b
   

 

12.  A plank of mass m1 with a uniform sphere of mass m2 placed on it rests on a smooth horizontal plane. A 
constant horizontal force F is applied to the plank. With what accelerations will the plank and the centre 
of the sphere move provided there is no sliding between the plank and the sphere?   

 m1 nzO;eku dk ,d leku r[rk] bl ij j[ks m2 nzO;eku ds ,d leku xksys lfgr ,d ?k"kZ.kghu {kSfrt ry ij 
fojkekoLFkk esa fLFkr gSA F ifjek.k dk ,d fu;r {kSfrt cy r[rs ij vkjksfir fd;k tkrk gSA r[rk vkSj bl ij 
fLFkr xksys dk dsUnz fdl Roj.k ls xfr djsaxs] tcfd r[rs vkSj xksys ds e/; dksbZ fQlyu ugha gSA   

Ans :  w1 = F/(m1 + 2/7m2); w2 =  2/7 w1.  
Sol.  

 

 

  = angular acceleration 

  = angular acceleration 
 For the plank 

  F – ƒ = m11  ....... (i) 
 For sphere torque about point C 
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  fr = Ic = 
2

5
m2r2 ....... (ii) 

 assuming 2 is the acceleration of COM of sphere at point A 

  (1 = 2 + r)  ....... (iii) 
 From equation (i), (ii) and (iii) 

  1 = 

1 2

F

2
m m

7

  
 

 and 2 = 1

2

7

  
 

   

Sol.    
 


 = dks.kh; Roj.k  

  = dks.kh; Roj.k  
 r[rs ds fy,  
  F – ƒ = m11  ....... (i) 

 xksys ds fy, cy vk?kw.kZ C fcUnq ds lkis{k   

  fr = Ic = 
2

5
m2r2 ....... (ii) 

 ekuk 2 xksys ds nzO;eku dsUnz dk dks.kh; Roj.k A fcUnq ij gSA  

  (1 = 2 + r)  ....... (iii) 

 lehdj.k (i), (ii) rFkk (iii) ls   

  1 = 

1 2

F

2
m m

7

  
 

 rFkk  2 = 1

2

7

  
 

    

 
13. In the arrangement shown in the figure weight  A possesses mass m, a pulley B possesses mass M. 

Also known are the moment of inertia  I of the pulley relative to its axis and the radii of the pulley are R 

and 2R respectively. Consider the mass of the threads is negligible. Find the acceleration of weight A 
after the system is set free. (Assume no slipping takes place anywhere and axis of cylinder remains 
horizontal)     

     

 

B 

A 

2R 

R 
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 uhps iznf'kZr fp=k O;oLFkk esa Hkkj A  dk nzO;eku m rFkk ,d iqyh B dk nzO;eku M gSA viuh v{k ds lkis{k iqyh dk 

tM+Ro vk?kw.kZ I gS vkSj iqyh dh f=kT;k,sa Øe'k% R vkSj 2R gSA /kkxs ds nzO;eku dks ux.; ekfu,A fudk; dks Lora=k 
NksM+us ds i'pkr~ Hkkj A  dk Roj.k Kkr dhft,A ¼csyu dh v{k {kSfrt gS ,oa dgha Hkh fQlyu ugha ekusa½     

     

 

B 

A 

2R 

R 
 

 

Ans : w = 3g (M + 3m) / (M + 9m + I/R2)  
Sol. 

 

 

B 

A 

2R 

R 

T 1 

T 
1 

T 
T 

a 
1  

a  
 For cylinder  csyu ds fy,   
 Mg + T1 – 2T = Ma  ......(i) 

 Torque about axis of rotation  ?kw.kZu v{k ds lkis{k cy vk?kw.kZ  

  2TR + T1(2R) =  = 
a

.
R

  
 

 ....(ii) (a = R) 

 For weight A      A Hkkj ds fy,  
  mg – T1 = ma1 
 No slipping between pulleys and thread   

 f?kjuh o Mksjh ds e/; dksbZ fQlyu ugha gSA   

  a1 = a + (2R) = (3a)  ....(iii) 
 From equation (i), (ii) and (iii)   
 lehdj.k (i), (ii) rFkk (iii)  ls  

  1

2

3(M 3m) g
a

M 9m
R

 
          
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14. A uniform rod AB of length  is released from rest with AB inclined at angle  with horizontal. It collides 
elastically with smooth horizontal surface after falling through a height h.  What is the height upto which 
the centre of mass of the rod rebounds after impact?   

     

 

  
  yEckbZ dh le:i NM+ AB dks fojkekoLFkk ls {kSfrt ls  dks.k ij >qdh gqbZ voLFkk ls NksM+k tkrk gSA ;g h 

Å¡pkbZ ls fxjdj ?k"kZ.k jfgr {kSfrt Q'kZ ls izR;kLFk VDdj djrh gSA VDdj ds ckn NM+ dk nzO;eku dsUnz fdl 
Å¡pkbZ rd okil mNyrk gSA 

     

 

 

Ans.  H = 

2
2

2

1 3 cos

1 3 cos

  
    

h  ; h = 
49

144


  

Sol. Velocity of end A at the moment it strikes ground = 2gh . If velocity of COM of rod just after collision v 

and angular velocity acquired by the rod is  clockwise as shown then using equation for coefficient of 
restitution velocity of approach = velocity of sep. (applied at point A). 

  2gh  = v + 
L

2
 cos   .............(1) 

 Angular momentum can be conserved about A just before collision & after collision as only impulsive 
force will be acting at A only. 

  2gh  M 
L

2
 cos = cm  – Mv 

L

2
 cos  .............(2) 

 Putting value of  = ( 2gh  – v) 
2

Lcos
 

 from (1)  

  2gh  M. 
L

2
 cos = 

2ML

12
 ( 2gh  – v) 

2

Lcos
– Mv

L

2
 cos 

  
L

6cos
v + 

Lcos v

2

 
 = 

L 2gh

6cos
2gh

2
  Lcos 

  v 
21 3cos

6cos

  
 

  
 = 

2(1 3cos )

6cos

 


2gh  

  v = 
21 cos

1 3cos

  
   

2gh   

 COM will of at maximum height when its velocity becomes zero during upward motion. 
  O = v2 – 2g H 

  H = 
2v

2g


 =

2
2

2

1 3cos

1 3cos

  
    

 h.  

 [ Ans.: H = 

2
2

2

1 3 cos

1 3 cos

  
    

h;  h = 
49

144


]    
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Sol. A Hkkx dh /kjkry ls Vdjkrs le; osx = 2gh                    

 ;fn VDdj ds Bhd ckn nzO;eku dsUnz dk osx v gks NM+ }kjk izkIr dks.kh; osx   nf{k.kkorZ fn'kk esa fp=kkuqlkj gSA 
izR;koLFkrk xq.kkad dh lehdj.k dk mi;ksx djus ij ikl vkus dk osx = nwj tkus dk osx (A fcUnq ij) 

  2gh  = v + 
L

2
 cos   .............(1) 

 D;ksafd A fcUnq ij vkosfxr cy dk;Zjr gSA blfy, A fcUnq ds lkis{k VDdj ds igys rFkk VDdj ds ckn dks.kh; 
laosx laj{k.k ls 

  2gh  M 
L

2
 cos = cm  – Mv 

L

2
 cos  .............(2) 

   = ( 2gh  – v) 
2

Lcos
   dk eku j[kus ij  

 lehdj.k (1)  ls  

  2gh  M. 
L

2
 cos = 

2ML

12
 ( 2gh  – v)

2

Lcos
 – Mv

L

2
 cos 

  
L

6cos
v + 

Lcos v

2

 
 = 

L 2gh

6cos
2gh

2
  Lcos 

  v
21 3cos

6cos

  
 

  
 = 

2(1 3cos )

6cos

 


2gh  

  v = 
21 cos

1 3cos

  
   

2gh   

 nzO;eku dsUnz Åij tkrs le; vf/kdre ÅpkbZ ij gksxk tc mldk osx 'kwU; gks tk,xkA  

  O = v2 – 2g H 

  H = 
2v

2g


 = 

2
2

2

1 3cos

1 3cos

  
    

h.  

 [ Ans.: H = 

2
2

2

1 3 cos

1 3 cos

  
    

h;  h =
49

144


 ]    

 

 

15. A uniform block A of mass 25 kg and length 6m is hinged at C and is supported by a small block B as 
shown in the Figure . A constant force F of magnitude 400N is applied to block B horizontally . What is 
the speed of B after it moves 1.5 m ? The mass of block B is 2.5 kg & the coeffcient of friction for all 
contact surfaces is 0.3. [ use  l n (3/2)  0.41 and g = 10 ms-2 ] 

     

 

      

 25 kg rFkk 6m yEckbZ dk ,d&leku CykWd A,C fcUnq ij fuyfEcr gS rFkk  NksVk CykWd B lEidZ ds fy, fp=kkuqlkj 
j[kk tkrk gSA F = 400N dk ,d fu;r cy CykWd B ij fp=kkuqlkj {kSfrt fn'kk esa yxk;k tkrk gSA B dh pky D;k 
gksxh \ tc ;g 1.5 m nwjh r; djrk gSA B dk nzO;eku 2.5 kg rFkk lHkh0 lEidZ lrg ij ?k"kZ.k xq.kkad 0.3 gSA  

[ l n (3/2)  0.41 rFkk g = 10 ms-2 ]   

     

 

  

Ans. 323.4  m/s or 18.52 m/sec. 

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


Rigid Body Dynamics 
 

 

 

Corporate 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 
ADVRB - 188 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

Sol. NC + NB = 250 
 NB – x = 250 × 3 

 

 

 NB = 
750

x
, f1 = 

750

x
      

 f2 = 
750

25
x

    
 

 workdone against friction   
 ?k"kZ.k ds fo:) fd;k x;k dk;Z  

 W = 1 2( ) dx    = 

4.5

3

1500
0.3 7.5 dx

x

   
   = 450 n

3

2
 + 7.5 (4.5 – 3) 

   = 450 × 0.41 + 7.5 × 1.5 

  
1

2
mv2  = 400 × 1.5 – 195.75 

  v2 = (600 – 195.75) × 
2

2.5
 =161.7 × 2 = 323.4 

  v = 18.52 m/sec.  
 
16. A  window (of weight w) is supported by  two strings passing over two smooth pulleys in the frame of 

the window in which window just fits in, the other ends of the string being attached  to weights each 
equal to half the weight of the window. One thread breaks and the window moves down. Find 

acceleration of the window  if  is the coefficient of friction, and 'a' is the height and 'b' the breadth of the 
window . 

 
 w Hkkj dh f[kM+dh dks, nks jfLl;ksa ls vkn'kZ f?kjuh }kjk fp=kkuqlkj tksM+k tkrk gSA jLlh ds vfUre fljs ij f[kM+ds 

ds Hkkj ls vk/ks Hkkj (w/2) ds CykWd tqM+s gq, gS rFkk f[kM+dh] f[kM+dh ds Ýse esa gYds ls j[kh gqbZ gSA ,d jLlh dks 
dkVk tkrk gSA ftlls f[kM+dh uhsps dh vksj xfr djrh gSA f[kM+dh dk Roj.k D;k gksxk ;fn]   Ýse rFkk f[kM+dh 
dh lrg ds fy, ?k"kZ.k xq.kkad gks o 'a' rFkk 'b' f[kM+dh dh Åpk¡bZ rFkk pkSM+kbZ gksA 
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Ans.  A = 
a b

3a b

  
   

 g 

Sol.  is very small    cgqr NksVk gSA   

   0º  

  

 T 

w/2 

A 

  

 

N 2 

P N 1 

T  N 1 

A  
 N 2 

b 

a 

   
 Force balance in horizontal direction  
 {kSfrt fn'kk esa cy larqfyr djus ij  
  N1 = N2  
 balancing torque about point P   
 P fcUnq ds lkis{k cy vk?kw.kZ larqfyr djus ij 

 For   to be very small we can directly  write  

 T.b + N2b – 
Wb

2
 – N2a = 0 

 Force in y direction if acceleration of windows is A   

 ;fn f[kM+dh dk Roj.k A gks rks y fn'kk esa cy  

  w – N1 – N2 – T = 
wA

g
 ... (ii) 

 For block  CykWd ds fy,  

  T – 
W

2
 = 

WA

2g
 

  T = 
W WA

2 2g

 
 

 
 .... (iii) 

 Put equation (iii) in equation (i)   
 lehdj.k (iii) dks lehdj.k (i)  esa j[kus ij  

  
W

2
b + 

W

2g
Ab + N1b = N1a + 

Wb

2
 

  
WAb

2g
 = N1 (a – b) 

  N1 = 
WAb

2g (a b)

 
 

  
 ..... (iv) 

 Put N1 and T in equation (ii)   

 N1 rFkk T dk eku lehdj.k (ii) esa j[kus ij  

  W – 2 
WAb

2g (a b)

 
   

 – W

2
  – 

WA

2g
 = 

WA

g
 

  
W

2
 – 

WAb

g (a b)


 

 = 
3WA

2g
, 1 – 

2 Ab

g (a b)


 

 = 
3A

g
 

  g (a – b) = (2b + 3a – 3b)A 

  A = 
(a b) g

(3a b)

 
 

 Ans. 
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17. Three particles A, B, C of mass m each are joined to each other by massless rigid rods to form an 
equilateral triangle of side a. Another particle of mass m hits B with a velocity v0 directed along BC as 
shown. The colliding particle stops immediately after impact.  

     

 

 
 (a) Calculate the time required by the triangle ABC to complete half revolution in its subsequent motion. 
 (b) What is the net displacement of point B during this interval ?    
 rhu d.k A, B, C izR;sd dk nzO;eku m gS ,d nzO;eku jfgr n`<+ NM+ }kjk tqMs+ gSa tks ,d 'a' Hkqtk dk leckgq 

f=kHkqt cukrs gSaA dksbZ 'm' nzO;eku dk vU; d.k v0 osx ls BC Hkqtk dh fn'kk esa 'B' d.k ls fp=kkuqlkj Vdjkrk gSA 
Vdjkus okyk d.k VDdj ds rqjUr ckn :d tkrk gS -   

     

 

 
 (a) f=kHkqt ABC }kjk mlds vxz xfr ds nkSjku v)Z ?kw.kZu esa yxk le; Kkr djksA  

 (b) bl le;kUrjky esa d.k B dk dqy foLFkkiu D;k gSA   

Ans.   (a) t = 
0

6a

3




 (b) s =  2a

1 2 3
3

    

Sol. After collision, let COM move by velocity vand  

 system starts rotating by angular velocity  about COM.  
 Using cons. of linear momentum  
 VDdj ds ckn] ekuk COM, V osx ls xfr djrk gS] vkSj fudk; COM ds lkis{k  dks.kh; osx ls ?kqekuk izkjEHk dj 

nsrk gSA js[kh; laosx laj{k.k yxkus ij  

  mv0 = 3mv  v = 0v

3
 

   

 

 
 conserving angular momentum about COM    

 COM ds lkis{k dks.kh; laosx laj{k.k yxkus ij  

  mv0. 
a

2 3
 = = 

2ma
3

3

 
  

 
. = ma2

      = 0v

2 3 a
 

 (a) Time to complete half revolution.   vk/kk pDdj iwjk djus esa yxk le;   

   t = 



 = 
0

2 3 a

v


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 (b) Particle ‘B’ completes half cycle during this duration. It’s position const. COM in 
 shown.   

  bl vUrjky esa d.k ‘B’ vk/kk pDdj iwjk djrk gSA bldh fLFkfr esa COM fn[kkbZ xbZ fLFkfr  

  Disp. of B in x-direction = Disp. due to linear motion of COM  
      + Disp. due to Angular motion.   

  x-fn'kk esa B dk foLFkkiu = COM ds js[kh; xfr ds dkj.k foLFkkiu + dks.kh; xfr ds dkj.k foLFkkiu   
 

 

  xB = 0v

3
.t + MN  

      = 0v

3
 . 

0

2 3 a

v


 +

2a

3
. cos30° = 

2

3
a + a 

  Disp. in Y-direction    Y fn'kk esa foLFkkiu     

  YB = 
2a

3
 cos60° = 

a

3
 

  Total displacement dqy foLFkkiu = 2 2
B Bx y  

 
18. Disk  A has a  mass of 4 kg and a radius r = 75 mm, it is at rest when  it is placed  in contact  with the 

belt, which moves at a constant speed   = 18 m/s . Knowing that k = 0.25 between the disk  and  the 
belt, determine the number of revolutions executed by the disk before it reaches a constant angular 
velocity . (Assume that the normal reaction by the belt on the disc is equal to weight of the disc) . 

      
 4 kg rFkk r = 75 mm, f=kT;k dh ,d pdrh A fojke voLFkk esa fu;r pky   = 18 m/s ls xfr djrh gqbZ csYV ds 

lEidZ esa j[kh tkrh gSA k = 0.25 pdrh dh lrg rFkk csYV ds chp ?k"kZ.k xq.kkad gSA pdrh ds fu;r dks.kh; pky 
rd igq¡pus ls igys pdrh }kjk r; pDdjksa dh la[;k D;k gksxhA (ekuk csYV }kjk pdrh ij vfHkyEc çfrfØ;k cy 
pdrh ds Hkkj ds cjkcj gS)       
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Ans. 
216


 

Sol.  

 

 
 

f 

A 

 
   f =  mg  
 Torque about A   
 A fcUnq ds lkis{k cy vk?kw.kZ 

 R( mg) = 
2mR

2
   

 
2 g

R


   

 
2 0.25 10

R

 
   

  = 
5

R

 
 
 

 

 at constant angular speed   
 fu;r dks.kh; pky ij  

  = 
v

R

 
 
 

 

 

2
v

2 (2 n)
R

     
 

 

 n = 
2

2

v 18 18

4 5.R.4 R

  
     

 

 n = 
18 18

20.R.

 
  

 = 
3

18 18

20 75 10



   
 

 n = 
318 18 10

20 75

 
  

 = 
36 18 10

20 20

  
    

 

 n = 
6 18 4

2

  
  

 

 n = 
36 6


 = 
216


 

 Number of revolutions executed by the disk before it comes at constant angular velocity n = 
216 

  
.  

 fu;r dks.kh; osx ij vkus ls igys pdrh }kjk yxk;s x;s pDdjksa dh la[;k n = 
216 

  
.  
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19. A 160 mm diameter pipe of mass 6 kg rests on a 1.5  kg plate . The pipe and plate are initially at  rest  

when  a  force P  of  magnitude 25 N is applied for 0.75 s . Knowing that s = 0.25 &  k = 0.20 between 
the plate and both the pipe and the floor, determine  ; 

     
 (a) whether the pipe slides with respect to the plate. 
 (b) the resulting velocities of the pipe and of the plate.  

 6kg o 160 mm O;kl dk ,d csyu 1.5  kg dh IysV ij fojke esa gSA csyu rFkk IysV çkjEHk esa fojke esa gS tc  
P = 25 N dk cy 0.75 s ds fy, IysV ij yxk;k tkrk gSA IysV rFkk csyu o /kjkry ds chp ?k"kZ.k xq.kkad s = 

0.25 rFkk  k = 0.20 gS rks Kkr djks ;        

    
 (a)  D;k csyu IysV ds lkis{k fQlysxkA 

 (b) csyu rFkk IysV dk ifj.kkeh osx D;k gksxkA 

Ans.  (a)  pipe rolls without sliding  (b)  pipe : 
5

6
  m/s  , 

125

24
  rad/s (ccw)  ;  plate : 

5

3
 m/s    

Ans.  (a)  ikbi fcuk fQlys ?kw.kZu xfr djsxk (b)  ikbi : 
5

6
  m/s  ,  

125

24
 rad/s (ccw)  ;   IysV : 

5

3
 m/s   

Sol.     

 

 

a 2

f 2 

m 

 

 
 Friction on plate due to ground f1 = 7.5 × 0.2 × 10 = 15   
 lrg ds dkj.k IysV ij ?k"kZ.k  f1 = 7.5 × 0.2 × 10 = 15  

 25 – 15 – f2 = 1.5 a1  
 f2 = 6a2  
 10 = 1.5 a1 + 6a2  ....(i) 

 f2 . r = mr2 .   

  f2 = ma2  ...(ii) 
 f2 = ma1 – ma2  

 a2 + r = a1   a1 – a2 = a2  

  a2 = a1 – a2  
 a1 = 2a2  

 
 10 – 3a1 = 1.5 a1  

  a1 = 
100

45
 = 

20

9
 

  a2 = 1a

2
 = 

20

18
 

 v1 = a1t = 
20

9
 × 

3

4
 = 

5

3
 (Plate)  (IysV) 

 v2 = a2t = 
20

18
 × 

3

4
 = 

5

6
 (pipe). (ikbi) 

 2 = 2v 5 1000
x 10.42 rad/ s

160r 6

2

   (pipe) (ikbi) 
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20. A uniform disc of mass m and radius R is rolling up a rough inclined plane, which makes an angle of 

30º with the horizontal. If the coefficients of static and kinetic friction are each equal to  and only the 
forces acting are gravitational, normal reaction and friction, then the magnitude of the frictional force 
acting on the disc is ______ and its direction is _____ (write 'up' or 'down') the inclined plane.[JEE - 1997]   

20. m nzO;eku o R f=kT;k dh ,d le:i pdrh [kqjnjs ur ry] tks {kSfrt ls 30º dks.k cukrk gS] ij Åij dh vksj 

xfr'khy gSA ;fn LFkSfrd o xfrt ?k"kZ.k xq.kkad] izR;sd µ ds cjkcj gS vkSj dsoy xq:Roh; o ?k"kZ.k cy gh dk;Zjr 
gks] rc pdrh ij dk;Zjr ?k"kZ.k cy dk ifjek.k ______ gS vkSj ur ry ij bldh fn'kk _______ (^mij* ;k ^uhps* 
fyf[k,½A              

Ans. 
mg

6
 , up   Åij  

Sol. Under the given conditions only possibility is that friction is upwards and it accelerates downwards as 
shown below : 

  

 

  

 

 
 The equations of motion are : 

 a = 
mg sin – f

m


 = 

mg sin 30º – f
m

 = 
g

2
 – 

f

m
  ......(1) 

  = 



 = 
fR


 = 

2f

mR
      ......(2)  

 For rolling (no slipping) 

  a = R or g/2 – f/m = 2f/m 

  
3f

m
 = g/2  or  f = mg/6 

 (1)  f  fmax 

   mg cos 30º 
3

2
  mg 

 (2) Other possibilities which are not feasible are as follows :  
 (a) Friction is downwards. 

  In this case a and  will be as shown and rolling is not possible. 

 

 

  

 

 
 (b) Friction is upwards and the disc has linear acceleration in upward direction. 

 

 

  

 

 
 In this case also rolling is not possible. 
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Sol. nh xbZ 'krZ ds vUrxZr dsoy ;gh lEHko gS fd ?k"kZ.k Åij dh vksj o Roj.k uhps dh vksj gS tSlk uhps n'kkZ;k x;k 
gSA  

  

 

  

 

 
 xfr dh lehdj.k gS & 

 a = 
mg sin – f

m


 = 

mg sin 30º – f
m

 = 
g

2
 – 

f

m
  ......(1) 

  = 



 = 
fR


 = 

2f

mR
     ......(2)  

 ?kw.kZu  (fcuk fQlys) ds fy, 

  a = R or g/2 – f/m = 2f/m 

  
3f

m
 = g/2  ;k f = mg/6 

 (1)  f  fmax 

   mg cos 30º  
3

2
 mg 

 (2) vU; lEHkkouk,sa tks lEHko ugha gS fuEu gS &  

 (a) ?k"kZ.k uhps dh vksj gSA 

  bl fLFkfr esa a o  n'kkZ;s vuqlkj gSA 

  

 

  

 

 
 (b) pdrh ij ?k"kZ.k Åij dh vksj o js[kh; Roj.k Åij dh vksj  

  

 

  

 

 
  bl fLFkfr esa ?kw.kZu lEHko ugha gSA 

 

21. A uniform disc of mass m and radius R is projected horizontally with velocity 0 on a rough horizontal 
floor so that it starts off with a purely sliding motion at  t = 0. After t0 seconds, it acquires a purely rolling 
motion as shown in figure.  

     

 

V 0 

t = 0 t = t 0 
///////////////////// ///////////////////// 

  
 (a)  Calculate the velocity of the centre of mass of the disc at t0 .  

 (b) Assuming the coefficient of friction to be , calculate t0. Also calculate the work done by the frictional 
force as a function of time & the total work done by it over a time t much longer than t0.    [JEE - 1997] 
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 m nzO;eku o R f=kT;k dh ,d leku pdrh dks ,d [kqjnjs {kSfrt Q'kZ ij 0 osx ls {kSfrt fn'kk esa iz{ksfir fd;k 
tkrk gS] ftlls fd ;g t = 0 le; ij 'kq) fQlyu xfr izkjEHk djrh gSA t0 lsd.M i'pkr~ ;g 'kq) yq<+du xfr 
vkjEHk djrh gS] tSlk fp=k esa iznf'kZr fd;k x;k gSA   

 

V 0 

t = 0 t = t 0 
///////////////////// ///////////////////// 

 
 (a) t0 ij pdrh ds nzO;eku dsUnz dk osx Kkr dhft,A   
 (b) ?k"kZ.k xq.kkad ekurs gq, t0 dh x.kuk dhft,A le; ds Qyu esa] ?k"kZ.k cy }kjk fd;k x;k dk;Z le; ds Qyu 

ds :i esa rFkk le; t, tks t0 ls cgqr vf/kd gS] esa blds }kjk fd;k x;k dqy dk;Z Kkr dhft,A   

Ans.  (a)   = 02

3


 ;   t0  = 0

3 g




  (b)  w = –mg (v0 t – 
3

2
gt2) ;   – 

1

6
 m0

2 

Sol. Between the time t = 0 to t = t0. There is forward sliding, so friction, f is leftwards and maximum i.e.,  
mg. For time t > t0, friction f will become zero, because now pure rolling has started i.e., there is no 
sliding (no relative motion) between the points of contact. 

  

 

  
 So, for time t < t0  

  

 

 

 Linear retardation,  = 
f

m
 = g (f =  mg) 

 and angular acceleration,  = 
I


 = 2

f R

I mR
2

 = 
2 g

R


 

 Now let V be the linear velocity and ,  the angular velocity of the disc at time t = t0  then 

 V = V0 – at0 = V0 – gt0     ......(1) 

 and   =  t0 = 02 gt

R


  ......(2) 

 For pure rolling to take place  

   V = R  

 i.e.,  V0 –2to = 2to 

   t0 = 0V

3 g
 

 Substituting in Eq. (1), we have  

  V = V0 – g 0V

3 g

 
  

 

   V = 
2

3
 V0  
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 Work done by friction  

 For t  t0, linear velocity of disc at any time t is V = V0 – gt and angular velocity is  = t = 
2 gt

R


. From 

work-energy theorem, work done by friction upto time t = Kinetic energy of the disc at time t – Kinetic 
energy of the disc at time t = 0 

   W = 
1

2
 mV2  +

1

2
 I2 – 

1

2
mV0

2  

 = 
1

2
m [V0 – gt]2 + 

1

2

21
mR

2

 
 
 

2
2 gt

2

 
 
 

  – 
1

2
mV0

2  

 =  [mV0
2 + m2g2t2 – 2mV0gt + 2m2g2t2 – mV0

2] 

 or W = 
m gt

2


 [3gt – 2V0] 

 For t > to, friction force is zero i.e., work done by friction is zero. Hence, the energy will be conserved.  
 Therefore, total work done by friction over a time t much longer then t0 is total work done upto time t0  

(because beyond the work done by friction is zero) which is equal to  

   W = 0m gt

2


 [3gt0 – 2Vo] 

 Substituting  t0 = V0/3g, we get  

   W = 0mV

6
 [V0 – 2V0] 

   W = –
2
0mV

6
  

Sol. t = 0 ls t = t0 le; ds e/;] ;gk¡ vkxs dh vksj fQlyu gks jgh gSA blfy, ?k"kZ.k f cka;h vksj gS ,oa vf/kdre gSA 
vFkkZr~  mg gSA t > t0, le; ds fy,] ?k"kZ.k f 'kwU; gSA D;ksafd 'kq) ?kw.kZu xfr çkjEHk gks xbZ gSA vFkkZr~ ;gk¡ lEidZ 
fcUnqvksa ds e/; dksbZ fQlyu (lkis{k xfr)  ugha gSA 

 

 

 
 blfy, t < t0  ds fy, 

 

 

 

 js[kh; Roj.k ,  = 
f

m
 = g (f =  mg) 

 vkSj dks.kh; Roj.k,  = 
I


 = 2

f R

I mR
2

 = 
2 g

R


  

 vc V js[kh; osx gS vkSj dks.kh; osx gSA rc t = t0  pdrh dk 
  V = V0 – at0 = V0 – gt0     ......(1) 

 vkSj   =  t0 = 02 gt

R


   ......(2) 

 'kq) ?kw.kZu ds fy, 

   V = R  

 vFkkZr~  V0 –2to = 2to  

   t0 = 0V

3 g
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 lehdj.k (1), esa j[kus ij] ge çkIr djrs gS 

  V = V0 – g 0V

3 g

 
  

 

   V = 
2

3
 V0  

 ?k"kZ.k cy }kjk fd;k x;k dk;Z 

 t  t0 ds fy,] fdlh le; t ij pdrh dk js[kh; osx V = V0 – gt gS vkSj dks.kh; osx  = at = 
2 gt

R


 gSA dk;Z 

ÅtkZ çes; ls] t le; esa ?k"kZ.k }kjk fd;k x;k dk;Z = t le; ij pdrh dh xfrt ÅtkZ  –  le; (t = 0) ij pdrh 
dh xfrt ÅtkZ 

   W = 
1

2
 mV2  + 

1

2
I2 – 

1

2
mV0

2  

 = 
1

2
m [V0 – gt]2 + 

1

2

21
mR

2

 
 
 

2
2 gt

2

 
 
 

    – 
1

2
mV0

2  

 = 
1

2
 [mV0

2 + m2g2t2 – 2mV0gt + 2m2g2t2 – mV0
2] 

 ;k W = 
m gt

2


 [3gt – 2V0] 

 t > to ij ls fy,] ?k"kZ.k cy 'kwU; gSA ?k"kZ.k cy }kjk fd;k x;k dk;Z 'kwU; gSA vr% ÅtkZ lajfpr jgsxhA 

 blfy,, t le; es ?k"kZ.k }kjk fd;k x;k dk;Z t0 rd fd;k x;k dqy dk;Z gSA (D;ksafd blds ckn ?k"kZ.k cy }kjk 
fd;k x;k dk;Z 'kwU; gSA)  

  W =  0m gt

2


 [3gt0 – 2Vo] 

  t0 = V0/3g, j[kus ij ge izkIr djrs gS  

  W = 0mV

6
 [V0 – 2V0], W = –

2
0mV

6
  

 
22. A carpet of mass 'M' made of inextensible material is rolled along its length in the form of a cylinder of 

radius 'R' and is kept on a rough floor. The carpet starts unrolling without sliding on the floor when a 
negligibly small push is given to it. Calculate the horizontal velocity of the axis of the cylindrical part of 
the carpet when its radius reduces to R/2.       

    

 

//////////////////////////////// //////////////////////////////// 

R 
R/2 

 
 'M' nzO;eku rFkk vforkU; inkFkZ dh cuh gqbZ ,d njh  (carpet) bldh yEckbZ ds vuqfn'k 'R' f=kT;k ds csyu ds :i 

esa yisVh tkrh gS rFkk [kqjnjs Q'kZ ij j[kh tkrh gSA tc ,d gYdk lk /kDdk fn;k tkrk gS rks njh fcuk fQlys 
[kqyuk 'kq: gks tkrh gSA tc bldh f=kT;k R/2 gS rks csyukdkj Hkkx ds va{k dk {kSfrt osx Kkr djksA [JEE - 1990] 

    

 

//////////////////////////////// //////////////////////////////// 

R 
R/2 
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Ans.    = 
14g R

3
  

Sol. Let M be the mass of unwound carpet. Then , 

 ekuk fcuk ewM+h njh dk nzO;eku M  rc 

  M ‘ = 
2

M

R

 
  

  

2
R

2

 
 
 

 = 
M

4
 

 

 

R/2 
R 

M 
M’ 

v 

 
 From conservation of mechanical energy : 

 ;kaf=kd ÅtkZ laj{k.k fu;e ls  

  MgR – M ‘ g
R

2
  = 

1

2

M

4

 
 
 

 v 2  + 
1

2
 I  2  

 or ;k  MgR – 
M

4

 
 
 

g 
R

2

 
 
 

= 
2Mv

8
 + 

1

2

21 M R

2 4 4

 
   

 

2
v

R/2

 
 
 

  

 or ;k 
7

8
MgR = 

23Mv

16
  v = 

14 Rg

3
 

 
23. Figure shows a vertical force F that is applied tangentially to a uniform cylinder of weight W. The 

coefficient of static friction between the cylinder and all surfaces is 0.5. Find in terms of W, the 
maximum force that can be applied without causing the cylinder to rotate.   

      

 

      
 fp=k esa Å/okZ/kj cy F n'kkZ;k x;k gS tks W Hkkj ds ,d le:i csyu ds Li'kZ js[kh; yx jgk gSA lHkh lrg o csyu 

ds e/; LFkSfrd ?k"kZ.k xq.kkad 0.5 gSA W ds inksa esa] csyu dks fcuk ?kqek;sa bl ij yxus okyk vf/kdre cy Kkr 
dhft,A  

      

 

      
 

Ans.  
3 W

8
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Sol. When F is maximum equation. of rotational equilibrium. 

 tc F vf/kdre gS rc ?kw.kZu lkE;koLFkk lehdj.k  

  F.R. = µ (N1 + N2) R  .............(1) 
 For equilibrium in horizontal direction  
 {kfrt fn'kk esa lkE;koLFkk ds fy,  

  f1 = N2 = µN1   ............(2) 

   

 

 
 In vertical direction  Å/oZ fn'kk ds fy, 

  F + N1 = mg 
  F = µ [(mg – F) + µ (mg – F)]       

  
1

2

1
(mg F) (mg F)

2

     
 

1
putting µ

2

   

1
µ

2

   
 j[ku s ij      

  F
1 1

1
2 2

    
  = 

3

4
mg  

  F =
3

8
 mg = 

3

8
w   

  [Ans.: 3w/8 ]   
 
24. A drinking straw of mass 2m is placed on a smooth table orthogonally to the edge such that half of it 

extends beyond the table. A fly of mass m lands on the A end of the straw and walks along the straw 
untill it reaches the B end. It does not tip even when another fly gently lands on the top of the first one. 
Find the largest mass that the second fly can have. (Neglect the friction between straw and table).  

     

 

 
 2m nzO;eku dk ,d ihus dk ikbZi (drinking straw) ,d fpduh Vscy ij ledks.kh; :i ls bl izdkj fLFkr gSA 

fd bldk vk/kk Hkkx Vscy ls vkxs rd QSyk jgsA m nzO;eku dh ,d eD[kh] ikbZi ds vkUrfjd fljs 'A' ij mrjrh 
gS vkSj ikbZi ds vuqfn'k rc rd pyrh jgrh gS] tc rd fd ;g nwljs fljs 'B' ij u igq¡p tk;sA ;g ikbZi rc Hkh 
ugha >qdrk gS] ;fn ,d vU; eD[kh] igyh okyh eD[kh ij cSB tkrh gSA og vf/kdre nzO;eku Kkr dhft, tks 
f}rh; eD[kh j[k ldrh gSA (;gk¡ ikbZi vkSj Vscy ds e/; ?k"kZ.k dks ux.; ekfu,)    

     

 

 
 
Ans.  3m  
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Sol. As fly moves to other end C.M must remains at same position so straw shifts left. 

tSls gh dhV (ePNj) nqljs fljs dh vksj xfr djsxk nzO;eku dsUnz mlh fLFkrh ij jgsxk  ftlls (straw) NM ck;h 
rjQ LFkkukUrfjr gksxhA 

    

 

 
 Torque about AB is balanced  AB ds lkis{k cyk?kwZ.k lUrqfyr gSA  

 2mg
3

 
 
 

 = (m + mA)g
6

 
 
 

  

 4m = m + mA 
 mA = 3m 
 
25. Two uniform thin rods A & B  of length 0.6 m each and of masses 0.01 kg & 0.02 kg respectively are 

rigidly joined, end to end. The combination is pivoted at the lighter end P as shown in figure such that it 
can freely rotate about the point P in a vertical plane. A small object of mass 0.05 kg moving 
horizontally hits the lower end of the combination and sticks to it. What should be the velocity of the 
object so that the system could just be raised to the horizontal position ?    

     

 P 

A 

B 
m v 

x 

 
 nks le:i iryh NM+as A rFkk B izR;sd 0.6 m yEckbZ o nzO;eku Øe'k% 0.01 kg o 0.02 kg dh n`<+rk iwoZd fdukjksa 

ls tksM+h tkrh gSA fp=kkuqlkj fudk; dh gYdh NM+ dks fcUnq P ls dhyfdr fd;k tkrk gS rkfd ;g Å/okZ/kj ry esa 
fcUnw P ds ifjr% Lora=krkiwoZd ?kw.kZu dj ldsA ,d 0.05 kg nzO;eku dh NksVh oLrq {kSfrt fn'kk esa xfr djrh gqbZ 
fudk; ds fupys fdukjs ls Vdjkrh gS rFkk blls fpid tkrh gSA oLrq dk osx D;k gks fd fudk; dk s {kSfrt fLFkfr 
rd mBk;k tk ldsA     

     

 P 

A 

B 
m v 

x 

 
Ans. 6.3 m/s  
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Sol. System is free to rotate but not free to translate. During collision, net torque of the system (rod A + rod 
B + mass m ) about point P is zero. 

 fudk; ?kw.kZu djus ds fy, LorU=k gS ysfdu LFkkukfUrfjr xfr ds fy, LorU=k ugh gSA lEiw.kZ fudk; ( NM A + NM 
B + nzO;eku m )  dk fcUnq  P ds lkis{k cyk?wk.kZ 'kwU; gSA 

 Therefore, angular momentum of system before collision = Angular momentum of system just after 

collision. ( About P ). Let  be the angular velocity of system just after collision, then  

vr% VDdj ls iwoZ fudk; dk dks.kh; laosx =  VDdj ds ckn fudk; dk dks.kh; laosx  (fcUnq P ds lkis{k ).ekuk 
VDdj ds rqjUr ckn fudk; dk dks.kh; osx  gS rc 

     

 

A 

P 

B 

 

 

 

v 
m  

 L i   = L f     

        mv (2l) =   

 Here, = moment of inertia of system about P 

 ;gka , = fcUnq P ds lkis{k fudk; dk tMRo vk?kw.kZ  

  = m (2) 2 + m A  ( 2  / 3 ) + m B  
2

2
)

12 2

   
  

 

 Given fn;k gS  :  = 0.6 m, m = 0.05 kg, mA  = 0.01 kg and vkSj  mB  = 0.02 kg  

 Substituting the values, we get  

 ekuks dk izfrLFkkiu djus ij 

 I = 0.09 kg–m 2 

 Therefore, from Eq. (1)  vr% lehdj.k (1) ls  

     = 
2mv

I
 = 

(2)(0.05)(v)(0.6)

0.09
 

     = 0.67 v    ........(2) 
 Now after collision, mechanical energy will be conserved. 

 vc VDdj ds ckn ;kfU=kd ÅtkZ laj{k.k ls 

  

   

  

  - 0 

 
 Therefore, decrease in rotational KE = increase in gravitational PE  

 vr% ?kw.kZu xfrt ÅtkZ eas deh = xq:Roh; fLFkfrt ÅtkZ esa of̀)  

 or ;k  
1

2
I  = mg (2) + mA  g

2

 
 
 

  + m B g 
2

  
 

 

 or ;k    2  = A Bg (4m m 3 m )

I

 
 

         = 
 (9.8) 0.6 (4 0.05 0.01 3 0.02)

0.09

   
= 17.64 (rad /s) 2 

 

 

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


Rigid Body Dynamics 
 

 

 

Corporate 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 
ADVRB - 203 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

    = 4.2 rad/s       .........(3) 

 Equating Eqs. (2) and (3) , we get  lehdj.k  (2) vkSj (3) dh rqyuk djus ij  

   v = 
4.2

m/ s
0.67

 

 or ;k  v = 6.3 m/s 

 

26. A uniform cube of side 'a' and mass m rests on a rough horizontal table. A horizontal force F is applied 

normal to one of the faces at a point directly above the centre of the face, at a height 
3a

4
 above the 

base. (i) What is the minimum value of F for which the cube begins to tip about an edge? 

 (ii) What is the minimum value of s so that toppling occures. 

 (iii) If  = min , find minimum force for topping.  

 (iv) Minimum s so that Fmin (as in part-(i)) can cause toppling.  

 ,d le:i m nzO;eku o a Hkqtk dk ?kukdkj CykWd [kqjnjs {kSfrt ry ij j[kk gSA ,d {kSrht cy F ?ku ds ,d 

Qyd ij dsUnz ds Bhd Åij vk/kkj ls 
3a

4
 ÅpkbZ ij yxk;k tkrk gSA  

 (i)  ?ku ds Hkqtk ds lkis{k yq<+dus ds fy, 'F' dk U;wure eku D;k gksxk\ ¼ekuk fd ?ku fQlyrk ugha gS½  
 (ii) s dk U;wure eku D;k gksuk pkfg, rkfd ?ku iyV tk,A  

 (iii) ;fn  = min , rks iyVus ds fy, U;wure cy Kkr djksA 

 (iv) U;wure s rkfd Fmin ds dkj.k iyV tk;sA  

Ans. (i) 
2

3
 mg, (ii) min = 0, (iii) F = 2 mg],  (iv) µs = 

2

3
 

Solution : 
(i)  In the limiting case normal reaction will pass through O. The cube will tip about O if 

torque of Fabout O exceeds the torque of mg. 

(i)  lhekUr voLFkk esa] vfHkyEc izfrfØ;k 'O' ls xqtjrh gSA rFkk ?ku O ds lkis{k yq<d tk;sxk ;fn F 

dk O ds lkFk cyk?kw.kZ mg ds cyk?kwZ.k ls T;knk gS rks&  

  Hence vr% 
3a a

F mg
4 2

      
   

    

    

 

a/2 

N 

F 

3a/4 

O 

mg 

f r 

 

  or ;k  
2

F mg
3

     

  therefore, minimum value of F is 
2

3
 mg.    

  vr% F dk U;wure eku  
2

3
 mg gksxkA        

(ii)  In this case since it is not acting at COM, toppling can occur even after body started 

sliding because of increasing the the torque of F about COM.hence min = 0,  

(ii)  bl fLFkrh esa D;ksfd ;g COM, ij dk;Z ugh dj jgk gS vr% ;fn oLrq fQlyuk 'kq: dj nsrh gS 
mlds ckn Hkh oLrq iyV tk;sxh D;ksfd nzO;eku dsUnz ds lkis{k F dk cyk?kwZ.k c<rk gSA vr% min 

= 0,  
 

(iii)  Now body is sliding before toppling, O is not I.A.R., torque equation can not be applied 
across it. It can now be applied about COM.  
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(iii)  ;fn oLrq iyVu ls igys fQlyrh gS rks] O, I.A.R. ugh gSA rFkk blds lkis{k cyk?kwZ.k lHkh ugh 
yxk ldrsA cyk?kwZ.k lHkh COM ds lkis{k yxk;h tk ldrh gSA  

  F×
a

4
= N × 

a

2
 ................ (1)  

  N = mg .......................... (2)  

  from (1) and (2)    lHkh (1) vkSj (2)  ls  
  F = 2 mg  

  (iv)  F > 
2

3
mg  ................... (1)    (from sol. (i))   

   N = mg .......................(2)   

   F = µsN = µsmg ........... (3)   from (1) and (2)   lHkh (1) vkSj (2)  ls   

   µs = 
2

3
 

 

27. Three particles  A , B and C each of mass m are connected to each other by three massless rigid rods 

to form a rigid , equilateral triangular body of side  . This body is placed on a horizontal frictionless 
table (x - y plane) and is hinged to it at the point A so that it can move without friction about the vertical 
axis through A as shown in figure. The body is set into rotational motion on the table about A with a 

constant angular velocity   

     

 

 
 (a) Find the magnitude of the horizontal force exerted by the hinge on the body .  

(b) At time T , when the side BC is parallel to the x  axis , a force F is applied on B along BC as 

shown. Obtain the x  component and the y  component of the force exerted by the hinge on 
the body, immediately after time T.    

 

27. rhu d.k A , B vkSj C izR;sd dk nzO;eku m ,d nwljs ls nzO;ekughu n`<+ NM+ksa dh lgk;rk ls Hkqtk okyh n`<+ 
f=kHkqtkdkj oLrq dk fuekZ.k djrs gSaA ;g oLrq {kSfrt ?k"kZ.kjfgr Vscy (x - y ry esa) ij j[kh xbZ gS rFkk bls fcUnq A 

ij bl izdkj yVdk;k gqvk gS rkfd ;g A ls xqtjus okyh Å/okZ/kj v{k ds lkis{k fp=kkuqlkj ?k"kZ.k jfgr xfr dj 
ldsA oLrq dks A ds ifjr Vscy ij fu;r dks.kh; osx ls ?kw.kZu xfr nh tkrh gSA 

     

 

 
 (a) fuyEcu (hinge) }kjk oLrq ij vkjksfir {kSfrt cy dk ifjek.k Kkr dhft,A  

(b)  le; T ij tc Hkqtk BC, x- v{k ds lekUrj gS] fp=kkuqlkj BC ds vuqfn'k B ij F cy vkjksfir fd;k tkrk 
gSA  le; T ds Bhd i'pkr~ fuyEcu ds }kjk oLrq ij] vkjksfir cy dk x ?kVd o y ?kVd Kkr dhft,A   

Ans. :  (a)  3 m 2   (b)  Fy = 3  m 2     Fx =   F/4 ]   

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


Rigid Body Dynamics 
 

 

 

Corporate 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 
ADVRB - 205 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

Sol. (a) The distance of centre of mass (COM) of the system about point A will be : 

     r =  
3

 

 Therefore the magnitude of horizontal force exerted by the hinge on the body is  
    F = centripetal force  

 or   F = (3m) r2   

 or   F = (3’m) 
3

 
 
 

2  

 or   F = 3  m2       

 (b) Angular acceleration of system about point A is  

     = A

AI


 

       = 
2

3
(F)

2

2m

 
  
           

      = 
3  F

4m
 

 Now acceleration of COM along x-axis is 

    

 

COM 

B  

  

F 

 , 
A 

C 

y 

x 

3/2  

 

 X = r= 
3

 
 
 

3

4 m

 
  
 

  

 or  ax = 
F

4m
 

 Now let Fx be the force applied by the hinge along x-axis. Then : 
  Fx + F = (3m) ax 

 or Fx + F = (3m) 
F

4m

 
 
 

  

 or Fx + F =  
3

4
F  or  Fx = – F

4
    Ans. 

 Further if Fy be the force applied by the hinge along y-axis. Then :  
  Fy = centripetal force  

 or Fy = 3  m2        Ans.  

Sol. (a) fudk; ds xq:Roh; dsUnz dk fcUnq A ls nwjh gksxh : 

   r =  
1

3
 

 vr% dhyd }kjk oLrq ij vkjksfir {kSfrt cy dk ekikad gksxk -  

   F = vfHkdsUnzh; cy  ;k  F = (3m) r2   

 ;k  F = (3’m) 
3

 
 
 

 2  ;k F = 3  m2  Ans. 
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 (b) fcUnq A  ds lkis{k fudk; dk dks.kh; Roj.k -   

    = A

AI


 = 

2

3
(F)

2

2m

 
  
   = 

3  F

4m
  

    

 

COM 

B  

  

F 

 , 
A 

C 

y 

x 

3/2  

 
 COM dk x v{k ds vufn'k Roj.k -  

   X = r= 
3

 
 
 

3

4 m

 
  
 

  ;k  ax= 
F

4m
 

 ekuk x v{k ds vuqfn'k dhyd }kjk cy Fx gS rks : 
  Fx + F = (3m) ax 

 ;k  Fx + F = (3m) 
F

4m

 
 
 

   ;k  Fx + F = 
3

4
 F or Fx = – F

4
  Ans. 

 ;fn y v{k ds vuqfn'k dhyd }kjk Fy cy gS rks :  
  Fy = vfHkdsUnzh; cy  

 ;k  Fy = 3  m2  Ans.  
 
28. A  bar  of  mass  m  is held as  shown  between  4 disks ,  each of  mass M  &  radius   r = 75 mm 

Determine the acceleration of the bar immediately after it has been released from rest, knowing that the 
normal forces exerted on the disks are sufficient to prevent any slipping and assuming that  ; 

 In (i) case the discs are attacthed to the fixed support on wall. In (ii) case the discs are attached to the 
bar. 

     
 (a) m = 5 kg and M = 2 kg .  
 (b) the mass of M of the disks is negligible.   
 (c) the mass of m of the bar is negligible .  

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


Rigid Body Dynamics 
 

 

 

Corporate 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 
ADVRB - 207 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

 m nzO;eku ds ,d CykWd dks fp=kkuqlkj 4 pdrh,  çR;sd dk nzO;eku M rFkk f=kT;k r = 75 mm ds lEidZ esa j[kk 
tkrk gSA CykWd dks fojke ls NksM+us ds rqjUr ckn Roj.k D;k gksxkA /;ku jgs fd pdfr;ksa ij vfHkyEc çfrfØ;k cy 
'kq) ykSVuh xfr ds fy, i;kZIr gSA 
fLFkfr (i) esa pdrh;ka nhokj ls tqM+s lEidZ ls tqM+h gqbZ gS rFkk fLFkfr (ii) esa pdrh;ka r[rsa ls tqM+s lEidZ ls tqM+h 
gqbZ gSA  

     
 (a) m = 5 kg rFkk  M = 2 kg .  

 (b) pdrh dk nzO;eku M ux.; gSA  
 (c) CykWd dk nzO;eku m ux.; gSA 

Ans. (i) (a)  5g/9    (b)  g     (c)  0   (ii) (a) 
13g

17
    (b)  g   (c) 

2g

3
      

Sol. (i)  

  

 

f 

f 

M M 

M M 

 
  (a) mg – 4f = ma   ......... (i) 

   fR =  = 
a

R


 

   fR2 = a 

   fR2 =
2MR

2
 a 

   f = 
Ma

2

 
 
 

 

   mg = 
4Ma

ma
2

  
 

 = (2M + m)a  M = 2kg, m = 5 kg 

   a = 
5g

9
 () 

  (b) If  ;fn M = 0  (c) m = 0 

    f = 0   mg = (2M + m) a 
    mg = ma  0 = a 

    a = g()   a = 0  
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  (ii)  

   

 

 
  (a) (m + 4M)g – 4f = (m + 4M)a 

   Torque about centre of disk ( = a / R)   
   pdrh ds dsUnz ds lkis{k cy vk?kw.kZ ( = a / R)  

   f . R = 
2MR

2
 . 

a

R
 

   f = 
Ma

2

 
 
 

 

   (m + 4M) g – 2Ma = (m + 4M) a 
   (m + 4M) g = (m + 6M) a 
   (5 + 8) g = (5 + 12) a 

   a = 
13g

17

 
 
 

 () 

  (b) If   ;fn M = 0   If ;fn M = 0 

   mg = ma   4Mg = 6Ma 

   a = g()    a = 
2g

3
 () 

 
29. Two thin circular discs of mass 2 kg and radius 10 cm each are joined by a rigid massless rod of length 

20 cm. The axis of the rod is along the perpendicular to the planes of the disk through their centres. 
This object is kept on a truck in such a way that the axis of the object is horizontal and perpendicular to 
the direction of motion of the truck. The friction with the floor of the truck is large enough, so that object 
can roll on the truck without slipping. Take x-axis as the direction of motion of the truck and z-axis as 
the vertically upward direction. If the truck has an acceleration of  9 m/s2,  calculate  [JEE - 1997’ 5/100] 

     

 

 
 (a) the force of friction on each disc. 
 (b) the magnitude & direction of frictional torque acting on each disk about the centre of mass O of the 

object. Express the torque in the vector form in terms of  unit vectors   ˆ ˆ ˆi , j & k  along x, y & z direction. 
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 2 kg nzO;eku o 10 cm f=kT;k dh nks iryh o`Ùkkdkj pdfr;ksa dks 20 cm yEckbZ dh n`<+ ,oa nzO;ekujfgr ,d NM+ 
}kjk tksM+k x;k gSA NM+ dh v{k] pdfr;ksa ds dsUnzksa ls gksdj tkrh gqbZ rFkk muds ry ds yEcor~ gSA bl lek;kstu 
dks ,d Vªd ij bl izdkj j[kk tkrk gS fd bl lek;kstu dh v{k {kSfrt gS rFkk Vªd dh xfr dh fn'kk ds yEcor~ 
gSA Vªd ds Q'kZ ds lkFk bldk ?k"kZ.k i;kZIr :i ls vf/kd gS] ftlls ;g lek;kstu fcuk fQlys Vªd ij yq<+d 
ldrk gSA x-v{k Vªd dh xfr dh fn'kk esa rFkk z-v{k Å/okZ/kj Åij dh vksj yhft,A ;fn Vªd dk Roj.k  

9 m/s2 gSA x.kuk dhft,-        

     

 

 
 (a) izR;sd pdrh ij ?k"kZ.k cy   

 (b) lek;kstu ds nzO;eku dsUnz O ds ifjr% izR;sd pdrh ij dk;Zjr ?k"kZ.k cy vk?kw.kZ dk ifjek.k ,oa fn'kkA 

cy&vk?kw.kZ dks x, y o z v{kksa ij ,dkad lfn'k ˆ ˆ ˆi , j & k  ds inksa esa lfn'k :i esa iznf'kZr dhft,A  

Ans. (a) 6 N  (b) 1
ˆ ˆ0.6k 0.6 j    , 2

ˆ ˆ0.6k 0.6 j      

Sol. Given mass of disc m = 2Kg and radius R = 0.1 m 

 pdrh dk fn;k x;k nzO;eku m = 2Kg vkSj f=kT;k R = 0.1 m 

(i) FBD of any one disc is    fdlh ,d pdrh dk FBD 

 

 

Truck a = 9m/s 
2

  

 

× 

z 

y 
x
 

 Frictional force on the should be in forward direction. pdrh ij ?k"kZ.k cy vkxs dh vkSj gksuk pkfg,A 

  

  

a 0

P 
f 

   
 Let a0 be the acceleration of COM of disc  the angular acceleration about its COM. Then – 

 ekuk fd COM dk Roj.k a0 gS o bldk COM ds lkis{k dks.kh; Roj.k  gSA rc pdrh ds – 

    

 

a = 9m/s 
2

f 

Q 

 

   a0 = 
f

m
 = 

f

2
 ......(i) 

   = 
I


 = 

2

f. R

1
mR

2

 = 
2f

mR
 = 

2f

2 0.1
 = 10 f  .......(2) 
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 Since there is no slipping between disc and truk therfore. pwafd ;gk¡ pdrh o Vªd ds e/; fQlyu ugha gSA 

 Acceleration of point P = Acceleration of point Q 

 P fcUnq dk Roj.k = Q fcUnq dk Roj.k 
   a0 + R  = a 

 or ;k            
f

2

 
 
 

+ (0.1)(10 f) = 

 or ;k 
3

2
f = a       f = 

2a

3
 = 

2 9.0

3


N 

     f = 6N 

 Since this force is acting in positive x-direction. pwafd ;g cy /kukRed x-fn'kk esa dk;Zjr gSA 

 Therefore, in vector form vr% lfn'k :i esa 

  f  =( 6 î ) N        Ans. 3 (i) 
 

(ii) 


= r


× f


 

 Here f


 = (6 î ) N ( for both the discs 

 ;gk¡ f


 = (6 î ) N ( nksauks pdrh ds fy, 

         Pr


 = 1r


 = 0.1 ĵ  – 0. 1 k̂  and vkSj 

        Qr


 = 2r


 =  0.1 ĵ  – 0. 1 k̂  and vkSj 

  

 20cm = 0.2 m 

1 
z 

O 

y 
x 

2 

Q P 

f f  
 Therefore, frictional torque on disk 1 about O (centre of mass )  

 vr% pdrh  1 ij O nzO;eku dsUnz ds lkis{k ?k"kZ.k cy vk?kw.kZ – 

                                 


 =  r


× f


 = ( –0.1 ĵ  – 0.1 k̂ ) × (6 î ) N-m 

    = ( 0.6 k̂  – 0.6 ĵ ) 

 or ;k          1r


 = 0.6 ( k̂  – ĵ ) N-m  0.6 ( k̂  – ĵ ) 

 and rFkk   | 1r


| = 2 2(0.6) (0.6)  = 0.85 N-m 

 Similarly, bl çdkj       1r


 = 2r


 × f


  = ( 0.1 ĵ  – 0.1 k̂ ) × (6 î ) N-m 

           1r


 = 0.6 ( – ĵ – k̂ ) 0.6  ( k̂  – ĵ ) 

 and vkSj      | 2r


| = | 1r


| = 0.85 N-m     Ans. 3 (ii) 
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30. A rectangular rigid fixed block has a long horizontal edge. A solid homogeneous cylinder of radius r is 
placed horizontally at rest with its length parallel to the edge such that the axis of the cylinder and the 
edge of the block are in the same vertical plane. There is sufficient friction present at the edge so that a 
very small displacement causes the cylinder to roll off the edge without slipping. Determine :  

      

 

 
 (a) The angle c through which the cylinder rotates before it leaves contact with the edge. 
 (b) The speed of the centre of mass of the cylinder before leaving contact with the edge. 
 (c) The ratio of translational to rotational kinetic energies of the cylinder when its centre of mass is in 

horizontal line with the edge.        
 ,d vk;rkdkj n`<+ fLFkj CykWd ,d yEck {kSfrt fdukjk j[krk gSA ,d Bksl lekaxh csyu ftldh f=kT;k r gS] 

fojkekoLFkk esa {kSfrt j[kk x;k gS fd bl csyu dh yEckbZ] fdukjs ds lekUrj bl izdkj gS fd csyu dk v{k rFkk 
CykWd dk fdukjk ,d gh Å/okZ/kj ry esa gSA ;gk¡ CykWd ds fdukjs ij i;kZIr ?k"kZ.k fo|eku gS rkfd ,d NksVk lk 
foLFkkiu] csyu dks fdukjs ij fcuk fQlys yq<+dk ldrk gSA Kkr djksA 

      

 

 
 (a)  dks.k c  ftlls csyu] fdukjs dks NksM+us ds igys ?kwesxkA 

 (b)  fdukjs dks NksM+us ls Bhd igys csyu ds nzO;eku dsUnz dh pky gksxhA  

 (c)   csyu dh LFkkukUrjh; vkSj ?kw.kZu xfrt ÅtkZvksa dk vuqikr] tc csyu dk nzO;eku dsUnz fdukjs ds lkFk 
 {kSfrt js[kk esa gksA           

Ans.   (a)   = cos-1
4

7
 (b)  v = 

4
gr

7
 (c) T

R

k

k
 = 6   

Sol. (a) The cylinder rotates about the point of contact. Hence, the machanical energy of the cylinder will be 
conserved i.e.,    

 (a) csyu lEidZ fcUnq ds lkis{k ?kw.kZu dj jgk gS vr% csyu dh dqy ;kfU=kd ÅtkZ ljafk{kr jgsxh 

  

 

R 

 

  

 

 
R 

R 
c o s  

  

 

 

 
  (PE + KE ) 1  = ( PE + KE ) 2     

  mgr + 0 = mgr cos +  
1

2
I 2  + 

1

2
 mv 2      
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V’ 

 
 

 
 but  = v / R ( No slipping at point of contact. ) 

 ysfdu  = v / R ( lEidZ fcUnq ij dksbZ fQlyu ugh gS ) 

 and vkSj   I = 
1

2
 mv 2  

 Therefore, vr%  

 mgR = mgR cos + 
1

2

21
mR

2

 
 
 

2

2

v

R

 
  
 

  + 
1

2
 mv 2  

 or ;k     
3

4
v 2   = gR ( 1 – cos ) 

 or ;k        v 2  = 
4

3
gR ( 1 – cos ) 

 or ;k    
2v

R
 = 

4

3
gR ( 1 – cos )    .............(1) 

   

 

 

mg 

V 

N = 0 

m g 
c o s  

 
 At the time of leaving contact, normal reaction N = 0 and  =  c hence, 

 lEidZ NksMrs le; vfHkyEc~ izfrfØ;k N = 0 vkSj  =  c vr%  

    mg cos = 
2mv

R
 

 or ;k     
2v

R
 = g cos    ...........(2) 

 From Eqs. (1) and (2)   lehdj.k (1) vkSj (2)  ls  

   
4

3
g ( 1 – cosc )  = g cos c   

 or ;k   
7

4
cos c  = 1 

 or ;k   cosc  = 4 / 7  

 or ;k       c =  cos – 1   ( 4 / 7 ) 

 (b)   v = 
4

gR(1 cos )
3

    [From Eq. (1)]  [lehdj.k  (1) ls ] 
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At the time of losing contact  lEidZ NksMus ds le; ij  
   cos = cos c  = 4 / 7  

      v = 
4 4

gR 1
3 7

  
 

         

      v = 
4

gR
7

 

 Therefore, speed of COM of cylinder just before losing contact is 
4

gR
7

 

 vr% csyu ds nzO;eku dsUnz dh lEidZ NksMus ds rqjUr igys pky 
4

gR
7

 

 Therefore, rotational kinetic energy  vr% ?kw.kZu xfrt ÅtkZ  K R  = 
1

2
 I 2 

 or ;k    K R  = 
1

2

1
mR

2

 
 
 

2

2

v

R
  

           = 
1

4
 mv 2  

           = 
1

4
 m 

4
gR

7

 
 
 

 

 or ;k    K R   = 
mgR

7
  

 Now, once the cylinder losses its contact, N = 0, i.e., the frictional force , which is responsible for its 
rotation, also vanishes. Hence, its rotational kinetic energy now becomes constant, while its 
translational kinetic energy increases. 

 vc csyu ,d ckj lEidZ NksMrk gS rc N = 0,  vFkkZr ?k"kZ.k cy tks bls ?kw.kZu djkrk gS] Hkh lekIr gks tk;sxkA  
vr% bldh ?kw.kZu xfrt ÅtkZ fu;r gks tk;sxh rFkk LFkkukfUrfjr xfrt ÅtkZ c<sxh A 

 Applying conservation  ÅtkZ lja{k.k ls  
 decrease in gravitational PE = Gain in rotational KE + translational KE  

 xq:Roh; fLFkfrt ÅtkZ esa deh = ?kw.kZu xfrt ÅtkZ esa o`f) +  LFkkukUrfjr xfrt ÅtkZ  
  Translational  KE (K T)  = Decrease in gravitational PE – K R  

  LFkkukUrfjr xfrt ÅtkZ (K T)  = xq:Roh; fLFkfrt ÅtkZ esa deh – K R  

 or ;k   KT  = (mgR) – 
mgR

7
 = 

6

7
 mgR 

 From Eqs. (3) and (4)  lehdj.k (3) vkSj (4) ls  

   T

R

K

K
 = 

6
mgR

7
mgR

7

 

  or ;k   T

R

K

K
 = 6    
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31. A wedge of mass ‘m’ and triangular cross section (AB = BC = CA = 2R) is moving with a constant 

velocity-v î  towards a sphere of radius R fixed on a smooth horizontal table as shown in the figure. The 
wedge makes an elastic collision with the fixed sphere and returns along the same path without any 
rotation. Neglect all friction and suppose that the wedge remains in contact with the sphere for a very 

short time t, during which the sphere exerts a constant force F  on the wedge. The sphere is always 
fixed. 

     

 

 
 (a) Find the force F  and also the normal force N  exerted by the table on the wedge during the time t.    
 (b) Let ‘h’ denote the perpendicular distance between the centre of mass of the wedge and the line of 

action of force F . Find the magnitude of the torque due to the normal force N  about the centre of the 

wedge, during the time t.    
 ‘m’ nzO;eku o f=kHkqtkdkj vuqizLFk dkV dk ,d ost (AB = BC = CA = 2R) fu;r osx -v î  ls R f=kT;k ds fLFkj 

xksys dh rjQ fp=kkuqlkj fpduh {kSfrt Vscy ij xfr'khy gSA ost fLFkj xksys ds lkFk iw.kZ izR;kLFk VDdj djrk gS 
rFkk fcuk ?kw.kZu fd;s gq, leku iFk ls okil vk tkrk gSA lHkh izdkj ds ?k"kZ.k ux.; ekfu;s rFkk ;g Hkh ekfu;s fd 

ost xksys ds lkFk cgqr de le; t ds fy, laidZ esa jgrk gSA bl nkSjku xksyk ost ij fu;r cy F  vkjksfir 
djrk gSA VDdj ds ckn Hkh xksyk fLFkj jgrk gSA   

     

 

 
 (a)  t le; ds nkSjku ost ij vkjksfir cy F  o Vscy }kjk ost ij vkjksfir vfHkyEc cy N  Kkr dhft,A     

 (b)  ekuk fd ‘h’ ost ds nzO;eku dsUnz o cy F  dh fØ;k js[kk ds e/; yEcor~ nwjh gSA vfHkyEc cy N  ds dkj.k 
CykWd ds dsUnz ds ifjr% t le; ds nkSjku cyk?kw.kZ dk ifjek.k Kkr dhft,A  

Ans. (a) 
2mV 2mV 2mVˆ ˆ ˆF i k ; N mg k

t 3 t 3 t

 
       

,  (b) 
4mVh

ĵ
3 t

 
   

 
 

Sol. (a) 

  

 z 
y 

x  

 i ̂ 

i ̂

Fcos30º 

30º 

F Fixed 

Fsin30º 

-v 

v 

 
 (i) Since the collision is elastic, the wedge will return with velocity v . 
 Now - 
 Linear impulse in x-direction = change in momentum in x - direction.    

  (F cos 30º )t   = mv – (mv ) = 2 mv 

  F = 
2mv

tcos30º
 = 

4mv

3 t
  

  F = 
4mv

3 t
 

  F  = F cos 30º î   – ( F sin 30º) k̂  

 or F  = 
2mv

t

 
  

î  – 
2mv

3 t

 
 

 
k̂   Ans. 3a (i) 
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 (ii) Taking the equilibrium of wedge in vertical 
  (z) direction during collision 
          N = mg + F sin 30º 

          N = mg + 
2mv

3 t
 

   

 N 

Fsin 30º 

mg 

c 

      
 or in vector form 

          N  = 
2mv

mg
3 t

 
 

 
k̂     Ans. 3a (ii) 

 (b) For rotational equilibrium of wedge ( about COM ) 
  anticlockwise torque of F 
   = clockwise torque due to N 

   

 
N 

mg 

C 
h 

F     
  magnitude of torque of N about COM = magnitude of torque of F about COM  
       = F.h       

       N  = 
4mv

j
3 t

 
 

 
   Ans. 3 (b) 

Sol. (a) 

 

 z 
y 

x  

 i ̂ 

i ̂

Fcos30º 

30º 

F Fixed 

Fsin30º 

-v 

v 

 
    

 (i) pwafd VDdj çR;kLFk gS] ost v osx ls okil ykSVsxkA 

 vc  

x-fn'kk esa js[kh; vkosx = x–fn'kk esa laosx esa ifjorZu    

   (F cos 30º )t   = mv – (mv ) = 2 mv 

                 F = 
2mv

tcos30º
 = 

4mv

3 t
  

     F = 
4mv

3 t
 

     F  = F cos 30º î  – ( F sin 30º) k̂   
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 ;k     F  = 
2mv

t

 
  

î  – 
2mv

3 t

 
 

 
k̂   Ans. 3a (i) 

 (ii) Å/okZ/kj esa ost dk lkE;koLFkk ysus ij 

  (z) fn'kk esa VDdj ds nkSjku 

          N = mg + F sin 30º 

          N = mg + 
2mv

3 t
  

   

 N 

Fsin 30º 

mg 

c 

 
 ;k lfn'k :i esa 

         N  = 
2mv

mg
3 t

 
 

 
k̂     Ans. 3a (ii) 

 (b) ost ds ?kw.kZu lkE;koLFkk ( COM ds lkis{k ) ds fy, 

  F dk okekorZ cy vk?kw.kZ 
   = N ds dkj.k nf{k.kkorZ cy vk?kw.kZ 

     

 
N 

mg 

C 
h 

F     
  COM ds lkis{k N ds cy vk?kw.kZ dk ifjek.k = F dk COM ds lkis{k cy vk?kw.kZ dk ifjek.k  
       = F.h       

       N  = 
4mv

k̂
3 t

 
 

 
   Ans. 3 (b) 

 
32. The surface mass density (mass/area) of a circular disc of radius 'R' depends on the distance from the 

centre x given as, (x) =  + x. Where  and  are positive constant find its moment of inertia about 
the line perpendicular to the plane of the disc through its centre.  

 'R' f=kT;k dh pdrh dk i`"Bh; ?kuRo ¼nzO;eku@{ks=kQy½ pdrh ds dsUnz ls nwjh x ij fuEu izdkj fuHkZj djrk gSA 
(x) =  + x tgka  rFkk /kukRed vpj gSA pdrh ds dsUnz ls ikfjr o ry ds yEcor~ v{k ds lkis{k tM+Ro 
vk?kw.kZ Kkr djksA 

Ans. 2
4 5R R

4 5

  
  

 
     

Sol.  
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 dm = (2xdx)

  = 2dm · x  = 

R

2

o

(2 xdx) .x   

  = 

R

3

0

2 x dx   

  = 

R

3

0

2 x ·( x)dx     = 

R R

3 4

o o

2 x dx x dx       

  = 2
4 5R R

4 5

  
  

 
     

 
33.  Calculate the moment of inertia of a uniform solid cone relative to its symmetry axis, if the mass of the 

cone is equal to m and the radius of its base to R.  

 ,d leku Bksl 'kadq dk mldh leehr v{k ds lkis{k tM+Ro vk?kw.kZ dh x.kuk djks] ;fn 'kadq dk nzO;eku m o 
vk/kkj dh f=kT;k R gSA  

Ans.   = 3/10 mR2 
Sol.        

  

 

 

 
h y

R r
  

 r = 
R

h
 y 

 dm =  (r2dy) 

 dAB = 
1

2
 (dm) r2  

 AB =  
h

2 2

y 0

1
r dy r

2


  

 = 
2

 4

4

R

h

5h

5

 
 
  

   

 = 
10


R4 h. 

2

m

1
R h

3

 
 
 
 
  

 ........... 
2

m

1
R h

3

 
 

  
  
 

 

 = 
3

10
mR2 
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34.  A force F


 =  A î  + B ĵ  is applied to a point whose radius vector relative to the origin of coordinates O is 

equal to  r


 = a î   + b ĵ , where a, b &, A, B are constants, and î , ĵ  are the unit vectors of the x and y 

axes. Find the moment N ( torque of F


) and the arm  of the force relative to the point O. 

[Ans :  N  = (aB – bA) k̂ , where k̂  is the unit vector of the z axis  = |aB –bA|/ 2 2A B ]  
 

34. ,d fcUnq ftldk f=kT;h; lfn'k ewy fcUnq O ds lkis{k r


 = a î  + b ĵ  gS] bl ij ,d cy F


 =  A î  + B ĵ  vkjksfir 

fd;k tkrk gSA tgk¡ a, b o A, B vpj gS rFkk î , ĵ   Øe'k% x o y  v{k ds bdkbZ lfn'k gSA fcUnq O ds lkis{k cy 

vk?kw.kZ N ( F


  dk cyk?kw.kZ )  rFkk cyk?kw.kZ Hkqtk Kkr dhft,A      

 [Ans : N  = (aB – bA)k, tgk¡ k, Z - v{k dk bdkbZ lfn'k gSA  = |aB –bA|/
2 2A B ]  

Sol.  N = r F  = ˆ ˆ ˆ(ai bj) (Ai Bj)     

 = (AB – bA) k̂  

 Also, N = 1| F | .r 

 

11
2 2

1

| F | A B
r

N (aB bA)

             
 

Ans. N  = (aB – bA)k, where k is the unit vector of the z axis  = |aB –bA|/
2 2A B  

 N  = (aB – bA)k, tgk¡ k z v{k ds vuqfn'k ,adkd lfn'k gS  = |aB –bA|/
2 2A B   

 
35.  A uniform cylinder of radius R and mass M can rotate freely about a stationary horizontal axis O Fig.  A 

thin cord of length  and mass m is wound on the cylinder in a single layer. Find the angular 
acceleration of the cylinder as a function of the length x of the hanging part of the cord. The wound part 
of the cord is supposed to have its centre of gravity on the cylinder axis.    

 //////////////////////// 

x 

R 

 
 fp=kkuqlkj R f=kT;k vkSj M nzO;eku dk ,d ,dleku csyu] ,d fLFkj {kSfrt va{k O ds ikfjr% Lora=kkiwoZd ?kw.kZu 

dj ldrk gSA   yEckbZ vkSj m nzO;eku dh ,d iryh Mksjh dks ,d ,dy ijr esa csyu ds pkjksa vksj yisVk x;k 
gSA csyu dk dks.kh; Roj.k] Mksjh ds yVds gq, Hkkx dh yEckbZ x ds Qyu ds :i esa Kkr dhft,A Mksjh ds yiVs gq, 
Hkkx dk xq:Roh; dsUnz csyu ds v{k ij ekuk x;k gSA     

      

 //////////////////////// 

x 

R 

 
Ans :  = 2mgx/R (M + 2m)  
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Sol.  = 
m 

 
 

, m1 = x = 
m 

 
 

x 

 (a = R) 
 m1g – T = m1a     ........... (i)  

 T R = 
2MR

2

 
  
 

  + (m – m1) (R2)  ............(ii) 

 T = 
MR

2
 +  (m – m1) R  

 T = 
Ma

2
 + (m – m1) a 

 m1g – 
Ma

2
 – (m – m1) a = m1a 

 m1g – 
Ma

2
 – ma + m1a = m1a 

 m1g = 
Ma

ma
2

  
 

 

  = 12m a

(M 2m)
 

  = 

mx
2 g

(M 2m)R

 
 
 


  
2mgx

(M 2m) R

 
   

 

 

36.  A vertically oriented uniform rod of mass M and length  can rotate about a fixed horizontal smooth axis 
passing through its upper end. A horizontally flying bullet of mass m strikes the lower end of the rod and 

gets stuck in it; as a result, the rod swings through an angle (< 90º). Assuming that m << M, find :  
 (a)  the velocity of the flying bullet ; 
 (b)  the momentum increment in the system "bullet + rod" during the impact; what causes the 

 change  of that momentum ; 
 (c)  at what distance x : from the upper end of the rod the bullet must strike for the momentum of 

the  system "bullet-rod" to remain constant during the impact.  
 M nzO;eku o  yEckbZ dh Å/okZ/kj ,d leku NM+ mlds Åijh fljs ls xqtjus okyh {kSfrt ?k"kZ.k jfgr fuyEcu v{k 

ds lkis{k ?kwe ldrh gSA ,d {kSfrt vkrh gqbZ m nzO;eku dh xksyh NM+ ds fupys fljs ls Vdjkrh gS vkSj fpid 
tkrh gSA blds ifj.kke Lo:i NM+] (< 90º) dks.k ls ?kwe tkrh gSA ekuk fd m << M, Kkr dhft,Irodov_1.275 

 (a)  mM+rh gqbZ xksyh dk osx ;  

 (b)  bl VDdj ds nkSjku ''xksyh+NM+** fudk; ds laosx esa o`f)A laosx esa ;g ifjorZu fdl dkj.k gksxkA  

 (c)  xksyh, NM+ ds Åijh fljs ls uhps fdruh nwjh x ij Vdjk, fd ^^xksyh&NM+** fudk; dk laosx VDdj ds 
nkSjku fu;r jgsA  

 [Ans : (a) v = (M/m) 2/3g  sin(/2); (b) p = M 1/ 6g sin(/2); (c) x  2/3]   

Sol. (a) About the axis of rotation of rod, the angular momentum of the system is conserved velocity of the 
flying bullet is V 

 (a) NM+ dh ?kw.kZu v{k ds lkis{k fudk; dk dks.kh; laosx lajf{kr jgrk gS rFkk xksyh dk osx V gS rks 

 mv = 
2

2 M
m

3

 
  

 
  

  = 
mv

M
m

3

  
 

 = 
3mv

M

 
 
 

  (m <<< M)  ................. (i) 

 conservation of mechanical energy of the system (rod + bullet) 

 fudk; (NM+ + xksyh) dh dqy ;akf=kd ÅtkZ lja{k.k ls  
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1

2

2
2 M

m
3

 
  

 
 2 = (M+m)g 

2
 (1– cos  )  ——(ii) 

 From (i) and (ii) lehdj.k (i) vkSj  (ii) ls  

 V = 
M

m

2g

3
  sin 

2
  

 (b) P = m ( ) M – mv
2

      
  

 From v and w  v vkSj w ls  

 P = 
1

2
 mv = 

g
M sin

26

   
 

 

 mvx = 
2

2M
mx

3

 
  

 
 ´ 

 ´ = 
2

3mvx

M
 

 final momentum  vfUre laosx  

 pf = mx  ´ + 

0

y ´
M

  dy = 
M

2
 ´= 

3 x
mv

2
 

 p = pf – pi = mv 
3x – 1
2

 
 
 

 = 0  
2

x
3

  
 

 

 
 

37. A small spherical ball of mass m is rolling without slipping down the loop track as shown in the figure. 
The ball is released from rest on the linear portion at a vertical height h from the lowest point. The 
circular part as shown in figure has a radius r. [g = 10 ms2] 

 (a) Find the kinetic energy of the ball when it is at a point A where the radius make  an angle  
 with the horizontal 

 (b) Find the radial and the tangential accelerations of the centre when the ball isat A. 
 (c) Find the normal force and the frictional force acting on the ball if h = 50 cm,  

 r = 10 cm,  = 0 and m = 70 g. 
 

 
 fp=kkuqlkj m nzO;eku dh ,d&xksykdkj xsan ywi vkd`fr ds iFk ij uhps dh vksj fcuk fQlys yq<+d jgh gSA js[kh; 

Hkkx esa] xasn dks fuEure fcUnq ls- h Å¡pkbZ ls NksM+k x;k gSA iznf'kZr fd;s x;s o`Ùkkdkj Hkkx dh f=kT;k r gSA 

 (a) tc xsan ml fcUnq A ij gS] tgkW f=kT;k, {ksfrt ls  dks.k cukrh gS] rc xasn dh xfrt ÅtkZ Kkr dhft;sA   

 (b) tc xsan A ij gSA rc blds dssUnz ds f=kT;h; rFkk Li'kZ js[kh; Roj.k Kkr dhft;sA 

 (c) ;fn h = 50 lseh, r = 10 lseh,  = 0 rFkk m = 70 xzke gS rks xasn ij yxus okys  vfHkyEcor~ cy rFkk 
 ?k"kZ.ak cy Kkr dhft;sA 

     

 

      

 Ans. (a) mg(h-r-r sin), (b)
10

7
g

h
1 sin

r

    
 

 , – 5

7
g cos (c) 4N, 0.2N upward Åij dh vksj  
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38.  A point A is located on the rim of a wheel of radius R = 0.50 m which rolls without slipping along a 
horizontal surface with velocity v = 1.00 m/s as shown in figure. Find:  

 (a) the modulus and the direction of the acceleration vector of the point A 
 (b) the total distance s traversed by the point A between the two successive moments at which it  

touches the surface.    

      

 

 
 ,d ifg;s dh f=kT;k R =  0.50 m gSA blds ifjf/k ij ,d fcUnq A fLFkr gSA ;g ifg;k fcuk fQlys ,d {kSfrt 

lrg ds vuqfn'k osx v = 1.00 m/s. ls yq<+drk gSA Kkr dhft, -    

 (a) fcUnq A ds Roj.k lfn'k dk ifjek.k o fn'kkA   

 (b) mu nks Øekxr {k.kksa ds e/;] tc ;g lrg ij Li'kZ djrk gS] fcUnq A }kjk r; dh xbZ dqy nwjh  
 

 

Ans  :  (a) A = 
2v

R
 = 2.0  m/s2, the vector A is permanently directed to the centre of the wheel ;  

 (b)  s  =    8R   =  4.0 m 

Ans  :  (a) A = 
2v

R
 = 2.0  m/s2, Roj.k lfn'k A LFkkbZ :i ls ifg;s ds dsUnz dh vksj funsZf'kr gSa ;  

 (b)  s =  8R   =  4.0 m  
Sol.  

 

 

 
 V = R = (For pure rolling) ('kq) yksVuh xfr ds fy;s) 
  (linear acceleration = 0) (js[kh; Roj.k = 0) 

 rolls with out slipping so ;g fcuk fQlys yq<dsxk vr%  
 acc. only centripetal acc. Roj.k dsoy vfHkdsUnzh; Roj.k gksxkA  

 aA = 
2v

R
 

 

 

 

 V = R, VA = (V – V cos ) î  + V sin  ĵ   

 VA = 2(v – vcosθ) (vsinθ)j ,  VA = (2V sin /2)  = t 

 
ds

dt
 = 2 V sin \2 = 2 V sin 

t

2

 
 
 

 

 

s

0

ds  = 

2 /

O

t
2v sin dt

2

 
 

 
   = 

8v


 = (8R)   
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39.  A uniform sphere of mass m and radius r rolls without sliding over a horizontal plane, rotating about a 
horizontal axle OA . In the process, the centre of the sphere moves with velocity  along a circle of radius 
R Find the kinetic energy of the sphere.   

 

 
 m æO;eku rFkk r f=kT;k dk ,d leku xksyk {kSfrt v{k OA ds ifjr% ?kw.kZu djuk gqvk {kSfrt ry ij 'kq} yksVuh 

xfr dj jgk gSA bl izØe esa xksys dk dsUæ R f=kT;k ds o`Ùk ds vuqfn'k  osx ls xfr djrk gSA xksys dh xfrt ÅtkZ 
Kkr djksA 

 

 
Ans .  T = 7/10 mv2 (1 + 2/7r2/R2)] 
Sol. We know K.E. from fixed axis relation is given by : 

 K = 2 2 2
xx x yy y zz z

1 1 1

2 2 2
         

 

 

 

 x y z

v v
, & 0

r R
       

 Then K = 2 2
xx x yy y

1 1
0

2 2
       

 = 

2
21 2 v

mr
2 5 r

  
  
  

 + 

2
2 21 2 v

mr mR
2 5 R

         
 

 K = 
2

2

2

7 2 r
mv 1

10 7 R

 
  

 
 

 

40. A uniform plate of mass 'm' is suspended in each of the ways shown. For each case determine 
immediately after the connection at B has been released ;   

      

 

 

  

 

  

 

 

 

 
 (a)  The angular acceleration of the plate. 
 (b)  The acceleration of its center of mass.   
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40. 'm' nzO;eku dh ,d le:i IysV fn[kk, x, rjhds ls yVdk;h tkrh gSA izR;sd fLFkfr ds fy, B ls laca/k gVkus ds 
Bhd ckn Kkr djks ;    

      

 

 

  

 

  

 

 

 

 
 (a)  IysV dk dks.kh; Roj.k  
 (b)  blds nzO;eku dsUnz dk Roj.k  

Ans. (i) (a) 
1.2g

 (cw)  (b)  0.3 ˆ ˆi 2 j( )  g   

 (ii) (a) 24 g/17  (cw) (b) 12 g/17  

 (iii) 2.4 g/ (cw) (b) 0.5 g  

Sol. (i) (a)  CM = 
2 2C C

M
12 4 12

 
 

  
 = 

25 M C

12 4
  

   

 

 
 A = CM + Mx2   

  A = 
25 M C

12 4
 + 

25 MC

16
 = 

220 MC

48
 

  A     mg × 
C

2
  = A   = 

6 g

5 C
 

  (b)  acm =  x = 
6 g 5C

5 C 4
    = 

6 g
x

5 C
  

   ax = – acm cos  =– 6 g
x

5 C
.

C

4 . x
  =  – 6 g

20
 = – 0.3 g 

      ag = – acm sin = 
6 g C/ 2

x .
5 C x

  = – 0.6 g 

       ˆ ˆa 0.3 g i 0.6 g j      
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 (ii) (a) Mg – T  = M acm  .... (1) 
 

     CM  

  

 

 

 T × 
C

2
 = 

25 MC

48
      T = 

5 MC

24
  .... (2) 

 As aA = 0       

 (we know : acc. along the string is zero) (ge tkurs gS fd jLlh ds vuqfn'k Roj.k 'kwU; gS) 
 acm –  x cos(90 – ) = 0 

 acm =  x sin  = ax. 
C

2x
 

 acm = 
C

2


   .... (3) 

 T = cm2 a5 MC

24 C
  = cm5 M a

12
 .... (4) 

 Mg = M acm + cm5 M a

12
 

 = cm17 M a

12
 , acm = 

12 g

17
  

 (a)   = cm2 a

C
  = 

24 g

17C
 

 (iii)  

       

 

 

 (a) cm  = 
mg C

2 2
    = Icm    

 
mg C

4
 = 

25 MC

48
          = 

12 g

5 C
 

 (b) FA = 
Mg

2
 

  Mg – FA = m acm      acm = 
g

2
 = 0.5g    
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41.  Figure (1) shows a mechanical system free of any dissipation. The two spheres (A and B) are each of 
equal mass m, and a uniform connecting rod AB of length 2r has mass 4m. The collar is massless. Right 
above the position of sphere A in Fig. (1) is a tunnel   

    

 

 
 from which balls each of mass m fall vertically at suitable intervals. The falling balls cause the rods and attached 

spheres to rotate. Sphere B when reaches the position now occupied by sphere A, suffers a collision from another 

falling ball and so on. Just before striking, the falling ball has velocity . All collision are elastic and the spheres as well 
as the falling balls can be considered to be point masses.  [Marks : 12] 

 

 (a)  Find the angular velocity 
i + 1

 of the assembly in terms of {
i 
, , and r } after the ith ball has struck it.  [4]   

 

 
i+1  

 

 

 (b)  The rotating assembly eventually assumes constant angular speed *. Obtain * in terms of  and r by solving the 
equation obtained in part (a). Argue how a constant *  does not violate energy conservation.   [2] 


 * = 
   Argument  
  

 (c)  Solve the expression obtained  in part (a) to obtain 
i
 in terms of  {i,, and r} . 

 

 
i
 =      


(d)  If instead of a pair of spheres, we have two pairs of spheres as shown in figure below. What would be the new 
 constant angular speed * of the assembly (i.e. the answer corresponding to part (b).    [2] 
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 fp=k (1) fdlh Hkh izdkj ds {k; ls eqDr ;kaf=kd fudk; gSA nks xksys (A rFkk B) izR;sd dk æO;eku m gS] 2r yEckbZ o 4m 

æO;eku dh ,d leku NM+ AB ls fp=kkuqlkj tqM+s gq, gSA dkWyj æO;ekughu gSA fp=k (1) esa xksys A dh fLFkfr ds Bhd 
Åij lqjax gSµ           [Olympiad_2011] 

    

 

 
 ftlls m æO;eku dh xsnsa mi;qZDr vUrjky esa Å/okZ/kj fxjk;h tkrh gSA fxjrh gqbZ xsan ds dkj.k xksyk rFkk NM+ ?kw.kZu 

djrh gS] vc xksyk B ml fLFkfr ij igq¡prk gS] tgk¡ ij igys xksyk A Fkk] vc bl xksys B dh lqjax ls fxjus okyh vU; 
xksys ls VDdj gksrh gS rFkk ;g izfØ;k yxkrkj pyrh jgrh gSA VDdj ls Bhd igys lqjax ls fxjus okyh xsan dk osx 
gS] lHkh VDdj izR;kLFk gS rFkk xksyk o fxjus okyh xsnksa ds fcUnq æO;eku eku ldrs gSA  

 (a)  lqjax ls fudyus okyh i oha xsan dh fudk; ls VDdj ds i'pkr~ bl fudk; ds ?kw.kZu Hkkx dk {i , , rFkk r } dks.kh; 
osx 

i + 1
 Kkr djksA      

  i+1   

 (b)  bl fudk; ds ?kw.kZu Hkkx dh dks.kh; pky dks fu;r ekfu;sA Hkkx (a) es izkIr lehdj.kksa dks gy djds * dk eku 
 rFkk r ds inksa esa Kkr djksA Li"V dhft;s fd fu;r *fdl izdkj ÅtkZ laj{k.k dk mYya?ku ugha djrk gSA  

  * = 
  

 (c) {i,, rFkk r ds inksa esa}  i izkIr dj Hkkx (a) esa izkIr O;atd O;qRiUu dhft;sA 

  i =      
(d)  ;fn ge xksyksa ds ,d ;qXe ds vfrfjDr xksyksa ds nks ;qXe ij fp=kkuqlkj fopkj djrs gSA rc ?kw.khZ fudk; dh u;h 
dks.kh; pky * Kkr djks ¼ÆvFkkZr~ Hkkx b ds lxar mÙkj nhft;s½   

     

 

 
 * =   
 

Ans. (a)
i+1 

= 
7

13
 

i
 +

6

13

v

r
   (b)   = 

v

r
 after this no further collision occurs   

  (c)  
i+1

 = 
v

r

i
7

1
13

        
  (d)   will remain same  as in case b.     
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Sol. I 
i 
+ mvr = I

i +1
  + m v' r  

210
mr

3
I    

  i 1

i

r v '
e 1

r v
  

     
 

  
i+1

r – v' = v' –
i
r 

  v ' = (
i+1

+ 
i
) r – v 

  I 
i 
+ mvr = I

i+1
 + mr  i 1 i r v    

 

  I 
i 
+ mvr = I

i+1
 + mr2 

i+1
 +mr2 

i 
– mvr 

  (I – mr2)  
i 
+ 2mvr = (I +mr2) 

i+1
 

  
27mr

3
 

i
 + 2mvr  = 

213mr

3
 

i+1
 

  mr2 
i+1 

 = 
7

13
 mr2 

i
 + 

6

13
 mvr 

  
i+1 

= 
7

13
 

i
 + 

6

13

v

r
 

 (b)   = 
v

r
 after this no further collision occurs     

 (c) 
2
 = 

6v

13r
 

  
3 
= 

7

13

6v

13r

 
 
 

 + 
6v

13r
 

  
4
 = 

2
7

13

 
 
 

6v

13r
 + 

6v

13r
×

7

13
 + 

6v

13r
  

  
i+1

 = 
v

r

i
7

1
13

        
 

 (d)  * will remain same  as in case b.   
 

42. A rod of length L forming an angle  with the vertical strikes a frictionless floor at A with a vertical 
velocity v1 and no angular velocity. Assuming that the impact at A is perfectly elastic, derive an 
expression for the angular velocity of the rod immediately after the impact. 

 

 
 L yEckbZ dh ,d NM+ Å/okZ/kj ls  dks.k ij ?k"kZ.k jfgr Q'kZ ij A ij Å/okZ/kj osx v1 ls Vdjkrh gS rFkk dks.kh; 

osx ugha gSA ekfu;s fd Q'kZ A ds lkFk VDdj iw.kZ izR;kLFk gS] VDdj ds rqjUr ckn NM+ ds dks.kh; osx ds fy, 
O;atd Kkr djksA  

      

 

 

Ans.   = 1

2

12 sin

L 3 sin 1

 

 
 (cw)  (correction by SR Sir 3-9-09) 
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Sol.         

 

 

  

 

m 
m 

 
 Coefficient of restitution izR;koLFkku xq.kkad 

 e =  = 
2

1

V sin
2

V

   
   

 (V1 = V2 + 
2


 sin )    ..... (i) 

 angular momentum about point A 

 fcUnq A ds lkis{k dks.kh; laosx  

 Li = mV1 
2

 sin 

 Lƒ = LCM + LA    = CM 2I mV sin
2

   
 

 

 Li = Lƒ 

 mV1 
2

 sin  = 
2m

12
 – mV2

2
 sin  ..... (ii)

 Put equation (i) in (ii) equation lehdj.k (ii) esa (i) dks j[kus ij 

 mV1 
2

 sin  = 
2m

12
 – m 1V sin

2

   
  2

  sin 

 mV1 
2

 sin   

    = 
2m

12
 – mV1 

2
  sin   + 

2m

4
  sin2 

 
2 2

2
1

m m
mV sin sin

12 4

 
      

 
 

 V1 sin  = 
12

 + 
4
 sin2    1

2

V (12sin )

3sin 1

 
  

  
 

 

43.  Consider a bicyle in vertical position accelerating forward without slipping on a straight horizontal road. 
The combined mass of the bicycle and the rider is M and the magnitude of the accelerating torque applied 

on the rear wheel by the pedal and gear system is . The radius and the moment of inertia of each wheel 
is R and I (with respect to axis) respectively. The accelaration due to gravity is g.    

   (a) Draw the free diagram of the system (bicycle and rider ).  

    

 

 
 (b) Obtains the accelaration a in terms of the above mentioned quantities.     
    a = 
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 (c)  For simplicity assume that the centre of mass of the  system is at height R from the gruond and 

equidistant at 2 R from the center of each of the wheels. Let  be the coefficient of friction (both static 
and dynamic) between the wheels and the ground. Consider M >> l/R2 and no slipping. Obtain the 
conditions for the maximum acceleration am of the bike.      

     am = 

 (d)  For  = 1.0 calculate am.     

    am = 

Sol. (a) Here f1 f2 are frictional forces and N1, N2 are normal reactions 

  

 

 

  (b) 
2

a R
MR 2l





 (c) 

g/ 2
a

(1 / 4)




 
 (d) am = 2g/3 

 

43.  Å/okZ/kj fLFkfr esa ,d lkbZfdy ij fopkj djrs gS tks lh/kh {kSfrt lM+d ij fcuk fQlys vkxs dh vksj Rofjr xfr 
dj jgh gSA lkbZfdy rFkk lkbZfdy lokj dk la;qDr nzO;eku M gS rFkk iSMy o fx;j fudk; }kjk fiNys ifg;s ij 
vkjksfir Rofjr cyk?kw.kZ dk ifjek.k  gSA izR;sd ifg;s dh f=kT;k rFkk tMRo vk?kw.kZ ¼v{k ds lkis{k½ Øe'k% R rFkk I 
gSA xq:Roh; Roj.k g gS   

  (a) fudk;¼lkbZfdy rFkk lkbZfdy lokj½ dk eqDr oLrq fp=k cukbZ;saA 

     

 

 
      

  (b) mijksDr crkbZ xbZ jkf'k;ksa ds inksa  esa Roj.k a Kkr djksA     

     a = 

  (c)  ljy :i esa ;g ekfu, fd fudk; dk nzO;eku dsUnz /kjkry ls R Å¡pkbZ ij gS rFkk izR;sd ifg;s ds dsUnz 
ls leku nwjh 2R ij gSA ekuk ifg;s rFkk /kjkry ds e/; ?k"kZ.k xq.kkad ¼LFkSfrd rFkk xfrd nksuksa½  gSA ;g 
ekfu, fd M >> l/R2 rFkk fQlyu ugh gSA lkbZfdy ds vf/kdre Roj.k a

m
 ds fy, 'krZ izkIr dhft,A  

      a
m
 = 

  (d)    = 1.0 ds fy, a
m 
dh x.kuk dhft,A       

     a
m
 = 

Sol. (a) Here f1 f2 are frictional forces and N1, N2 are normal reactions 

  

 

 

 (b) 
2

a R
MR 2l





 (c) 

g/ 2
a

(1 / 4)




 
 (d) am = 2g/3 
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