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Chapter # 9



Centre of Mass, Linear Momentum, Collision



SOLVED EXAMPLES



1.



Four particles A, B, C and D having masses m, 2m, 3m and 4m respectively are placed in order at the corners of a square of side a. Locate the centre of mass.



Sol.



Take the axes as shown in figure. The coordinates of the four particles are as follows. Particle Mass x-coordinate y-coordinate A m 0 0 B 2m a 0 C 3m a a D 4m 0 a Hence, the coordinates of the centre of mass of the four particle system are X=



m.0  2 m a  3 m a  4 m . 0 a = m  2m  3m  4m 2



Y=



m.0  2 m .0  3 m a  4 m a 7a = m  2m  3m  4m 10



 a 7a   The centre of mass is at  ,  2 10 



2.



Two identical uniform rods AB and CD, each of length L are jointed to form a T-shaped frame as shown in figure. Locate the centre of mass of the frame. The centre of mass of a uniform rod is at the middle point of the rod.



Sol.



Let the mass of each rod be m. Take the centre C of the rod AB as the origin and CD as the Y-axis. The rod AB has mass m and its centre of mass is at C. For the calculation of the centre of mass of the combined system, AB may be replaced by a point particle of mass m placed at the point C. Similarly the rod CD may be replaced by a point particle of mass m placed at the centre E of the rod CD. Thus, the frame is equivalent to a system of two particles of equal masses m each, placed at C and E. The centre of mass of this pair of particles will be at the middle point F of CE. The centre of mass of the frame is, therefore, on the rod CD at a distance L/4 from C.



3.



Two charged particles of masses m and 2m are placed a distance d apart on a smooth horizontal table. Because of their mutual attraction, they move towards each other and collide. Where will the collision occur with respect to the initial positions? As the table is smooth, there is no friction. The weight of the particles and the normal force balance each other as there is no motion in the vertical direction. Thus, taking the two particles as constituting the system, the sum of the external forces acting on the system is zero. The forces of attraction between the particles are the internal forces as we have included both the particles in the system. Therefore, the centre of mass of the system will have no acceleration.



Sol.
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Chapter # 9 Centre of Mass, Linear Momentum, Collision Initially, the two particles are placed on the table and their velocities are zero. The velocity of the centre of mass is, therefore, zero. As time passes, the particles move, but the cenre of mass will continue to be at the same place. At the time of collision, the two particles are at one place and the centre of mass will also be at that place. As the centre of mass does not move, the collision will take place at the centre of mass. The centre of mass will be at a distance 2d/3 from the initial position of the particle of mass m towards the other particle and the collision will take place there. 4.



Each of the blocks shown in figure has mass 1 kg. The rear block moves with a speed of 2 m/s towards the front block kept at rest. The spring attached to the front block is light and has a spring constant 50 N/m. Find the maximum compression of the spring.



Sol.



Maximum compression will take place when the blocks move with equal velocity. As no net external force acts on the system of the two blocks, the total linear momentum will remain constant. If V is the common speed at maximum compression, we have, (1 kg) (2 m/s) = (1 kg)V + (1 kg)V or, V = 1 m/s. Initial kinetic energy =



1 (1 kg) (2 m/s)2 = 2 J. 2



Final kinetic energy



1 1 (1 kg) (1m/s)2 + (1 kg) (1 m/s)2 2 2 =1J The kinetic energy lost is stored as the elastic energy in the spring. =



Hence, or,



1 (50 N/m) x 2 = 2J – 1J = 1 J 2 x = 0.2 m.



5.



A cart A of mass 50 kg moving at a speed of 20 km/h hits a lighter cart B of mass 20 kg moving towards it at a speed of 10 km/h. The two carts cling to each other. Find the speed of the combined mass after the collision.



Sol.



This is an example of inelastic collision. As the carts move towards each other, their momenta have opposite sign. If the common speed after the collision is V, momentum conservation gives (50 kg) (20 km/h) – (20 kg) (10 km/h) = (70 kg)V or



6. Sol.



V=



80 km/h. 7



A block of mass m moving at speed v collides with another block of mass 2 m at rest. The lighter block comes to rest after the collision. Find the coefficient of restitution. Suppose the second block moves at speed v after the collision. From the principle of conservation of momentum, mv = 2 mv or v = v/2 Hence, the velocity of separation = v/2 and the velocity of approach = v. By definition, e=



v/2 1 velocity of the separation = = . v 2 velocity of approach
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Chapter # 9



Centre of Mass, Linear Momentum, Collision



QUESTIONS



FOR



SHORT



ANSWER



1.



Can the centre of mass of a body be at a point outside the body ?



2.



If all the particles of a system lie in X-Y plane, is it necessary that the centre of mass be in X-Y plane ?



3.



If all the particle of a system lie in a cube, is it necessary that the centre of mass be in the cube?



4.



 1 The centre of mass is defined as R = M















 mi ri . Suppose we define “centre of charge” as R C = Q 1



i



  qi ri where q represents the ith charge placed ri stand Q is the total charge of the system. i



i



(a) (b) (c)



can the centre of charge of a two-charge system be outside the line segment joining the charges. If all the charges of a system are in X-Y plane, is it necessary that the centre of charge be in X-Y plane ? If all the charges of a system lie in a cube, is it necessary that the centre of charge be in the cube ?



5.



The weight Mg of an extended body is generally shown in a diagram to act through the centre of mass. Does it mean that the earth does not attract other particles ?



6.



A bob suspended from the ceiling of a car which is accelerating on a horizontal road. The bob stays at rest with respect to the car with the string making an angle  with the vertical. The linear momentum of the bob as seen from the road is increasing with time. Is it a violation of conservation of linear momentum? If not, where is the external force which changes the linear momentum?



7.



You are waiting for a train on a railway platform. Your three year old niece is standing on your iron trunck containing the luggage. Why does the trunck not recoil as she jumps off on the platform?



8.



In a head-on collision between two particles, is it necessary that the particles will acquire a common velocity at least for one instant?



9.



A collision experiment is done on a horizontal table kept in an elevator. Do you expect a change in the results if the elevator is accelerated up or down because of the non-inertial character of the frame?



10.



Two bodies make an elastic head - on collision on a smooth horizontal table kept in a car. Do you expect a change in the result if the car is accelerated on a horizontal road because of the non-inertial character of the frame? Does the equation “Velocity of separation = Velocity of approach” remain valid in an accelerating car? Does the equation “final momentum = initial momentum” remain valid in the accelerating car ?



11.



If the total mechanical energy of a particle is zero, is its linear momentum necessarily zero ? Is it necessarily nonzero ?



12.



If the linear momentum of a particle is known, can you find its kinetic energy ? If the kinetic energy of a particle is known, can you find its linear momentum?



13.



What can be said about the centre of mass of a uniform hemisphere without making any calculation? Will its distance from the centre be more than r/2 or less than r/2?



14.



You are holding a cage containing a bird. Do you have to make less effort if the bird flies from its position in the cage and manages to stay in the middle without touching the walls of the cage? Does it make a difference whether the cage is completely closed or it has rods to let air pass?



15.



A fat person is standing on a light plank floating on a calm lake. The person walks from one end to the other on the plank. His friend sitting on the shore watches him and finds that the person hardly moves any distance because the plank moves backward about the same distance as the person moves on the plank. Explain. manishkumarphysics.in



Page # 3



Chapter # 9 Centre of Mass, Linear Momentum, Collision 16. A high - jumper successfully clears the bar. Is it possible that his centre of mass crossed the bar from below it. Try it with appropriate figures. 17.



Which of the two persons shown in figure is more likely to fall down? Which external force is responsible for his falling down?



18.



Suppose we define a quantity ‘Linear Pomentum’ as linear pomentum = mass × speed. The linear pomentum of a system of particles is the sum of linear pomenta of the individual particles. Can we state a principle of conservation of linear pomentum as “linear pomentum of a system remains constant if no external force acts on it”?



19.



Use the definition of linear pomentum from the previous question. Can we state the principle of conservation of linear pomentum for a single particle?



20.



To accelerate a car we ignite petrol in the engine of the car. Since only an external force can accelerate the centre of mass, is it proper to say that “the force generated by the engine accelerates the car”?



21.



A ball is moved on a horizontal table with some velocity. The ball stops after moving some distance. Which external force is responsible for the change in the momentum of the ball?



22.



Consider the situation of the previous problem. Take “the table plus the ball” as the system. Friction between the table and the ball is then an internal force. As the ball slows down, the momentum of the system decreases. Which external force is responsible for this change in the momentum?



23.



When a nucleus at rest emits a beta particle, it is found that the velocities of the recoiling nucleus and the beta particle are not along the same straight line. How can this be possible in view of the principle of conservation of momentum?



24.



A van is standing on a frictionless portion of a horizontal road. To start the engine, the vehicle must be set in motion in the forward direction. How can the persons sitting inside the van do it without coming out and pushing from behind? In one - dimensional elastic collision of equal masses, the velocities are interchanged. Can velocities in a one dimensional collision be interchanged if the masses are not equal ?



25.



Objective - I 1.



Consider the following two equations : fuEu (A)



 1 R = M







 mi ri



and



i



In a non-inertial frame (A) both are correct (C*) A is correct but B is wrong



fdlh vtM+Roh; funs'Z k ra=k esa (A) nksuksa gh lR; gSA (C*) A lR; gS fdUrq B vlR; gSA 2.



rFkk



nks lehdj.kksa ij fopkj dhft;s % (B)



  F . aCM = M



(B) both are wrong (D) B is correct but A is wrong (B) nksuksa



gh vlR; gS (D) B lR; gS] fdUrq A vlR; gSA



Consider the following two statements : (a) linear momentum of the system remains constant (b) centre of mass of the system remains at rest. (A) a implies b and b implies a (B) a does not imply b and b does not imply a manishkumarphysics.in
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Chapter # 9 Centre of Mass, Linear Momentum, Collision (C) a implies b but b does not imply a (D*) b implies a but a does not imply b



fuEu nks dFkuksa ij fopkj dhft, & (A) fdlh fo{ks; dk jSf[kd laox s fu;r jgrk gSA (B) fudk; dk laosx nzO;eku dsUnz fojkekoLFkk esa jgrk gSA (a) A,B dks O;Dr djrk gS rFkk B,A dks O;Dr djrk gSA (b) A,B dks O;Dr ugha djrk gS rFkk B,A dks O;Dr djrk ugha djrk gSA (c) A,B dks O;Dr djrk gS fdUrq B,A dks O;Dr ugha djrk gSA (d) B,A dks O;Dr djrk gS fdUrq A,B dk O;Dr ugha djrk gSA 3.



Consider the following two statements : (a) Linear momentum of the system of particles is zero (b) Kinetic energy of a system of particles is zero (A) a implies b and b implies a (B) a does not imply b and b does not imply a (C) a implies b but b does not imply a (D*) b implies a but a does not imply a



fuEu nks dFkuksa ij fopkj dhft, & (a) d.k&ra=k dk jSf[kd laox s 'kwU; gSA (A) a,b dks O;Dr djrk gS rFkk b,a dks O;Dr djrk (B) a,b dks O;Dr djrk gS fdUrq b,a dks O;Dr ugha (C) a,b dks O;Dr djrk gS fdUrq b,a dks O;Dr ugha (D) b,a dks O;Dr djrk gS fdUrq a,b dk O;Dr ugha 4.



(b) d.k&ra=k



gSA djrk gSA djrk gSA djrk gSA



dh xfrt ÅtkZ 'kwU; gSA



Consider the following two statements : (a) the linear momentum of a particle is independent of the frame of reference (b) the kinetic energy of a particle is independent of the frame of reference (A) both a and b are true (B) a is true but b is false (C) a is false but b is true (D*) both a and b are false



fuEu nks dFkuksa ij fopkj dhft, & (a) fdlh d.k dk jSf[kd laosx funs'Z k&ra=k ij (b) d.k dh xfrt ÅtkZ funs'Z k&ra=k ij fuHkZj (A) a rFkk b nksuksa lR; gSA (C) a vlR; gS fdUrq b lR; gSA



fuHkZj ugha djrk gSA ugha djrh gSA (B) a lR; gS fdUrq b vlR; gSA (D) a o b nksuksa gh vlR; gSA



5.



All the particles of a body are situated at a distance R from the origin. The distance of the centre of mass of the body from the origin is fdlh oLrq ds leLr d.k ewy fcUnq ls R nwjh ij fLFkr gSA oLrq ds nzO;eku dsUnz dh ewy fcUnq ls nwjh & (A) = R (B*)  R (C*) > R (D)  R



6.



A circular plate of diameter d is kept in contact with a square plate of edge d as shown in figure. The density of the material and the thickness are same everywhere. The centre of mass of the composite system will be d O;kl okyh ,d o`Ùkkdkj IysV] d Hkqtk okyh oxkZdkj IysV ds lEidZ esa fp=kkuqlkj j[kh gqbZ gSA çR;sd LFkku ij inkFkZ dk ?kuRo ,oa eksVkbZ ,d leku gSA la;qDr fudk; dk nzO;eku dsUnz gksxk -



(A) inside the circular plate (C) at the point of contact (A) o`Ùkkdkj IysV ds vUnj (B) oxkZdkj 7.



IysV ds vUnj



(B) inside the square plate (D*) outside the system (C) lEidZ fcUnq ij (D) fudk;



ds ckgj



Consider a system of two identical particles. One of the particles is at rest and the other has an  acceleration a . The centre of mass has an acceleration.



nks ,d leku d.kksa ds fudk; ij fopkj dhft,A ,d d.k fLFkj gS rFkk nwljs d.k dk Roj.k gSA nzO;eku dsUnz dk Roj.k gksxkA (A*) zero 'kwU;



(B)



1  a 2



 (C) a
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Centre of Mass, Linear Momentum, Collision



8.



Internal forces can change vkUrfjd cy ifjofrZr dj ldrk gS & (A) the linear momentum but not the kinetic energy (B*) the kinetic energy but not the linear momentum (C) linear momentum as well as kinetic energy (D) neither the linear momentum nor the kinetic energy (A) jSf[kd laosx fdUrq xfrt ÅtkZ ugha (B*) xfrt ÅtkZ fdUrq jSf[kd laosx ugha (C) jSf[kd laox s o lkFk gh xfrt ÅtkZ Hkh (D) u rks jSf[kd laosx u gh xfrt ÅtkZ



9.



A bullet hits a block kept at rest on a smooth horizontal surface and gets embedded into it. Which of the following does not change ? (A) linear momentum of the block (B) kinetic energy of the block (C*) gravitational potential energy of the block (D) temperature of the block



{kSfrt ,oa fpdus ry ij j[ks gq, ,d xqVds ls cand w dh xksyh Vdjkdj blesa gh Qal tkrh gSA fuEu esa ls D;k ifjofrZr ugha gksxk & (A) xqVds dk jSf[kd laosx (B) xqVds dh xfrt ÅtkZ (C) xqVds dh xq:Roh; fLFkfrt ÅtkZ (D) xqVds dk rki 10.



A uniform sphere is placed on a smooth horizontal surface and a horizontal force F is applied on it at a distance h above the surface. The acceleration of the centre (A) is maximum when h = 0 (B) is maximum when h = R (C) is maximum when h = 2R (D*) is independent of h ,d le:i xksyk fpduh lery lrg ij j[kk gqvk gS rFkk bldh lrg ls h Åpk¡bZ ij ,d {kSfrt cy F yxk;k tkrk



gSA dsUnz dk Roj.k & (A) h = 0 gksus ij vf/kdre gksxkA (C) h = 2R gksus ij vf/kdre gksxkA 11.



(B) h = R gksus ij vf/kdre (D) h ij fuHkZj ugha djsxkA



gksxkA



A body falling vertically downwards under gravity breaks in two parts of unequal masses. The centre of mass of the two parts taken together shifts horizontally towards (A) heavier piece (B) lighter piece (C*) does not shift horizontally (D) depends on the vertical velocity at the time of breaking



xq:Roh; cy ds çHkko esa m/oZ fn'kk esa uhps dh vksj fxj jgh ,d oLrq nks vleku nzO;ekuksa esa foHkDr gks tkrh gSA nksuksa VqdM+ks ds ,d lkFk ysus ij nzO;eku dsUnz {kSfrt fn'kk esa foLFkkfir gksxk & (A) Hkkjh VqdM+s dh vksj (B) gYds VqdM+s dh vksj (C) {kSfrt fn'kk esa foLFkkfir ugha gksxkA (D) m/okZ/kj osx rFkk VwVus ds le; ij fuHkZj 12.



A ball kept in a closed box moves in the box making collisions with the walls. The box is kept on a smooth surface. The velocity of the centre of mass (A) of the box remains constant (B*) of the box plus the ball system remains constant (C) of the ball remains constant (D) of the ball relative to the box remains constant



,d can ckWDl esa fLFkr xsna ] ckWDl dh nhokjksa ls Vdjkrh gqbZ xfr dj jgh gSA ckWDl ,d fpduh lrg ij j[kk gqvk gS & (A) ckWDl ds nzO;eku dsUnz dk osx fu;r jgrk gSA (B) ckWDl ,oa xsna ds fudk; ds nzO;eku dsUnz dk osx fu;r jgrk gSA (C) xsan ds nzO;eku ds dsUnz dk osx fu;r jgrk gSA (D) ckWDl ds lkis{k xsna ds nzO;eku dsUnz dk osx fu;r jgrk gSA 13.



A body at rest breaks into two pieces of equal masses. The parts will move (A) in same direction (B) along different lines (C*) in opposite directions with equal speeds (D) in opposite directions with unequal speeds



fojkekoLFkk esa fLFkr ds nks Hkkxksa esa VwV tkrh gSA VqdM+s xfr djsaxs & (A) leku fn'kk esa (B) fHkUu&fHkUu js[kkvksa ds vuqfn'k ls (C) foijhr fn'kkvksa esa leku pky ls (D) foijhr fn'kkvksa esa vleku pky ls 14.



A heavy ring of mass m is clamped on the periphery of a light circular disc. A small particle having equal mass is clamped at the centre of the disc. The system is rotated in such a way that the centre moves in a circle of radius r with a uniform speed v. We conclude that an external force manishkumarphysics.in
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(C*)
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mv 2 must be acting on the central particle r 2mv 2 must be acting on the system r



(B)



2mv 2 must be acting on the central particle r



(D)



2mv 2 must be acting on the ring. r



m nzO;eku



dh ,d oy;] ,d gYdh pdrh dh ifjf/k ij dhyfdr dh x;h gSA leku nzO;eku dk ,d NksVk d.k pdrh ds dsUnz ij dhyfdr gSA ;g fudk; bl çdkj ?kqek;k tkrk gS fd bldk nzO;eku dsUnz r f=kT;k ds o‘Ùkkdkj iFk ij v pky ls ?kwerk gSA ge fu"d'kZ fudkyrs gS fd ckº; cy & (A) ] dsUnzh; d.k ij yx jgk gSA (B) ] dsUnzh; d.k ij yx jgk gSA (C) ] fudk; ij yx jgk gSA (D) ] oy; ij yx jgk gSA 15.



The quantities remaining constant in a collision are (A) momentum, kinetic energy and temperature (B) momentum and kinetic energy but not temperature (C) momentum and temperature but not kinetic energy (D*) momentum, but neither kinetic energy nor temperature



la?kV~V esa ¼VDdj esa½ fu;r jgus okyh jkf'k;k¡ gS & (A) loasx] xfrt ÅtkZ rFkk rki (C) laosx rFkk rki fdUrq xfrt ÅtkZ ugha 16.



(B) laosx] (D) laosx



xfrt ÅtkZ fdUrq rki ugha fdUrq u rks xfrt ÅtkZ u gh rki



 A nucleus moving with a velocity v emits an -particle. Let the velocities of the -particle and the   remaining nucleus be v1 and v 2 must be parallel to be m 1 and m 2.    (A) v , v1 and v 2 must be parallel to each other    (B) None of the two of v , v1 and v 2 should be parallel to each other    (C) v1 and v 2 must be parallel to v    (D*) m 1 v1 + m 2 v 2 must be parallel to v



osx ls xfr'khy ukfHkd ,d –d.k mRlftZr djrk gSA ekukfd –d.k rFkk ks k ukfHkd ds osx Øe'k% rFkk gS ,oa buds nzO;eku m1 rFkk m2 gS & (A) rFkk ijLij lekukUrj gksxhA (B) ,oa esa ls dksbZ Hkh nks ijLij lekukUrj ugha gksaxAs (C) ds lekukUrj gksxkA (D) ds lekukUrj gksxkA 17.



A shell is fired from a canon with a velocity V at an angle  with the horizontal direction. At the highest point in its path, it explodes into two pieces of equal masses. One of the pieces retraces it path to the cannon. The speed of the other piece immediately after the explosion is ,d rksi ls {kSfrt ls  dks.k ij v pky ls xksyk nkxk tkrk gSA blds iFk ds mPpre fcUnq ij ;g foLQksVd ds rqjUr i'pkr~



nwljs VqdM+s dh pky gksxh & (A*) 3V cos 18.



(B) 2V cos



(C)



3 V cos 2



(D) V cos



In an elastic collision (A*) the initial kinetic energy is equal to the final kinetic energy (B) the final kinetic energy is less than the initial kinetic energy (C) the kinetic energy remains constant (D) the kinetic energy first increases then decreases.



fdlh çR;kLFk VDdj esa & (A*) çkjfEHkd xfrt ÅtkZ] vafre xfrt ÅtkZ ds cjkcj gksrh gSA (B) vafre xfrt ÅtkZ çkjfEHkd xfrt ÅtkZ ls de gksrh gSA (C) xfrt ÅtkZ fu;r jgrh gSA (D) xfrt ÅtkZ igys c 
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