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PHYSICS



NEWTON’S LAW OF MOTION 1.



FORCE A pull or push which changes or tends to change the state of rest or of uniform motion or direction of motion of any object is called force. Force is the interaction between the object and the source (providing the pull or push). It is a vector quantity.



Effect of resultant force : (1) (2) (3) (4)



may change only speed may change only direction of motion. may change both the speed and direction of motion. may change size and shape of a body



Unit of force : Newton and



dyne and



kg m s2



g cm



s2 1 Newton = 105 dyne



(MKS System)



(CGS System)



Kilogram force (kgf) The force with which earth attracts a 1kg body towards its centre is called kilogram force, thus kgf =



Forece in newton g



Dimensional Formula of force :



1.1



[M LT–2 ]



Fundamental Forces All the forces observed in nature such as muscular force, tension, reaction, friction, elastic, weight, electric, magnetic, nuclear, etc., can be explained in terms of only following four basic interactions:



[A]



G r av i t at i o n al F or c e The force of interaction which exists between two particles of masses m1 and m2, due to their masses is called gravitational force.  mm  F  G 13 2 r r  = universal r = position vector of test particle ‘T’ with respect to source particle ‘S’. and G gravitational constant = 6.67 × 10–11 Nm2/kg2. (i) It is the weakest force and is always attractive. (ii) It is a long range force as it acts between any two particles situated at any distance in the universe. (iii) It is independent of the nature of medium between the particles.



An apple is freely falling as shown in figure, When it is at a height h, force between earth and apple is given by F=



GMem (R e  h)2



where Me  mass of earth,



R e  radius of earth
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PHYSICS It acts towards earth’s centre. Now rearranging above result, F=m.



GMe Re



2



 Re   .    Re  h 



 Re   F = mg    Re  h  Here



2



h m2, find : (i)



the acceleration of each block



(ii)



the tension in the string.



m2 m1



The block m1 is assumed to be moving downward and the block m2 is assumed to be moving upward. It is merely an assumption and it does not imply the real direction. If the values of a1 and a2 come out to be positive then only the assumed directions are correct; otherwise the body moves in the opposite direction. Since the pulley is smooth and massless, therefore, the tension on each side of the pulley is same. The free body diagram of each block is shown in the figure. F.B.D. of m2



F.B.D. of m1



Applying Newton’s second Law on blocks m1 and m2 Block m1



m1g – T = m1a1 .............(1)



Block m2



–m2g + T= m2a2 .............(2)



Number of unknowns : T, a1 and a2 (three) Number of equations: only two Obviously, we require one more equation to solve the problem. Note that whenever one finds the number of equations less than the number of unknowns, one must think about the constraint relation. Now we are going to explain the mathematical procedure for this. How to determine Constraint Relation ?
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PHYSICS (1)



Assume the direction of acceleration of each block, e.g. a1 (downward) and a2 (upward) in this case.



(2)



Locate the position of each block from a fixed point (depending on convenience), e.g. centre of the pulley in this case.



(3)



Identify the constraint and write down the equation of constraint in terms of the distance assumed. For example, in the chosen problem, the length of string remains constant is the constraint or restriction. Thus, x1 + x2 = constant Differentiating both the sides w.r.t. time we get



dx 1 dx 2 + =0 dt dt



Each term on the left side represents the velocity of the blocks. Since we have to find a relation between accelerations, therefore we differentiate it once again w.r.t. time. d2 x 1



Thus



dt 2



+



d2 x 2 dt 2



=0



Since, the block m1 is assumed to be moving downward (x1 is increasing with time) 



d2 x 1 dt 2



= + a1



and block m2 is assumed to be moving upward (x2 is decreasing with time) 



d2 x 2 dt 2



= – a2



Thus



a1 – a2 = 0



or



a1 = a2 = a (say) is the required constraint relation.



Substituting a1 = a2 = a in equations (1) and (2) and solving them, we get (i) Example 22.



 m1  m 2  a = m  m  g 2  1



(ii)



 2m1m 2  T = m  m  g 2  1



A system of three masses m1, m2 and m3 are shown in the figure. The pulleys are smooth and massless; the strings are massless and inextensible.



Solution :



(i)



Find the tensions in the strings.



(ii)



Find the acceleration of each mass.



All the blocks are assumed to be moving downward and the free body diagram of each block is shown in figure.



F.B.D. m3



F.B.D. m2



F.B.D. m1



F.B.D. of pulley



Applying Newton’s Second Law to
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PHYSICS Block m1 :



m1g – T1 = m1a1



....(1)



Block m2 :



m2g – T1 = m2a2



....(2)



Block m3 :



m3g – T2 = m3a3



....(3)



Pulley



T2 = 2T1



....(4)



:



Number of unknowns a1, a2, a3, T1 and T2 (Five) Number of equations : Four The constraint relation among accelerations can be obtained as follows For upper string



x3 + x0 = c1



For lower string



x2 – x0) + (x1 – x0) = c2 x2 + x1 – 2x0 = c2



Eliminating x0 from the above two relations, we get



x1 + x1 + 2x3 = 2c1 + c2 = constant.



Differentiating twice with respect to time, d2 x 1



we get



dt 2



or



+



d2 x 2 dt 2



+2



d2 x 3



=0



dt 2



a1 + a2 + 2a3 = 0



......(5)



Solving equations (1) to (5), we get



(i)



  4m1m 2m 3 T1 =  4m m  m (m  m )  g ; 3 1 2   1 2



(ii)



 4m1m 2  m1m 3  3m 2m 3  a1 =  4m m  m (m  m )  g 1 2 3 1 2  



T2 = 2T1



;



 3m1m 3  m 2m 3  4m1m 2  a2 =  4m m  m (m  m )  g 1 2 3 1 2  



 4m1m 2  m 3 (m1  m 2 )  a3 =  4m m  m (m  m )  g 3 1 2   1 2 Example 23.



The figure shows one end of a string being pulled down at constant velocity v. Find the velocity of mass ‘m’ as a function of ‘x’.



Solution :



Using constraint equation 2 x 2  b 2 + y = length of string = constant Differentiating w.r.t. time :



2 2 x b 2







2



 dx   dy  . 2x      = 0  dt   dt 



 dy    =v  dt   dx  v   =  x 2  b2  dt  2x
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PHYSICS 8.2



Wedge Constraint : Conditions : (i) There is a regular contact between two objects. (ii) Objects are rigid. The relative velocity perpendicular to the contact plane of the two rigid objects is always zero if there is a regular contact between the objects. Wedge constraint is applied for each contact.



In other words, Components of velocity along perpendicular direction to the contact plane of the two objects is always equal if there is no deformations and they remain in contact. Example 24.



A rod of mass 2m moves vertically downward on the surface of wedge of mass as shown in figure. Find the relation between velocity of rod and that of the wedge at any instant.



Solution :



Using wedge constraint. Component of velocity of rod along perpendicular to inclined surface is equal to velocity of wedge along that direction. u cos  = v sin 



u = tan  v u = v tan 



9.



NEWTON’S LAW FOR A SYSTEM     Fext  m1a1  m2a2  m3a3  ......  Fext  Net external force on the system. m1, m2, m3 are the masses of the objects of the system and



   a1,a2 ,a3 are the acceleration of the objects respectively..



Example 25.



The block of mass m slides on a wedge of mass ‘m’ which is free to move on the horizontal ground. Find the accelerations of wedge and block. (All surfaces are smooth).
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PHYSICS Solution :



a  acceleration of wedge b acceleration of block with respect to wedge Taking block and wedge as a system and applying Newton’s law in the horizontal direction Let .



  Fx = m1 a1x + m2 a 2 x = 0 0 = ma + m(a – b cos ) --------(i) here ‘a ‘ and ‘b’ are two unknowns , so for making second equation, we draw F.B.D. of block.



F.B.D of block. using Newton’s second law along inclined plane mg sin = m ( b – a cos ) --------(ii) Now solving equations (1) and (2) we will get



mg sin  cos  a=



m(1  sin ) 2



g sin  cos  =



(1  sin 2 )



2g sin  and



b=



(1  sin 2 ) So in vector form :  g sin  cos   ˆ i =   1  sin 2  



 a wedge



= a ˆi



 a block



= (a – b cos) ˆi – b sin ˆj



g sin  cos  ˆ 2gsin2  ˆ   ij. a block = (1  sin2 ) (1  sin2 ) Example 26.



Solution :



For the arrangement shown in figure when the system is released, find the acceleration of wedge. Pulley and string are ideal and friction is absent. Considering block and wedge as a system and using Newton’ s law for the system along x– direction



T = Ma + m (a – b cos ) F.B.D of m along the inclined plane mg sin  – T = m ( b – a cos ) using string constraint equation.



--------(i)



-------(ii)



1 + 2 = constant d2  1



+



d2  2



dt 2 dt 2 b–a=0



=0 ............iii)



Solving above equations (i),(ii) & (iii) , we get a=



mg sin  M  2m(1  cos )
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PHYSICS



10. NEWTON’S LAW FOR NON INERTIAL FRAME :    FRe al  FPseudo  ma



Net sum of real and pseudo force is taken in the resultant force.



 a = Acceleration of the particle in the non inertial frame  FPseudo =  m a Frame



Pseudo force is always directed opposite to the direction of the acceleration of the frame. Pseudo force is an imaginary force and there is no action-reaction for it. So it has nothing to do with Newton’s Third Law.



10.1 Reference Frame: A frame of reference is basically a coordinate system in which motion of object is analyzed. There are two types of reference frames. (a) Inertial reference frame: Frame of reference either stationary or moving with constant velocity. (b) Non-inertial reference frame: A frame of reference moving with non-zero acceleration.



Example 27.



A lift having a simple pendulum attached with its ceiling is moving upward with constant acceleration ‘a’. What will be the tension in the string of pendulum with respect to a boy inside the lift and a boy standing on earth, mass of bob of simple pendulum is m.



Solution :



F.B.D . of bob (with respect to ground)



T – mg = ma T = mg + ma



........(i)



With respect to boy inside the lift, the acceleration of bob is zero. So he will write above equation in this manner. T – mg = m. (0) . 



T = mg



He will tell the value of tension in string is mg. But this is ‘wrong’ . To correct his result, he makes a free body diagram in this manner, and uses Newton’s second law.



T = mg + ma ..................(ii) By using this extra force, equations (i) and (ii) give the same result . This extra force is called pseudo force. This pseudo force is used when a problem is solved with a accelerating frame (Noninertial) Note : Magnitude of Pseudo force = mass of system × acceleration of frame of reference .
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PHYSICS Direction of force : Opposite to the direction of acceleration of frame of reference, (not in the direction of motion of frame of reference) Example 28.



A box is moving upward with retardation ‘a’ 
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