	Newton's Laws Of Motion

	Introduction

                        

Newton proved Aristotle wrong using the laws described in this chapter. Aristotle theory of bodies coming to their “natural states” was argued upon by Newton . And so did Newton manifest his three universal but basic laws which are of central importance in classical physics. These laws form the basis for a large no of principles and interpretations. 

Pope Once said 

“Nature and Nature’s laws lay hid in night. God said ‘Let Newton be’ -and all was light”. 

 

 

NEWTON'S LAWS 
There are four types of forces: 

1) Gravitational forces: It is the attraction force acting between two masses. 

2) Electromagnetic forces: Various forms of these forces are: 


A) Coulomb force 


B) Normal Reaction 


C) Tension Force 


D) Spring Force 

3) Nuclear forces: These forces are exerted only between nuclear particles ex: protons, neutrons etc. 

4) Weak forces: These forces play role during the reactions involving protons, electrons and neutrons. 

2) NEWTON ’S LAWS OF MOTION: 
1) First Law of Motion: 

If the sum of all forces acting on a particle is zero then and only then the particle remains unaccelerated (i.e. remains at rest or moves with constant velocity). 

· We can simply put it as [image: image1.jpg]


if and only if [image: image2.png]>F=0



. 
· Newton ’s first law is valid only in inertial frames of reference. 

Dumb Question: 

1)      What is an inertial frames of references? 

Ans: A non accelerating frame of reference is called an inertial frame of reference. A frame moving with uniform velocity is an inertial frame of reference. 

2) Second Law of Motion: 

The acceleration of a particle is measured from an inertial frame and is given by the sum of all forces acting on particle divided by its mass. 
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 are measured at same instant. 

3) Third Law of Motion: 

To every action, There is an equal and opposite reaction. That is if a body A exerts a force [image: image6.jpg]


 on another body B, Then B exerts a force - [image: image7.jpg]


on A. 

Dumb Question: 

1)      If you apply some force for moving forward on earth, but earth exerts the same opposite force on you, then how do you move? 

Ans: An important point about third law is that action and reaction forces act on different bodies. So here the point is that the man exerts some force but not on himself, but on earth and in reaction earth applies same force over him. The mass of earth is very high as compared to man and so the acceleration of earth becomes negligible. 

3) FREE BODY DIAGRAM: 
A free body diagram consists of a diagrammatic representation of a single body or a sub system of bodies isolated from the surroundings showing all the forces acting on it. 

Illustration: 

Draw the FBD in following cases: 
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       Fig (1) 

Solution: 
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Dumb Question: 

1)      Why is the normal acting like this? 

Ans: The direction of the normal force is always perpendicular to the surface of contact (common surface). 

2) Why is the tension direction like this? 

      [image: image10.png]






        Fig (2) 

      Ans: 

      The direction of tension is always away form the point of contact. 
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      Ex: B is pulling A. If we need to draw FBD for both then? 
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4) ALGORITHM FOR SOLVING PROBLEMS: 
Step 1: 

Define the system: 

On this system you have to apply Newton ’s laws. A system may consist of any no of particles/component but each component must have same acceleration. 

Step 2: 

Identify the forces: 

List out all the forces acting on the system. 

Step 3: 

Draw FBD of the system. 

Step 4: 

Choose Ads and write equation. Proper signs must be put with forces or acceleration. 

Illustration: 

(Example 5.14 page 182 DC Pandey) 

In the arrangement shown in figure (3) the strings are light and inextensible. The surface over which blocks are placed is smooth. Find 

a)      Acceleration of each block 

b)      The tension in each string 
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              Fig (3) 

Solution: 
a) Let a be the acceleration of each block and T1 and T2 be the tensions in the two strings as shown in figure (4). Taking the two blocks and the two strings as the system. 
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Fig (4) 

Using [image: image15.png]



Or 21 = (4 + 2 + 1) a 

a = 3m/s2. 

b) Free body diagram (showing forces in x direction) of 4kg block and 1Kg block are shown in figure. 
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                             Fig (5) 

Using [image: image17.png]



For 1Kg block, F-T1 = (1) (a). 

Or 21 – T1= (1) (3) = 3 

( T1 = 21-3 = 18N 
For 4Kg block, 

T2 = (4) (a) 

T2 = (4) (3) = 12N 

Dumb Question: 

1)      When taken as one system, the tensions do not come into picture why? 

Ans: When all blocks are taken as one system, the tension do not come into picture because they now became internal forces and internal forces do not affect motion. 

5) CONSTRAINT MOTION: 
A)     Due to inextensible taut strings. 

B)     Due to normal reactions. 

A) Due to inextensible taut strings: 

As the length of the string is constant, so velocity, components of its ends along the string are equal. 

B) Due to normal reactions: 

The bodies in contact do not have any relative motion in the normal direction. Relative motion can occur only in perpendicular to normal direction. 

Illustration 1: 

A) Find ( if B moves as shown in figure (6). 
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                  Fig (6) 

Solution: 

The ‘V’ is broken down into two components – along the perpendicular to string and parallel to string. Now from the above principle (VCos(. (Ans). 
B) 
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Fig (7) 

A and B are attached using a rod. Now motion occurs in the direction perpendicular to normal direction as shown. 

Tip: Remember the following rules: 

1)      Velocity components along a string are equal. 

2)      No motion (relative) occurs in normal direction. 

3)      Acceleration component in normal direction are equal. 

Illustration 2: 

Example 5.20 page 190 D C Pandey 

Find the Constraint relation between a1, a2, and a3. 
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Fig (8) 

Solution: 

Points 1, 2, 3, 4 are movable let their displacements from a fixed line be x1, x2, x3, and x4. 

We have x1+x4 = l1 (length of first string)                                            ---------------- (1) 

And (x2 – x4) + (x3 – x4) = l2 (length of second string) 

Or x2 + x3 – 2x4 = l2                                                                             ----------------- (2) 

Or double differentiating with respect to time we get 

a1 + a4 = 0                                                                                         ------------------- (3) 

a2 + a3 – 2a4 = 0                                                                                ------------------ (4) 

But since a4 = -a1          from equation (3) 

We have a2 + a3 + 2a1 = 0 

This is the required constant relation between a1, a2, and a3. 

Dumb Question: 

1)      Why [image: image21.png]L
i
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? 

Ans: If the rope is given inextensible then l2 and l1 does not change with time. So their derivatives are zero. 

Illustration 3: 

In the adjacent figure (9) mass of A, B and C are 2kg, 5kg, and 4kg respectively. Find 

A) Acceleration of the system. 

B) Tension in the string. Neglect friction (g = 10 m/s2) 
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       Fig (9) 

Solution: 

A) Take A+B as whole system then, 
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7gSin60 – T = 7a 

T – 4gSin30 = 4a 
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B) For the tension in the string between A and B 

FBD of A- 
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                   Fig (10) 
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For the tension in the String between B and C 

FBD of C- 
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                  Fig (11) 
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Tip: Always remember that the two end string over a pulley; always move up and opposite velocities with respect to pulley only. 

6) SPRINGS: 
Hook’s law for ideal springs Fsp = -Kx 

Where, K ( Spring constant 

x( elongation 

Dumb Question: 

1)      What is the force applied on wall in a situation like: 
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       Ans: 

       Let the force applied be equal to F1 then FBD of spring: 
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       So F – F1 = ma 

       Now since we are considering light springs, m(0 

       So, F1 = F 

       Hence the force applied by a light spring on connecting bodies at both ends is                                                always equal and opposite, and either of this force is known as spring force. 

For the same material, [image: image32.png]


.    Where l is natural/relaxed length. 

Spring force does not change instantly except when it is cut [So in all other cases it is a non impulsive force]    

Illustration: 

Find the acceleration (initial) of 1 and 2 if the upper spring is cut? 
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Fig (12) 

When in equilibrium: 

FBD of Body (2) 
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  Fig (13) 

F2 = F1 + m2g 

FBD of Body (1) 
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 Fig (14) 

F1 = m1g 

So, F1 = 2g (N); F2 = 4g (N). 

Now if upper one is cut then FBD looks like this: 
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By the property of spring force F2 suddenly becomes zero while F1 remains unchanged. 

So initially      [image: image37.png]
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7) FRICTION: 
Friction is the parallel component of contact force between two bodies in contact. When two bodies slip over each other the force of friction is called Kinetic friction, but when it has a tendency to slip and does not slip then the friction is static friction. 

Block at Rest
Force applied but block does not move
Force applied to limiting value. Block just moves
Block starts moving
Friction=Force applied in opposite direction.
Nature of friction being static.
Friction is still static and has maximum value at this point.
 Friction = (SN.
(S = coefficient of static friction.
Friction acts and has a constant value of (KN.
(K= Coefficient of Kinetic friction.
This is called Kinetic friction. 
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Friction = 0


Graph: 
[image: image40.png]Applied Force






Fig (15) 

Direction of Friction: 

· Static friction is a self adjusting force. Its direction is not known till calculated. 
· Kinetic friction’s direction is always opposite to the relative motion or relative velocity. 
Dumb Question: 

1)      Why is limiting friction more than kinetic friction? 

Ans: 

When two surfaces are in contact they look like this when magnified. 
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“To start a relative motion between these two surfaces requires a little more effort than to sustain that motion” 

This statement directly gets translated to “The limiting friction is slightly more than the Kinetic friction”. 

BELT FRICTION: 
Pulley is locked, rope is light but friction exists between belt and pulley. 
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            Fig (16) 

Derivation: 
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            Fig (17) 
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            (Normal direction)
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(Tangential direction)
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Illustration 1: 

Example 4 Page 14 Narayana- Newton’s laws. 

A block of mass M is at rest on a rough floor. The coefficient of static friction between block and the surface is(. A pulling force F is applied at angle ( with the horizontal as shown. 

a) For given(, Find the minimum value of F needed to move the block. 
b) If ( is also adjustable, find the minimum value of F needed to move the block. 
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Fig (18) 

Solution: 

a) FBD of block: 
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Fig (19) 

Break up of forces along with horizontal and vertical component. 
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Fig (20) 

fs ( LS1F = (N 
=  ( (mg - FSin() 
For motion of block net horizontal force > 0 

FCos( > ( (mg - FSin() 
F (Cos( + (Sin() > ( mg 
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Thus the minimum force is required to move the block is [image: image55.png]



Dumb Question: 

1)      How is [image: image56.png]bmg___ . bmg
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Ans:
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Illustration 2: 

Solved example HCV page 94. 

Consider the situation in figure (21). The horizontal surface below the bigger block is smooth, the coefficient of friction between the blocks is (. Find the minimum and the maximum force F that can be applied in order to keep the smaller blocks at rest with respect to the bigger block. 
[image: image58.png]f






        Fig (21) 

Solution: 

If no force is applied, the block A will slip on C towards right and the block B will move downward. Suppose the minimum force needed to prevent slipping is F, taking A+B+C as the system, the only external horizontal force on the system is F. Hence the acceleration of the system is 
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Now take the block A as the system. The force on A are 
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1)      Tension T by the string towards right 

2)      Friction f by the block C towards left 

3)      Weight mg downward and 

4)      Normal force N upward. 

For vertical equilibrium N = mg. 

As the minimum force needed to prevent slipping is applied, the friction is limiting thus 

f = (N = (mg 

As the block moves towards right with an acceleration a, 

T –f = ma 

Or T - (mg = ma                                                               ----------------- (2) 
Now take the block B as the system the forces are as shown in fig (b).


1)      Tension T upward. 

2)      Weight mg downward 

3)      Normal force N1 towards right 

4)      Friction f1 upward. 

As the block moves towards right with an acceleration a, N1 = ma. 

As the friction is limiting, f1= (N1 = (ma 
For vertical equilibrium 

T + f1 = mg 

Or T + (ma = mg                                                           ------------------ (3) 
Eliminating T from (1) and (3) 
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When a large force is applied the block A slips on C-towards left and the block B slips on C in the upward direction. The friction on A is towards right and that on B is downwards solving as above, the acceleration in this case is 
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Thus a lies between [image: image63.png]
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From (1) the force F should be between [image: image65.png]B+ 2myg
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and [image: image66.png](M +2m)y



. 

CONCEPT OF PSEUDO FORCE: 

Discuss this topic 




The Newton ’s Law of motion does not apply in non inertial frame of reference. So a modification is done in order to apply same law in non inertial frames also! 

Dumb Question: 

1)      How the Newton ’s Law is not valid in non inertial frame? 

Ans: Suppose there are two observers A and B. A moving with acceleration ‘a’ while B at rest. 

[image: image68.png]



There is another box kept at point C. 

Now in frame of reference of B (fixed) which is inertial frame, no force acts on C and hence its acceleration is zero. 

But in frame of reference of A (acceleration) which is non inertial frame, C moves towards A with acceleration ‘a’ though there is no force on C. 

METHOD OF MODIFICATION IS: 
1)      Identify the system and mark all forces. 

2)      Draw FBD of all components. 

3)      Identify the component that is in a non inertial frame (acc= a0) and add a ‘pseudo force’ with magnitude = ma0. Where m is mass of component and a0 is acceleration of frame and direction opposite to that of [image: image69.jpg]



4)      Solve the equation using Newton ’s law incorporating the pseudo force. 

Illustration: 

(Solved example 10 page 75 HCV) 

A particle slides down a smooth inclined plane of elevation (, fixed in an elevator going up with an acceleration a0 as shown in figure (22). The base of the incline has a length L. Find the time taken by the particle to reach the bottom. 
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       Fig (22) 

Solution: 

Let us work in the elevator frame A pseudo force ma0 in the downward direction is to be applied on the practical of mass m together with the real forces, thus the forces on m are as in figure. 

[image: image71.jpg]





1)      N normal force 

2)      mg downward (by the earth) 

3)      ma0 downward (by pseudo) 

Let ‘a’ be the acceleration of the particle with respect to the incline. Taking components of the forces parallel to the incline and applying Newton ’s law, 

mgSin( + ma0Sin( = ma. 
Or a = (g+a0) Sin(. 

This is the acceleration with respect to the elevator. In this frame, the distance traveled by the particle is [image: image72.png]Tosh



 Hence, 
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PROBLEMS (EASY TYPE) 

1) 6m long ladder weighting 30Kg rest with its upper end against a smooth wall and lower end on rough ground. What should be the minimum coefficient of friction between the ground and the ladder for it to be inclined at 600 with the horizontal without slipping? Take g = 10m/s2. 

Solution: 

[image: image74.png]



              Fig (23) 

AB is a ladder of weight w which acts at its center of gravity G. 

(ABC = 600. 
((BAC = 300. 

Let N1 be the reaction of the wall and N2 the reaction of the ground. Force of friction f between the ladder and the ground acts along BC. 

For horizontal equilibrium f = N1 



--------------- (1) 

For vertical equilibrium N2 = w 


           ---------------- (2) 

Taking moments about B we get for equilibrium 

N1 (6Cos300) – w (3Cos600) = 0                                          ---------------- (3) 

Here w = 30(10 = 300N 
Solving these equations we get 

N2 = 300N 
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2) A block of mass 200kg is set into motion on a frictionless horizontal surface with the help of frictionless pulley and a rope system as shown in figure (24). What horizontal force F should be applied to produce in the block an acceleration of 1 m/s2? 

[image: image76.jpg]




     Fig (24) 

Solution: 

[image: image77.png]



As shown in figure when force F is applied at the end of the string, the tension in the lower part of the string is also F. If T is the tension in string connecting the pulley and the block then, 

T = 2F 

But T = ma = (200) (1) = 200N 

( 2F = 200N 
Or F = 100N 

3) Two bodies of masses m1 and m2 are connected by a light string going over a smooth light pulley at the end of an incline. The mass m1 lies on the incline and m2 hangs vertically. The system is at rest; Find the angle of incline and the force excerted by the incline on the body of mass m1. 
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         Fig (25) 

Solution: 

[image: image79.jpg]



Situation is shown in figure. Taking the body of mass m2 as the system the forces acting on it are, 

1)      m2g vertically downward (by the earth) 

2)      T along the string up the incline (by the string) 

As the system at rest, these forces should add to zero. 

This gives, T = m2g                                                                          ------------- (1) 

Consider the body of mass m1 as the system. The forces acting on it are 

1)      m1g vertically downward (by the earth) 

2)      T along the string up the incline (by the string) 

3)      N normal to the incline (by the incline) 

As the string and the pulley are all light and smooth the tension in the string is uniform everywhere. Hence same T is used for the equations of m1 and m2. As the system is in equilibrium these forces should add to zero. 

Taking components parallel to the incline. 
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                                                     --------------- (2)

Taking component along normal to the incline, 

N = m1gCos(                                                                              --------------- (3) 
Eliminating T from (1) and (2) 

m2g = m1gSin( 
Or [image: image81.png]
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4) A 4kg block is attached to a vertical rod by means of two strings. When the system rotates about the axis of the rod, the strings becomes taunt as shown in figure (26). 

a) How many revolutions per second must the system make in order that the tension in the upper cord shall be 60N? 

b) What is the tension in the lower cord? (g = 10 m/s2). 
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         Fig (26) 

Solution: 

Let w be the angular velocity of rotation of rod. 
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Along vertical 

T1Cos( = mg+ T2Cos(                                                      ------------- (1) 
Net force towards center (centripetal force) 
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Substituting the values of Cos (, Sin(, r and T1 = 60N, m= 4Kg in (1) and (2) we get 

( = 2.35 rad/sec 
T2 = 6.66N. 

5) The coefficient of friction of all the surface is (. The string and the pulley are light. The blocks are moving with constant speed. Then find the value of F and T1. 
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                      Fig (27) 

Solution: 
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For block 2m T1-f1 = 0 

( T1 - ( (2mg) = 0 
( T1 = 2(mg 
For block 3m 

f1 + T1+ f2- F = 0 

( F = 2(mg+2(mg+5(mg 

( F = 9(mg. 

6) Find the maximum value of M/m in situation shown in figure (28). The system remains in rest. Friction coefficient at both the contact is (. Discuss the situation when tan( < (. 
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                    Fig (28) 

Solution: 

[image: image89.jpg]AN





The equilibrium is limiting. Hence frictional forces are equal to ( times the corresponding normal forces. 

Equilibrium of the block m gives 

T = (N1 and N1 = mg 
Which gives T = (mg                                                                   -------------- (1) 
Next consider the equilibrium of the block M. Taking components parallel to the incline 

T + (N2 = MgSin(. 
Taking components normal to the incline 

N2 = mgCos(
These give T = Mg (Sin( - (Cos()                                            --------------- (2) 

From (1) and (2) (mg = Mg (Sin( - (Cos() 
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If tan( <(, (Sin( - (Cos() <0 and system will not slide for any value of M/m. 
7) A small body was launched up an incline plane with angle ( = 150 against the horizontal. Find the coefficient friction. If the time of the ascent of the body is n=2 times less than the time of descent. 
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                  Fig (29) 

Solution: 

Step 1: When the body is moving up on the inclined plane 

Here N = mgCos( 
The acceleration of the body is 
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Let body is projected with speed V0 along the inclined plane (along the x-axis). After time t, body reaches at point P (V =0) as shown. 
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Let OP = S 
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Step 2: When body starts to return from point P the acceleration is, 
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Putting the value of t1 and t2 from equation (1) and (2) we get 
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8) Find the acceleration of w of body 2 as shown in figure (30). If it’s mass is ( times as great as the mass of bar 1 and the angle that the inclined plane forms with the horizontal is equal to ( the masses of the pulleys and the threads as well as the friction are assumed to be negligible. Look into possible cases. 
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Fig (30) 

Solution: 
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Force diagram for separate body is as shown in figure. 

From Fig (A)          T1-m1gSin( = m1w1                                             --------------- (1) 
From Fig (B)           T1 = 2T2                                                              --------------- (2) 

Form Fig (C)           m2g – T2 = m2w2                                                 --------------- (3) 

Since total work done by the force tension on a system is zero. Let in small time t, m1 shifts upward for small distance x1 and m2 shifts downward for small distance x2. 

(wT = 0 or T1x1 – T2x2 = 0 
Or 2T2x1 – T2x2 = 0         ( x2 = 2x1. 
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                                                                                  -------------- (4) 

( w2 = 2w1                                                                                        -------------- (5) 
According to problem m2 = (m1 

Solving equation (1), (2), (3), (4) and (5) we get 
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 are in the same direction. 
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9) In figure all the surfaces are assumed to be frictionless. The block of mass m on the prism which in turn slides backward on the horizontal surface. Find the acceleration of the smaller block with respect to the prism? 
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               Fig (31) 

Solution: 
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Let the acceleration of prism be a0 in the backward direction. Consider the motion of the smaller block from the frame of the prism. 

Forces on the block are 

1)      N normal force 

2)      mg downward (gravity) 

3)      ma0 forward (pseudo) 

The block slides down the plane. Components of the forces parallel to the incline give 

ma0Cos( + mgSin( = ma 

Or a = a0Cos( + gSin(                                                                 ----------------- (1) 

Components of the forces perpendicular to the incline give – 

N + ma0Sin( = mgCos(                                                             ------------------- (2) 

Now consider the motion of the prism from the lab frame. No pseudo force is needed as the frame used is inertial. 

The forces are 

1)      mg downward 

2)      N normal to the incline ( by the block) 

3)      N1 upward ( by the horizontal surface) 

Horizontal components give 
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Putting in equation (2) 
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PROBLEMS (MEDIUM TYPE) 

1) Using Constraint equations find the relation between a1 and a2? 

[image: image109.jpg]



  Fig (32) 

Solution: 

[image: image110.jpg]



Points 1, 2, 3, 4 are movable. Let their displacements from a fixed line be x1, x2, x3 and x4. 
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On double differentiating w.r.t time we get, 
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Solving (1), (2) and (3) we get, 
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Desired relation between a1 and a2. 

2) Two blocks A and B of mass 1kg and 2kg respectively are connected by a string, passing over a light frictionless pulley. Both the blocks are resting on a horizontal floor and the pulley is held such that string remains just taunt. 

At moment t=0, a force F = 20tN starts acting on the pulley along vertically upward direction as in figure (33). Calculate 

A)     Velocity of A when B loses contact with the floor. 

B)     Height raised by the pulley up to that instant (g=10m/s2). 

[image: image114.png]



          Fig (34) 

Solution: 

A) Let T be tension in the string then, 

2T = 20t or T = 10t N. 

Let the block A loses its contact with the floor at time t = t1 this happens when the tension in string becomes equal to the weight of A thus, 

T = mg or 10t1 = 1(10 or t1 = 1 Sec                                                 ------------------ (1) 

Similarly for block B we have, 

10t2 = 2(10 or t2 = 2 Sec                                                                  ------------------ (2) 
That is the block B loses contact after 2 seconds. For block A, at time t such that t ( t1. Let a be its acceleration in upward direction then, 
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On integrating, 
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Substituting [image: image117.png]



We get v = 20-20+5 = 5 m/s                             ------------ (5) 

B) From equation (5) dy = (5t2-10t+5) dt. 

Where y is the vertical displacement of block A at time t (( t1) 

Integrating we have, 
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Height raised by pulley up to that instant = [image: image119.png]



3) Figure shows two blocks connected by a light string placed on the two inclined parts of a triangular structure. The coefficients of static and Kinetic frictions are 0.28 and 0.25 respectively at each of the surfaces. 

A) Find the maximum and minimum values of m for which the system remains at rest. 

B) Find the acceleration of either block if m is given the minimum value calculates in the first part and is gently pushed up the incline for a short while. 
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                   Fig (35) 

Solution: 

A) 

Taking the 2kg block as the system the forces on this block are shown in fig (a) with M = 2kg. It is assumed that m has its minimum value so that the 2kg block has a tendency to slip down. As the block is in equilibrium, the resultant force should be zero. 
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   Fig (36) 

Taking components perpendicular to incline. 
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Taking components parallel to the incline, 
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As it is a case of limiting equilibrium, 
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Now consider other block as the system. The forces acting on block are as shown in fig (b). 

Taking component perpendicular to the incline 
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Taking components parallel to the incline, 
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As it is the case of limiting equilibrium, 
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From (1) and (2) 
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The maximum value of m can be obtained from (3) by putting (s = -0.28 thus maximum value of m is 
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B) If m = 9/8kg and the system is gently pushed, kinetic friction will operate thus, 
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Where (s = 0.25 if the acceleration is a, Newton ’s Second law for M gives in fig (a) 
MgSin450 –T-f = Ma 
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Applying Newton ’s Second law for fig (b) 
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Dumb Question: 

1)      Why can the maximum value of ‘m’ be obtained by putting ( = -0.28? 
Ans: When the value of ‘m’ is maximum then ‘m’ slips down while 2kg block moves up. So the direction of the limiting friction simply reverses. And hence the maximum value can be obtained by just replacing (s by -(s. 

4) Three blocks of masses m1, m2, m3 are connected as shown in figure (37). All the surfaces are frictionless and the string and the pulleys are light. Find the acceleration of m1. 
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     Fig (37) 

Solution: 

Suppose acceleration of m1 is a0 towards right that will also be the downward acceleration of the pulley B because the string connecting m1 and B is constant in length. Also the string connecting m2 and m3 has a constant length. This implies that the decrease in the separation between m2 and B the increase in the separation between m3 and B. So the upward acceleration of m2 with respect to B equals the downward acceleration of m3 with respect to B. Let this acceleration be a. 

The acceleration of m2 with respect to the ground = a0-a (downward) and the acceleration of m3 w.r.t the ground = a0+a (downward). 

The acceleration will be used in Newton ’s Laws. Let the tension be T in the upper string and T1 in the lower string consider motion of pulley B. 
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The forces on this light pulley are: 

1)      T upwards by the upper string and 

2)      2T1 downwards by the lower string 

As the mass of the pulley is negligible, 

2T1-T = 0 

Giving T1 = T/2                                                                              --------------- (1) 

Motion of m1: 
The acceleration is a0 in the horizontal direction. The forces on m1 are: 

1)      T by the string (horizontal) 

2)      m1g by the earth (vertically downwards) and 

3)      N by the table (vertically upwards) 

In the horizontal direction the equation is, 

T = m1a0                                                                                -------------------- (2) 

Motion of m2: 
Acceleration is a0-a in the downward direction, the forces on m2 are 

1)      m2g downward by the earth and 

2)      T = T/2 upward by the string 

Thus [image: image135.png]Mg~ = = ma(ag - a)



                                                 ----------------------- (3) 

Motion of m3: 
Acceleration is (a0+a) downward, the forces on m3 are 

1)      m3g downward by the earth and 

2)      T1 = T/2 upward by the string thus, 
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To calculate a0 eliminate T and a from (2), (3) and (4) 
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5) As shown in figure (38) the wedge is fixed to the ground the prism B of mass ‘M’ and the block C of mass ‘m’ is placed as shown. Find the acceleration of the block C w.r.t B when the system is set free, Neglect any friction. 

[image: image139.png]



                      Fig (38) 

Solution: 

Let ‘a’ be the acceleration of B towards, then 

F.B.D of C relative to B is as shown in fig (a). 

                 [image: image140.png]4N

4 maSino

aqma

o
=% s maCose

MgSing.

Mg

()

MgCosat




( Mg – N-maSin( = 0 as C is always in contact with B. 

( N = mg-maSin(                                                                   --------------------- (1) 

And maCos( = ma1 where a1 = acceleration of C relative to B 
( a1 = aCos(                                                                           -------------------- (2) 
F.B.D of B (As shown in fig (b)) 

( MgSin( + NSin( = Ma 
Putting values of N from (1) we get 

( MgSin( +mgSin( - maSin2( = Ma                                  ----------------------- (3) 
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Dumb Question: 

1)      Why doesn’t the block move w.r.t B in fig (a)? 

Ans: Suppose instead of C, you are standing on B. Now you will see that w.r.t B, you don’t move in vertical direction as neither can you ‘fly’ up from ‘B’ nor can you press down so much that you move down. 

6) Two blocks A and B of masses m1 and m2 respectively are placed on each other and their combination rest on a fixed horizontal surface. A mass less string passing over a smooth pulley as shown in figure (39) is used to connect A and B. Assuming the coefficient of sliding friction between all surfaces to be (. Show that both A and B will move with a uniform speed. If A is dragged with a force F = ( (3m1+m2) g to left. 
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        Fig (39) 

Solution: 
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For vertical equilibrium, 

N1-m1g = 0 

( N1 = mg                                                                               ----------------------- (1) 
As m1 slides on m2 hence 

f1= (N1 = (m1g                                                                          --------------------- (2) 
For horizontal equilibrium, 

F-T-f1 = 0 

( F-T-(m1g = 0                                                                       ---------------------- (3) 

For vertical equilibrium of m1 

N2 – N1-m2g = 0 

( N2 = N1+ m2g = m1g + m2g                                              ------------------------- (4) 
Since f2 = (N2 = ( (m1 + m2) g                                              ------------------------ (5) 
For horizontal equilibrium, 

f1 + f2 – T = 0 

( (m1g + ( (m1+m2) g – T = 0                                             ---------------------- (6) 
Subtracting (3) from (6) we get 

3(m1g + (m2g – F = 0 
( F = ( (3m1 + m2) g. 

7) Figure (40) shows a small block A of mass m kept at the left end of a plank B of mass M =2m and length l, the system can slide on a horizontal road the system is started towards right with initial velocity v the friction coefficient between the road and the plank is ½ and that between the plank and the block is ¼ find: 

1) The time elapsed before the block separates from the plank. 

2) Displacement of block and plank relative to ground till that moment. 

     [image: image144.png]



                      Fig (40) 

Solution: 

There will be relative motion between block and plank and plank and road. So at each surface limiting friction will act the direction of friction forces at different surfaces are as shown in figure. 
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Retardation of A is 
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And retardation of B is 
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Relative acceleration of A with respect to B is 
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Initial velocity of both A and B is v, so there is no relative initial velocity hence. 

1) Applying [image: image151.png]1
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2) Displacement of block: 
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Displacement of plank: 
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· Tip: The problem, as you see, it becomes simpler using relative concept otherwise the problem is a bit complex! 
PROBLEMS (HARD TYPE) 

1) Two blocks A and B of mass 2kg and 4kg are placed one over the other as shown in figure (41). A time varying horizontal force F = 2t is applied on the upper block as shown in figure. Here t is in second and F is in Newton . Draw the graph showing acceleration of A and B on y-axis and time on x-axis. Coefficient of friction between A and B is ( = ½ and the horizontal surface over which B is placed is smooth. (g=10m/s2). 
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               Fig (41) 

Solution: 

Limiting friction between A and B is 
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Block B moves due to friction only, therefore maximum acceleration of B can be 

[image: image158.png]



[image: image159.png]£=10N
£=10N




Thus both the blocks move together with same acceleration till the common acceleration becomes 2.5 m/s2, after that acceleration of B will become constant while that of A will go on increasing. To find the time when the acceleration of both the blocks becomes 2.5m/s2 (or when slipping will start between A and B) we will write 
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( t = 7.5 Sec

Hence for t ( 7.5 S

[image: image161.png]



Thus aA versus t or aB versus t graph is a straight line passing through origin of slope 1/3. 

[image: image162.png]



For t ( 7.5S 
aB = 2.5 m/s2 = constant. 

And [image: image163.png]



Or [image: image164.png]



Or aA = t-5 

aA versus t graph is a straight line of slope 1 and intercept -5 while aB versus t graph is a straight line parallel to x-axis the corresponding graph is shown in figure. 

Dumb Question: 

1) Explain the graph?

Ans:  The force is being acted upon the upper block. Now obviously the friction retards the upper block while it accelerates the lower one. Now when the limiting friction is reached, the upper just moves and its acceleration become different from lower block, this happens at 2.5 m/s2. Now the friction becomes constant and so the lower block moves with constant acceleration 2.5 m/s2 while the upper accelerates further as [image: image165.jpg]


 increases rapidly with time. 

2) Block A of mass m and block B of mass 2m are placed on a fixed triangular wedge by means of a light and inextensible string and a frictionless pulley as shown in figure (42) the wedge is inclined at 450 to the horizontal on both sides the coefficient of friction between the block A and wedge is 2/3 and that between the block B and the wedge is 1/3. If the system of A and B is released from rest, then find, 

A) The acceleration of A 

B) Tension in the string 

C) The magnitude and direction of the frictional force acting on A. 
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Fig (42) 

Solution:

A) In absence of friction the block B will move down the plane and the block A will move up the plane. Frictional force opposes this motion. 
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T-mgSin450 –f1 = ma                                                                   ---------------- (1) 

And 2mgSin450 – f2 – T =2ma                                                     ---------------- (2) 

From (1) and (2) 

mgSin450 – (f1+f2) = 3ma 

For ‘a’ to be non-zero mgSin450 must be greater than maximum value of (f1+f2). 
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( mgSin450 < (f1 +f2) max 

Hence blocks will remain stationary. 

B)  F.B.D of the block B. 
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therefore block B has tendency to slide down the plane. 

For block B to be at rest 
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C) 
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T (tension) is greater than mgCos450, Hence block A has tendency to move up the plane, therefore frictional force on the block A will be down the plane. 

From F.B.D of A, For A to be at rest 
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3) A small body is placed on the top of a smooth hemisphere of radius R. The hemisphere is imparted a constant acceleration a0 in the horizontal direction and the body starts down Find, 

A) Velocity of the body relative to the sphere at the moment of break off. 

B) The angle (0 between the vertical and the radius vector drawn from the center of the sphere to the break off point. Calculate (0 for a0 = g. 
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Fig (43) 

Solution: 

At an arbitrary moment when body is at an angle ( with vertical. Rewriting the second law of motion in projection forms: 
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At the break of point N =0, ( = (0 and let v=v0 so equation (1) becomes 
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Solving equation (2) and (3) we get 
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Dumb Question: 
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Ans: 
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      Here, ds = Rd(
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