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Laws of Motion It was Aristotle who first studied the motion of an object. He believed that a force is required to keep an object moving. But Galileo proved that if an object once comes in motion, it continues its motion forever if there is no friction between the surfaces. This tendency of an object by which a moving object keeps on moving was named as “inertia” by him. Galileo’s work set the stage for Isaac Newton, when he developed the three laws of motion. He put these three laws in his famous book, namely Philosophiae Naturalis Principia Mathematica (The Latin title means “mathematical principles of natural philosophy”), often simply known as the principia. The first law is a restatement of Galileo’s concept of inertia, the second law relates acceleration to its cause-force, and the third is the law of action and reaction.
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do you know ? A force produces or tries to produce motion in a body at rest, stops or tries to stop a moving body changes or tries to change the direction of motion of a body and produces a change in the shape of a body.



FORCE Force is an external agent which changes or tries to change the state of an object. It is a vector quantity and its S.I. unit is newton(N). Its C.G.S. unit is dyne (1 dyne = 10–5 newton). Note that when we say “force”, we imply the total force, or net force, acting on an object. Generally, more than one forces act on an object. For example, when a ball is sailing through the air, the force of gravity and air resistance both act on it. The net force on the ball is the combination of forces. It is the net force that changes an object’s state. The foregoing figures will help in understanding what net force is. Applied forces



Net forces 5N



10 N



5N



5N



5N



5N



10N



0N



5N



Fig. 3.1 : Net force



THE RULE OF EQUILIBRIUM When the net force acting on a system is zero, it said to be in mechanical equilibrium. You will read in higher classes that is said to be in rotational equilibrium if net torque acting on it is zero. Let us consider a mass M hanging from a support with a massless string. Its weight (= Mg) acts vertically downward and the tension (T) in the string acts vertically upwards as shown in the figure. Both forces are equal in magnitude but opposite in direction. Hence, the net force is zero. Therefore, the mass is in mechanical equilibrium.



Let the net force acting on an object be zero. Does it always mean that the body remain at rest ? If yes, why? If not, give one example.



T M Mg Fig. 3.2 : Rule of equilibrium



1.



2.



Consider a gymnast hanging from the rings. If the girl shown in figure 3.3 hangs with her weight evenly divided between the two rings, how would scale readings in both supporting ropes compare with her weight? Suppose the girl hangs with slightly more of her weight supported by the left ring. How would a scale on the right read?



Fig. 3.3
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CHECK YOUR ANSWERS 1. 2.



The reading on each scale will be half her weight. The sum of the readings on both scales then equals her weight. When more of her weight is supported by the left ring, the reading on the right is less than half her weight. No matter how she hangs, the sum of the scale readings equals her weight. For example, if one scale reads two-thirds her weight, the other scale will read one-third her weight.



SUPPORT FORCE (OR NORMAL FORCE) Consider a book lying at rest on a table. It is in equilibrium. What forces act on the book? One is the force due to gravity – the weight of the book. Since the book is in equilibrium, there must be another force acting on it to produce a net force of zero – an upward force opposite to the force of gravity. The table exerts this upward force, called the support force. This upward support force, often called the normal force, must be equal to the weight of the book. To better understand that the table pushes up on the book, compare the case of compressing a spring (Figure 3.4). If you push the spring down, you can feel the spring pushing up on your hand. Similarly, the book lying on the table compresses atoms in the table, which behave like microscopic springs. The weight of the book squeezes downward on the atoms, and they squeeze upward on the book. In this way, the compressed atoms produce the support force.



A person of weight 50N is standing on the surface of the earth.What force does the person exert on the earth? What force does the earth exert on the person?



do you know ? Fig. 3.4 : The table pushes up on the book with as much force as the downward force of gravity on the book. The spring pushes up on your hand with as much force as you exert to push down on the spring.



1.



The normal force or contact force is always acts in a direction perpendicular to the surface of contact.



What is the net force on a bathroom scale when a 150-pound person stands on it?



2.



Suppose you stand on two bathroom scales with your weight evenly distributed between the two scales. What is the reading on each of the scales? What happens when you stand with more of your weight on one foot than the other?



Fig. 3.5



do you know ? The number of normal forces acting on a body depends on the number of points or surfaces of contact.
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do you know ? Friction is a consequence of molecular interaction, originating in the realm of molecules and atoms because of electrical reasons.



CHECK YOUR ANSWERS 1.



Zero, because the scale remains at rest. The scale reads the support force (which has the same magnitude as weight), not the net force.



2.



The reading on each scale is half your weight, because the sum of the scale readings must balance your weight, so the net force on you will be zero. If you lean more on one scale than the other, more than half your weight will be read on that scale but less on the other, so they will still add up to your weight. Like the example of the gymnast hanging by the rings, if one scale reads two-thirds your weight, the other scale will read one-third your weight.



do you know ? Frictional force also acts when the object is at rest on a surface. This is called force of static friction.



do you know ? Frictional force does not oppose the motion in all cases, infact in some cases the body moves due to it. In the fig. 3.7, book B moves to the right due to friction between A & B. If book A is totally smooth (i.e., frictionless) the book B does not move to the right. This is because of no force applied on the book B in the right direction.



B A Fig. 3.7



F ext



THE FORCE OF FRICTION When one object rubs against something else (which may be in any state such as solid, liquid or gas), a force acts on the surfaces in contact which opposes the relative motion between them. This force is called the force of friction. An important rule of friction is that it always acts in a direction to oppose the motion. If we pull a block of wood on a surface to the right, the force of friction on the block will be to the left.



Force of Friction



Motion



Fig. 3.6 : Force of friction is opposite of the applied force Similarly, a boat propelled to the east by its motor experiences water friction to the west. An object falling downward through the air, experiences air friction, called air resistance, in upward direction. The amount of friction between two surfaces depends on the kinds of material and how much they are pressed together. The force of friction between two rough surfaces is more than that between two smooth surfaces. Friction is due to roughness of surfaces. All surfaces, on microscopic view, have tiny bumps as shown in the figure.



do you know ? The force of friction is independent of area of surface in contact & relative velocity between them (if it is not too high), but it depends on the nature of material of surface in contact (i.e.., force of adhesion).



Fig. 3.8 : Friction results from the mutual contact of irregularities in the surfaces of sliding objects. Even surfaces that appear to be smooth have irregular surfaces when viewed at the microscopic level.



A body on a rough surface is pushed by a force. But the body is still at rest.When the magnitude of force is increased slowly, the body comes in a state of “about to move”.The frictional force acting at this state is called the force of limiting force. Whether the force of limiting friction is less or more than the force of static friction?



Due to these irregularities in the surfaces, friction appears in solid surfaces. Note that the force of friction doesn’t depend on the area of contact of surfaces.



?



An aeroplane flies through the air at a constant velocity. In other words, it is in equilibrium. Two horizontal forces act on the plane. One is the thrust of the propeller that pushes it forward. The other is the force of air resistance that acts in the opposite direction. Which force is greater?
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Drag



do you know ?



Thrust



XAAPT



Inertia of direction is the property due to which a resistancy change in its motion due to a change in direction.



Fig. 3.9



CHECK YOUR ANSWER Both forces have the same magnitude. If you call the forward force exerted by the propeller positive, then the air resistance is negative. Since the plane is in equilibrium, can you see that the two forces combine to equal zero?



NEWTON’S FIRST LAW OF MOTION The first law of motion is generally called the Law of Inertia. It is a restatement of Galileo’s idea. It is stated as below : Every object continues in a state of rest or in a state of uniform motion in a straight line, unless it is compelled to change that state by external forces exerted upon it. The key word “continues” in this law means an object continues to do whatever it happens to be doing unless a force is exerted upon it. This property of objects to resist changes in motion is called “inertia”. If the object is at rest, it continues in a state of rest. This tendency of an object is called “the inertia of rest”. This is nicely demonstrated when a bus starts moving, leaving the passengers leaning backward. Other examples are involved in the answers of the following illustrations.



(a) Why will the coin drop



into the glass when a force accelerates the card?



(c) (b)



Why is it that a slow continuous increase in the downward force breaks the string above the massive ball, but a sudden increase breaks the lower string?



Why does the downward motion and sudden stop of the hammer tighten the hammerhead?



Fig. 3.10 : Examples of inertia. On the other hand, if an object is moving, it continues to move without changing its speed or direction. This tendency of the object is called “the inertia of motion”. This is demonstrated when a moving bus comes to rest accidently, leaving the passengers leaning forward.



?



When a space shuttle travels in a nearly circular orbit around the earth, is a force required to maintain its high speed? If suddenly the force of gravity were cut off, what type of path would the shuttle follow?



CHECK YOUR ANSWER No force in the direction of the shuttle’s motion exists. The shuttle coasts at a constant speed by its own inertia. The only force acting on it is the force of gravity, which acts at right angles to its motion (towards the earth’s centre). We’ll see later that this right-angled force holds the shuttle in a circular path. If it were cut off, the shuttle would move in a straight line at a constant speed (constant velocity).



MASS AND INERTIA Inertia is directly related to the mass of an object. A heavy body has higher inertia than that of a light body. Mass in this context is called “inertial mass”.



do you know ? Newton’s first law gives the qualitative definition of force according to which ‘force is that external cause which tends to change or actually changes the state of motion of a body. Newton’s first law of motion is the same as law of inertia given by Galileo.
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NEWTON’S SECOND LAW OF MOTION



do you know ? a



v



a



v v



a



Newton formulated his second law, one of the most central rules of nature, which relates force to mass in producing acceleration, in the following way. The acceleration produced by a net force on an object is directly proportional to it and is in the same direction as the net force but is inversely proportional to the mass of the object. In shorter notation, Net force Acceleration ~ Mass The exact equation is, however Acceleration =



Net force Mass



If we use consistent units such as Fig. 3.13 : When you accelerate in the direction of your velocity, you speed up; against your velocity, you slow down; at an angle to your velocity, your direction changes.



newtons (N) for force, kilograms (kg) for mass, and meter per second square (m/s2) for acceleration.



Fig. 3.11 : Acceleration depends both on the amount of push and on the mass being pushed



Mathematically, F m a = acceleration F = net force m = mass a=



where,



Fig. 3.12 : Acceleration is directly proportional to force



: A jumbo jet cruises at a constant velocity of 1000 km/h when the



Can Newton’s laws of motion be applied for an object moving in an accelerated lift?



thrusting force of its engines is a constant 100,000 N. What is the acceleration of the jet? What is the force of air resistance on the jet? SOLUTION : The acceleration is zero, as evidenced by the constant velocity. Because the acceleration is zero, it follows from Newton’s second law that the net force is zero, which means that the force of air resistance must just equal to the thrusting force of 100,000 N and acts in the opposite direction. So the air resistance on the jet is 100,000 N. This is in accord with F = 0 (Note that we don’t need to know the velocity of the jet to answer this question, but only that it has constant – our clue that acceleration, and therefore net force, is zero.) : Suppose you apply the same amount of force to two separate carts, one cart with a mass of 1 kg and the other with a mass of 2 kg. Which cart will accelerate more, and how much greatest will the acceleration be? SOLUTION : The 1-kg cart will have more acceleration – twice as much, in fact – because it is half as much mass – which means it has half as much resistance to a change in motion.



1.



2. 3.



The net external force acting on an object is zero. Is it possible for the object to be travelling with a velocity that is not zero? If your answer is yes, state any whether any conditions must be placed on the magnitude and direction of the velocity. If your answer is no, provide a reason for your answer. Is it possible for an object to be at rest (have a velocity of zero) yet the net external force acting on the object is non-zero? Explain. Newton’s second law indicates that when a net force acts on an object, it must accelerate. Does this mean that when two or more forces are applied to an object simultaneously, it must accelerate? Explain.
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CHECK YOUR ANSWERS 1.



2. 3.



If the net external force acting on an object is zero, it is possible for the object to be travelling with a non-zero velocity. According to Newton’s second law, F = ma, if the net external force F is zero, the acceleration a is also zero. If the acceleration is zero, the velocity must be constant, both in magnitude and in direction. Thus, an object can move with a constant nonzero velocity when the net external force is zero. An object at rest has a constant velocity (of zero), which means that it has an acceleration of zero (it is at rest!). Newton’s first law indicates that the object will stay at rest only if the net force acting on the object is zero. An object will not necessarily accelerate when two or more forces are applied to the object simultaneously. The applied forces may cancel so the net force is zero; in such a case, the object will not accelerate. The resultant of all the forces that act on the object must be nonzero in order for the object to accelerate.



FREE FALL : ACCELERATION IS g We know that a falling object accelerates towards the earth because of the gravitational force of attraction between the object and the earth. When the force of gravity is the only force – that is, when air resistance is negligible – we say that the object is in a state of free fall. An object in free fall accelerates towards the earth at 10 m/s2 (or, more precisely, at 9.8 m/s2).



m



2m



F m =g (a)



2F 2m = g (b)



Fig. 3.14 : The ratio of weight (F) to mass (m) is the same for all objects in the same locality; hence, their accelerations are the same in the absence of air resistance. The greater the mass of an object, the stronger is the gravitational pull between it and the earth. The double book in Fig. 3.12 (b) above, for example, has twice the gravitational attraction to earth as the single book. Why, then, doesn’t the double book fall twice as fast (as Aristotle supposed it would)? The answer is evident in Newton’s second law : the acceleration of an object depends not only on the force (weight, in this case), but on the object’s resistance to motion – its inertia. Whereas a force produces an acceleration, inertia is a resistance to acceleration. So twice the force exerted on twice the inertia produces the same acceleration as half the force exerted on half the inertia. Both accelerate equally. The acceleration due to gravity is symbolised by g. We use the symbol g, rather than a, to denote that acceleration is due to gravity alone.



NON-FREE FALL : ACCELERATION IS LESS THAN g In practice, air resistance is not negligible for falling objects. Then the acceleration of the object’s fall is less. Air resistance depends on two things : speed and surface area. When a skydiver steps from a high-flying plane, the air resistance on the skydiver’s body builds up as the falling speed increases. The result is reduced acceleration. The acceleration can be reduced further by increasing the surface area. A skydiver does this by orienting the body so that more air is encountered – by spreading out like a flying squirrel. So, air resistance depends both on speed and on the surface area encountered by the air. For free fall, the downward net force is weight – only weight. But when air is present, the downward net force = weight – air resistance. Can you see that the presence of air resistance reduces net force? And that less net force means less acceleration? So, as a skydiver falls faster and faster, the acceleration of fall decreases. What happens to the



do you know ? Newton’s first law of motion follows from Newton’s second law of motion. By second law. If F = ma If F = 0, then a = 0, which means the body is either at rest or moves with a constant velocity.



do you know ? When an object is in a state of free fall, it experiences no weight. That is, it is in a state of “weightlessnes”.



In a vacuum, a coin and a feather fall at an equal rate, side by side. Would it be correct to say that equal forces of gravity act on both the coin and the feather when in a vacuum?



do you know ? Any object falling through a resistive medium attains a constant velocity afters some time which called the terminal velocity. This velocity depends on the nature and density of the medium and also on the shape of the object.
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net force if air resistance builds up to equal weight? The answer is, net force becomes zero. Then acceleration becomes zero. Does this mean the diver comes to a stop? No! What it means is that the diver no longer gains speed. Acceleration terminates – it no longer occurs. We say the diver has reached terminal speed. If we are concerned with direction – down, for falling objects, we say that the diver has reached terminal velocity. In mathematical notation, a



Fnet m



mg – R m



where mg is the weight and R is the air resistance. Note that, when R = mg, a = 0; then, with no acceleration, the object falls at a constant velocity. With elementary algebra, we can proceed another step and get a



Fnet m



mg – R m



g–



R m



We see that the acceleration a will always be less than g if air resistance R impedes falling. Only when R = 0 does a = g.



?



Consider two parachutists, a heavy person and a light person, who jump from the same altitude with parachutes of the same size. 1.



Which person reaches the terminal speed first?



2.



Which person has the higher terminal speed?



3.



Which person reaches the ground first?



4.



If there were no air resistance, like on the moon, how would your answers to these questions differ?



Air Resistance Air Resistance



A skydiver jumps from a high-flying helicopter.As she falls faster and faster through the air, does her acceleration increase, decrease, or remain the same?



Weight Fig. 3.16



Weight Fig. 3.15 : The heavier parachutist must fall faster than the lighter parachutist for air resistance to cancel her greater weight.
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CHECK YOUR ANSWERS To answer these questions correctly, think of a coin and a feather falling in air. 1.



Just as a feather reaches terminal speed very quickly, the lighter person reaches terminal speed first.



2.



Just as a coin falls faster than a feather through air, the heavy person falls faster and reaches a higher terminal speed.



3.



Just as in the race between a falling coin and a falling feather, the heavier person falls faster and will reach the ground first.



4.



If there were no air resistance, there would be no terminal speed at all. Both would be in free fall, and both would hit the ground at the same time.



LINEAR MOMENTUM AND THE SECOND LAW Linear momentum of an object is the effect produced in it due to its mass and velocity. Quantitatively, it is product of the mass and the velocity of an object. Mathematically, Momentum = mass × velocity It is a vector having direction in the direction of velocity. Its S.I. unit is kilogram meter per second (kg m/s). Symbolically, p = mv where, p = momentum m = mass v = velocity Newton’s second law is related to linear momentum. It is stated as “The force acting on an object is directly proportional to the rate of change of momentum with time”. That is, Change in momentum Force = Time if all quantities are expressed in proper units. If an object of mass m moving with velocity v1 changes its velocity to v2 in time t then force acting on it. mv – mv1 m v2 – v1 F= 2 = t t Also, we know v 2 – v1 = acceleration (a) t



or



F = ma F a = , which is the second law.. m



CONSERVATION OF LINEAR MOMENTUM It states that in absence of external force, the total linear momentum of a system remains conserved. During collision of two particles, for example, the total linear momenta before collision is equal to the total linear momenta after collision. Mathematically, if two objects of masses m1 and m2 moving with velocities u1 and u2 collide and moves with velocities v1 and v2 after collision then m1 u 1 + m2 u 2 = m1 v 2 + m2 v 2 The principle of conservation of momentum is nicely involved in the process of firing a bullet by a gun. Let a bullet of mass m is fired with a velocity v from a gun of mass M. As gun exerts a forward force on bullet, by third law of motion (see next topic), the bullet also exerts an equal force in backward direction. Due to this force, gun recoil in backward direction with a velocity, say, vrec known as recoil velocity. By conservation of momentum, Total momenta before firing bullet = total momenta after firing bullet (M × 0) + (m × 0) = – M vrec + mv



do you know ? The change in the linear momenta is called ‘impulse’. Therefore, impulse = foce × time



do you know ? A cricketer pullshis hands backward while catching a ball. He does so to maximise the time and hence to minimise the force on his hands due to the ball.
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Negative sign in first term of R.H.S. is due to the fact that the gun recoils in opposite direction. Mvrec = mv mv vrec = M



M



m Bullet



Rifle Fig. 3.17 : A gun weighing 4 kg fires a bullet with a velocity 50ms–1. If the weight of the bullet is 15g, find the velocity of recoil of the gun. SOLUTION : Here, M = 4 kg m =15 g = 0.015 kg v = 50 ms–1 vrec =



mv M



0.015 50 4 = 0.17 ms–1



vrec =



NEWTON’S THIRD LAW OF MOTION



do you know ? (i) If a person sitting in a train moving with uniform velocity throws a coin vertically up, then coin will fall back in his hand. (ii) If the train is uniformly accelerated, the coin will fall behind him. (iii) If the train is retarded uniformly, then the coin will fall in front of him.



According to this law, whenever an object exerts a force on another object, the latter object exerts an equal and opposite force on the first. We can call one force the action force, and the other the reaction force. In action-reaction form, the third law is stated as To every action there is always an equal and opposite reaction. Although action and reaction are equal and opposite but they never add to zero resultant force because both acts on two different objects which can’t be added. It doesn’t matter which force we call the action and which we call the reaction. The important thing is that they are coequal parts of a single interaction and that neither force exists without the other. Action and reaction forces are equal in strength and opposite in direction. They occur in pairs and make up a single interaction between two things. Simple Rule to Identify Action and Reaction There is a simple rule for identifying action and reaction forces. First, identify the interaction – one thing (object A) interacts with another (object B). Then, action and reaction forces can be stated in the following form : Action : Object A exerts a force on object B. Reaction : Object B exerts a force on object A.



do you know ? Newton’s third law of motion tells that forces always occur in pairs which act on different bodies. Each number of a given pair of forces has the same magnitude.



Action : Tire pushes on road



Action : Rocket pushes on gas



Reaction : Road pushes on tire



Reaction : Gas pushes on rocket
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Action : Man pulls on spring



Reaction : Spring pulls on man



Action : Earth pulls on ball Reaction : Ball pulls on earth



Fig. 3.18 : Action and reaction forces. Note that, when action is “A exerts force on B,” the reaction is then simply “B exerts force on A.”



1. 2.



A car accelerates along a road. Identify the force that moves the car. Identify the action and reaction forces for the case of an object in free fall (no air resistance).



On a cold, rainy day, your car battery is dead, and you must push the car to move it and get it started.Why can’t you move the car by remaining comfortably inside and pushing against the dashboard?



m



N



F



F



CHECK YOUR ANSWERS 1.



2.



It is the road that pushes the car along. Except for air resistance, only the road provides a horizontal force on the car. How does it do this? The rotating tyres of the car push back on the road (action). The road simultaneously pushes forward on the tyres (reaction). How about that! To identify a pair of action-reaction forces in any situation, first identify the pair of interacting objects. In this case, the earth interacts with the falling object via the force of gravity. So the earth pulls the falling object downward (call it action). Then reaction is the falling object pulling the earth upward. It is only because of the earth’s enormous mass that you don’t notice its upward acceleration.



WORKING WITH NEWTON’S LAWS OF MOTION To apply Newton’s laws of motion, first of all we choose our system and then indicate all the forces acting on it which we call the free body diagram (FBD). (1) Motion of a mass on a surface: Case (I) If friction is absent between the surfaces, the free body diagram is as shown in Fig. 3.19. The forces acting on mass are (i) mg, the weight, vertically downward (ii) N, the normal reaction, vertically upward (iii) F, in right direction, due to external agent. Clearly, mg and N cancel each other, so, there is no motion in vertical direction. In horizontal direction, there is only force, F, in right direction, hence the mass moves in this direction. If a be the acceleration of the mass, then F = ma F a= m



Case (II) If friction is present between the surfaces, the acceleration of the mass will be a=



F– f m



where f = force of friction



Fig. 3.16



mg



N F



f mg Fig. 3.19



do you know ? Two masses hanging on a massless pulley with massless, and inextensible string move with same acceleration.



m2 m1 Fig. 3.20
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(2) Motion of masses hanging on a massless pulley with a massless string (Fig. 3.20): If m2 > m1, then motion of m2 will be in downward direction and that of m1 will be in upward direction. Note that both masses will move with same acceleration, a Forces acting on the two masses have been shown in the free body diagram (Fig. 3.21) T1 and T2 are the tensions in the string clearly, T1 = T2 ....(1) For m1 Net force = T1 – m1g For m2



T1 – m1 g = m1a



....(2)



Net force = m2g – T2 m2 g – T2 = m2 a



....(3)



Solving (1), (2) and (3), we get



a= and T1



do you know ? A body mass m moving on an inclined plane with inclination can be supposed to be moving with the accelerations simultaneously (i) mgsin , parallel to the plane and (ii) mgcos , normal to the plane.



m2 – m1 g m2 + m1 T2



T1 T1



a



m1



2m1m2 g m1 m2 ....(4)



(3) Motion of a mass on an inclined plane Let us consider a block of mass m moving on an inclined plane of inclination



T2 T2



a m2



m2g



m1g Fig. 3.21



(Fig. 3.22). Let the surfaces be smooth.



N mg sin mg



mg cos



Fig. 3.22 The forces acting on the block are (i) the weight of block, mg, vertically downward (ii) the normal reaction, N, normal to the plane The weight, mg, can be resolved into two components – along the plane, mg sin and perpendicular to the plane, mg cos . The perpendicular component, mg cos , balances the normal reaction, N and the component mg sin along the plane is responsible for the motion of the block along the plane.



F = mgsin ma = mgsin a = gsin Thus, the block moves with an acceleration of g sin down the plane. Note : If friction is present between the surfaces, acceleration will be less, about which you will read in higher classes.
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: Two blocks m1 = 5 gm and m2 = 10 gm are hung vertically over a light frictionless pulley as shown here. What is the acceleration of the masses when they are left free?



m1 Fig. 3.23 SOLUTION : Let T be the tension in the string. 10g – T = 10a T – 5g = 5a Adding (i) and (ii), 5g = 15a



a



g m / s2 3



m2



....(i) ....(ii)



T



T



5g 10g Fig. 3.24



Rest and Motion : If position of an object doesn’t change with time then the object is said to be at rest. But if the position of an object changes with time then it is said to be in motion. Force - Force is an external agent which changes or tries to change the state of an object. It is a vector quantity and its S.I. unit is newton(N). Its C.G.S. unit is dyne (1 dyne = 10 –5 newton). The rule of equilibrium - When the net force acting on a system is zero, it said to be in mechanical equilibrium. Normal force - The force exerted by the surface on the body placed on it which always acts in a direction perpendicular to the surface is called normal force. Force of friction - The force acting on two bodies in contact which always opposes their relative motion is called force of friction. First Law of motion - Every object continues in a state of rest or in a state of uniform motion in a straight line, unless it is compelled to change that state by external forces exerted upon it. Inertia - The property of an object due to which it resist any change in its state of motion is called inertia. It is of three kinds (i) inertia of rest, (ii) inertia of motion and (iii) inertia of direction. Second law of motion - The acceleration produced by a net force on an object is directly proportional to it and is in the same direction as the net force but is inversely proportional to the mass of the object. Free fall - A body falling under the action of gravity only is said to be in free fall. Linear momentum - The product of mass and velocity of a body is called its momentum. Conservation of Linear momentum - It states that in absence of external force, the total linear momentum of a system remains conserved. Third law of motion - This law states that to every action there is always an equal and opposite reaction.
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DIRECTIONS : Complete the following statements with an appropriate word / term to be filled in the blank space(s). 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14.



A change in the state of rest or of uniform motion is produced by ..................... 1 newton = .................. dyne A body ‘A’ of mass m1 on collision exerts a force on another body B of mass m2. If the acceleration produced in B is a2, then the acceleration (in magnitude) of A is ............... The change in momentum of a body has the same ............. as that of force applied on it. A car at rest can be moved or a moving car can be stopped by applying.................... The total momentum of two bodies before collision is equal to their ................... after collision. A body is acted upon by a constant force then it will have a uniform ........................... When we jump out a boat standing in water it moves ............... Rocket works on the principle of ......................... When a body is travelling at constant velocity, the force on it is ...................... According to Newton’s third law of motion, a single force is ........................ In CGS system momentum is measured in ..................... Mass is a measure of .......................... When you stop pedalling the bicycle to slow down due to ....................... force of friction.



DIRECTIONS : Each question contains statements given in two columns which have to be matched. Statements (A, B, C, D,....) in column I have to be matched with statements (p, q, r, s,....) in column II. 1.



(B) Action & Reaction



2.



3.



4.



DIRECTIONS : Read the following statements and write your answer as true or false. 1. 2. 3.



All forces exist in pairs. The linear momentum of a body at rest is zero. If a body is moving with a constant speed along a straight line; then in order to change its direction of motion, an external force has to be applied in direction normal to the direction of motion. 4. The area under a force-time graph gives acceleration. 5. A cannon after firing recoils due to Newton’s third law of motion. 6. The weight of a freely falling body is always constant. 7. It is not advisable to tie any luggage kept on the roof of a bus with rope. 8. It is easier to stop a tennis ball than a cricket ball moving with same speed. 9. Leaves are detached from a tree due to inertia of motion. 10. In an isolated system, the total momentum is not conserved.



Column I (A) Unbalanced



(C) Inertia (D) Momentum Column I (A) Inertia (B) Recoil of gun (C) 1 kg ms–1 (D) Weight Column I (A) Rocket’s work (B) F = ma (C) Quantity of motion (D) Constant force Column I (A) Accelerated motion (B) Impulse (C) Law of inertia (D) Measure of inertia



Column II (p) Acts on two different bodies (q) Inability to change the state (r) mv (s) Variable velocity Column II (p) 105 gcms–1 (q) kg f (r) Newton’s third law of motion (s) Newton’s first law of motion Column II (p) Momentum (q) Uniform motion (r) Conservation of momentum (s) Newton’s second law Column II (p) Newton’s 1st law (q) Mass (r) Force×time (s) Change in speed and direction



DIRECTIONS : Give answer in one word or one sentence. 1. 2. 3.



State the law of conservation of momentum. Can all bodies have equal momentum? Two bodies of masses m1 kg and m2 kg are attached at the free ends of a spring. The bodies are pulled apart and released. If acceleration of first body is ‘a’ ms –2 , then find the acceleration of the second body.



First body



m1



Second body



m2



Laws of Motion 4.



A force ‘F’ N acts on a sphere producing an acceleration of a ms–2. From this, find the density of the material of the sphere, if its volume is V m3? 5. Is acceleration directly proportional to force, or is it inversely proportional to force? 6. Does a heavy object accelerate more than a light object when both are freely falling? 7. What is the net force that acts on a 10-N falling object with it encounters 4N of air resistance? 8. What is the net force that acts on a 10-N freely falling object? 9. If body A and body B are both within a system, can forces between them affect the acceleration of the system? 10. When do action and reaction pairs of forces cancel each other. 11. What law of physics is inferred when we say you cannot touch without being touched.
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12. Forces of 3 N and 4 N act at right angles on a block of mass 5 kg. How much acceleration occurs? 13. What is the ground velocity of a aeroplane that has an air speed of 120 km/h when it is in a 90-km/h crosswind. 14. Define force. Write its S.I. and C.G.. S. unit. 15. State newton’s second law of motion. How force is defined quantitatively? 16. State and prove the law of conservation of momentum. 17. What do you mean by terminal velocity.



DIRECTIONS : Give answer in four to five sentences. 1. 2. 3.



DIRECTIONS : Give answer in two to three sentences. 1. A 400-kg bear grasping a vertical trees slides down at a constant velocity. What is the friction force that acts on the bear? 2. When two horizontal forces are exerted on a cart, 600 N forward and 400N backward, the cart undergoes acceleration. What additional force is needed to produce non-accelerated motions? 3. You push with 20-N horizontal force on a 4-kg mass resting on a horizontal surface against a horizontal friction force of 24 N. What is the acceleration? 4. You push with a 40-N horizontal force on a 4-kg mass resting on a horizontal friction force of 12 N. What is the acceleration? 5. If mass of 1 kg is accelerated 1 m/s2 by a force of 1 N, what would be the acceleration of 2 kg acted on by a force of 2 N? 6. An astronaut of mass 100 kg recedes from her spacecraft by activating a small propulsion unit attached to her back. If the force generated by a spurt is 25 N, what acceleration will this produce? 7. A rocket of mass 100,000 kg undergoes an acceleration of 2 m/s2. Calculate the force being developed by the rocket engine. 8. How much acceleration does a 747 jumbo jet of mass 30, 000 kg experience in take-off when the thrust for each of four engines is 30,000 N? 9. A firefighter of mass 80 kg slides down a vertical pole with an acceleration of 4 m/s2. What is the friction force that acts on the firefighter? 10. A boxer punches a sheet of paper in midair, and thereby brings it from rest upto a speed of 25 m/s in 0.5 second. If the mass of the paper is 0.003 kg, what force does the boxer exert on it? 11. Suppose that you are standing on a skateboard near a wall and that you push on the wall with a force of 30 N. How hard does the wall with a force of push you?



4.



Derive F = ma from Newton’s second law of motion. Prove that the law of conservation of momentum is a logical based on Newton’s laws of motion. A machine gun of mass 10 kg fires 20 g bullet at the rate of 10 bullets per second with speed of 500 ms–1. What force is required to hold the gun in position? Define force. Write its SI unit. For a 2 kg mass, the v – t graph is given. Find the force experienced by the mass in OA, AB and BC. 20



o



5.



6.



7.



8.



9.



A



B



10



30



C 40



t



A 10 N force accelerates a body by 2 ms–2 and a 20 N force accelerates another body by 4 ms–2. When the masses are tied together, find the acceleration with : (i) only 10 N (ii) only 20 N (iii) Both 10 N and 20 N acting on them. A truck of mass M is moved under a force F. If the truck is then loaded with an object equal to the mass of the truck and the driving force is halved, then how does the acceleration change? Two friends on roller-skates are standing 5 m apart facing each other. One of them throws a ball of 2 kg towards the other, who catches it. How will this activity affect the position of the two? Explain your answer. Water sprinkler used for grass lawns begins to rotate as soon as the water is supplied. Explain the principle on which it works. What is momentum? Write its SI unit. Interpret force in terms of momentum. Represent the following graphically (a) momentum versus velocity when mass is fixed (b) momentum versus mass when velocity is constant.
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8.



When a body is stationary, then (a) there is no force acting on it



DIRECTIONS : This section contains multiple choice questions. Each question has 4 choices (a), (b), (c) and (d) out of which ONLY ONE is correct. 1.



2.



A man is walking from east to west on a level rough surface. The frictional force on the man is directed (a) from the west to east



(b) from the east to west



(c) along the north



(d) along the west



A spring balance is graduated on sea level. If a body is weighted at consecutively increased height from earth’s surface, the weight indicated by the balance (a) will go on increasing continuously



4.



5.



9.



Conservation of linear momentum is equivalent to (a) Newton’s first law of motion (b) Newton’s second law of motion (c) Newton’s third law of motion (d) None of these



10. A force of 100 N acts on a body of mass 2 kg for 10 s. The change in momentum of the body is (b) 250 N–s



(c) will remain same



(c) 500 N–s



(d) 1000 N–s



China wares are wraped in straw of paper before packing. This is the application of concept of (a) impulse



(b) momentum



(c) acceleration



(d) force



A force acts on a body of mass 3 kg such that its velocity changes from 4 ms–1 to 10 ms–1. The change in momentum of the body is (a) 42 kg m s–1



(b) 2 kg m s–1



(c) 18 kg m s–1



(d) 14 kg m s–1



The impulse of a body is equal to (b) change in its momentum (c) the product of force applied on it and the time of application of the force. (d) both (b) and (c) The engine of a car produces an acceleration of 4 ms–2 in a car, if this car pulls another car of same mass, what is the acceleration produced?



7.



(d) the net forces acting on it balances each other



(a) 100 N –s



(a) rate of change of its momentum



6.



(c) the force acting on it is not in contact with it



(b) will go on decreasing continuously (d) will first increase and then decrease 3.



(b) the body is in vacuum



(a) 8 m s–2



(b) 2 m s–2



(c) 4 m s–2



(d) 1/2 m s–2



A bullet of mass 20 g is fired from a rifle of 8 kg with a velocity of 100 m s–1. The velocity of recoil of the rifle is



11. The average force necessary to stop a hammer with 25 N – s momentum in 0.05 s is (a) 500 N



(b) 125 N



(c) 50 N



(d) 25 N



12. If two balls each of mass 0.06 kg moving in opposite direction with speed of 4 m s–1 collide and rebound with same speed, then the impulse imparted to each ball due to other is (a) 0.48 kg m s–1



(b) 0.53 kg m s–1



(c) 0.81 kg m s–1



(d) 0.92 kg m s–1



13. An object will continue moving uniformly when (a) the resultant force on it is increasing continuously (b) the resultant force is at right angles to its rotation (c) the resultant force on it is zero (d) the resultant force on it begins to decrease 14. A man is at rest in the middle of a pond of perfectly smooth ice. He can get himself to the shore by making use of Newton’s (a) First law



(b) Second law



(c) Third law



(d) All the laws



15. A cannon after firing recoils due to (a) Conservation of energy (b) Backward thrust of gases produced



(a) 0.25 m s–1



(b) 25 m s–1



(c) Newton’s third law of motion



(c) 2.5 m s–1



(d) 250 m s–1



(d) Newton’s first law of motion
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16. The force exerted by the floor of an elevator on the foot of a person standing there, is more than his weight, if the elevator is (a) going down and slowing down (b) going up and speeding up (c) going up and slowing down (d) either (a) and (b) 17. When an elevator cabin falls down, the cabin and all the bodies fixed in the cabin are accelerated with respect to (a) ceiling of elevator (b) floor of elevator (c) man standing on earth (d) man standing in the cabin 18. The tension in the cable of 1000 kg elevator is 1000 kg wt, the elevator (a) is ascending upwards (b) is descending downwards (c) may be at rest or accelerating (d) may be at rest or in uniform motion 19. Consider an elevator moving downwards with an acceleration a, the force exerted by a passenger of mass m on the floor of the elevator is (a) ma (b) ma – mg (c) mg – ma (d) mg + ma 20. An object of mass 10 kg. moves at a constant speed of 10 ms–1. A constant force, that acts for 4 sec on the object, gives it a speed of 2 ms–1 in opposite direction. The force acting on the object is (a) –3 N (b) –30 N (c) 3 N (d) 30 N 21. A body of mass 4 kg moving on a horizontal surface with an initial velocity of 6 ms–1 comes to rest after 3 seconds. If one wants to keep the body moving on the same surface with the velocity of 6 ms–1, the force required is (a) Zero (b) 4 N (c) 8 N (d) 16 N 22. A car travelling at a speed of 30 km/h is brought to a halt in 4 m by applying brakes. If the same car is travelling at 60 km/h, it can be brought to halt with the same braking power in (a) 8 m (b) 16 m (c) 24 m (d) 32 m 23. A force time graph for the motion of a body is shown in Fig. 3.33. Change in linear momentum between 0 and 8s is



24. A constant force F = m2g/2 is applied on the block of mass m1 as shown in Fig. 2.34. The string and the pulley are light and the surface of the table is smooth. The acceleration of m1 is



F



m2 m g



2 (a) 2 (m m ) towards right 1 2



m g



2 (b) 2 (m m ) towards left 1 2



m g



2 (c) 2 (m m ) towards right 2 1



m g



2 (d) 2 (m m ) towards left 2 1



25. A force of 10 N acts on a body of mass 20 kg for 10 seconds. Change in its momentum is



1.



(b) 100 kg m/s



(c) 200 kg m/s



(d) 1000 kg m/s



Which of the following statements are true? (a) When the mass of a body is doubled then the momentum of a body is also doubled, provided the body maintains the same velocity (b) We feel pain in the hand on hitting the wall, this is a consequence of Newton’s third law of motion. (c) A table cloth can be pulled from the table without dislodging the dishes. This is due to inertia of rest. (d) Momentum is a vector quantity.



2. 1 2



4



6



7



2



(a) zero (c) 8 Ns



(a) 5 kg m/s



DIRECTIONS : This section contains multiple choice questions. Each question has 4 choices (a), (b), (c) and (d) out of which ONE OR MORE may be correct.



F (N)



0



m1



8



x t (s)



Which of the following statements are correct regarding linear momentum of a body? (a) It is measure of quantity of motion contained by the body (b) Change in momentum is the measurement of impulse (c) Impulse and acceleration act in same direction to the change in momentum



(b) 4 N-s (d) None



(d) In case of uniform circular motion, the linear momentum is conserved
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3.



Two similar buses are moving with same velocity on a straight road. One of them is empty and the other is loaded with passengers (a) Both buses are stopped by the application of same force (b) Loaded bus will be stopped by applying large force (c) Loaded bus will be stopped by applying less force



DIRECTIONS : Fill in the blanks in the following passage(s) from the words given inside the box. I.



(d) Empty buses will be stopped by applying less force and loaded bus will be stopped by appplying large force. 4.



(a) the material used in car is inferior than the material used in truck. (b) car experience the greater force of impact than the truck.



(d) momentum transferred to the car is greater than the momentum transferred to the truck. 5.



Choose the correct options (a) An object of mass 10g acquires a speed of 100m/s after 1 second. If the force acting on the object is constant, its magnitude will be 1N. (b) If a force of 2.5N acts on a body of mass 0.5 kg, then the acceleration produced in the body would be 5 m/s2. (c) An object of mass 10g acquires a speed of 100m/s after 1 second. If the force acting on the object is constant, its magnitude will be 2N. (d) If a force of 2.5N acts on a body of mass 0.5 kg, then the acceleration produced in the body would be 2.5 m/s2.



6.



7.



Which of the following action cannot be describes as pushing by a body ? (a) kicking



(b) lifting



(c) picking



(d) opening



directly



mass



kgms–1



force greater



momentum



velocity



motion



Momentum is the measurement of the –––1––– of a body. When a –––2––– acts on a body, the –––3––– of the body changes. Larger the force, –––4––– will be the change in momentum. The rate of change of momentum is –––5––– proportional to the applied force. Momentum of a body is dependent upon –––6––– and –––7––– of a body. It is a –––8––– quantity. Its SI unit is –––9–––.



A large truck and a car, both moving with a velocity of same magnitude have a head-on-collision. Car suffers more damage than the truck. This is because



(c) momentum transferred to the truck is greater than the momentum transferred to the car



vector



II.



two



physical



reaction



pairs



equal



force



For every action there is an –––1––– and opposite –––2–––.” This is called Newton’s third law of motion. We often observe this law in our day to day activities. We apply a force on a body, body also exerts a –––3––– on us in ––4–––– direction. Hence, it is called reaction of the body. Thus we find that forces always exist in ––5––––. Action and reaction do not act on the same body. It involves –––6– –– bodies. Hence, they do not cancel each other. It is not necessary that two bodies should have ––7–––– contact. III. downwards zero gravity



perpendicular



mgsin



horizontal



mgcos



When a block of wood is placed on an inclined plane, having angle with the –––1–––. The force acting on the block is the force due to –––2––– acting vertically –––3–––. This force has two components



R



Choose the correct options (a) A force is applied to an object in the direction of its motion. The speed of object will increase (b) If no force acts on a body it will either remain in rest or move in a straight line



opposite



mgcos s co g m



W=mg



(c) Friction force can change speed of an object (d) None of these 8.



Incorrect statements related to the force of friction between two bodies is/are



one along the plane equal to –––4–––



(a) parallel to contact surface



and the other –––5––– to the plane = mgcos



(b) perpendicular to contact surface (c) inclined to contact surface



If the block slides down the plane and has no motion perpendicular to the plane then the force in perpendicular



(d) a non contact force



direction is –––6–––.
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DIRECTIONS : Study the given passage(s) and answer the following questions. PASSAGE Two masses m1 (= 5 kg) and m2 (= 8 kg) are hanging by an inextensible and massless string on a massless pulley. The system is released from rest. 1. The acceleration of mass m1 is m2 (a) 2.3 m s–2 (b) 4.2 m s–2 (c) 3.8 m s–2 (d) 5.2 m s–2 2. The acceleration of mass m2 is (a) 4.2 m s–2 (b) 2.3 m s–2 –2 (c) 3.8 m s (d) 4.6 m s–2 3. The tension in the string is (a) 50.5 N (b) 56.2 N (c) 61.5 N (d) 65.4 N



DIRECTIONS : Each question has four statements (A, B, C and D) given in Column I and five statements (p, q, r, s and t) in Column II. Any given statement in Column I can have correct matching with one or more statement(s) given in Column II. Match the entries in column I with entries in column II. 1. (A) (B) (C) (D)



m1



2.



Column I Action & Reaction Impulse Force Momentum



(p) (q) (r) (s) (t)



Column I (A) Increased time



(p)



(B) Stopping distance (C) Inertia (D) Rebounding mass



(q) (r) (s) (t)



3. DIRECTIONS : Each of these questions contains an Assertion followed by Reason. Read them carefully and answer the question on the basis of following options. You have to select the one that best describes the two statements. (a) If both Assertion and Reason are correct and Reason is the correct explanation of Assertion. (b) If both Assertion and Reason are correct, but Reason is not the correct explanation of Assertion. (c) If Assertion is correct but Reason is incorrect. (d) If Assertion is incorrect but Reason is correct. 1. Assertion : The acceleration produced by a force in the motion of a body depends only upon its mass. Reason : Larger is the mass of the body, lesser will be the acceleration produced. 2. Assertion : If the next external force on the body is zero, then its acceleration is zero. Reason : Acceleration does not depend on force. 3. Assertion : A rocket works on the principle of conservation of linear momentum. Reason : Whenever there is change in momentum of one body, the same change occurs in the momentum of the second body of the same system but in the opposite direction. 4. Assertion : An object can move with constant velocity if no net force acts on it. Reason : No net force is needed to move an object with constant velocity. 5. Assertion : Inertia of an object of mass 10 kg is greater than the inertia of an object of mass 5 kg. Reason : Inertia is inversely proportional to the mass of an object.



(A) (B) (C) (D)



Column I 105 dyne 1 kg f Impulse 1 kg m/s



(p) (q) (r) (s) (t)



Column II Rate in change of momentum Vector On two different bodies In opposite direction Force for a very short time Column II Double the momentum change Retarding force Lesser force Leaves detached from the tree Inability to change the direction Column II 103g ms–1 Ns 103 gf 9.8 N 1N



DIRECTIONS : Answer the following questions. 1. 2.



As you are leaping upward from the ground, how does the force that you exert on the ground compare with your weight? Two 100-N weight are attached to a spring scale as shown. Does the scale read 0 N, 100 N, or 200 N, or does not it give some other reading? (Hint : Would it read any differently if one of the ropes were tied to the wall instead of to the hanging 100-N weight?)



100N



3.



4.



100N



You hold an apple over your head. (a) Identify all the forces acting on the apple and their reaction forces. (b) When you drop the apple, identify all the forces acting on it as falls and the corresponding reaction forces. What is the net force on an apple that weights 1 N when you hold it at rest above your head? What is the net force on it when you release it?
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5. 6.



7.



Why can you exert greater force on the pedals of a bicycle if you pull up on the handlebars? If the earth exerts a gravitational force of 1000 N on an orbiting communications satellite, how much force does the satellite exert on the earth? The strong man will push apart the two initially stationary freight cars of equals mass before he himself drops straight to the ground. Is it possible for him to give either of the car a greater speed than the other? Why or why not?



Suppose two carts, one twice as massive as the other, fly apart when the compressed spring that joins them is released. How fast does the heavier cart roll compared with the lighter cart? 9. Two people of equal mass attempt a tug-of-war with a 12 m rope while standing on frictionless ice. When they pull on the rope, each person slides towards the other. How do their accelerations compare and how far does each person slides before they meet? 10. A stone is shown at rest on the ground. (a) The vector show the weight of the stone. Complete the vector that results in zero net force on the stone. (b) What is the conventional name of the vector you have drawn?



13. When a bird alights on a streched power line wire, does the tension in the wire change? If so, is the increase more than, less than, or about equal to the bird’s weight? 14. If you simultaneously drop a pair of tennis balls from the top of a building, they strike at the ground at the same time. If one of the tennis balls is filled with lead pellets, will it fall faster and hit the grond first? Which of the two will encounter more air resistance? Defend you answers. 15. You tell a friend that the acceleration of a skydiver decreases as falling progresses. Your friend then asks if this means that the skydiver is slowing then asks if this means that the skydiver is slowing down. What is your response? 16. The photo shows Steve Hewitt and his daughter Gretchen. Is Gretchen touching her dad, or is he touching her? Explain.



8.



11. Here a stone at rest is suspended by a string. (a) Draw force vectors for all the forces that act on the stone. (b) Should your vectors have a zero resultant? (c) Why, or why not?



17. Here is a stone is being accelerated vertically upward. (a) Draw force vectors to some suitable scale showing relative forces acting on the stone. (b) Which is the longer vector, and why? 18. A machine gun fires ‘x’ bullets per sec into a target. Each –1 bullet weighs ‘m’ kg and has a speed of ‘y’ ms . Find the force necessary to hold the gun in position. 19. When a bird lets go of a branch and drops to the ground below, why doesn’t the moving earth sweep away from the dropping bird? 20. If the forces that act on a cannon ball and the recoiling cannon from which it is fired are equal in magnitude, why do the cannonball and cannon have very different accelerations? 21. Which of the highlighted objects shown in figure are freely falling (or very nearly so) ? Give reason.



Frictionless 12. Here is the stone at rest, interacting with both the surface of the incline and the block. (a) Identify all the forces that act on the stone and draw appropriate force vectors. (b) Show that the net force on the stone is zero. (Hint 1 : There are two normal forces on the stone. Hint 2: Be sure the vectors you draw are for forces that act on the stone, not on the surface by the stone.



(a)



(d)



(b)



(c)



(e)



(f)
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6.



The acceleration is directly proportional to force and not inversely related.



7.



The net force will be F1 – F2 = 10 N – 4 N = 6 N



8.



For an object of 10 N (the unit suggests it is its weight) the net force is given by F = mg = 10 N.



1. 2.



4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14.



net external force 105 m2 a2 m1 direction external force total momentum acceleration backwards law of conservation of linear momentum zero not possible g cm/sec inertia unbalanced



1. 5. 9.



True True False



1. 2. 3. 4.



(A) – (s); (A) – (s); (A) – (r); (A) – (s);



1.



If no external force is acting on a system, the total momentum of the system remains conserved No



3.



2.



2. True 6. True 10. False (B) – (p); (B) – (r); (B) – (s); (B) – (r);



3.



m1a ms m2



2



4.



F kg m aV



3



3. 7.



(C) – (q); (C) – (p); (C) – (p); (C) – (p);



True False



9.



No, if two bodies A and B are within a system, then their mutual forces are equal and opposite and cancel each other so that they do not affect the acceleration of the system.



10. Action and reaction pairs of forces cancel each other when they act within a system. 11.



It is the Newton’s third law which is inferred when we say that we cannot touch without being touched.



1.



A bear with a mass of 400 kg slides down a tree with a constant velocity. Since velocity is constant so net acceleration of the body = 0, due to balancing of weight force by frictional force. The weight force (Fw) is given by mg where g is acceleration due to gravity = 9.8 m/s2.



4. 8.



This is equal to frictional force, Ff



False True



So



Fw = Ff Ff = mg = 400 × 9.8



(D) – (r) (D) – (q) (D) – (q) (D) – (q)



= 3920 N. Hence, frictional force on the bear is = 3920 N. 2.



Two horizontal forces are acting on a cart in opposite directions as shown below



Thus the net force is, F1



F2 = 600 – 400 = 200 N



This net force is in the forward direction. This force produces acceleration in the forward direction. Hence to produce nonaccelerated motion, an equal and opposite force must be applied to make the net force on the cart zero. Thus, required force = 200 N in the backward direction.
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3.



We are given a mass of 2 kg resting on the horizontal surface. It is pushed by a 20 N force and opposed by a 12 N frictional force as depicted in the figure below.



The two forces are opposite in direction so that the net force on the mass is = force of push – force of friction = 20 N – 12 N = 8N We know that by Newton’s 2nd law, acceleration of a body = a =



4.



25 N



a=



7.



8.



a = 5.



28 N 4 kg



9.



= 7 m/s2



Thus the mass accelerates with 4 m/s2 in forward direction. By Newton’s second law, acceleration =



mass of jet 120000



= 4 m/s2 30000 Acceleration of the jumbo jet in take off is 4 m/s2. The mass of the firefighter sliding down a pole = 80 kg The weight force = mass × acceleration due to gravity = m×g = 80 × 9.8 = 784 N. The acceleration of the firefighter



force



mass A mass of 1 kg experiences an acceleration of 1 m/s2 under a force of 1 N using above formula. For a mass of 2 kg, under a force of 2 N, acceleration will be given by



acceleration =



6.



total force on jet



acceleration =



force mass



force



mass = mass× acceleration = 100000 × 2 = 200000 N The force on the rocket due to engines is 200000 N. The mass of the jumbo jet = 30000 kg Thrust of each engine of the jet = 30000 N. Since there are four engines in the jet, hence total thrust on the jet = force of each engine × no. of engines = 30000 × 4 = 120000 N. By Newton’s 2nd law, the acceleration of the jet will be given by



acceleration =



The net force on the mass = 40 – 12 = 28 N This force will produce an acceleration in the mass given by Newton’s 2nd law, acceleration =



=



force Force on the rocket



m ass of the body



= 4 m/s2 2kg Thus, the mass accelerates at a rate of 4 m/s2 in the forward direction. A force of 40 N acts on a 4 kg mass in horizontal direction. The opposing force is force of friction 24 N as shown in figure



= 0.25 m/s2 The astronaut recedes from the spaceship at the rate of 0.25 m/s2. The mass of the rocket = 100000 kg The acceleration of the rocket = 2 m/s2. Newton’s 2nd law gives us the relation, acceleration



net force on the body



8N



100 kg



force



2N



= 1 m/s2 2 kg mass Thus the mass of 2 kg accelerates by 1 m/s2 under a force of 2 N. The mass of the astronaut = 100 kg Force generated by the propulsion unit by a spurt = 25 N The acceleration produced will be given by Newton’s 2nd law. acceleration =



force mass



=



The net force on the firefighter while sliding down is given by Newton’s 2nd law as, net force = mass × acceleration = 80 × 4 = 320 N. While sliding down, the firefighter experience two forces (1) weight force in downward direction (2) friction force in upward direction. These two forces act in opposite direction and their difference gives us the net force in downward direction, i.e., net force = weight force – force of friction or, force of friction = weight force – net force force of friction = 784 – 320 = 464 N. The frictional force on the firefighter is 464 N in upward direction.
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We are standing on a skateboard and pushing the wall. The wall in turn pushes us back. These two forces form an actionreaction pair. By Newton’s third law these two forces are equal and opposite of each other. This means that the wall pushes us with an equal amount of force = 30N in a direction away from the wall.



vg =



=



The second force is F2 = 4N acting in horizontal direction. These two force form two adjacent sides of a rectangle and their resultant force ‘F R ’ can be calculated using parallelogram law of vectors as 2



FR = =



F1 3



2



F2 4



2



2



The ground speed of the aeroplane is150km/hr.



2.



Consider two hard and smooth balls A and B of masses mA and mB are travelling along a straight line in the same direction with velocities uA and uB respectively. If uA > uB and no other external unbalanced force is acting on them, then ball A collides with B. Let collision lasts a time t and during collision ball A exerts a force FAB on ball B. In turn ball B exerts a force FBA on ball A. Let vA and vB be the final velocities of two balls after collision. mA



FR = =



22500



= 150 km/hr



12. Let us assume that there is a mass ‘m’ = 5 kg which is acted upon by two forces at right angles to each other as shown in figure. The first force is F1 = 3N acting in vertical direction.



14400 8100



9 16



uA



mB



A uB FBA



before collision (a)



25 = 5 N



A net force of 5 N acts on the mass at an angle inclined to



B



FAB



mA



vA



mB



vB



after collision



(b)



(c)



Hence during collision, change in momentum of ball



it.



A = mAvA – mAuA



Now by Newton’s second law acceleration of the mass =



force on the mass mass of the body



and rate of change in momentum of ball mA (v A – u A ) A= t Similarly, the rate of change of momentum of



5N



acceleration =



= 1 m/s2 5 kg The mass will accelerate at a rate of 1 m/s2. 13. The aeroplane is flying at a speed vp= 120 km/hr The cross wind blows at a speed vw = 90 km/hr



B=



vg



120



According to Newtons’s third law of motion, Force exerted by balls A and B (action force) = – Force exerted by ball B on A (reaction force) Substituting values of F AB and FBA in (ii) and (i), respectively, we get mB ( v B – u B ) mA (v A – u A ) =– t t



90 vw The direction of wind is perpendicular to the aeroplane (crosswind) represented in fig. The resultant velocity of aeroplane with respect to the ground is v g given by parallelogram law as diagonal of the rectangle formed by vectors vp and vw and calculated as vg = =



vw



(90)



vp 2



2



(120)



...(ii)



FAB = – FBA



vp



2



mB ( v B – u B ) t



...(i)



2



or



mBvB – mBuB = – (mAvA – mAuA) mBv B + mAv A = mBu B + mAu A



total momenta of balls A and B after collision = total momenta of balls A and B before collision From this we conclude that in the absence of an external unbalanced force acting on a system (i.e., for an isolated system) total momentum of the system remains conserved and does not change due to their mutual (internal) actionreaction forces.
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II.



(1) equal (2) reaction (3) force (4) opposite (5) pairs (6) two (7) physical III. (1) horizontal (2) gravity (3) downwards (4) mgsin



1. 5. 9. 13. 17. 21. 25.



1. 3. 5.



(b) 2. (b) 3. (a) (d) 6. (b) 7. (a) (c) 10. (d) 11. (a) (c) 14. (c) 15. (c) (c) 18. (d) 19. (c) (c) 22. (c) 23. (b) (b) Change in momentum = F × t = 10 × 10 = 100 Ns or 100 kg. m/s



4. 8. 12. 16. 20. 24.



(c) (d) (a) (b) (c) (b)



(a, b, c, d) 2. (a, b, d) (b, d) 4. (b, d) (a,b) (a) Given : Mass m = 10 g = 10–2 kg Final speed, v = 100 m/s Initial speed, u = 0, Time, t = 1 second Acceleration, a =



v u = 100 m/s2 t



Force, F = ma = 10–2 × 100 = 1N (b) Force = 2.5 N, mass of body = 0.5 kg. Force = mass × acceleration Acceleration = 6. 7.



8.



I.



Force mass



(2) force (6) mass



perpendicular



(6) zero



Ans. The free body diagram is as follows . For mass m1 T – m1 g = m1 a ....(1) For mass m2 T T m2 g – T = m2 a ....(2) T T a a Solving (1) & (2), we get m2g m1g (m2 m1 ) a g m2 m1



2m1 m2 g m1 m2 Putting the given values, we get a = 2.3 m/s2 and T = 61.5 N



and T



1. 5.



(a) (c)



2.



(c)



3.



(a)



4.



1. 2. 3.



(A) – (r, s); (B) – (q, t); (C) – (p, q); (D) – (q) (A) – (r); (B) – (q); (C) – (s, t); (D) – (p) (A) – (t); (B) – (r, s); (C) – (q); (D) – (p)



(a)



2.5 = 5 m/s2 0.5



(b,c,d) Kicking is a pushing action while all others are pulling action. (a,b,c) (a) Since the force is in the direction of motion, the speed of object will increase. (b) Force is required for a, b & d. In absence of a force an object will either remain at rest (static object) or move in a straight line (moving object). (c) Friction force between two surfaces tends to decrease the speed of a moving object. (b,c,d) A force of friction is parallel to the contact surfaces and acts in a direction to opposite of the motion.



(1) motion (5) directly (9) kgms–1



(5)



(3) momentum (4) greater (7) velocity (8) vector



1.



When we stand on the ground our weight force (action) is balanced by push of the ground on our feet (reaction) so that we stand straight with no movement (action = reaction, R = mg) as shown in fig 1. When we leap upward, our feet apply some push against the ground before jumping up. This is the action force which is greater than our weight force. An equal and opposite reaction force is applied by the ground on our feet in upward direction. This reaction force is equal to the downward force (or push) and is greater than our weight hence we leap upward from the ground (R > mg) as shown in fig 2.
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When two weights are attached to a spring scale then the forces acting on the strings of the scale are as shown in fig.
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4.



5.



Both the 100 N mass have downward force acting on them due to their weight which pulls the string in downward direction. The reaction force is a force of tension in the string in upward direction. This force of tension acts on both ends of the spring scale and pull is apart as they are in opposite direction. The total force on the spring scale would be given by T1 – (– T2) = T1 + T2 = 100 N + 100 N = 200 N



6.



(as T1 and T2 are in opposite directions so they add up) This 200 N would be the reading shown in the scale. 3.



(a) In figure, it’s shown that when we hold an apple over our head then gravitational pull acts on it. This action force is in the form of the weight of the apple pushing our head in the downward direction = mg. The reaction force is the push exerted by our head on the apple in the upward direction = R. These two action and reaction forces act at the point where the apple is in contact with our head and are equal in magnitude and opposite in direction i.e., R = mg so that the apple rests on our head. (b) When the same apple falls through air then its weight force pulls it in downward direction. This is the action force = mg. i.e. weight of the apple. The reaction force here is the pull of the apple on the earth. The earth will accelerate upward under this reaction but due its large mass this acceleration is not noticeable in upward direction. The other force is air resistance which opposes the fall of the apple it be given by Ra. In reaction to the air resistance the ball pushes the air molecules aside.



7.



When the apple rests on our head its weight force is balanced by the reaction force of our head on the apple. The weight force of the apple is in downward direction and reaction force of our head is in upward direction. These two forces are equal and opposite and cancel each other so that there is no net force on the apple. When the apple is released it falls under the gravitational pull of the earth. Initially, when the apple is released the air resistance on it is negligible so that the net force on the apple is its weight force acting in the downward direction and equal to 1N. To push the pedals of a bicycle we apply pressure with our feet in forward direction. As a reaction to this the upper part of our body moves back. When we pull the handlebars of the cycle (action), the reaction force of the handlebar pull us back towards itself and we tend to lean forward. As a result we can reapply more force on the pedals of the bicycle and push them further without loosing our balance. If we did not pull on the handlebars then the act of pushing the pedals would have made our body fall back. To cancel this reaction which forces us to fall backward we use the forward pull (reaction force) of the handlebars. An orbiting communication satellite orbiting the earth is in a state of free fall under gravity. This means that the earth’s gravitational force pulls the satellite towards itself and provides it the necessary centripetal force to keep it in orbit. This force is equal to the weight of the satellite = 1000 N and may be called as the action force of earth on the satellite. An equal and opposite reaction force is applied by the satellite on the earth which tends to pull it towards the satellite. The magnitude of this force = 1000 N and would be directed towards the satellite.



The two freight cars are of equal mass. The strong man applies force on one of them (action) in air then that freight car would react by applying same amount of force on the man. Since the man is in air his reaction force would be transferred to the second freight car as an action force and push it by the same amount. In any case the acceleration of both the cars would be same as the man himself is suspend in air and does not accelerate. So whatever action-reaction pair of forces is developed, they act on the freight car only and since their masses are same, therefore their accelerations and speeds would also be the same. As the action on one car by the man is equal to the reaction on the other car therefore it will not be possible for the man to give either of the cars a greater speed than the other. A difference in speeds can arise only if the two freight cars are of different masses. In such a case the heavier freight car would accelerate less and have lesser speed and the lighter car would have greater speed since acceleration is inversely proportional to mass.
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8.



10. (a) The two carts have masses say m and 2m respectively when the compressed spring is released then the carts are pushed apart. The two carts are connected by the same spring so the action force of the spring on one mass would produce an equal and opposite reaction force on the other. The two carts therefore move away in opposite direction under equal force. We know that acceleration is inversely proportional 1 to mass i.e, a m Let the accelerations of the two carts be a1 and a2 and their masses be m1 and m2 respectively where



The figure shows a stone resting on the ground. The net force on the stone is zero as its acceleration is zero. One of the force that acts on stone is the weight force of the stone, due to earth’s gravitational pull, acting in the downward direction. This force acts on the ground and pushes it down. As a reaction to this force the ground also exerts an equal and opposite force on the stone in the upward direction. As a result the two forces cancel and no net force acts on the stone. The force vectors can be represented as shown in figure.



m1 = m and m2 = 2m (given) 1



a1



m1 1



a2 a1 a2



and



m2



=



m2 m1



=



2m m



a1 = 2a2 or,



a2=



(b) The downward weight force is balanced by an upward force. This upward force is conventionally called reaction force of the ground that prevents the ground from sinking and keeps the stone at rest. It acts normal to the surface of the ground. 11.



a1



The various force vectors that act on the stone are shown in the figure.



2 This means that cart twice as massive has half the acceleration as compared with the other.



9. Since the two people pulling each other in a tug-of-war are of equal mass, and the ground is frictionless, this means that they both exert equal and opposite force on each other. Assuming that the rope does not extend or slag in length then the action-reaction pair of forces which are formed by the pull of both persons would accelerate both of them towards each other with equal magnitude no friction is present to retard their motion. This means that both persons slide towards each other with same speed and same distance (acceleration



1 m



is same for both). Hence they would meet



each other after sliding equal distances from their initial positions. This means they would meet at the centre of the rope length i.e, they meet after sliding 6m from each side at the centre of the rope.



T = tension in the string mg = weight of the stone T = mg Net force = 0 (a) There is a downward force of weight of the stone given as mg where m is mass of the stone and g is acceleration due to gravity. This weight force pulls the stone down and so the string attached to it also experiences a pull in the downward direction. The string in turn pulls the fixed wall to which it is attached in downward direction. the fixed wall as a reaction to this pull (weight of stone) pulls the string back in upward direction. This pull is expressed in form of tension in the string. This tension or stretching force acts in upward direction and is said to be a force exerted by the fixed point of suspension on the stone.
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(b) Since the stone is at rest and shows no acceleration this means that there is no net force on the stone. This happens because the tension and weight force are equal and opposite. They both cancel each other and net force on stone is zero. That is, T = mg and Fnet = T – mg = 0 acceleration of the stone a = 0. Therefore resultant of two vectors is zero. (c) The stone suspended by the string shows no motion which means its acceleration is zero and net force is also zero. This happens because downward weight force is balanced by upward tension in the string. Since these two forces are action and reaction forces hence they cancel each other and give the resultant force as zero. Fr



R



R Fa



Fr



Fa =Fnet = Fr



Fr



90°



Fa = Fr



Fa



12.



mg Fig.



R



Fig.



mg



Fnet = Fa



Fig.



= reaction force of surface on stone



mg = weight force of stone Fnet = resultant force of R and mg Fa



= force of action of stone on block



Fr



= force of reaction of block on stone



(a) Here the stone sliding on a frictionless surface is stopped by a block so that the stone is at rest. The various forces that act on the stone are (1) weight of the stone acting in a vertically downward direction and represented by ‘mg’. (2) the normal reaction of the surface to its weight force acting perpendicularly upward from the surface on the stone and represented by vector R. These two forces form two adjacent sides of a parallelogram and their resultant is the diagonal of the parallelogram given by vector Fnet. This resultant force acts as the action force ‘Fa’ on the block due to the push of the stone. As a reaction to this the block pushes the stone by an equal and opposite force represented by Fr.



13.



In figure 1, the stretched power line wire is shown which experiences pull due to the two poles between which it stretches. The forces of tension on the wire due to the two poles is equal and opposite. Hence there is no net force on the wire. But when a bird sits on the wire, the weight of the bird = mg pushes the wire down as shown in fig. In reaction the wire exerts a force ‘T’ on the bird in upward direction. This force T can be resolved into two components T1 and T2 as shown in figure. These two component forces of tension exert a pull at the point where the wire is connected to the pole and hence bends the wire. The net tension on the wire has increased by an amount T = mg which is the weight of the bird. 14. The two forces on the tennis balls are acceleration due to gravity and air resistance. Acceleration due to gravity is same for both the balls. Air resistance depends on speed and surface area. Since the two balls have same acceleration then at any instant of time their speeds would be the same. Also their surface areas are same as they are identical. None of the above forces depend on mass of the balls. This means that at any time during their fall the two balls experience the same forces (gravity and air resistance) so their net acceleration and speeds would be same at any point of time. Therefore they hit the ground at the same time irrespective of their mass. 15. The acceleration of a skydiver decreases as falling progresses because as the diver accelerates downwards its velocity increases rapidly and so does the air resistance offered to it. (because air resistance is proportional to velocity of falling body.) This increasing air resistance opposes the fall of the body and decreases its acceleration. Now acceleration is rate of change of velocity with time. This implies when acceleration of the diver decreases then the rate at which velocity is increasing decreases. This means that the rate of increase in speed is slowing down but the diver himself is not slowing down. His speed will keep on increasing during his fall but at a lesser rate than before. 2



For example if acceleration of the diver is 10 m/s ( g ) then after every second his speed would increase as 10 m/s, 20 m/s, 30 m/s, 40 m/s, 50 m/s and so on. 2



2



(3) This reaction force of the block on the stone is the third force acting on the stone



If the acceleration is decreasing from 10 m/s to 5 m/s after 2 sec then speed increase after every second would be 10 m/s, 20 m/s, 25 m/s, 30 m/s and so on.



(b) As the action-reaction forces cancel i.e, Fa = Fr hence there is no net force acting on the stone and it is therefore in a state of rest.



This means the value of speed increases slowly if acceleration decreases but speed itself is not decreasing with time.
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16. In the photo, the father and the daughter are touching each rd other. By Newton’s 3 law, all forces occur in pairs and to every action there is an equal and opposite reaction. Hence, the father when touching the daughter is in return being touched by the daughter and vice versa. The two actions cannot occur independently i.e, you cannot touch without being touched. So we cannot say who is touching whom but we can say that both are touching each other. 17. (a) If the same stone is accelerated in upward direction then the net force on the stone is not zero.



Since the stone is accelerated upward by an acceleration ‘a’ which is non-zero thus an external force must be acting on the stone from the point of suspension which pulls it up. Let this force be represented by ‘Fa’. This force Fa which accelerates the stone upward is greater than the downward force of weight ‘mg’ of the stone. Only then can it produce a net upward.



Fa > mg



Fa – mg = Fnet



To represent these forces let us consider an arbitrary scale where stone is represented by a point ‘O’ and the forces on it are given by ‘Fa’ and ‘mg’. Since Fa > mg and Fa acts in upward direction and mg acts in downward direction, let us consider Fa = 2 cm and mg = 1.5 cm So that Fnet = Fa – mg = 0.5 cm on our scale where choice of magnitude of Fa and mg are relative (chosen by us). (b) We know that the stone accelerates in upward direction thus the magnitude of the force acting in upward is greater than magnitude of force acting in downward direction, that is why the force vector in upward direction is longer than the force vector in downward direction.



18. (mxy) N 19. We apply the concept of inertia to the bird-earth system and see that initially the



earth, the tree, its branch and the bird are all in sideways motion due to earth’s rotation. When the bird leaves its branch and falls vertically downwards, no external force is acting on it hence, the sideways motion of the bird will also continue due to inertia. As a result the bird drops down to the ground without the earth sweeping away from the bird. 20. The forces that act on the cannon and cannon ball are equal in magnitude as they are action and reaction forces. However, the cannon and the cannon ball have different masses so their accelerations are different. This is because acceleration F 1 is inversely related to mass. i.e., a or a . Even m m though the forces are equal but the mass of the cannon is greater so its acceleration is lesser and it moves back a little from its original position on firing. On the other hand, the cannon ball is much lighter in comparison to the cannon so it has greater acceleration and it moves ahead with great speed (see figure)



(Cannon ball) (Cannon)



21. Only (b) as the object falls with acceleration due to gravity (g) only.
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