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NEWTON’S LAW OF MOTION SYLLABUS Newton’s law of motion, Inertial and uniformly accelerated frames of reference; Static and dynamic friction.



INERTIA : . The property by virtue of which a body retains its state of rest or uniform motion along a straight line in absence of external force is called inertia.



MASS : It is the measure of translational inertia i.e larger the mass, greater the inertia of a body and to change its state a greater external force has to be applied.



NEWTON'S FIRST LAW : If the net force acting on a body in a certain direction is zero, then the inertia of the body in that direction is retained. i.e. if the body is at rest it will not move and if it is moving with a constant speed in a certain direction it will not change either the direction or the magnitude of speed in that direction. The body will not accelerate in either of the cases.



FORCE : Broadly, forces can be divided into two categories  Field forces  Contact forces. Field forces are gravitational, electrostatic, electromagnetic etc., and contact forces are normal reaction, tension, friction etc. We will discuss a few of them, which are important in the present context. Gravitational force at a point is Mg where M is the mass of the body and g is the acceleration due to gravity at that point and it is directed towards the center of the earth. TENSION : (a) In a string: If a string is tied to a body and is taut then tension acts on the body. The number of tensions acting on the body is the number of segments joined to the body. The direction of the tension on the body is along the string away from the point of attachment to the body.
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ILLUSTRATION – 1 : Find the number of tensions acting on the body m, wedge M and the wall.



1



I



A 5



B
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M



2



m
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D



3



E F
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SOLUTION : Number of points of attachment to M is 3 Number of segments of thread attached to 1 is 2, Number of segments of thread attached to 2 is 2 , Number of segments of thread attached to 3 is 1 , So number of tension acting on M is 5 At 1. one horizontally right (A) and one down the inclined plane (B) At 2. one up the inclined plane (C) and one vertically down wards (D) At 3. one towards right E On the smaller block only one segment of thread is connected hence the tension is only one and is vertically upwards. On the wall there are two points of attachment 4 and 5 At 4. one vertically upwards G and one horizontally left F At 5. one horizontally leftwards I and the other vertically down kx wards H B) Tension in spring: In the spring, if the spring is extended then kx the tension is along the spring and away from the point of attachment to the body. And if the spring is compressed the tension is towards the point of attachment to the body. C) Tension in the rod: Tension in the rod is same as that in springs. NORMAL REACTION: It is a surface force. Normal reaction acts at right angles to the tangent at the point of contact between two bodies. They act on different bodies and are equal and opposite to each other.



N2 N1 `



N2



N1



FRICTION: The force which opposes relative motion between two surfaces in contact. It is a self adjusting force. It's magnitude and direction changes in relation to the magnitude and direction of the applied force. It is equal to the force applied on it parallel to the common surface as long there is no relative motion between the surfaces, i.e., when the bottom surface is static ⇒ a = 0 ILLUSTRATION – 2 : All the surfaces are rough. Find the direction of friction on M 1 , M2 2



M3 M1 M2



F
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and M3 as shown in the figure. SOLUTION : As force is applied on M 1, it will try to move towards right. Due to inertia M 3 and M2 will be at rest. Surface of M3 w.r.t M1 will be moving towards left. Therefore the force of friction acts on the mass M3 towards right. Looking from M 3 towards surface 31, its motion w.r.t M 3 is towards right. So, force of friction on surface 31 of M3 M1 is towards left. On M2 force of friction is towards f 31 f 31 M right. On surface 12 at M1 is towards left. 1 f 21 f 12 Free Body diagram :M2 A free body diagram consists of a diagrammatic representation of all the forces acting on a single body or a subsystem of bodies isolated from its surrounding. The forces may lie along a line, may be distributed in a plane ( Coplanar) or may be distributed in space ( non - coplanar). ILLUSTRATION – 3 : A thick book is pressed against a wall at the same time a horizontal force parallel to the wall is applied on the book. Find the direction of friction. SOLUTION : The forces that produce a tendency to make the body move are the weight of the book and the horizontal force. Therefore the resultant direction of motion will be along the direction of resultant force. So friction on the book will be opposite to the resultant force.



Friction



F



Mg



F



Resultan t



Mg



EQUILIBRIUM: If the net force acting on a body in a certain direction is zero, then the body continues to move with constant velocity in that direction or remains at rest in that direction. We say that the body is under translated equilibrium when



∑f ∑f



x



= 0 ⇒ax = 0



y



= 0 ⇒ay = 0



ILLUSTRATION – 4 : A block of mass M = 20 kg hangs by a cord from a knot of negligible mass, which hangs from a ceiling by means of two other light cords. What are the tensions in the cords? SOLUTION : Putting equilibrium condition along x-axis. F.B.D of k



Fx = T2 cos 53 - T1 cos 37 = 0 T2 cos 53 = T1 cos 37
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T2 =



4T1 3



………..(i)



530



Again putting equilibrium condition along Y- axis T1 sin 37 + T2 sin 530 - T = 0 and T - Mg = 0 ⇒ T1 sin370 + T2 sin530 = Mg



4 T1 (0.8) = 200 3 3.2 T1 (0.6 + ) = 200 3 200x 3 = 120N T1 = 5 4 T2 = T1 = 160 N 3 T1 (0.6) +



……… (ii)



370



M = 20kg



T1



K



T2



T



MOMENT OF A FORCE : The moment of a force (or) Torque about any point (or) axis →



is



→



given as cross product of position vector r and force vector F → →



τ = r xF



→



→



τ = r F Sinθ , where 'θ' is the angle between r andF τ = Fr ⊥



If the line of action of a force passes through the axis of rotation, its perpendicular distance from the axis is Zero. ∴ its Torque about that axis is Zero. If Σ τ = 0 , the body is under rotational equilibrium. ILLUSTRATION – 5 : ABCD is a square of side 2m and O is its centre. Forces act along the sides as shown in the diagram. Calculate the moment of each force about a) the point A b) the point O SOLUTION : Take clock wise moments as negative (a) Moment of forces about A. Magnitude of force 2N 3N 0 0 ⊥ar distance from A Moment about A 0 0 (b) Moment of forces about O Magnitude of force 2N 3N 1m 1m ⊥ar distance from O



4N 2m 8 Nm



5N 2m -10Nm



4N 1m



5N 1m
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Moment about O



+ 2N - m



- 3N- m



+4 Nm



-5Nm



MOMENTUM : →



→



Momentum is the measure of motion contained in a body. It is given by P = m V .  Where 'm' is the mass and V is the velocity of the body.



NEWTON'S SECOND LAW : First law tells us what happens to a body when no external force or zero force acts on it. Second tells us what happens to a body when an external force acts on the body. When a force or a net force acts on a body along a particular direction, then there occurs a change in the momentum of the body in that direction. The rate of change of momentum of body in that direction is equal to the applied force in that direction. →



→



d m v  → dP   = m dv = = ma F =   dt dt dt This implies that acceleration of the body is in the direction along which force is applied.



→



→



NEWTON'S THIRD LAW : For every force applied on a body by an agent, an equal and opposite force acts on the agent by the body. This is the law of action and reaction.



APPLICATIONS OF NEWTON’S LAWS OF MOTION : Although each problem based on Newton's laws requires a unique approach there are a few general rules that are applied in setting up the solutions to all such problems. A careful study of the illustrations can lead us to a convincing approach of solving problems. The basic steps are:  Clearly identify the body to be analyzed. There may be more than one body; If they have same acceleration in same direction they may be taken as a single system, otherwise they may be treated separately.  Identify the environment that exert force on the body e.g. surfaces, springs, cords, gravity etc.  Select a suitable inertial (non accelerating) reference frame   



Choose co-ordinate system of your convenience from the context of the problem. Take separate co-ordinate systems for different bodies and systems of bodies. Take the body as a point mass and put all the forces vectorially on that point. This makes the free body diagram of the body. Decompose the forces along the co-ordinate axes of the co-ordinate system And put Σ Fx = max Σ Fy = may where Σ Fx = sum of the x-components of all the forces acting on the body and ΣFy is the 5 Head Office : Balaji Towers : Z-21, Opp. Vishal Mega Mart, Zone-I, M.P. Nagar, Bhopal – 462 011. Ph. 4285066, 4274749, 4275672.
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sum total of the Y- components of all the forces acting on the body, accelerations of the body along the respective directions.



a x and ay are the



APPLICATION OF NEWTON’S FIRST LAW : ILLUSTRATION – 6 : A block of mass M is lying on a rough surface. The force F is applied on the block at an angle θ to the horizontal as shown in the figure. Find the normal reaction on the block and the force of friction on the block and hence net force on the surface of the block, if the block does not move.



F θ



M



SOLUTION : The tendency of motion is towards right, friction is towards left. Setting the co-ordinate axes as shown in the diagram and putting the equilibrium condition. Along X-axis Σ Fx = Fcosθ -fr = 0 ⇒



fr = Fcosθ



F.B.D.of the block F sin θ



N = Mg - Fsinθ The net surface force =



( N) 2 + ( f r ) 2



2



2



2



2



=



M g



=



M 2g 2 +F 2 −2Mg F sin θ



2



2



+F sin θ−2Mg F sinθ+F cos θ



X



fr



F cos θ Mg y



x



NEWTON'S SECOND LAW : ILLUSTRATION – 7 : On a smooth fixed wedge two masses M1 and M2 are lying as shown in the figure. Find the acceleration of the masses. SOLUTION : From F.B.D of M1 F B D of M1 (Assuming M1 moving downwards)



∑



FY = M1 g - T = M1 aY



Y



N



( Mg − F sinθ) 2 + ( F cosθ) 2



=



θ



……………. (1)



along Y-axis Σ Fy = Fsinθ + N - Mg= 0 ⇒



F



x



M2 M1



y



θ



F.B.D of M2 ------(1)



From F.B.D of M2



∑Fx = T − M 2g sinθ = M 2a x ∑FY = N − M 2g cosθ = 0



-------(2)
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⇒



N = M2 g cosθ -------(3) But as the masses are tied to the inextensible string, aY of mass M1 = ax of mass M2 = a M 1 g - T = M1 a T - M 2g sinθ = M 2a ---------------------------------------------------



Adding M 1g -



M 2g sinθ = a ( M 1 + M 2 )



-------------------------------------------------a= ⇒



g ( M 1 − M 2 sin θ) M1 + M 2



a is positive if M1 - M2 sinθ > 0; a is negative if M1 - M2 sinθ < 0 a=0



if M1 - M2 sinθ = 0



ILLUSTRATION – 8 : Two blocks M1 and M2 are placed on a smooth inclined surface in contact with each other and a force F parallel to the plane is applied on



M2



M1 F



M 1 . Find the



a) acceleration of the blocks, b) the contact force between the blocks.



θ



SOLUTION : We can consider M1 and M2 separately or together because they will have same common acceleration Now



{ F − ( M 1 + M 2 ) .g sinθ } = a = aX =



( M1 + M2)



aX



N



F.B.D of ( M 1 + M 2 ) F Y



X



F - gsinθ M1 + M 2



Considering separately, N '−M 2 g sin θ = M 2 a [ N' = contact force]



N ' = M 2 g sin θ + M 2 a



( M1 + M2 ) g



  F = M 2 g sin θ + M 2  − g sin θ  M1 + M 2 



=



M 2F M 1M 2g sinθ + M 22g sinθ + M 2F − M 2M 1g sinθ − M 22g sinθ = M1 + M 2 M1 + M 2
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F.B.D. of M1 N1



F



FBD of M 2



N2 Y



N'



x



x



Y N M 2g



M 1g = F - N' - M1 g sinθ = M1 a



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



FY = N1 - M1 gcosθ = 0 N1 = M1 g cosθ



------- (2)



FX = N' - M2g sin θ = M2 a



------- (3)



N2 - M2 g cosθ = 0 N2 = M2 g cosθ From (1) and (3) a=



------- (4)



F − ( M 1 + M 2 ) g sin θ M 2F and N'= M1 + M 2 M1 + M 2



CONSTRAINT RELATIONS : When two-particle move under certain conditions, a constraint equation is obtained. When two particles connected by an inextensible taut string and move, the components of the velocities parallel to the string must be same to avoid the breaking of the string. VA cosθA = VB cosθB When two bodies move B without losing contact with VBx each other, the components of VA VBy A the velocities perpendicular to θ the surface of contact must be same



VB θA



A



θB string



B



⊥r VA



90− θ



90− θ



VBx



θ surface of contact VBy



VA ⊥ = VB ⊥ ⇒ -VA sinθ = VBx sinθ - V By cosθ Another constraint relation is developed from the fact that the length of a string is constant which is used in pulley problems. constraint equation in velocities can be converted into constraint equation in displacements and accelerations also. In solving physics problems, if the number of equations developed is less than the number of variables assumed, immediately look for any constraint relationship available from the given conditions. 8 Head Office : Balaji Towers : Z-21, Opp. Vishal Mega Mart, Zone-I, M.P. Nagar, Bhopal – 462 011. Ph. 4285066, 4274749, 4275672.
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ILLUSTRATION – 9 : Two blocks A and B connected by a string and a pulley move on a smooth horizontal floor as shown in the figure. Develop the constraint equation between the velocities of the blocks and the pulley



A



P



Vp 600



450 VA



B SOLUTION : 300 VB Since the length of the string is constant, the rate at which the length of the string decreases between A and P must be equal to the rate at which the length of the string increases between P and B. Approach velocity of A = - Approach velocity of B ⇒ - VA cos 450 - VP cos 600 = VB cos300 + Vp cos 600



FRICTION As discussed earlier, it is the force which opposes the relative motion between two surfaces in contact and is a self adjusting force. Broadly the force of friction is of two types 1) Static friction 2) Kinetic friction.



STATIC FRICTION : Static friction is the frictional force which comes into play when there is no relative motion between surfaces, but there is a tendency for motion. It is a variable force. It increases with the force applied on the body, parallel to the surfaces in contact, to a certain maximum value called limiting friction.



PROPERTIES OF FRICTION : 



When there is no relative motion between two surfaces in contact,



then the static



→



and the component of the force → F that is applied on the body, parallel to the common surfaces balance each other. The force f s is equal to the component and directed opposite to the component of F. The magnitude of fs has a maximum value fs (max)= µsN, where µs is the co-efficient of static friction and N is the magnitude of the normal force on the body from the surface If the component of force applied exceeds the limiting value of friction then the relative motion between the surfaces begins. If the body begins to slide along the surface, the magnitude of the frictional force rapidly decreases to a value fk given by fk = µk N, where µk is the coefficient of kinetic friction. If the magnitude of the friction force frictional force f s
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plotted against the force is applied on the body parallel to the surface, we obtain a graph as shown. ILLUSTRATION – 10 : A force F is applied on the block as shown in the figure. For what maximum value of F a) applied on M b) applied on "m " both the blocks move together



µ



m



F



M



SOLUTION : (a) When F is applied on 'M' To make both the blocks move together both the blocks should have common acceleration. External force on the m is F a=



F M +m



But M is accelerated at a =



F by the frictional force acting on it. ( M + m)



For a maximum value of F, acceleration is also maximum and force of friction should also be maximum ⇒ f s = Ma



F M +m µ( M + m) gm



µ mg = M. ⇒



F=



M



(b) When F is applied m



F M +m F µ mg = M. M +m Then



a=



For acceleration of m ⇒ F = (M + m) µg



ILLUSTRATION – 11 : A block of mass M is lying on a rough surface and a force F is applied on it as shown in the figure. The coefficient of static friction and kinetic friction on the blocks are µs and µk respectively. a) If the block is at rest find the force of friction on the block. b) If the block is in motion, find its acceleration



F



M



θ



µs , µ k



10 Head Office : Balaji Towers : Z-21, Opp. Vishal Mega Mart, Zone-I, M.P. Nagar, Bhopal – 462 011. Ph. 4285066, 4274749, 4275672.



IIT- P- LM



SOLUTION : a) If the block is at rest, net force on it along the horizontal is zero ⇒ fr + F cosθ = 0 b)



⇒ fr = - F cosθ If the block is in motion, the friction force acting on the



FBD at M F



block will



be µN



Fr



Now N + Fsinθ - Mg = 0 ⇒



Mg



N = Mg - F sinθ Force of friction



µN = µ (Mg - F sinθ)



Ma = F cosθ − µ( Mg − F sinθ)



a=



⇒



F ( cosθ + µ sinθ) − µg M



UNIFORMLY ACCELERATED FRAMES OF REFERENCE AND PSEUDO FORCE : Suppose an observer fixed to smooth flat car. A box is lying O' on the car. An observer is standing on the ground. Let the car accelerate towards right. As the car accelerates horizontally due to smoothness of the surface the box does not get any horizontal force but the observer fixed to the car accelerates. For the ground O observer the box is at rest, but for the observer on the cart the box is accelerating towards him. For the observer in the accelerating frame the box accelerates with out any force and Newton's second Law fails. Therefore to make the Newton's second Law applicable, we assume a force, called a pseudo force acting on the bodies in accelerating frames or non O' inertial frames. The direction of the force is opposite to the direction of acceleration of the frame and the magnitude of the force is the product of mass of the body m and the magnitude of the acceleration of the frame. Pseudo Force = mass of the body X O acceleration of the non inertial frame. MATHEMATICALLY Let us discuss the motion of a particle (P) from two frames of references S and S'. S is an inertial frame and S' is a non inertial frame. At an instance position vectors of the particle →



with respect to those two frames are r and



→



r' respectively. At the same moment position



→



vector of the origin of S' is R with respect to S as shown in the figure. From the vector triangle OO'P, we get →



→



→



r' = r − R



Y'



S'



Y



P



r'



r



11
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X



X'
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Differentiating this equation twice with respect to time we get  → d2 r  d r' d2 = 2  − 2 2 dt dt dt 2



→



→



→



 → R   



→



⇒



a' = a − A



Here



a' = acceleration of the particle P relative to S'



→



→



a = Acceleration of the particle relative to S →



A = Acceleration of S' relative to S. Multiplying the above equation by m (mass of the particle) we get →



→



→



m a' = m a − m A ⇒



⇒



→



→



→



F' = F ( real ) - m A



→ → →   F' = F ( real ) +−m A   



In non-inertial frame of reference an extra force is taken into account to apply Newton's laws of motion. That extra force is called Pseudo force. ILLUSTRATION – 12 : A block 'm' is lying on the smooth surface of a wedge as shown in the figure. What should be the acceleration of the wedge such that there is no sliding of m on M SOLUTION : From wedge frame, a Pseudo force acts on the block 'm' horizontally towards left. Now drawing the F.B.D of 'm' The block is at rest w.r.t the wedge. Putting equilibrium condition down the plane. F.B.D. on ' m' mg sinθ - ma cosθ = 0 ⇒



N



a = g tanθ



Force acting = (M+m) g tanθ Considering from ground frame. wedge as well as wedge accelerate same acceleration 'a'.



θ mg



m



M θ



x



N



ma mg



y



m N sinθ = ma N cosθ = mg M a = gtanθ The block on the



towards



right



with



ILLUSTRATION – 13 : A car is speeding up on a horizontal road with an acceleration 'a'. A ball is suspended from the ceiling through a string and it maintains a constant angle with the vertical Find this angle. SOLUTION : Considering from the car frame a pseudo force acts on the 12



θ



ma
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ball left wards, and is under equilibrium w.r.t the car. Putting equilibrium condition along and perpendicular the string. T = mg cosθ + ma sinθ and ma cosθ - mg sinθ = 0 ⇒



a = g tanθ,



θ = tan-1



a g



T



From ground frame, the bob accelerates with acceleration a along the horizontal and along the vertical it is at rest or under equilibrium T cosθ = mg



ma mg



T sinθ = ma a = g tanθ ⇒



θ = tan-1



a g



UNIFORM CIRCULAR MOTION : As discussed in Kinematics, when a body moves in a circular path even though the magnitude of the speed of the body does not change, due to the change of direction of velocity the acceleration of the body is directed towards the centre. For a constant speed V and radius of curvature of the circular path 'R', the acceleration is given by a R =



v2 . Therefore the force R



acting on the body towards the centre of the circular path as observed from the ground is the centripetal force =



mv 2 mv 2 or the radial force FR = . If the moving body is tangentially R R



accelerating in addition to the radial force there will be a tangential force. If the tangential acceleration is a T then, the force acting on the body will be



F = m a 2R + a T2 = m



 mv 2   r



2



  + ( a T ) 2 



ILLUSTRATION – 14 : The bob of a simple pendulum of length 1 m has a mass 100g and speed of 1.4 m/s at the lowest point in its path. Find the tension in the string at this instant. SOLUTION : Drawing the free body diagram The force acting on the particle along the vertical is ⇒



Mv 2 = T − Mg R
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T = Mg +



Mv L







2



v  2



 = M  g + L  



= 1.2 N ILLUSTRATION – 15 : A 4 kg block is attached to a vertical rod by means of two strings. When the system rotates about the axis of the rod, the strings become taut as shown in the figure. a) How many rev/min must the system make in order that the tension in the upper cord shall be 60 N? b) What is then the tension in the lower cord?



1.25m 2m



1.25m



SOLUTION : Let ω be the angular velocity of rotation of rod.



T1 cos θ θ



T1 sin θ



T1



T2 sin θ θ



T2



mg



mg



T2 cos θ



Along vertical



T1 cosθ = mg + T2 cosθ



……(1)



Net force towards center (Centripetal force) substituting the values of cosθ, sinθ, r and



T1 sin θ + T2 sin θ = mω 2 r



……(2)



T1 = 60 N , m = 4kg in (1) and (2), we get; (II) = 3.74 rad/s; Given : cosθ =



1 4 = 1.25 5



3 sinθ = 5 ⇒



n = ω/(2π) = 0.6rev/s and T2 = 10N



r = 1.25 sinθ = 0.75m



θ



1.25



l



r 1.25



IRCULAR TURNINGS AND BANKING OF ROADS : When a vehicle negotiates a curve to do so the vehicle requires a centripetal force. For horizontal road the normal reaction on the body is vertical. The force towards centre is provided by the friction between the road and the tyre of the vehicle. 14 Head Office : Balaji Towers : Z-21, Opp. Vishal Mega Mart, Zone-I, M.P. Nagar, Bhopal – 462 011. Ph. 4285066, 4274749, 4275672.
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∴



Mv 2 = fs R For a maximum value of v, fs = µN ⇒ v =



µ Rg



For a greater value of v friction force is insufficient to provide the required centripetal force. Therefore the normal reaction is adjusted to provided the required extra centripetal force. This is done by raising the outer part of the road. This is called banking of roads.



θ



On a banked road when the speed of a vehicle exceeds a certain value, it tends to skid away from the centre of the circle and the speed is less than a certain value it tends to skid down. t a certain value of the speed the tyres roll with out skidding side wise.



CENTRIFUGAL FORCE : Centrifugal force is a Pseudo force. By including this force one can use Newton's laws of motion in a rotating frame of reference. The magnitude of the Pseudo force is the product of mass of the body and acceleration of the point at which the body is placed. The direction of the force is away from the centre of the rotating force.



****



WORKED



OUT



OBJECTIVE



PROBLEMS



EXAMPLE : 01 Find the mass of the suspended body, F 1 and F2 if the tension in the inclined string is 20 a) 2 kg , 20 N, 20N c) 2 kg, 20



2 N, 20N



SOLUTION : For the body T1 = mg At point A T2 sin45 = T1



2 N b) 2



F2



450



2 kg, 20N, 20N d) 2 kg, 0N, 0N



F1



T3 T1



T2



F2 F1



•B



T2



15



F1
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T1 = 20



2x



1 = 20 N 2



Again T2 cosθ = F1 = 20 N Similarly At B F2 = T2 sinθ = 20 N EXAMPLE : 02 A Fireman wants to slide down a rope. The breaking load of the rope is 3/4 th of weight of the man. With what minimum acceleration should the man slide down? a) g b) g/2 c) g/4 d) g/3 SOLUTION : On any small part of the rope T - f = (M)rope a = 0 ⇒ T=f Now for the man Mg - f = Ma Mg -



3Mg = ma 4



f =T •



mg



a = g/4 EXAMPLE : 03 A balloon is descending with constant acceleration a, less than the acceleration due to gravity 'g'. The mass of the balloon with its basket and contents is M.What mass M' from the balloon should be released so that the balloon accelerates upward with constant acceleration 'a'? a)



2Ma g +a



b)



M( g + a ) a



c)



M( g − a ) a



d)



Mg a



SOLUTION : The balloon is accelerating under the up thrust of air and its own weight. Then Mg - U = Ma …… (1) As the size of the balloon is not changing, up thrust on it remains constant Then (M-M1) g - U = - (M - M1) a ……. (2) Solving we obtain (1) and (2) 2Ma M1 = g +a EXAMPLE : 04 In the given figure all the surfaces are smooth. F is parallel to the inclined surface. The contact force between the



m M
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masses is



MF M +m ( M + m)F c) M a)



b) d)



SOLUTION : From (1) and (2) N + Mg sinθ - F = Ma



F M +m



( M + m) F M



F.B.D of M



 



F.B.D of m N



..….(2)



θ



θ



N



F mg



⇒ N = mg sinθ - ma



= mg sinθ - m .  g sin θ −



F



F



.…..(1)



mgsinθ - N = ma ------------------------------------------(M +m)g sinθ - F = (M+m)a ------------------------------------------a = g sinθ -



mF M +m



Mg



F  mF  = M +m M +m



EXAMPLE : 05 A light spring is compressed by



x 0 and placed horizontally



between a vertical fixed wall and a block which is free to slide over a smooth horizontal table top as shown in the figure. If the system is released from rest, which of the following graphs represents the relation between acceleration 'a' of the block and the distance x traveled by it?



a)



b)



a



c)



a



O



x



O



x



d)



a



a O



x



O



x



SOLUTION : At maximum compression, force on the block is maximum and hence the acceleration maximum.



F = + K ( x 0 − x ) as F and x



are along the same direction.



K x F = K (x0 - x) M K K K a=+ (x0 - x) a= x0 + x M M M



a=-



x



x0
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Hence the graph is a straight line with negative slope and an intercept



K x0 on M



acceleration axis. EXAMPLE : 06 Two blocks A and B attached to each other by a mass less spring are kept on a rough horizontal surface (µ=0.1) and pulled by a horizontal force F=200 N applied to the block B. If at some instant, the 10kg mass A has an acceleration 11m/s 2 , what is the acceleration of the 20 kg mass B a) 2.5 m/s2 b) 3 m/s2 c) 3.6 m/s2 d) 1.2 m/s2 SOLUTION : Form M1 T - f1 = M1 a1 T = M1 a1 + µ M1 g



…… (1)



For M2, F - µ M2 g - T = M2 a2 ⇒



F − µM 2g − ( M 1a 1 + µM 1g ) = a2 M2



=



f1



•



A



200N



B



T



F or M 2 N2 F2



M 1g



200− 0.1 x 20x 10− ( 10x 11+ 0.1 x 10x 10) 20



M 2 = 20kg



M 1 = 10kg



N1



⇒



T



F



2 g 2 a 2 = 3 m/sm



EXAMPLE : 07 A cart of mass M has a block of mass " m " in contact with it is as shown in the figure. The coefficient of friction between the



m



M a



block and the cart is µ. What is the minimum acceleration of the cart so that the block m does not fall a) µ g



b) g/µ



c) µ/g



d)



mµg M



SOLUTION : The mass " m " experiences a Pseudo force back wards and it is under equilibrium along the horizontal from the cart frame (non - inertial). It is under equilibrium due to normal reaction from the cart and the Pseudo force. Along vertical it is under equilibrium due to mg and the friction between m and M. For minimum acceleration friction between the surfaces should be maximum i.e. limiting one Now N - ma = O …… (1) mg = µ N …….(2) ⇒



a=



g ( Think from ground frame ) µ 2m



18



A



T1
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EXAMPLE : 08 The coefficient of friction of all the surfaces is µ. The string and the pulley are light. The blocks are moving with constant speed. Choose the correct statement a) F = 9 µ mg b) T1 = 2 µmg c) T1 = 3 µ mg d) T2 = 4 µ mg SOLUTION : For block 2m T1 - µ (2mg) = 0 T



1



F.B.D of 3m N2



= 2 µ mg ………..(1)



f1



F



For block 3 m f1 + T1 + f2 - F = 0 F = 2µ mg + 2 µmg + 5 µ mg



N1



f2



T1



3mg



F = 9 µ mg T2 = 2T1 = 4 µ mg EXAMPLE : 09 A uniform circular ring of mass per unit length λ and radius R is rotating with angular velocity 'ω' about its own axis in a gravity free space Tension in the ring is a) Zero



b) 1/2 λ R2 ω2



c) λ R2 ω2



d) λ R ω2



SOLUTION : Consider a small elemental part of the ring which makes at the center angle θ. Then the small part is moving in a circular path with angular speed 'ω'. The necessary centripetal force is provided by the component of the tension towards the centre. i.e. dm Rω2 = 2 T sinθ/2 As θ is very small



sin θ/2 = θ/2



dm = λRθ λRθ Rω2 = Tθ T = λR2ω2 EXAMPLE : 10 A single flexible wire P R Q fixed at P and Q passes through a smooth ring R. which revolves at a constant speed in the horizontal circle of radius 'a' as shown in the figure. What is the speed of the revolution. a)



ag



b)



2ag



c)



5ag



d)



3 ag



SOLUTION : As the smooth ring is in circular motion, the centripetal force



P 37 0 Q 530 a



F.B.D of the mg T
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is provided by the components of tension along the horizontal T cos 53 0 + T cos 370 =



Mv 2 a



…… (i)



Along the vertical the ring is under equilibrium. Hence T sin530 + Tsin 370 = Mg ……(ii) From (i) and (ii)



⇒ v=



ag



ASSIGNMENT SINGLE ANSWER TYPE :



LEVEL - 1 : 1.



2.



A wedge is moving horizontally with uniform acceleration a towards right and a block of mass m stays freely at rest on its smooth inclined surface as shown in fig. What is the acceleration of the wedge ? A) g cot α B) g cosα C) g sin α D) g tan α Three forces start acting simultaneously on a particle moving with velocity v . These forces are represented in magnitude and direction by the three sides of a triangle ABC(as shown). The particle will now move with velocity A) less than v B) greater than v C) |v| in the direction of the largest force BC



3.



D) v , remaining unchanged.



A man slides down a light rope whose breaking strength is η times his weight (η < 1). What should be his maximum acceleration so that the rope just breaks ? 20
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A) ηg 4.



5.



6.



B) g(1-η)



C)



g 1 +η



D)



g 2 −η



A uniform chain of mass m hangs from a light pulley, with unequal lengths of the chain hanging from the two sides of the pulley. The force exerted by the moving chain on the pulley is A) mg B) > mg C) < mg D) either (b) or (C) depending on the acceleration of the chain. Two blocks of masses m1 and m2 are placed in contact with each other on a horizontal platform. The coefficient of friction between the platform and the two blocks is the same. The platform moves with an acceleration. The force of interaction between the blocks is A) zero in all cases B) zero only if m1 = m2 C) nonzero only if m1 > m2 D) nonzero only if m1 < m2 A car starts from rest to cover a distance s. The coefficient of friction between the road and the tyres is µ. The minimum time in which the car can cover the distance is proportional to A) µ



7.



8.



B)



C) 1/µ



D) 1/



µ



A car is moving in a circular horizontal track of radius 10m with a constant speed of 10m/s. A plumb bob is suspended from the roof of the car by a light rigid rod of length 1m. The angle made by the rod with the vertical is A) zero B) 300 C) 450 D) 600 A car moves along a horizontal circular road of radius r with velocity v. The coefficient of friction between the wheels and the road is µ. Which of the following statements is not true? A) The car will slip if µ > C) The car will slip if r >



9.



µ



µ rg



B) The car will slip if µ 



v2 rg



v2 rg



D) the car will slip at a lower speed, if it moves with some tangential acceleration, than if it moves at constant speed. A block rests on a rough floor. A horizontal force which increases linearly with time (t), begins to act on the block at t = 0. Its velocity (v) is plotted against t. which of the given graphs is correct?
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10.



11.



A man running along a straight road leans a little in the forward direction. The angle between the vertical line and the line joining the man's center of gravity with the point of support is θ0. For the man not to slip, the coefficient of friction satisfies the condition given by A) µ ≤ tan θ0 B) µ ≥ tan θ0 C) µ ≥ tan2 θ0 D) µ ≤ tan2 θ0 A body rests on a rough horizontal plane. A force is applied to the body directed towards the plane at an angle φ with the vertical. If θ is the angle of friction then for the body to move along the plane A) φ > θ B) φ < θ C) φ = θ D)



12.



φ can take up any value In the shown system, m1 > m2. Thread QR is holding the system. If this thread is cut, then just after cutting. A) Acceleration of mass m1 is zero and that of m2 is directed upward. B) Acceleration of mass m2 is zero and that of m1 is directed downward C) Acceleration of both the blocks will be same.



m −m 



1 2 D) Acceleration of system is given by   kg, where k is a spring m + m 2  1



13.



factor. A body is moving down along an inclined plane of inclination θ with horizontal. The coefficient of friction between the body and the plane varies as µ = x/2, where x is the distance moved down the plane : A) the instantaneous acceleration of the body, down the plane is g (2sinθ - x cosθ)



14.



15.



16.



B) the body will accelerate if tanθ > 2x. C) the body will accelerate in all the conditions. D) the body will first accelerate an then decelerate. A block is placed on the top of a smooth inclined plane of inclination θ kept on the floor of a lift. When the lift is descending with a retardation a, the block is released. The acceleration of the block relative to the incline is : A) g sin θ B) a sinθ C) (g-a) sinθ D) (g+a)sinθ The velocity of a bullet is reduced from 200m/s to 100m/s while traveling through a wooden block of thickness 10cm. Assuming it to be uniform, the retardation will be A) 15 x 105m/s2 B) 10 x 104m/s2 C) 12 x 104m/s2 D) 2 14.5 m/s An open knife edge of mass m is dropped from a height 'h' on a wooden floor. If the blade penetrates upto the depth d into the wood, the average resistance offered by the wood to the knife edge is



 



17.



h  d



2



h  h B) mg  C) mg 1 −  D) mg 1 +  d d   A block of mass 4kg is placed on a rough horizontal plane. A time dependent horizontal force F = kt acts on the block, k = 2N/s 2. The frictional force between the block and A) mg 1 +
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plane at time t = 2 sec is: (µ = 0.2) A) 4N B) 8N 18.



19.



20.



C) 12N



D) zero



3 5



If the banking angle of a curved road is given by tan -1   and the radius of curvature of the road is 6m then the safe driving speed should not exceed : (g = 10m/s 2) A) 86.4 km/h B) 43.2 km/h C) 21.6 km/h D) 30.4 km/h Which of the following statements about the centripetal and centrifugal forces is correct ? A) Centripetal force balances the centrifugal force B) both centripetal force and centrifugal force act on the same body. C) Centripetal force is directed opposite to the centrifugal force D) Centripetal force is experienced by the observer at the centre of the circular path described by the body. A particle is moving in a circle of radius R in such a way that at any instant the normal and tangential components of its acceleration are equal. If its speed at t = 0 is v 0. The time taken to complete the first revolution is A)



R vo



B)



R (1-e-2π) vo



C)



R -2π e vo



D)



2πR vo



21.



A particle of mass m is suspended from a fixed point O by a string of length l. At t = 0, it is displaced from equilibrium position and released. The graph, which shows the variation of the tension T in the string with time 't', may be :



22.



Given, F1 + F2 + F3 = 0 Angle between F1 and F2 is 800, between F2 and F3 is 1300. Then angle between F1 and F3 should be : A) 300 C) 750



B) 1500 D) will depend on magnitudes



of F1 , F2 and F3 23.



24.



In the figure shown, block of mass 2 kg is very long. Force of friction on 1 kg block is A) always towards right B) always towards left C) is first towards right and then towards left D) is first towards left and then towards right A time varying force is applied on a block placed over a rough surface as shown in figure. Let θ be the angle between contact 23
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force on the block and the normal reaction, then with time, θ will A) remain constant B) first increase to a maximum value (say θmax) and then becomes constant in a value less than θmax. C) first decrease to a minimum value (say θmin) and then becomes constant in a value



25.



26.



27.



28.



29.



more than θmax. D) none of these A block of mass m is attached with a massless inextensible string. Breaking strength of string is 4 mg. Block is moving up. The maximum acceleration and maximum retardation of the block can be : A) 4g, 3g B) 4g, g C) 3g, g D) 3g, 4g string A frame is rotating in a circle with varying speed v = (2t-4) m/s, where t is in seconds. An object is viewed from this frame. The pseudo force A) is maximum at 2 second B) is minimum at 2 second C) is zero at 2 second D) data is insufficient If the horizontal acceleration a0 of the surface is less than that required to keep the block stationary, as shown in figure, then A) The block m accelerates downwards B) The block M accelerates towards right C) The tension in the string is less than mgD) All the above Two men A and B of masses M and M + m respectively start simultaneously from the ground and climb with uniform acceleration up from the free ends of a mass less inextensible rope which passes over a smooth pulley at a height h from the ground. Which man will reach the pulley first? A) A B) B C) Both reach simultaneously D) Data insufficient Two blocks of masses m1 and m2 are connected with a mass less spring and placed over a plank moving with an acceleration 'a' as shown in figure. The coefficient of friction between the blocks and platform is µ A) Spring will be stretched, if a > µg



B) Spring will be compressed, if a ≤ µg



C) Spring will neither be compressed nor be stretched for a ≤ µg D) Spring will be natural length under all conditions.



LEVEL - II : 1.



A heavy uniform rope of length  is pulled by a constant force F as shown in fig. The tension in the string at a distance x from the end where the force is applied is A) F



2.



B) F



x 



 



C) F 1 +



x  



 



D) F 1 −



x  l 



A balloon of gross weight W is falling vertically downward with constant acceleration a. 24
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The amount of ballast Q that must be thrown out in order to give the balloon an equal upward acceleration a is such that a ( a − g ) D) Q = W ( a − g ) A) Q = W/2 B) Q = 2 W C) Q = W (a + g) g a 3.



Two masses of 10kg and 20kg respectively are connected by a massless spring kept on a horizontal smooth table. A force of 200N acts on the 20kg mass. At a given instant if the 10kg mass has an acceleration of 12m/s2. What is the acceleration of 20kg mass ? A) zero B) 10m/s2 C) 4m/s2 D) 12m/s2 A 2kg mass pulls horizontally on a 3kg mass by means of a lightly stretched spring. If at one instant the 3kg mass has an acceleration towards 2kg mass of 1.8m/s 2 the acceleration of 2kg mass is A) 1.2m/s2 B) 3.6 m/s2 C) 2.7 m/s2 D) zero An elivator is moving up with uniform acceleration a. At some instant (t = 0), a loose bolt drops from its ceiling. If the distance between ceiling and the floor of the elevator is 't', what is the time t taken by the bolt to hit the floor ?



4.



5.



A) 6.



2l g



B)



2l



C)



(g + a )



2l



D)



(g − a )



 2( g + a )



Two monkeys P and Q of masses M and m (>M) hold a light rope passing over a smooth fixed pulley. P and Q climb up the rope so that the acceleration of Q upward is double that of P downward. The tension in the rope is A)



7.



2Mm g M +m



B)



3Mm g 2M + m



C)



3Mm g M + 2m



D)



3Mm g 2M + 2m



A block of mass m is placed over a block B of mass 2m. The block B can move on a smooth horizontal surface. If the coefficient of friction between the blocks A and B is µ, then the minimum force R required to initiate sliding motion in block A is A) µ mg B) 3µ mg C) 3/2µ mg D) 3mg / µ The acceleration of the blocks A and B shown in figure are



8.



5g 5g , 13 13 10g 5g C) , 13 13 A)



10g 10g , 13 13 5g 10g D) , 7 7 B)



9.



If the acceleration of block m1is a1 and that of block m2 is a2 in fig., then A) a1= 2a2 B) a2= 2a1 C) a1= g = a2 D) a1 = a2 = g/2



10.



A monkey of mass 20kg is holding a vertical rope. The rope will not break when a mass of 25kg is suspended from it but will break if the mass exceeds 25kg. What is the maximum acceleration with which the monkey can climb up 25
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11.



along the rope ? (g = 10m/s ) A) 2.5m/s2 B) 5 m/s2 C) 10 m/s2 D) 25 m/s2 A man of mass m stands on a frame of mass M. He pulls on a light rope, which passes over a pulley. The other end of the rope is attached to the frame. For the system to be in equilibrium, what force must the man exert on the rope ? A)



12.



1 (M + m) g 2



B) (M+m)g



C) (M-m)g



D)



(M+2m)g A frame of reference F2 moves with velocity v with respect to another frame F 1. When an object is observed from both frames, its velocity is found to be v1 in F1 and v 2 in F2. Then, v 2 is equal to



r r A) v 1 + v 13.



r r B) v 1 − v



r r C) v − v 1



uu r r r v r1 D) v 1 − v uu v1



A block of mass m slides down an inclined plane which makes an angle θ with the horizontal. The coefficient of friction between the block and the plane is µ. The force exerted by the block on the plane is A) mgcos θ



14.



16.



µ2 +1



mgcosθ



C)



µmg cos θ µ2 +1



D) µmgcos θ



In the figure, the block A of mass m is placed on the block B of mass 2m. B rests on the floor. The coefficient of friction between A and B as well as that between the floor and B is µ. Both blocks are given the same initial velocity to the right. The acceleration of A with respect to B is A) zero



15.



B)



B) µg to the left



C) µg to the right



D)



1 µg to the 2



right A particle of mass M is moving with acceleration a 0 as measured by an observer 1 standing in a frame of reference moving with a uniform velocity. Another observer 2 is standing in a frame of reference moving with acceleration a. Select wrong statement from the following. A) Observer 1 measures the force acting on the body as Ma 0. B) Observer 2 measures the force acting on the body as Ma. C) Observer 2 measures the force acting on the body as Ma0 - Ma. D) Observer 1 is standing in an inertial frame of reference and observer 2 is standing in a non-inertial frame of reference. In the pulley arrangement show, the pulley P 2 is movable. Assuming coefficient of friction between m and surface to be µ, the minimum value of M for which m is at rest is A) M = µm/2 B) m = µM/2 26
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17.



C) M = m/2µ D) m = M/2µ Block B moves to the right with a constant velocity v0. The velocity of body A relative to B is A)



vo , towards left 2



B)



vo , towards 2



right C) 18.



3v o , towards left 2



D)



3v o , towards right 2



Consider the shown arrangement. Assume all surfaces to be smooth. If 'N' represents magnitudes of normal reaction between block and wedge then acceleration of 'M' along horizontal equals. A)



N sin θ along + ve x-axis M



N cos θ M



B)



along - ve x-axis C) 19.



N sin θ along - ve x-axis M



21.



N sin θ along - ve x-axis m +M



Block A of mass m rests on the plank B of mass 3m which is free to slide on a frictionless horizontal surface. The coefficient of friction between the block and plank is 0.2. If a horizontal force of magnitude 2mg is applied to the plank B, the acceleration of A relative to the plank and relative to the ground respectively, are : A) 0,



20.



D)



g 2



B) 0,



2g 3



C)



3g g , 5 5



D)



2g g , 5 5



A block is gently placed on a conveyor belt moving horizontally with constant speed. After t = 4s, the velocity of the block becomes equal to the velocity of the belt. If the coefficient of friction between the block and the belt is µ = 0.2, then the velocity of the conveyor belt is A) 2ms-1 B) 4ms-1 C) 64ms-1 D) 8ms-1 A block of mass M rests on a rough horizontal surface as shown. Coefficient of friction between the block and the surface is µ. A force F = Mg acting at angle θ with the vertical side of the block pulls it. In which of the following cases the block can be pulled along the surface : A) tanθ ≥ µ



22.



 θ  ≥µ 2



B) tan 



 θ  ≥µ 2



D) cot 



C) cot θ ≥ µ



A body is moving down a long inclined plane of angle of inclination θ. The coefficient of friction between the body and the plane varies as µ = 0.5x, where x is the distance moved down the plane. The body will have the maximum velocity when it has travelled a distance x given by : A) x = 2tanθ



B) x =



2 tan θ



C) x =



2 cotθ



D) x =



2 cot θ 27
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23.



A block of mass M is sliding down the plane. Coefficient of static friction is µs and kinetic friction is µk. Then friction force acting on the block is A) µs Mg cosθ



24.



25.



26.



C) µk (F+Mg) cosθ D) (Mg+F)tanθ A block X of mass 4kg is lying on another block Y of mass 8kg as shown in the figure. The force f acting on X is 12N. The block X is on the verge of slipping on Y. The force F in newton along with f necessary to make both X and Y move simultaneously will be : A) 36 B) 56 C) 60 D) 24 A monkey of mass 20kg is holding a vertical rope. The rope will not break when a mass of 25kg is suspended from it but will break if the mass exceeds 25kg. What is the maximum acceleration with which the monkey can climb up along the rope ? (g = 10m/s2) A) 25m/s2 B) 2.5 m/s2 C) 5 m/s2 D) 10 m/s2 A smooth incline plane of length L having inclination θ with the horizontal is inside a lift which is moving down with a retardation a. The time taken by a body to slide down the inclined plane from rest will be : A)



27.



B) (F+Mg)sinθ



2L



( g + a ) sin θ



B)



2L



( g − a ) sin θ



Rg µs



B)



µs Rg



C)



µs g R



D)



R µsg



2.5 m



B) 1m



C) 3m



D) 1.5m



A block of mass m is at rest on wedge as shown in fig. Let N be the normal reaction between two and 'f' the force of friction, then choose the wrong option. A) N = mg cosθ B) N cosθ + f sinθ = mg C) N sinθ = f cosθ



31.



B)



A wet open umbrella is held vertical and it is whirled about the handle at a uniform rate of 21 revolutions in 44 seconds. If the rim of the umbrella is a circle of 1 metre in diametre and the height of the rim above the floor is 4.9m. The locus of the drop is a circle of radius : A)



30.



2L g sin θ



D)



5g C) g D) g/3 3 A person wants to drive on the vertical surface of a large cylindrical wooden 'well' commonly known as 'deathwell' in a circus. The radius of the well is R and the coefficient of friction between the tyres of the motorcycle and the wall of the 'well' is µS. The minimum speed, the motorcylist must have in order to prevent slipping, should be : A)



29.



2L a sin θ



A particle of mass m begins to slide down a fixed smooth sphere from the top. What is its tangential acceleration when it breaks off the sphere ? A) 2g/3



28.



C)



D) none of these



A block of mass m = 1 kg has a speed v = 4 m/s at θ = 600 on a 28
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32.



33.



circular track of radius R = 2m as shown in fig. Size of the block is negligible. Coefficient of friction between block and the track is = 0.5. The force of friction between the two is A) 10N B) 8.5N C) 6.5N D) 5N In the figure shown, there is no relative motion between the two blocks. Force of friction on 1 kg block is A) zero B) 3N C) 6N D) 7N A block is projected upwards on a rough plane at 20 m/s. Let t be the time in going up, then t is equal to A) 4 sec B) 2 sec C) 8 sec



34.



D)



sec



A ladder of mass 10kg is held at rest against a smooth wall on a rough ground as shown in figure. The normal reaction between the wall and the ladder is A) 50N C)



35.



6



50 3



B) 50 N



3N



D) 100N



In the above problem, the downward acceleration of the block m is A)



m(g −a 0 ) m +M



B)



M (g −a 0 ) m +M



C)



m g −M a 0 m +M



D)



m g +M a 0 m +M 36.



A smooth sphere of weight 'W' is supported in contact with a smooth vertical wall by a string to a point on its surface, the end being attached to a point on the wall. If the length of the string is equal to the radius of the sphere, then the tension in the string and reaction of the wall are 2 2 W 1 A) T = W, R = B) T = W, R = W 3 3 3 3 C) T =



37.



2 W 3



D) T =



1 W, R = 3



1 W 3



A body projected along an inclined plane of angle of inclination 30 0 stops after covering a distance x1. The same body projected with the same speed stops after covering a distance x2, if the angle of inclination is increased to 600. The ratio x1/x2 is A) 1



38.



2 W, R = 3



B)



3



C) 2



D)



2 A 2 kg block is connected with two springs of force constants k 1 = 100 N/m and k2 = 300 N/m as shown in figure. The block is released from rest with the springs unscratched. The acceleration of the block in its lowest position is (g = 10m/s2) 29
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39.



A) Zero B) 10 m/s upwards C) 10 m/s2 downwards D) 5 m/s2 upwards Three identical blocks are suspended on two identical springs one below the other as shown in figure. If thread is cut that supports block 1, then initially A) The second ball falls with zero acceleration B) The first ball falls with maximum acceleration C) Both (A) and (B) are wrong D) Both (A) and (B) correct.



LEVEL - III : 1.



2.



The pulleys shown in fig. are smooth and light. The acceleration of A is 'a' upwards and the acceleration of C is b downwards, then the acceleration of B is A)



1 ( a − b ) up 2



C)



1 ( a + b ) down 2



D)



1 ( b − a ) up 2



Three light strings are connected at the point P. A weight W is suspended from one of the strings. End A of string AP and end B of string PB are fixed as shown. In equilibrium PB is horizontal and PA makes an angle of 600 with the horizontal. If the tension in PB is 30N then the tension in PA and weight W are respectively. A) 60N, 30N C) 60N, 30



3.



1 ( a + b ) up 2



B)



B) 60/ 3N



3 N, 30/



D) 60



3N



3 N, 30



3N



A force F is applied to hold a block of mass m on an inclined plane making an angle θ with the horizontal. The force F is perpendicular the plane. The coefficient of friction between the plane and the block is µ. The minimum force F necessary to keep the block at rest on the inclined plane is mg A) mg sinθ B) mg cosθ C) sinθ µ



4.



5.



to



D)



mg (sinθ - µ µ



cosθ) In the fig, the blocks A, B and C of mass m each have accelerations a1, a2 and a3 respectively. F1 and F2 are external forces of magnitudes '2mg' and 'mg' respectively. A) a1 = a2 = a3 B) a1 > a3 > a2 C) a1 = a2 , a2 > a3 D) a1 > a2 , a2 = a3 A block of mass m is at rest on an inclined surface having a coefficient of friction µ > tanθ as shown in the figure. The horizontal 30
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acceleration which should be given to the inclined plane, so that the force of friction between the block and the plane becomes zero, is : A) g sinθ, leftward B) g tanθ, leftward C) g cotθ, rightward D) g tanθ, rightward 6.



Two blocks are in contact on a frictionless table. One has mass m and the other 2m. A force F is applied on 2m as shown in the figure. Now the same force F is applied from the right on m. In the two cases respectively, the force of contact between the two blocks will be : A) same B) 1 : 2 C) 2 : 1 D) 1 : 3 All surfaces shown in fig are smooth. For what ratio m 1 : m2 : m3, system is in equilibrium. All pulleys and strings are massless, A) 1 : 2 : 1 B) 2 : 2 : 1 C) 2 : 1 : 2 D) 1 : 2 : 2 In the diagram shown in figure, both pulleys and strings are massless. The acceleration of 2kg block is A) 2.5m/s2(↑)



7.



8.



B) 5m/s2(↑) C) 7.5m/s2(↓) D) 10m/s2(↑) In the diagram shown in figure, wedge of mass M is stationary. Block of mass m = 2kg is slipping down. Force of friction on the wedge is (g=10m/s2)



9.



A) 5 C) 5N 10.



11.



3N



B) 10N D) 10



3N



Two different blocks of equal mass 'm' are released from two positions as shown in figure. Net force on the block at bottommost in case (i) is say F1 and in case (ii) is say F2. then : A) F1 = F2 B) F1 > F2 C) F1 < F2 D) data insufficient The acceleration a of the frame for which the uniform slender rod maintains the orientation shown in the figure is (Neglect the friction at the contact between trolley and rod) A)



12.



B) 3 g C) g/ 3 2g D) 2g A cyclist rides along the circumference of a circular horizontal track of radius R. The
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coefficient of friction µ = µ0 1 −



r   , where µ0 is a constant and r is the distance form R



the center of the circle. The maximum velocity of the cyclist is



µ0 gR



A) 13.



14.



2



B)



µ 0 gR



C)



µ0 g



D)



2



µ0 gR 2



In the diagram shows the blocks A, B and C weight 3 kg, 4 kg and 8 kg respectively. The coefficient of sliding friction is 0.25 between any two surfaces. A is held at rest by mass less rigid rod fixed to the wall while B and C are connected by a flexible cord passing round a fixed frictionless pulley. Assuming that the arrangement shown in the diagram B on C and A on B is maintained all throughout, then force necessary to drag C along the horizontal surface to the left at constant speed will be A) 4 kg B) 8 kg C) 16 kg D) 12 kg Two bodies of mass m and 4 m are attached with string as shown in the figure. The body of mass m hanging from a string of length l is executing oscillations of angular amplitude θ0 while the other body is at rest. The minimum coefficient of friction between the mass 4 m and the horizontal surface should be



 2 − cos θ0   3  



A) 



 θ0    2 



1 −cos θ0   2  



B) 2 cos2 



C) 



 3 −cos θ0   4  



D) 



*****
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MULTIPLE 1.



ANSWER



TYPE



QUESTIONS :



A lift is moving downwards. A body of mass m kept on the floor of the lift is pulled horizontally. If µ is the coefficient of friction between the surfaces in contact then



2.



A) frictional resistance offered by the floor is µmg when lift moves up with a uniform velocity of 5 ms-1 B) frictional resistance offered by the floor is µmg when lift moves up with a uniform velocity of 3 ms-1 C) frictional resistance offered by the floor is 5 mµ when life accelerates down with an acceleration of 4.8 ms-2 D) frictional resistance (f) offered by the floor must lie in the range 0 ≤ f < ∞ A weight W can be just supported on a rough inclined plane by a force P either acting along the plane or horizontally. The angle of friction is φ and θ is the angle which incline makes with the horizontal A) The incline makes an angle with the horizontal twice the angle of friction i.e. θ = 2φ B) The incline make an angle with the horizontal equal to the angle of friction i.e. θ = φ C) The ratio of the force to the weight is



P = cot φ W



P = tan φ W A block of mass m is placed at rest on a rough horizontal surface with the coefficient of friction µ. D) The ratio of the force to the weight is



3.



If the block is pulled by a force F at an angle θ with the horizontal, then A) minimum force is required when θ is equal to the angle of friction (ϕ) B) minimum force is required when θ =



π -ϕ 2



C) the magnitude of minimum force is mg sinϕ 4.



5.



D) the magnitude of minimum force is mg cosϕ Imagine the situation in which a horizontal force F is applied on the wedge. If F0 is the force required to keep the body stationary, Choose the correct statement(s) A) If F ≥ F0, the block remains stationary with respect to wedge B) If F < F0, the block slides down the wedge C) If F > F0, the block slides up the wedge D) If F = F0, the block is accelerating with respect to ground In the figure two blocks M and m are tied together with an inextensible string. The mass M is placed on a rough horizontal surface with coefficient of friction µ and the mass m is hanging vertically against a smooth vertical wall. 33 Head Office : Balaji Towers : Z-21, Opp. Vishal Mega Mart, Zone-I, M.P. Nagar, Bhopal – 462 011. Ph. 4285066, 4274749, 4275672.
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Imagine a situation in which the given arrangement is placed inside an elevator that can move only in the vertical direction and compare the situation with the case when it is placed on the ground. When the elevator accelerates downward with a 0, then A) the friction force between the block M and the surface decreases B) the system can accelerate with respect to the elevator even when m < µM



6.



C) the system does not accelerate with respect to the elevator unless m > µM D) The tension in the string decreases Imagine the situation in which the given arrangement is placed inside a trolley that can move only in the horizontal direction, as shown in figure. If the trolley is accelerated horizontally along the 0 positive x-axis with a0, then choose the correct statement(s). A) There exists a value of a0 = β at which friction force on block M becomes zero B) There exists two values of a 0 = β ± α at which the magnitudes of friction acting on block M are equal C) The maximum value of friction force acts on the block M at two accelerations a 1 and



a



7.



8.



9.



a2 such that a1 + a2 = 2β D) The maximum value of friction is independent of the acceleration a0 If a horizontal force F is applied on the bigger block M 0 as shown in figure then mark out the correct statement(s). A) For any value of F all the blocks will be accelerating with respect to ground B) If m > µM, there exists a unique value of F for which M and m are stationary with respect to M0 C) For a non-zero value of F, the normal reaction between m and M0 is also non-zero D) The friction force between M and M0 is independent of F Imagine the situation as shown in figure in which the block of mass M is not pulled by a block of mass m, but instead it is being pulled by a constant force F equal to the weight of the block m, i.e., F = mg. Compare the results of this case B with the previous case A in which a block of mass m is suspended. If the surface is given a horizontal acceleration a 0 along the positive x-axis, then mark out the correct alternative(s). A) The value of a0 to keep the block stationary with respect to surface in case B is more than that in case A B) In both the cases the values of a0 is same to keep the block stationary C) The tension in the string is equal to mg D) The tension in the string depends on a0 If the acceleration of block m 1 is a1 and that of block m2 is a2 in figure, then
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10.



11.



12.



13.



14.



A) a 1 =



m 2g m 2 + m1



B) a 2 =



m2g m 2 + 4m1



C) a 2 =



m2g 4 m1 + m 2



D) a 1 =



2m 2 g m 2 + 4 m1



A painter is raising himself and the crate on which he stands with an acceleration of 5 m/s2 by a massless rope-and-pulley arrangement. Mass of the painter is 100 kg and that of the crate is 50 kg. If g = 10 m/s2, then the A) tension in the rope is 2250 N B) tension in the rope is 1125 N C) contact force between painter and floor is 750 N D) contact force between painter and floor is 375 N The spring balance A reads 2 kg with a block m suspended from it. A balance B reads 5 kg when a beaker filled with liquid is put on the pan of the balance. The two balances are now so arranged that the hanging mass is inside the liquid as shown in figure. In this situation A) the balance A will read more than 2 kg B) the balance B will read more than 5 kg C) the balance A will read less than 2 kg and B will read more than 5 kg D) balance A and B will read 2 kg and 5 kg respectively A uniform bar AB of weight 100 N is hinged at A to a vertical wall and held in horizontal position by a cord BC as shown in figure. If T is the tension in the cord, R is the reaction at the hing and α is the angle which the reaction R makes with the rod AB, then A) T = 100 N B) R = 50 N C) R = 100 N D) α = 300 A block of mass 10 kg is placed at a distance of 4.5 m from the rear end of a long trolley as shown in figure. The coefficient of friction between the block and the surface below is 0.3. If the trolley starts with an acceleration of 4 m/s2 and g = 10 m/s2 then A) the block will not slide B) the block will slide backward with acceleration C) the block will fall from trolley after 3s D) the block falls after the trolley has moved 18 m In the figure, the blocks are of equal mass. The pulley is fixed. In the position shown, A moves down with a speed u, and v B = the speed of B A) B will never lose contact with the ground B) The downward acceleration of A is equal in magnitude to the horizontal acceleration of B 35
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15.



16.



17.



18.



C) υB = u cos θ D) υB = u /cos θ A cart moves with a constant speed along a horizontal circular path. From the cart, a particle is thrown up vertically with respect to the cart A) The particle will land somewhere on the circular path B) The particle will land outside the circular path C) The particle will follow an elliptical path D) The particle will follow a parabolic path A block of weight 9.8 N is placed on a table. The table surface exerts an upward force of 10 N on the block. Assume g = 9.8 m/s2 A) The block exerts a force of 10 N on the table B) The block exerts a force of 19.8 N on the table C) The block exerts a force of 9.8 N on the table D) The block has an upward acceleration A particle of mass 70 g, moving at 50 cm/s, is acted upon by a variable force opposite to its direction of motion. The force F is shown as a function of time t. A) Its speed will be 50 cm/s after the force stops acting B) Its direction of motion will reverse C) Its average acceleration will be 1 m/s 2 during the interval in which the force acts D) Its average acceleration will be 10 m/s2 during the interval in which the force acts. A monkey of mass m kg slides down a light rope attached to a fixed spring balance, with an acceleration a. The reading of the spring balance is W kg. [g = acceleration due to gravity] A) The force of friction exerted by the rope on the monkey is m (g - a) N B) m =



19.



20.



Wg g −a







C) m = W  1 + 



a  g 



D) The tension in the rope is



Wg N Two masses of 10 kg and 20 kg are connected by a light spring as shown. A force of 200 N acts on a 20 kg mass as shown. At a certain instant the acceleration of 10 kg is 12 ms -2 A) At that instant the 20 kg mass has an acceleration of 12 ms-2 B) At that instant the 20 kg mass has an acceleration of 4 ms-2 C) The stretching force in the spring is 120 N D) The collective system moves with a common acceleration of 30 ms -2 when the extension in the connecting spring is the maximum In the pulley system shown the movable pulleys A, B and C have mass m each, D and E are fixed pulleys. The strings are vertical, light and inextensible. Then, A) the tension through out the string is the same and equals T =



2 mg 3
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B) pulleys A and B have acceleration acceleration



g each in downward direction and pulley C has 3



g in upward direction 3



C) pulleys A, B and C all have acceleration D) pulley A has acceleration



g 3



g in downward direction 3



in downward direction and pulleys B and C have



g each in upward direction 3 A small mirror of area A and mass m is suspended in a vertical plane by a light string. A beam of light of intensity I falls normally on the mirror and the string is deflected from the vertical by an angle θ. Assuming the mirror to be perfectly reflecting we have acceleration



21.



A) radiation pressure equal to C) tan θ = 22.



2I c



2IA mgc



B) radiation pressure equal to D) tan θ =



I 2c



IA 2 mgc



Two masses m1 and m2 are connected by a light string which passes over the top of an inclined plane making an angle of 30 0 with the horizontal such that one mass rests on the plane and other hangs vertically. It is found that m 1 hanging vertically can draw m 2 up the full length of the incline in half the time in which m 2 hanging vertically draws m1 up the full length of the incline. Assuming the surfaces in contact to be frictionless and pulley to be light and smooth, we have A) the ratio of acceleration in the two cases respectively as 4 B) the ratio of acceleration in the two cases respectively as



1 4



3 2 2 D) the ratio of masses m1 and m2 as 3 A particle slides down a smooth inclined plane of elevation α. The incline is fixed end to end in an elevator of base length l accelerating up with acceleration a 0. Assume at t = 0 the particle is at the top of the incline then, A) the particle has to travel a length l cos α with acceleration (g + a0) sin α down the C) the ratio of masses m1 and m2 as



23.



incline in a time



l (g + a 0 ) sin 2α



B) the particle has to travel a length



l with acceleration g sin α down the incline in cos α 37
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a time



2l a 0 sin 2α



C) the particle has to travel a length



incline in a time



24.



25.



26.



with acceleration ( g + a 0) sin α down the



4l (g + a 0 ) sin( 2α)



D) the incline offers a normal reaction m (a 0 + g) cos α to the block so that it remains in contact with the incline A block A of mass 500 g is placed on a smooth horizontal table with a light string attached to it. The string passes over a smooth pulley P at the end of the table (as shown) and is connected to other block B of mass 200 g. Initially the block A is at a distance of 200 cm from the pulley and is moving with a speed of 50 cms -1 to the left. At t = 1 s A) the block is at a distance of 90 cm from the pulley P B) the block is at a distance of 110 cm from the pulley P C) the block has a velocity of 230 cms-1 towards left D) the block has a velocity of 230 cms-1 towards right Two blocks of masses 2.9 kg and 1.9 kg are suspended from a rigid support S by two inextensible wires each of length 1 m as shown in figure. The upper wire has negligible mass and lower wire has a uniform mass of 0.2 kgm-1. The whole system of blocks, wires and support have an upward acceleration of a 0 = 0.2 ms-2. Taking g = 9.8 ms-2 we have A) tension at the midpoint of upper rope is 50 N B) tension at the midpoint of upper rope is 40 N C) tension at the midpoint of lower rope is 19.6 N D) tension at the midpoint of lower rope is 20 N Two masses m and M (m < M) are joined by a light string passing over a smooth and light pulley (as shown)  M −m 



A) The acceleration of each mass is   M +m  g   2 M m   g  M +m 



B) The tension in the string connecting masses is   4 M m 



C) The thrust acting on the pulley is   M +m  g   D) The centre of mass of the system (i.e M and m) moves down with an acceleration of 2



 M −m    M +m   g  



27.



The spheres A and B as shown have mass M each. The 38
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strings SA and AB are light and inextensible with tensions T 1 and T2 respectively. A constant horizontal force F = Mg is acting on B. For the system to be in equilibrium we have A) tan φ = 1 B) tan θ = 0.5 C) T2 =



2 Mg



D) T1 =



5 Mg



28.



A block of weight W is suspended from a spring balance. The lower surface of the block rests on a weighing machine. The spring balance reads W 1 and the weighing machine reads W2. (W, W1, W2 are in the same unit) A) W = W1 + W2 if the system is at rest B) W > W1 + W2 if the system moves down with some acceleration C) W1 > W2 if the system moves up with some acceleration D) No relation between W1 and W2 can be obtained with the given description of the system



29.



A simple pendulum with a bob of mass m is suspended from the roof of a car moving with a horizontal acceleration a A) The string makes an angle of tan-1 (a/g) with the vertical 



a g



B) The string makes an angle of tan-1  1 −  with the vertical 



30.



31.



32.



C) The tension in the string is m



a 2 +g 2



D) The tension in the string is m



g 2 −a 2



In the previous question, the blocks are allowed to move for sometime, after which M is stopped momentarily (brought to rest and released at once). After this, A) both blocks will move with the same acceleration B) the string will become taut (under tension) again when the blocks acquire the same speed C) the string will become taut again when the blocks cover equal distances D) at the instant when the string becomes taut again, there may be some exchange of impulse between the string and blocks A block of mass 1 kg moves under the influence of external forces on a rough horizontal surface. At some instant, it has a speed of 1 m/s due east and an acceleration of 1 m/s 2 due north. The force of friction acting on it is F A) F acts due west B) F acts due south C) F acts in the south-west direction D) The magnitude of F cannot be found from the given data A block of mass m is placed on a rough horizontal surface. The coefficient of friction between them is µ. An external horizontal force is applied to the block and its magnitude is gradually increased. The force exerted by the block on the surface is R A) The magnitude of R will gradually increase



B) R ≤ mg



µ2 +1
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33.



34.



35.



36.



37.



C) The angle made by R with the vertical will gradually increase D) The angle made by R with the vertical ≤ tan-1µ A man pulls a block heavier than himself with a light rope. The coefficient of friction is the same between the man and the ground, and between the block and the ground A) The block will not move unless the man also moves B) The man can move even when the block is stationary C) If both move, the acceleration of the man is greater than the acceleration of the block D) None of the above assertions is correct A car C of mass m1 rests on a plank P of mass m 2. The plank rests on a smooth floor. The string and pulley are ideal. The car starts and moves towards the pulley with acceleration A) If m1 > m2, the string will remain under tension B) If m1 < m2, the string will become slack C) If m1 = m2, the string will have no tension, and C and P will have accelerations of equal magnitude D) C and P will have accelerations of equal magnitude if m1 ≥ m2 A man tries to remain in equilibrium by pushing with his hands and feet against two parallel walls. For equilibrium, A) he must exert equal forces on the two walls B) the forces of friction at the two walls must be equal C) friction must be present on both walls D) the coefficients of friction must be the same between both walls and the man Two me of unequal masses hold on to the two sections of a light rope passing over a smooth light pulley. Which of the following are possible? A) The lighter man is stationary while the heavier man slides with some acceleration B) The heavier man is stationary while the lighter man climbs with some acceleration C) The two men slide with the same acceleration in the same direction D) The two men slide with accelerations of the same magnitude in opposite directions A body is kept on a smooth inclined plane having an inclination of 1 in x. Then, A) slope of inclined plane is



1 x



B) slope of inclined plane is



1 x 2 −1



C) for the body of mass m to remain stationary relative to the incline, the incline must offer a normal reaction of mg



x x 2 −1
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horizontal acceleration of



g x 2 −1



***



COMPREHENSION



TYPE



QUESTIONS :



Passage I (Q.No: 1 to 5): An engineer is designing a conveyor system for loading lay bales into a wagon. Each bale is 0.25 m. wide, 0.50 m high, and 0.80 m long (the dimension perpendicular to the plane of the figure), with mass 30.0 Kg. The center of gravity of each bale is at its geometrical center. The coefficient of static friction between a bale and the conveyor belt is 0.60, and the belt moves with constant speed. The angle β of the conveyor is slowly increased. At some critical angle a bale will tip (if it doesn't slip first), and at some different critical angle it will slip (if it doesn't tip first). 1. Find the first critical angle (In the same conditions) at which it tips A) β = tan-1 0.50 B) β = tan-1 0.60 C) β = tan-1 0.40 D) 2.



β = tan-1 0.20 Find the second critical angle (in the same conditions) at which it slips. A) β = tan-1 0.50 B) β = tan-1 0.60 C) β = tan-1 0.12



D)



3.



β = tan-1 0.70 Find the first critical angle at which it tips if the coefficient of friction were 0.40 ? A) β = tan-1 0.50 B) β = tan-1 0.60 C) β = tan-1 0.70



D)



4.



β = tan 0.20 Find the second critical angle at which it slips if the coefficient of friction were 0.40 ? A) β = tan-1 0.50 B) β = tan-1 0.60 C) β = tan-1 0.40 D) -1



5.
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A) At smaller angle it will tip first if µs = 0.60 = 0.40 C) At larger angle it will tip first if µ s = 0.60 0.40



B) At smaller angle it will tip first if µ s D) At larger angle it will tip first if µ s =



Passage II: (Q.No: 6 to 9): A moving company uses the pulley system in figure 1 to lift heavy crates up a ramp. The ramp is coated with rollers that make the crate's motion essentially frictionless. A worker piles cinder blocks onto the plate until the plate moves down, pulling the crate up the ramp. Each cinder block has mass 10 kg. The plate has mass 5 kg. The rope is nearly massless, and the pulley is essentially frictionless. The ramp makes a 30 0 angle with the ground. The crate has mass 100 kg. Let W1 denote the combined weight of the plate and the cinder blocks piled on the plate. Let T denote the tension in the rope. And let W2 denote the crate's weight. 6. What is the smallest number of cinder blocks that need to be placed on the plate in order to lift the crate up the ramp ? A) 3 B) 5 C) 7 D) 10 7. Ten cinder blocks are placed on the plate. As a result, the crate accelerates up the ramp. Which of the following is true ? A) W1 = T = W2 sin 300 B) W1 = T > W2 sin 300 C) W1 > T = W2 sin 300 D) W1 > T > W2 sin 300 8. The ramp exerts a "normal" foce on the crate, directed perpendicular to the ramp's surface. This normal force has magnitude. A) W2 B) W2 sin 300 C) W2 cos 300 D) W2 (sin 300 + cos 300) 9. The net force on the crate has magnitude. A) W1 - W2 sin 300 B) W1 - W2 C) T - W2 sin 300 D) T - W2 Passage III (10 to 12) : Figure shows the two masses M1 and M2 in contact. If a force F is applied on M1. Then equal acceleration is produced in both the bodies. The expression for acceleration is given by







 F  M1 + M 2 



a= 



If the force exerted by M2 on M1 be F1, then



 M 2F  F1 =    M1 + M 2 
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10.



11.



12.



Two blocks of masses 4 kg and 6 kg are placed in contact with each other on a frictionless horizontal surface (see above figure). If we apply a push of 5 N on the heavier mass, then force on the lighter mass will be A) 2 N 3N 4N 5N In the above question, if the force is applied on the lighter mass, then the force exerted by lighter mass on the heavier mass will be A) 2 N B) 3 N C) 6 N D) 8 N In the above question, the acceleration of the lighter mass will be A) 0.5 m/s2 B) 1 m/s2 C) (5/6) m/s2 D) (5/4) m/s2



Passage IV (13 & 14) : In figure two blocks M and m are tied together with an inextensible string. The mass M is placed on a rough horizontal surface



with coefficient of friction µ and the mass is hanging vertically against a smooth vertical wall. 13. Choose the correct statement (s) A) the system will accelerate for any value of m B) the system will accelerate only when m > M C) the system will accelerate only when m > µ M D) nothing can be said 14. Choose the correct statement (s) related to the tension T in the string. A) When m < µ M, T = mg B) When m < µ M, T = Mg C) When m >



µ M, µ Mg < T *****



µ M, mg < T < µ Mg



MULTIPLE MATCHING TYPE QUESTION : 1.



2.



3.



Match the following: List - I a) Pseudo force b) centrifugal force c) IIIrd law d) Field force



List – II e) accelerated frame f) A body placed on the table which is at rest g) Rotatory force h) Motion of a rocket i) gravitational force



Match the following: List – I   a) F =dp / dt b) static frictional force c) frictional force d) co-efficient of friction Match the following: List – I



List - II e) < µN f) non-conservative g) equal to applied force h) Newton's IInd Law i) depends on path j) tan of limiting angle List - II 43
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a) Banking of roads b) A body under equilibrium c) moving with constant velocity d) A body rotating on turning table with constant angular velocity 4.



Match the following: List – I a) Indepent of mass b) If there is no relative motion, limiting friction value c) Body moving with constant velocity, pseudo force on it d) A body under motion, kinetic friction always



e) component of normal reactant provide centripetal force f) Fnet = 0 Rω2 g) Tanθ = v2/Rg = g h) Lami's theorem



List - II e) zero f) Pseudo acceleration g) ≤ µN h) acceleration of a body on smooth inclined plane



*****



ASSERTION & REASON: Read the assertion and reason carefully to mark the correct option out of the options given below: (a) If both assertion and reason are true and the reason is the correct explanation of the assertion. (b) If both assertion and reason are true but reason is not the correct explanation of the assertion. (c) If assertion is true but reason is false. (d) If assertion is false but reason is true. 1.



2.



3.



4.



Assertion : Inertia is the property by virtue of which the body is unable to change by itself the state of rest only. Reason : The bodies do not change their state unless acted upon by an unbalanced external force. Assertion : If the net external force on the body is zero, then its acceleration is zero. Reason : Acceleration does not depend on force. Assertion : Newton’s second law of motion gives the measurement of force. Reason : According to Newton’s second law of motion, force is directly proportional to the rate of change of momentum. Assertion : Force is required to move a body uniformly along a circle. Reason : When the motion is uniform, acceleration is zero.
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6.



7. 8.



9. 10.



11.



12.



13.



14.



15. 16.



17.



Assertion : If two objects of different masses have same momentum, the lighter body possess greater velocity. Reason : For all bodies momentum always remains same. Assertion : Aeroplanes always fly at low altitudes. Reason : According to Newton’s third law of motion, for every action there is an equal and opposite reaction. Assertion : No force is required by the body to remain in any state. Reason : In uniform linear motion, acceleration has a finite value. Assertion : Mass is a measure of inertia of the body in linear motion. Reason : Greater the mass, greater is the force required to change its state of rest or of uniform motion. Assertion : A cyclist always bends inwards while negotiating a curve. Reason : By bending, cyclist lowers his centre of gravity. Assertion : The work done in bringing a body down from the top to the base along a frictionless incline plane is the same as the work done in bringing it down the vertical side. Reason : The gravitational force on the body along the inclined plane is the same as that along the vertical side. Assertion : Linear momentum of a body changes even when it is moving uniformly in a circle. Reason : Force required to move a body uniformly along a straight line is zero. Assertion : A rocket works on the principle of conservation of linear momentum. Reason : Whenever there is a 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. Assertion : The apparent weight of a body in an elevator moving with some downward acceleration is less than the actual weight of body. Reason : The part of the weight is spent in producing downward acceleration, when body is in elevator. Assertion : When the lift moves with uniform velocity the man in the lift will feel weightlessness. Reason : In downward accelerated motion of lift, apparent weight of a body decreases. Assertion : In the case of free fall of the lift, the man will feel weightlessness. Reason : In free fall, acceleration of lift is equal to acceleration due to gravity. Assertion : A player lowers his hands while catching a cricket ball and suffers less reaction force. Reason : The time of catch increases when cricketer lowers its hand while catching a ball. Assertion : The acceleration produced by a force in the motion of a body depends only upon its mass. 45
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19.



20.



21.



22.



Reason : Larger is the mass of the body, lesser will be the acceleration produced. Assertion : Linear momentum of a body changes even when it is moving uniformly in a circle. Reason : In uniform circular motion velocity remain constant. Assertion : Newton’s third law of motion is applicable only when bodies are in motion. Reason : Newton’s third law applies to all types of forces, e.g. gravitational, electric or magnetic forces etc. Assertion : A table cloth can be pulled from a table without dislodging the dishes. Reason : To every action there is an equal and opposite reaction. Assertion : A body subjected to three concurrent forces cannot be in equilibrium. Reason : If large number of concurrent forces acting on the same point, then the point will be in equilibrium, if sum of all the forces is equal to zero. Assertion : Impulse and momentum have different dimensions. Reason : From Newton’s second law of motion, impulse is equal to change in momentum.



*****



PREVIOUS 1.



YEAR



IIT



QUESTIONS:



A vessel containing water is given a constant acceleration a towards the right, along a straight horizontal path. Which of the following diagram represents the surface of the liquid [IIT 1981] (a) A



(b) B



(c) C



a



(A)



a



(B)



a



(C)



a



(D)



(d) D
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A closed compartment containing gas is moving with some acceleration in horizontal direction. Neglect effect of gravity. Then the pressure in the compartment is [IIT-JEE 1999] (a) Same everywhere (b) Lower in front side (c) Lower in rear side (d) Lower in upper side



3.



A ship of mass 3×107 kg initially at rest is pulled by a force of 5×104 N through a



4.



distance of 3 m. Assume that the resistance due to water is negligible, the speed of the ship is[IIT 1980; MP PMT 2000] (a) 1.5 m/s (b) 60 m/s (c) 0.1 m/s (d) 5 m/s In the arrangement shown in figure the ends P and Q of an A B θ θ unstretchable string move downwards with uniform speed u. Pulleys A and B are fixed. Mass M moves upwards with a speed M Q P [IIT 1982] (a) 2u cos θ



5.



(b) u cos θ



(c)



2u cos θ



(d)



u cos θ



A string of negligible mass going over a clamped pulley of mass m supports a block of mass M as shown in the figure. The force on the pulley by the clamp is given by [IIT-JEE 2001] (a)



2Mg



(b)



2mg



(c)



(M +m)2 +m2 g



(d)



(M +m)2 + M 2 g



m



M



* * * * *
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K



E



Y



S



SINGLE ANSWER TYPE QUESTIONS LEVEL - I



LEVEL - II



LEVEL - III 1 D



2 C



3 D



4 D



5 B



6 B



7 B



8 A



9 A



10 C



11 B



12 A



13 B



14 D



MULTIPLE ANSWER TYPE QUESTIONS : 1 AD 16 AB 31 ABCD



2 AC 17 ABD 32 ABC



3 ABCD 18 ABD 33 ABCD



4 ACD 19 AB 34 AC



5 ABD 20 AC 35 ABD



6 AC 21 AC 36 BCD



7 BC 22 CD 37 BCD



8 AD 23 BD



9 BD 24 AD



10 BC 25 ABCD



11 ACD 26 ABCD



12 CD 27 AC



13 AD 28 AC



14 BD 29 ACD



15 AD 30 AD



COMPREHENSION TYPE QUESTIONS : 1 A



2 B



3 A



4 C



5 AB



6 B



7 D



8 C



9 C



MULTIPLE MATCHING TYPE QUESTIONS : 1. a-eg, b-g, c-fh, d-I 2. a-h, b-eg, c-fi, d-j



10 A



11 B



12 A



3. a-eg, b-fh, c-f, d-g



13 C



14 AC



4. a-fh, b-e,c-e, d-g



ASSERTION & REASON : 1 D 16 A



2 C 17 B



3 A 18 C



4 B 19 D



5 C 20 B



6 A 21 D



7 C 22 D



8 A



9 C



10 C



11 B



12 A



13 C



14 D



15 A



PREVIOUS YEAR IIT QUESTIONS : 1 C



2 B



3 C



4 D



5 D



∗ ∗ ∗ ∗ ∗
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