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Ch. 1 & 2.Physical world and measurement (Learning capsules)
Very short answer question ( 1 mark each )
1.  Arrange four type of fundamental forces in order of their decreasing strength.
       Ans- Strong nuclear forces ; Electromagnetic force ; Weak nuclear force ; Gravitational   
              force                                                                                                                                                               
2.  What is the range of nuclear forces?
        Ans- range of nuclear forces is ~ 10 fermi.
3. Can a body have zero mass and zero weight?
       Ans- No, mass of a body can never be zero, but it's weight may be zero.
4.  What is the number of significant figures in 5238 N.
        Ans- Four.
5.  Define astronomical unit.
       Ans- One astronomical unit is the average distance of centre of sun from center of the   
            earth
                    1 AU ~ 1.5×1011 m
6.  Give an example of dimensionless variable.
       Ans- Plane Angle
7.  Does the magnitude of a quantity depends on the system of units?
      Ans- No, the magnitude of a quantity does not depend on the system of units.
8.  What is the relation between Par Sec and light year?
      Ans- 1 Par Sec = 3.26 LY
9. What is the SI unit of Thermodynamic Temperature
  Ans- Kelvin  
10. How many picofarad make one farad ?
      Ans- 1012pico farad = 1 farad    
Short Answer Type Question I (2 marks each)
1. What contribution has Physics made in the development of biological sciences ?
Ans- (i) Electron microscope using which we can observe the structure of a cell.
        (ii) X-ray and neutron diffraction techniques for studying structure of nucleic acids 
             which control the process of life activity.
2. Write the dimensions of a and b in the formula v=a+bt, where v is velocity and t is time.
Ans- v=a+bt
        as LHS represents velocity every term on RHS must represents velocity 
         a = v= [ LT-1]
bt = v,  b=v/t =  LT-1 /T= [LT-2 ]
3. A substance weighting 5.74g occupies a volume of 1.2 cm3 . Calculate it's density with due regard to significant figures.
Ans- As we know ,
         Density = mass/volume = (5.74/1.2) = 4.78 = 4.8 g/cm3 
         rounded off to the significant digits
4. Check the correctness of the relation t=2π√(L/g), where L is the length and tis time period of a simple pendulum; g is acceleration due to gravity.
Ans- Let us write the dimension of various quantities on the two sides of the given relation
LHS = t = [T]
        RHS = 2×√( L/g) = √(L/LT-2) =√( T2) = [T]
As, LHS=RHS; dimensionally, therefore the given relation is correct.

5. How many a.m.u. make 1 kg ?
Ans- As  1.66×10-27 kg = 1 a.m.u.
     1 Kg= 1/1.66×10-27 a.m.u.
           = 0.6×1027a.m.u.

Short Answer type Answer Questions II (3 Marks Each)
1. Derive the S.I. unit of joule(j) in terms of fundamental units.
Ans- joule is SI unit of work or energy
     Work = force×distance
           = (mass×acc.)×distance
          = mass×(distance/time2)×distance
          =mass×(distance2/time2)
Hence,
        J= Kgm2/s2 = kgm2s-2
2. Find the value of a force of 100N on a system based upon the metre, the kilogram and the minute as the fundamental units.
Ans- Newton is SI unit of force. We have to convert it into a new system.
     The dimensional formula of force is [M1L1T-2]
These four dimension are 
        a=1, b=1, c= -2
    for converting SI system to the new system
  M1= 1 kg            M2= 1 kg
  L1=1 m              L2 = 1 m
  T1 =1 s              T2 =1 min.
  N1= 100 (newton)   N2= ?
As    n2=n1(M1/M2)a (L1/L2)b (T1/T2)c
        =100 (1kg/1Kg)1 (1m/1m)1 (1s/1min.)-2
= 100×1×1×(1s/60sec)-2
 = 100×(60)2= 36 ×104
Hence 100 N= 36×104 New units of force
3. What are the advantages of SI system?
Ans- (i) SI is a cohrent system of units, i.e. a system based on a certain set of fundamental        units, from which all derived units are obtained by multiplication or division.
(ii) SI is a rational system of units, as it assigns only one unit to particular physical quantity. For example, joule is the unit for all type of energy.
(iii) SI is absolute system of units.
(iv) SI is a metric system of units i.e. multiples and submultiple are expressed as power of 10.

4. Each side of a cube is measured to be 7.203 m, what are the total surface area   of the cube to appropriate significant figures?
Ans- Here, L=7.203m
     Surface area of the cube = 6L2
           A= 6(7.203)2= 311.299 m2
As L has four significant figures, as per rule, surface area and volume should have four significant figures. Rounding off, we get A= 311.3 m2 
5. Two resistances R1=(16±0.3) ohm and R2=(48±0.5) ohm are connected in parallel. Find the total resistance of the combination and percentage error.
Ans- R1=16 ohm,       ∆R1=0.3 ohm
     R2=48 ohm,       ∆R2=0.5 ohm
1/Rp=(1/R1) + (1/R2) = (1/16)+(1/48)= (3+1)/48 = 4/48 =1/12
Rp=12 ohm
On differentiating - 1/Rp = (1/R1) + (1/R2)
   We get( -   ∆Rp/Rp2) =(- ∆ R1/R12) – (∆R2/R22)
       ∆ Rp =     ∆R1(Rp/R1)2 +   ∆ R2(Rp/R2)2
      = 0.3 (12/16)2 + 0.5(12/48)2
      = 0.16875+0.03125 = 0.2 ohm
Percentage Error = ( ∆Rp/Rp)×100
                  = (0.2/12)×100 = 1.6 %


Ch 3.Motion in a straight line (Learning contents)
Reference Systems
The motion of a particle is always described with respect to a reference system. A reference system is made by taking an arbitrary point as origin and imagining a coordinate system to be attached to it. This coordinate system chosen for a given problem constitutes the reference system for it. We generally choose a coordinate system attached to the earth as the reference system for most of the problems.
Point object
If the length covered by the objects are very large in comparison to the size of the objects, objects are considered as point objects.
Types of motion
Depending on the nature of the path followed, motion is classified as translatory motion, rotational motion, projectile motion, oscillatory motion etc. Depending upon the number of coordinates required to define the motion it is classified as one dimensional, two dimensional and three dimensional motion.
(i) One dimensional motion- A particle moving along a straight-line or a path is said to undergo one dimensional motion. For example, the motion of a train along a straight line, freely falling body under gravity etc.
(ii) Two dimensional motion- A particle moving in a plane is said to undergo two dimensional motion. For example, the motion of a shell fired by a gun, carrom board coins etc.
(iii) Three dimensional motion- A particle moving in space is said to undergo three dimensional motion. For example, the motion of a kite in the sky, motion of aeroplane etc.
Total Path Length (Distance)
For a particle in motion the total length of the actual path traversed between initial and final positions of the particle is known as the ‘total path length’ or distance covered by it.
Displacement
Displacement of a particle in a given time is defined as the change in the position of particle in a particular direction during that time. It is given by a vector drawn from its initial position to its final position.
Factors distinguishing displacement from distance
Displacement has direction. Distance does not have direction.
The magnitude of displacement can be both positive and negative. Distance is always positive. It never decreases with time.
[image: motion-in-a-straight-line-cbse-notes-for-class-11-physics-1]
Uniform Speed and Uniform Velocity
Uniform Speed- An object is said to move with uniform speed if it covers equal distances in equal intervals of time, howsoever small these intervals of time may be.
Uniform Velocity- An object is said to move with uniform velocity if it covers equal displacements in equal intervals of time, howsoever small these intervals of time may be

Variable Speed and Variable Velocity.Variable Speed- An object is said to move with variable speed if it covers unequal distances in equal intervals of time, howsoever small these intervals of time may be.
Variable Velocity- An object is said to move with variable velocity if it covers unequal displacements in equal intervals of time, howsoever small these intervals of time may be.
Average Speed and Average Velocity
Average Speed- It is the ratio of total path length traversed and the corresponding time interval. 
Or
The distance covered in a unit time is called average speed.

[image: motion-in-a-straight-line-cbse-notes-for-class-11-physics-2]
The average speed of an object is greater than or equal to the magnitude of the average velocity over a given time interval.
Instantaneous Speed and Instantaneous Velocity
Instantaneous Speed- The speed of an object at an instant of time is called instantaneous speed.
Or
“Instantaneous speed is the limit of the average speed as the time interval becomes infinitesimally small”.
op[image: motion-in-a-straight-line-cbse-notes-for-class-11-physics-3]
Instantaneous velocity- The instantaneous velocity of a particle is the velocity at any instant of time or at any point of its path.
or
“Instantaneous velocity or simply velocity is defined as the limit of the average velocity as the time interval Δt becomes infinitesimally small.”
[image: motion-in-a-straight-line-cbse-notes-for-class-11-physics-4]





Acceleration
The rate at which velocity changes is called acceleration.
[image: motion-in-a-straight-line-cbse-notes-for-class-11-physics-5]
Uniform Acceleration
If an object undergoes equal changes in velocity in equal time intervals it is called uniform acceleration.
Variable acceleration                                                If an object undergoes unequal changes in velocity in unequal time intervals it is called uniform acceleration.
Average AccelerationIt is the change in velocity divided by the time-interval during which the change occurs.
[image: motion-in-a-straight-line-cbse-notes-for-class-11-physics-6]
Instantaneous Acceleration It is defined as the limit of the average acceleration as the time-interval Δt goes to zero.
[image: motion-in-a-straight-line-cbse-notes-for-class-11-physics-7]

Kinematical Graphs
The ‘displacement-time’ and the ‘velocity-time’ graphs of a particle are often used to provide us with a visual representation of the motion of a particle. The ‘shape’ of the graphs depends on the initial ‘co-ordinates’ and the ‘nature’ of the acceleration of the particle (Fig.)
[image: motion-in-a-straight-line-cbse-notes-for-class-11-physics-8]
The following general results are always valid
(i) The slope of the displacement-time graph at any instant gives the speed of the particle at that instant.
(ii) The slope of the velocity-time graph at any instant gives the magnitude of the acceleration of the particle at that instant.
(iii) The area enclosed by the velocity-time graph, the time-axis and the two co-ordinates at ,time instants t1 to t2 gives the distance moved by the particle in the time-interval from t1 to t2.
Equations of Motion for Uniformly Accelerated Motion
For uniformly accelerated motion, some simple equations can be derived that relate displacement (x), time taken (t), initial velocity (u), final velocity (v) and acceleration (a).                                 Following equation gives a relation between final velocity v and initial velocity u of an object moving with uniform acceleration a: v = u + at[image: motion-in-a-straight-line-cbse-notes-for-class-11-physics-9]
[image: motion-in-a-straight-line-cbse-notes-for-class-11-physics-10]
Suppose a body is projected vertically upward from a point A with velocity u
[image: motion-in-a-straight-line-cbse-notes-for-class-11-physics-11]
In some problems it is convenient to take the downward direction as positive, in such case all the measurements in downward direction are considered as positive i.e., acceleration will be +g. But sometimes we may need to take upward as positive and if such case acceleration will be -g.
Relative Velocity
Relative velocity of an object A with respect to another object B is the time rate at which the object A changes its position with respect to the object B.
[image: motion-in-a-straight-line-cbse-notes-for-class-11-physics-12]

—>The relative velocity of two objects moving in the same direction is the difference of the speeds of the objects.
—>The relative velocity of two objects moving in opposite direction is the sum of the speeds of the objects.
• IMPORTANT TABLES
[image: motion-in-a-straight-line-cbse-notes-for-class-11-physics-13]

Ch. 3. Learning capsules:
VSA(VERY SHORT ANSWER TYPE)					(one mark each)
1. Can a body have a constant speed and steel have a varying varying velocity?
Ans:-Yes, A particle in uniform circular motion has a constant speed but varying velocity because of the change in its direction of velocity at every point.
2. Can a body have zero velocity and still be acceleration?
Ans:-Yes, A body thrown vertically upwards has zero velocity at its highest point but has a acceleration equal to the acceleration due to gravity.
3. Is it possible for a body to be accelerated without speeding up or slowing down?
Ans:- Yes, An object in uniform circular motion is accelerating but its speed neither decreases or increases.
4. Under what condition is the average velocity equal to the instantaneous velocity?
Ans:-When a body moves with a constant velocity, its average velocity over any time interval is same as is instantaneous velocity.
5. Two balls of different masses (one lighter and other heavier) are thrown vertically upward with same initial speed. Which one will rise to the greater height?
Ans:-Both the balls will rise to the same heights. It is because, for a body moving with given initial velocity and acceleration, the distance covered by the body does not depend on the mass of the body.
6. Can the position time graph have a negative slope?
Ans:-Yes, when the velocity of the object is negative.
7. Is it possible that your cycle has a northward velocity but southward acceleration? Explain.
Ans:-Yes, suppose breaks are applied to a cycle moving northward. At that instant, it has a northward velocity and a southward acceleration.
8. A particle moves in one dimension. The velocity is given by v(t) =C2t2+C1t+C0 ,where C1 and C2 are constants. What is the unit of the constant C1?
a. length/time	b. length/time2		c. length	d. length/time3
Ans: option a. length/time
9. When a ball is thrown up vertically with a velocity V0, it reaches a maximum height h. If one wishes to triple the maximum height, then the ball should be thrown with velocity
a. V0		b.3V0			c. 9V0			d.3V0/2
Ans: option a. V0
10. A particle with zero acceleration can speed up. (True/False)
Ans:- False
SA-I (SHORT ANSWER TYPE-I) 					             (Two marks each)
1. Rest and motion are relative term. Explain.
Ans:- Yes, objects may be at rest relative to one object and at the same time it may be in motion relative to another object. For example, a passenger sitting in a moving train is at rest with respect to his fellow passengers but he is in motion with respect to the objects outside the train. So we can say that rest and motion are relative terms. 
2. If the displacement of a body is zero, is the distance cover by it necessarily zero? Comment with suitable illustration.
Ans:-No, it is not necessary that the distance covered by a body is zero when its displacement is zero. Consider a particle moving along a circular track of radius ‘r’. After the particle completes one revolution, its displacement is zero while the distance covered is 2
3. In case of a motion, displacement is directly proportional to the square of the time elapsed, what do you think about its acceleration i.e, constant or variable? Explain why.
Ans:- Given   
		Or, 
Where c is a constant.
Velocity,       = c x 2t
Acceleration,  
Hence the object is moving with uniform acceleration.
4. An object is in uniform motion along a straight line. What will be position-time graph for the motion of object if
a. 
b. Both 
The letters  and  represent position of the object at t =0 and velocityof the object respectively.
Ans:- a. if  ,the position time graph will looks like 

x

O                                              t


b. if both , the position time graph will looks like

x
O                                             t



5. Two straight lines drawn on the same displacement-time graph make angles  with the time axis respectively. Which line represents the greater velocity? What is the ratio of the two velocities?
Ans:- Slope of the displacement-time graph = Velocity of the object
As the slope of the line making angle >the slope of the line making angle 
That is the line making angle of  with time axis represents greater velocity.
Ratio of the two velocities = 

SA-I (SHORT ANSWER TYPE-II) 				         (Three marks each)
1. A car is moving along X axis .as shown in fig. It moves from O to P in18 sec and returns from P to Q in 6 sec. What are the average velocity and average speed of the car in going from (i) from O to P (ii) from O to P and back to Q?



Ans:-
(i)From O to P
Average velocity = 

		     =  =20 m/s

Average speed = 

 =    = 20m/s

(ii) From O to P and back to Q
Average velocity= =

		  =    =10m/s

Average speed =  =
  =    = 20m/s

2. If a body is moving with uniform acceleration in straight-line describes successive equal distance in time interval , then show that

Ans:- As shown in fig. , let the three successive equal distances be represented by, AB,BC and CD



Let each distance be x m. Let  and  be the velocities at point A,B,C and D respectively.
Average Velocity between A and B =
Thus           
Or,             
Similarly,   ,             and        
Average velocity between A and D =
Thus              
Or,                
Hence, 
	Or,  +
Or, (proved)
3. A bullet fired into a fixed target loses half of its velocity after penetrating 3cm. How much further will it penetrate before coming to rest assuming that it faces constant resistance to motion?
Ans:- In first case if ‘u’ is its initial velocity, then ‘v’=u/2, s=3 cm
As                 

Or, 
In second case: v=0, 
Initial velocity = u/2


Thus the bullet will penetrate a further distance of 1cm before coming to rest.
4. The position time graphs for two children A and B returning from their school O to their homes P and Q respectively are shown in fig. Choose the correct entries in the brackets below; 
a. (A/B) starts from the school earlier than (A/B)
b. A and B reach at home at (same/different) time 
c. (A/B) overtakes (B/A) on the road (once/twice)
Ans:- 
a. For X=0, t=0 for A; while ‘t’ has some finite value for B. therefore A starts from the school earlier. 
b. It is clear from the given graph that both A and b reach their respective homes at the same time.
c. The x-t graph intersects only once for A and B. Also, B moves later than A and his speed is greater than that of A. Hence B overtakes A only once on the road.
5. Draw and explain the following graphs for an object projected upward with a velocity V0,which comes back to the same point after some time;
a. Acceleration versus time graph
b. Speed versus time graph
c. Velocity versus time graph
Ans:
a)  the acceleration on the object is the acceleration due to gravity which is  constant over time so the graph loos likes

b) When the body moves up its speed decreases uniformly and become zero at the highest point. As the body moves down, its speed increases uniform


c) When the body moves up its velocity decreases uniformly and become zero at the highest point. As the body moves down, its velocity increases uniform but in opposite direction.



Ch. 4.Motion in  a Plane (Learning contents)

[bookmark: _gjdgxs]Motion in plane  -Motion in a plane is called as motion in two dimensions e.g., projectile motion, circular motion etc. For the analysis of such motion our reference will be made of an origin and two coordinate axes X and Y.
[bookmark: _30j0zll]Scalar and Vector Quantities
Scalar Quantities- The physical quantities which are completely specified by their magnitude or size alone are called scalar quantities.
Examples. Length, mass, density, speed, work, etc.
Vector Quantities- Vector quantities are those physical quantities which are characterised by both magnitude and direction.
Examples. Velocity, displacement, acceleration, force, momentum, torque etc.
[bookmark: _1fob9te]Characteristics of Vectors                            Following are the characteristics of vectors:
(i) These possess both magnitude and direction.
(ii) These do not obey the ordinary laws of Algebra.
(iii) These change if either magnitude or direction or both change.
(iv) These are represented by bold-faced letters or letters having arrow over them.
[bookmark: _3znysh7]Unit Vector
A unit vector is a vector of unit magnitude and points in a particular direction. It is used to specify the direction only. Unit vector is represented by putting a cap (^) over the quantity.
[image: motion-in-a-plane-cbse-notes-for-class-11-physics-1]
s
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• Zero Vector
[image: motion-in-a-plane-cbse-notes-for-class-11-physics-3]
• Negative of a Vector
[image: motion-in-a-plane-cbse-notes-for-class-11-physics-4]

• Parallel Vectors
[image: motion-in-a-plane-cbse-notes-for-class-11-physics-5]
• Coplanar Vectors
Vectors are said to be coplanar if they lie in the same plane or they are parallel to the same plane, otherwise they are said to be non-coplanar vectors.
[bookmark: _2et92p0]Position vector                                                          A vector which gives the position of an object with reference to the origin of a coordinate system is called position vector.
[bookmark: _tyjcwt]Vectoe OP is the position vector of the object at point P wese
[bookmark: _3dy6vkm]
Displacement Vector
The displacement vector is a vector which gives the position of a point with reference to a point other than the origin of the co-ordinate system.
[bookmark: _1t3h5sf][bookmark: _4d34og8][bookmark: _2s8eyo1]Vector PQ is the displacement vector of the object in time t to t' -
[image: motion-in-a-plane-cbse-notes-for-class-11-physics-6]
Parallelogram Law of Vector Addition
If two vectors, acting simultaneously at a point, can be represented both in magnitude and direction by the two adjacent sides of a parallelogram drawn from a point, then the resultant is represented completely both in magnitude and direction by the diagonal of the parallelogram passing through that point.
[image: motion-in-a-plane-cbse-notes-for-class-11-physics-7]
Triangle Law of Vector Addition
If two vectors are represented both in magnitude and direction by the two sides of a triangle taken in the same order, then the resultant of these vectors is represented both in magnitude and direction by the third side of the triangle taken in the opposite order.
[image: motion-in-a-plane-cbse-notes-for-class-11-physics-8]
[image: motion-in-a-plane-cbse-notes-for-class-11-physics-9]
Polygon Law of Vector Addition
If a number of vectors are represented both in magnitude and direction by the sides of a polygon taken in the same order, then the resultant vector is represented both in magnitude and direction by the closing side of the polygon taken in the opposite order.
[image: motion-in-a-plane-cbse-notes-for-class-11-physics-10]
• Properties of Vector Addition
Vector addition has following properties:
[image: motion-in-a-plane-cbse-notes-for-class-11-physics-11]
[image: motion-in-a-plane-cbse-notes-for-class-11-physics-12]
Resolution of Vectors
It is a process of splitting a single vector into two or more vectors in different directions which together produce the same effect as is produced by the single vector alone.
The vectors into which the given single vector is splitted are called component of vectors. In fact, the resolution of a vector is just opposite to composition of vector
[image: motion-in-a-plane-cbse-notes-for-class-11-physics-13]
If the components of a given vector are perpendicular to each other, then they are called rectangular components.
Position Vector
[image: motion-in-a-plane-cbse-notes-for-class-11-physics-14]
Multiplication of Vectors
(i) Scalar product (Dot product). Scalar product of two vectors is defined as the product of the magnitude of two vectors with cosine of smaller angle between them.
[image: motion-in-a-plane-cbse-notes-for-class-11-physics-15]
Properties of Scalar Product
[image: motion-in-a-plane-cbse-notes-for-class-11-physics-16]
[image: motion-in-a-plane-cbse-notes-for-class-11-physics-17]

Properties of Cross Product
[image: motion-in-a-plane-cbse-notes-for-class-11-physics-18]
[image: motion-in-a-plane-cbse-notes-for-class-11-physics-19]

[bookmark: _17dp8vu]Projectile Motion
The projectile is a general name given to an object that is given an initial inclined velocity and which subsequently follows a path determined by the gravitational force acting on it and by the frictional resistance of the air. The path followed by a projectile is called its trajectory.
Equation of projectile motion. The general case of projectile motion corresponds to that of an object that has been given an initial velocity u at some angle 8 above (or below) the horizontal. The horizontal and vertical displacements x and y are given by

	[image: motion-in-a-plane-cbse-notes-for-class-11-physics-22]
[image: motion-in-a-plane-cbse-notes-for-class-11-physics-23]
Angular Displacement
Angular displacement of the object moving around a circular path is defined as the angle traced out by the radius vector at the centre of the circular path in a given time.
θ (angle) = arc/radius
θ —> the magnitude of angular displacement. It is expressed in radians (rad).
Angular Velocity
Angular velocity of an object in circular motion is defined as the time rate of change of its angular displacement.
[image: motion-in-a-plane-cbse-notes-for-class-11-physics-24]
Angular Acceleration
Angular acceleration of an object in circular motion is defined as the time rate of change of its angular velocity.
[image: motion-in-a-plane-cbse-notes-for-class-11-physics-25]
Uniform Circular Motion
When a body moves in a circular path with a constant speed, then the motion of the body is known as uniform circular motion.
The time taken by the object to complete one revolution on its circular path is called time period. For circular motion, the number of revolutions completed per unit time is known as the frequency (v). Unit of frequency is 1 Hertz (1 Hz). It is found that
[image: motion-in-a-plane-cbse-notes-for-class-11-physics-26]
Centripetal Acceleration
To maintain a particle in its uniform circular motion a radially inward acceleration should be continuously maintained. It is known as the centripetal acceleration.
[image: motion-in-a-plane-cbse-notes-for-class-11-physics-27]
Ch.4 : Motion in a plane (Learning capsules)						
VSAQ(1 MARK)
Read each state statement below carefully and state with reasons, if it is true or false
1. Three vectors not lying in a plane can never add up to give a null vector.
2. The net acceleration of a particle in circular motion is always along the radius towards the centre.
3. At the highest point of projectile path, the velocity and acceleration are perpendicular to each other.
Multiple Choice Questions:
4. The distance travelled by a body is directly proportional to the square of the time taken. Its acceleration.
(a) increases (b) decreases (c) becomes zero (d) remains constant
5. The angle of projection at which the horizontal range and maximum height if projectile are equal is 
(a)45 (b) 60 (c)θ= tan-14 (d) θ= tan-10.25
6. During projectile motion the quantities that remain unchanged
(a) force & vertical velocity			  (b) acceleration & horizontal speed 
(c)kinetic energy & acceleration 		  (d) acceleration & momentum
7. With respect to rectangular Cartesian coordinate system three vectors are expressed as a=4i-j; b= -3i+2j ; c=-k where I,j,k are unit vectors. The unit vector(r) along the direction of the sum of these vectors is 
(a) r=1/√3(i+j-k)	(b) 1/√2(i+j-k)	(c)1/3 (i+j+k)		 (d)1/2(i-j+k)

Fill in the blanks:

8. When vectors act in same direction, magnitude of the resultant of two vectors is_____________.

9. Horizontal range of projectile is same when angle of projection is ______ and _________.

SAQ(2 MARKS)
10. Rain is falling vertically with  a speed of 30m/s, a woman rides a bicycle with a speed of 10m/s in north to south direction. What is the direction in which she should hold her umbrella?
11. A bullet is fired at an angle of 30⁰ with the horizontal hits the ground 3 km away. By adjusting its angle of projectiom, can one hit a target 5km away?
12. A railway carriage moves over a straight track with acceleration a. passenger in the  carriage drops a stone. What is the acceleration of the stone with respect to carriage and the earth?
13. A mass of 2kg lies on a plane making an angle 30⁰ to the horizontal. Resolve its weight along perpendiculat to the plane. (g=10m/s2).
14. Find magnitude and direction of centripetal acceleration in case of a uniform circular motion of an object.



Answers

1. True, as they can not be represented by the three sides of a triangle taken in the same order.
2.  The net acceleration of a particle is towards the centre only in the case of uniform circular motion.
3.True, in projectile motion at max height the velocity vector(purely horizontal) becomes perpendicular to acceleration vector(vertically downwards.)
4. (d)  v=ds/dt= 2kt;a= dv/dt= 2k
5. (c); u2sin2 θ/2g= u2sin2θ/g ;tan θ=4
6. B
7. A; R=a+b+c; r=R/|r|
8. Maximum

9. Θ and 90- θ, 45 + θand 45- θ
10. tan θ=vw/vr=10/30=0.33  towards south
11.R= u2sin2θ/g
u2/g=2√3 =3.64 (max range); so it cannot hit target.


12. g wrt to earth; inside the carriage horizontal acc( due to forward motion); vertical acc. (due to g) total acc = √(a2+g2)
  13. mgsin θ=2.10.sin 30
mgcos θ=2.10.cos 30
14.Derivation . a=ω2r-   = v2/r
Direction ; towards the centre of circular path.
SHORT ANSWER Type Questions                                              | 3Mark|
Q.No.1:  Derive expressions for velocity and acceleration for uniform circular motion.
                                                          OR 
Derive expression for linear acceleration in uniform circular motion.

Ans:
[image: ]
[image: ]
[image: ][image: ]
Q.No2:.Derive an equation for the path of a projectile fired parallel to horizontal.
Ans:Let a projectile having initial uniform horizontal velocity u be under the influence of
gravity, then at any instant t at position P the horizontal and vertical.
For horizontal motion
[image: ]
[image: ]
[image: ]
Q.No.3: Rain is falling vertically with a speed of 30 m/sec . A woman rides a bicycle with a speed of 10 m/sec in the north to south direction. What is the direction in which she should hold her umbrella?
The described situation is shown in the given figure.
[image: ]
[image: ]
Q.No.4 :The ceiling of a long hall is 25 m high. What is the maximum horizontal distance thata ball thrown with a speed of 40 m/sec .can go without hitting the ceiling of the hall?
Ans. Speed of the ball, u = 40 m/s
Maximum height, h = 25 m
In projectile motion, the maximum height reached by a body projected at an angle θ, is given
by the relation:
[image: ]
[image: ]
Q.No.5 :A bullet fired at an angle of 30° with the horizontal hits the ground 3.0 km away. By adjusting its angle of projection, can one hope to hit a target 5.0 km away? Assume the muzzle speed to the fixed, and neglect air resistance.
Ans:No
Range, R = 3 km
Angle of projection,  Ө = 30°
Acceleration due to gravity, g = 9.8 m/sec2
Horizontal range for the projection velocity u0, is given by the relation:
[image: ]
[image: ]

5 Marks Questions

Q.No.1.(a) What is the angle between  A and B if A and Bdenote the adjacent sides of a parallelogram drawn form a point and the area of the parallelogram   is 1 AB?
2
(b) State and prove triangular law of vector addition?

Ans:(a) Area of a parallelogram =|A ×B |

Area of parallelogram = A B Sin θ ( Applying cross product)
Given, area of parallelogram =1 AB?
                                                 2
[image: ]
Ө=300
(b) Triangular law of vector addition states that if two vectors can be represented both in
magnitude and direction by the sides of a triangle taken in order then their resultant is given by the third side of the triangle taken in opposite order.
[image: ]
[image: ]
Q.No.2 :On an open ground, a motorist follows a track that turns to his left by an angle of 60° after every 500 m. Starting from a given turn, specify the     displacement of the motorist at the third, sixth and eighth turn. Compare the magnitude of the displacement with the total path length covered by the motorist in each case.
Ans:
[image: ]
[image: ]
[image: ]
[image: ]
Q.No.3 : A cyclist is riding with a speed of 27 km/h. As he approaches a circular turn on the road of radius 80 m, he applies brakes and reduces his speed at the constant rate of 0.50 m/s every second. What is the magnitude and direction of the net acceleration of the cyclist on the circular turn?
[image: ]
[image: ]
[image: ]
= 54.460






Ch.5.LAWS OF MOTION (Learning contents)

5.1 Introduction
5.2 Aristotle’sfallacy
5.3 The law ofinertia
5.4 Newton’s first law ofmotion
5.5 Newton’s second law of motion
5.6 Newton’s third law ofmotion
5.7 Conservation ofmomentum
5.8 Equilibrium of aparticle
5.9 Common forces inmechanics
5.10 Circularmotion
5.11 Solving problems in mechanics
Summary

5.1 INTRODUCTION

Someexternal agency is needed to provide force to move a body from rest. Likewise, an external force is needed also to retard or stop motion.Youcanstopaballrollingdownaninclinedplaneby applyingaforceagainstthedirectionofitsmotion.
Theexternalagenciescan exert force on a body even froma distance.
In short, a force is required to put a stationary body in motion or stop a moving body, and some external agencyis neededtoprovidethisforce.Theexternalagencymayormay notbeincontactwiththebody.
5.2 ARISTOTLE’SFALLACY
Anexternalforce is required to keep a body inmotion.
Aristotelianlawofmotionisflawed,asweshall see. External forces seem to be needed to keep bodies in motion.Lefttothemselves,allbodieseventually come torest.
WhatistheflawinAristotle’sargument?The answeris:amovingbody comestorestbecause theexternalforceoffrictiononthecarbythefloor opposesitsmotion.Tocounterthisforce,theperson hastoapplyanexternalforceonthemoving body inthe directionofmotion.
5.3 THELAWOFINERTIA
Galileostudiedmotionofobjectsonaninclined plane.Objects(i)movingdownaninclinedplane accelerate,whilethose(ii)movingupretard. (iii) Motion on a horizontal plane is an intermediate situation. Galileo concluded that an object moving on a frictionless horizontal plane must neither have acceleration nor retardation, i.e. it should move with constant velocity 
	





(i) 	(ii)			(iii)


5.4 NEWTON’SFIRSTLAWOFMOTION
	Ifthenetexternalforceonabodyiszero,its accelerationiszero.Accelerationcanbenon zero only if there is a net external force on thebody.
(a) Inertia of rest 
(b) [image: ][image: ]Inertia of motion 
(c) Inertia of direction

							

This law give definition of a force and also of inertia. That’s why it is also known as law of inertia.

5.5 NEWTON’S SECOND LAW OF MOTION 
Thefirstlawreferstothesimplecasewhenthe netexternalforceonabodyiszero.Thesecond
lawofmotionreferstothegeneralsituationwhen thereisanetexternalforceactingonthebody. It relates the net external force to the acceleration of the body.

[image: ]Momentum
Momentum, P of a body is defined to be the product of its mass m and velocity v, and is denoted by p:
p =mv



These qualitative observations lead to the SecondLawofmotionexpressedbyNewtonas follows:
Therateofchangeofmomentumofabodyis directlyproportionaltotheappliedforceand takesplaceinthedirectioninwhichtheforce acts.

F dp/dt	= (p2 –p1)/t = (mv-mu)/t	=	m(v-u)/t	=	m.a
F = k m.a
F = ma (k = 1)

Impulse
Wesometimesencounterexampleswherealarge forceactsforaveryshortdurationproducinga finite change in momentum of the body. For example, when a ball hits a wall and bounces back,theforceontheballbythewallactsfora veryshorttimewhenthetwoareincontact,yet theforceislargeenoughtoreversethemomentum of the ball. Often, in these situations, theforce and the time duration are difficult to ascertain separately.However,theproductofforceandtime, which is the change in momentum of the body remainsameasurablequantity.Thisproductis calledimpulse:
Impulse = Force × timeduration	=	Change in momentum

Alargeforceactingforashorttimetoproducea finitechangeinmomentumiscalledanimpulsive force.
NEWTON’STHIRDLAWOFMOTION
Toeveryaction,thereisalwaysanequaland oppositereaction.
There is no cause- effectrelationimpliedinthethirdlaw.The forceonAbyBandtheforceonBbyAact atthesameinstant.
FAB    			= 	–FBA
(force on A by B) 	= 	– (force on B by A)

CONSERVATION OFMOMENTUM
Law of conservation of momentum:
The total momentum of an isolated system of interacting particles is conserved.

EQUILIBRIUMOFAPARTICLE
Equilibriumofaparticleinmechanicsrefersto thesituationwhenthenetexternalforceonthe particleiszero. According to the first law, this means that, the particle is either at rest or in uniform motion.
If two forces F1 and F2, act on a particle, equilibrium requires
[image: ]F1= - F2

Equilibrium under concurrent forces will cancel each other.

Forces are said to be concurrent if they meet at a common point. 




COMMONFORCESINMECHANICS
Forceofgravityduetotheearth,
Contactforces (The viscous force, air resistance, etc are also examples of contact forces).3
Two other common forces are tension in a stringandtheforceduetospring._ 


FRICTION
Friction:- Whenever a body tends to slide over another’s surface, an opposing force, called force of friction comes into play. This force acts tangentially to the interface of two bodies.

Static friction:- Static friction is the force of friction between two surfaces so long as there is no relative motion between them. It is always equal to the applied force. The static frictional forces are incorporated in the following inequality.









fs  ≤ µsN

The magnitude of static friction fs (static frictional force) has a maximum value fsmax  that is given by,
fsmax  = µsN

Here µs is the coefficient of kinetic friction and N is the normal force.

So, coefficient of static friction, µs= fsmax /N

Kinetic friction:- Kinetic friction is the force of friction which comes into play between two surfaces when there is some relative motion between them. The magnitude of force of kinetic friction fk (kinetic frictional force) is proportional to the normal force N.
So, fk = µk N 

Here µk is the coefficient of kinetic friction.

Thus, coefficient of kinetic friction, µk = fk/N  

µk < µs

Rolling friction:- Force of friction which comes into play, between two surfaces, while one is rolling over the other is called rolling friction.  Rolling friction is similar to kinetic friction.
So, fr = µr N 

Here µr is the coefficient of rolling friction and N is the normal force.

Angle of Friction:-
[image: https://files.askiitians.com/cdn1/images/201494-143135970-5388-untitled.png]The angle made by the resultant reaction force with the vertical (normal reaction) is known as the angle of the friction.

Now,  in the triangle OAB

Angle of Friction

AB/OB = cotθ

So, OB = AB/ cotθ

= AB tanθ

Or, tanθ = OB/AB

= f / N

So, tanθ = f / N  = µs

Angle of Repose:- It is the angle which an inclined plane makes with the horizontal so that a body placed over it just begins to slide of its own accord.
[image: https://files.askiitians.com/cdn1/images/201494-14337621-8189-untitled.png]Consider a body of mass m resting on an inclined plane of inclinationq. The forces acting on the body are shown – Ff being the force of friction. If friction is large enough, the body will not slide down.

along x: mg sin θ – f = 0             …(1)

Along y: N –mg cosθ = 0                …(2)

i.e. N = mg cos θ 	and 	f = mg sin θ 

Thus, f _ ≤  µsN gives,

mg sin θ ≤    µs mg cos θ

So,  tan θ ≤ µs. This signifies, the coefficient of static friction between the two surfaces, in order that the body doesn’t slide down.

When q is increased, then tan θ > µs. Thus sliding begins, and the angle θr  = tan-1 µ. This angle is known as the angle of repose.


CIRCULARMOTION
[image: ]Acceleration of abodymovinginacircleofradiusRwithuniform speed v is v2/R directed towards the centre. Accordingtothesecondlaw,theforcefproviding this acceleration is:

F = mv2/R

Motion of a car on a level road
Three forces act on the car. 
(i) Theweightofthecar,mg
(ii) Normal reaction,N
(iii) Frictional force,f

F  µsN = mv2/R
v2 µsNR/m = µsRg
vmax=( µsRg)

[image: ]Motion of a car on a banked road 










Wecanreducethecontributionoffrictiontothe circular motion of the car if the road isbanked.Sincethereisnoaccelerationalong the vertical direction, the net force along thisdirectionmustbezero.Hence,
N cos= mg + fsin		
Thecentripetalforceisprovidedbythehorizontal componentsofNandf.

But f  µs N,	
Thus to obtain vmax we put,	
N cos = mg + µs N sin 
N sin θ + μsNcos θ = mv2/R,	
We obtain, 	
	
[image: ]
[image: ]
SOLVING PROBLEMS IN MECHANICS
The three laws of motion that you have learnt in this chapter are the foundation of mechanics. You should now be able to handle a large variety of problems in mechanics. A typical problem in mechanics usually does not merely involve a single body under the action of given forces. More often, we will need to consider an assembly of different bodies exerting forces on each other. Besides, each body in the assembly experiences  the force of gravity. When trying to solve a problem of this type, it is useful to remember the fact that we can choose any part of the assembly and apply the laws of motion to that part provided we include all forces on the chosen part due to the remaining parts of the assembly.
We may call the chosen part of the assembly as the system and the remaining part of the assembly (plus any other agencies of forces) as the environment. We have followed the samemethod in solved examples. To handle a typical problem in mechanics systematically, one should use the following steps :
(i) Draw a diagram showing schematically the various parts of the assembly of bodies, the links, supports, etc. 
(ii) Choose a convenient part of the assembly as one system.
(iii) Draw a separate diagram which shows this system and all the forces on the system by the remaining part of the assembly. Include also the forces on the system by other agencies. Do not  include the forces on the environment by the system. A diagram of this type is known as ‘a free-body diagram’.
(Note this does not imply that the system under consideration is without a net force).
(iv) In a free-body diagram, include information about forces (their magnitudes and directions) that are either given or you are sure of (e.g., the direction of tension in a string along its length). The rest should be treated as unknowns to be determined using laws of motion.
(v) If necessary, follow the same procedure for another choice of the system. In doing so, employ Newton’s third law. That is, if in the free-body diagram of A, the force on A due to B is shown as F, then in the free-body diagram of B, the force on B due to A should be shown as –F.
Connected motion (Pulley problem):-
[image: https://files.askiitians.com/cdn1/images/201494-142543896-9154-capture.png]
(a) Driven body moving vertically:- 
Acceleration of the system, a = (M-m)/(M+m) .g  
Tension in the string, T = (2Mm)/(M+m) .g 
The force on the pulley, F = (4Mm)/(M+m) .g
(b) Driven body moving horizontally:-
[image: https://files.askiitians.com/cdn1/images/201494-142736557-4410-capture.png]
Acceleration of the system, a = (M /M+m) g 
Tension in the string, T= (Mm/M+m) g 
The force on the pulley, F= [√2 (Mm) /M+m] g 
Here g is the free fall acceleration.
· Application of Newton’s third law on contact of two block:-
[image: https://files.askiitians.com/cdn1/images/201494-142919896-2609-untitled.png]
(a) Acceleration, a = F/(m + M)
(b) [image: https://files.askiitians.com/cdn1/images/2014326-81722279-6255-image013.png]
(c) Contact force, F12 = (m/m+M) F = F21	




Ch.5 [Learning capsules]
VERY SHORT ANSWER Type Questions          |1 Mark| 
Q.No. 1- Aforce of 1 N acts on a body of mass 1g.calculate the acceleration                                                    produced in the body.
Ans.  Given    F=1N m=1g=10-3 kg 
Now F=ma 
                                         a=F\m=1\10-3=103 m\s2
Q.No. 2 -A body is moving in a circular path such that its speed always remains constant .should there be a force acting on the body ?
Ans. When a body moving along a circular path ,speed always remains constant and a centripetal force is acting on the body.
Q.No. 3-Calculate  the force acting acting on a body which changes the momentum of the body at the rate 1kg-m\s2?
Ans.F=rate of change of momentum
=1kg-m\s2  =1N
Q.No. 4-    Define 1 Newton force?
Ans. One newton is defined as the force which producesan acceleration of 1m\s-2in a body of mass 1 kg.
Q.No. 5 -   What is the principle of working of a rocket ?
Ans.Law of conservation of linear momentum.
Q.No. 6 - What happens to  coefficient of friction ,when weight of body is doubled?
Ans . The coefficient of friction remains unchanged.
Q.No. 7-What is the angle of frictio between two surfaces in contact if the coefficient of friction is ?
Ans.µ=tanθ=
 Henceθ=300
Q.No. 8 -   State the principle of conservation of linear momentum.
Ans.if no external force acts on a system the momentum of the system remains constant .
Q.No. 9 - What provides the centripetal force to a satellite revolving around the earth ?
Ans. Gravitational force of attraction on the satellite due to the earth ?
Q.No. 10-Define limiting friction .
Ans .The maximum force of static friction which comes into play when a body just starts moving over the surface of another body is called limiting friction.
SHORT ANSWER Type Questions          |2 Mark| 
Q.No. 1 –Give the magnitude and direction of the net force acting on
(a) A drop of rain falling down with constant speed.
(b) A kite skillfully held stationary in the sky.
Ans: (a) According to first law of motion F = 0 as a = 0 (particle moves with constant speed)
          (b) Since kite is stationary net force on the kite is also zero.
Q.No.2 -Two billiard balls each of mass 0.05kg moving in opposite directions with speed 6m/s collide and rebound with the same speed. What is the impulse imparted to each ball due to other.

Ans:Initial momentum to the ball A = 0.05(6) = 0.3 kg m/s
As the speed is reversed on collision,
final momentum of ball A = 0.05(-6) = -0.3 kg m/s
Impulse imparted to ball A = change in momentum of ball A = final momentum – initial
momentum = -0.3 -0.3 = -0.6 kg m/s.
Q.No.3 -How is centripetal force provided in case of the following?
(i) Motion of planet around the sun,
(ii) Motion of moon around the earth.
(iii) Motion of an electron around the nucleus in an atom.
Ans:(i) Gravitational force acting on the planet and the sun provides the necessary
(ii) Force of gravity due to earth on the moon provides centripetal force.
(iii) Electrostatic force attraction between the electron and the proton provides the
necessary centripetal force.
Q.No. 4 -Explain why passengers are thrown forward form their seats when  a            speeding busstops suddenly.

Ans:When the speeding bus stops suddenly, lower part of the body in contact with the seat
comes to rest but the upper part of the body of the passengers tends to maintain its uniform
motion. Hence the passengers are thrown forward.
Q.No. 5 -Why does a cyclist lean to one side, while going along curve? In what direction does he lean?
Ans:A cyclist leans while going along curve because a component of normal reaction of the
ground provides him the centripetal force he requires for turning.
He has to lean inwards from his vertical position i.e. towards the centre of the circular path.








Q1:  An elevator weights 4000 kg.When the upward tension in the supporting cable is 48000N, what is the upward acceleration? Staring from rest, how far does it rise in 3 sec?
Sol: Here, weight of the elevator,
                                         Mg = 4000 kgf = 4000 × 9.8 = 39200 N;
      Mass of the elevator, M=4000 kg;
Force on the elevator in upward direction=48000 N
Therefore, net force on the elevator in upward direction,
 F′=F-Mg=48000-39200=8800 N
If a is the upward acceleration, then
F′=Ma
Or a=F′/a=8800/4000=2.2ms-2
For upward motion, we have
u=0; a=2.2ms-2 ; t=3sec
If S is the distance covered by the elevator in 3 sec, then
S=up+  at2
=0×3 +× 2.2 × 32=9.9 m


Q 2: A cart of mass 500kg is standing at rest on the rails. A man weighting 70 kg and running parallel to the rail track with a velocity of 10 ms-1 jumps on to the cart on approaching it.Find the velocity with which the cart will start moving.
Sol: Here, mass of the cart, M1= 500 kg;
Initial velocity of the cart, v1=0;
Mass of the man, M2=70kg;
Velocity of the man, v2=10 ms-1
Let V be the velocity with which the cart and the man move, when the man jumps on to the cart.
Now, according to principle of conservation of momentum,
(M1+M2)V=M1 v1 +M2 v2
Therefore (500+70) × V=500 × 0  + 70 × 10
Or,   570 V=700
Or V =1.23 ms-1


Q3: A bullet of mass 0.01 kg is fired horizontally into a 4kg wooden block at rest on horizontal surface. The coefficient of the kinetic friction between the block and the surface is 0.25.The bullet gets embedded in the block and the combination moves 20 m before coming to rest. With what speed did the bullet strike the block?
Sol: Here μ=0.25; mass of the bullet, m=0.01kg;
Mass of the block, M=4 kg
Total mass of the bullet and the block,
m+M= 0.01+4=4.01 kg 
The normal reaction received by the bullet and the block from the horizontal surface,
R= (m+M)g=4.01×9.8 N
Let F be the force of friction between the block and the surface, then
F= μR= 0.25×4.01×9.8 = 9.8245 N
Suppose that the bullet strikes the block with a velocity  v,As the block and the bullet come to rest after covering a distance S=20m, it follows that the kinetic energy of the bullet is used up in performing work against the friction between the block and the surface i.e.
mv2=F S
× 0.01× v2 = 9.8245×20
Or, v= =198.24 ms-1





Q4: A body starts rolling down an inclined plane. The top half of which is preferably smooth and the lower half is rough, Find the ratio of force of friction and the weight of the body, if the body is brought to rest just when it reaches the bottom, Given that inclination of plane with the horizontal is 30®.
Sol: Consider that a body of weight Mg is placed at the top of the inclined plane at the point A. Then length of the inclined plane is 2l, so that the upper half AB is perfectly smooth and the lower half is rough.[see fig below]

[image: ]

As the body comes to rest at point C, it follows that work done against friction along lower half of the plane = potential energy of the body at the point A
If F is limiting, then work done against friction along the lower half BC = Fl
Potential energy of body at the point A = Mg (OA) =Mg (2l sin 30º) =M g l
Now, Fl=Mgl
Or, F/Mg=1

Q5: A train rounds a curved of radius 150m at a speed of 20 ms-1. Calculate the angle of banking, so that there is no side thrust on the rails. Also find the elevation of the outer rail over the inner rail, if the distance between the rails is 1 m.
Sol: Here, v = 20 ms-1; r = 150m; l=1 m
If θ is the angle of banking, then 
tan θ = = 
= 0.2781
θ = 15.54⁰
Suppose that h is the distance through which the outer rail has to be raised with respect to the inner rail.
sin θ = 
Since θ is small, sin θ ≈ tanθ
∴ =           (∵tanθ=   )        
Or,  = × l =  × l =0.272m.  

3 MARKS QUESTION-


1.A man of mass 70kg stands on a weighting scale in  lift which is moving
(i) Upwards with uniform speed of 10m/s?
(ii) Downwards with a uniform acceleration of 5m/s2?
(iii) Upwards with uniform acceleration of 5m/s2?
(iv) What would be the reading if the lift mechanism failed and it hurtled down freely under gravity?
[when a man is standing on a weighting scale,it will read the normal reaction R as apparent weight.

Sol: Given ,mass of man (m) =70kg
In each case the weighting scale will read the reaction R,i.e. the apparent weight.
(i) As lift is moving upward with a uniform speed, therefore ,
Therefore.its acceleration a=0
∴ Normal reaction w= R = mg = 70 ×10 N = 700 N
w acts vertically downwards and R acts vertically upwards
∴ Reading on weighting scale =  = 70 kg
(ii) Acceleration of the lift, a = 5 m/s2 (↓)
∴ Normal reaction, R = m (g - a) = 70(10-5) N = 350 N
∴ Reading on weighting scale =  = 35 kg
(iii) Acceleration of the lift, a = 5 m/s2 (↑)
∴ Normal reaction, R = m (g + a) = 70(10+5) N = 1050 N
∴ Reading on weighting scale =  = 105 kg
(iv) Acceleration of the lift when it is falling freely under gravity
              a = g (↓)
∴ Normal reaction, R = m (g - a)=m(g-g) = 0
∴ Reading on weighting scale =0




2.Give the magnitude and direction of the net force acting on
(i) a drop of rain falling down with a constant speed.
(ii) a cork of mass 10g floating on water.
(iii) a kite skillfully held stationary in the sky.
(iv)a car moving with a constant velocity of 30km/h on a rough road.
(v) a high speed electron in space far from all gravitational (material) objects and free of electric and magnetic fields.


Sol: (i)As drop of rain is falling downward with a constant speed, therefore its acceleration is zero.
According to Newton’s laws of motion, net force acting on drop = F= ma =0.
(ii) In floating condition, the weight of the body is balanced by the up thrust. Therefore, net force acting on a cork floating on water = 0.
(iii) As kite is held stationary in the sky , therefore acceleration of the kite is zero. Therefore , net force acting on the kite F = ma = 0.
(iv)As car is moving with a constant velocity,  therefore its acceleration is zero. . Therefore , net force acting on the car F = ma = 0.
(v)As electron is in space where there is no electric field, magnetic field and gravitational (material) objects, therefore no electric , magnetic and gravitational force is acting on it.Hence net force acting on electron is zero.


3.A male astronaut 82 kg and a female astronaut 64 kg are floating side by side in space.
(i) Determine the acceleration of each astronaut if the woman pushes on the man with a force of 16 N (left).       
Ans. aM= 0.2 m/s2,aW=0.25 m]

(ii) How will your answers change if the man pushes with 16 N (right) on the women instead?
Ans. No change.

(iii) How will your answers change if they both reach out and push on each other’s shoulders with a force of 16 N?
Ans. aM= 0.39 m/s2,aW=0.5 m/s2


Chapter 6. – Work, Energy and Power (Learning contents)

Scalar Product ( Dot Product )
Scalar product of any two vectors a and b is defined as
a⋅b=∣a∣∣b∣cosθ,whereθis angle between a and b
[image: ]


a⋅b=∣a∣ (∣b∣cosθ)					a⋅b=(∣a∣cosθ)∣b∣

[image: ][image: ]
Projection of ∣b∣ on ∣a∣	Projection of ∣a∣ on ∣b∣
Work can be positive, negative or zero.
1. Positive Work – θ is angle between 0 and 90 ;cosθis positive.
2. Negative Work – θ is angle between 90 and 180 ; cosθis negative
3. Zero Work – Work done is zero if either s=0 ; F= 0 or θ is 90 i.e. F and s are mutually perpendicular.
[image: ]

Kinetic Energy
Kinetic energy of an object is a measure of the work an object can do by virtue of its motion.
If an object of mass ‘m’ has velocity v, then its kinetic energy K is
                                                                       K= (mv2)/2
It is a scalar quantity.

Work-Kinetic Energy Theorem
Let m be the mass of the body whose initial velocity is u. Let F be the force applied on the body and ds be the small displacement produced in the body in the direction of force applied.

[image: ]


Small work done by the applied force 
dW = F. ds = Fds cos0 (as F and s are in same direction )
dW= Fds=mads= m(dv/dt) ds = mvdv              ()
Hence ,total work done by the force in increasing the velocity from u to v is found by the method of integration.
                                                      ∫dW =∫mvdv

                                                          W= m[v2/2] = mvf2 /2 – mvi2/2
The change in Kinetic energy of a particle is equal to work done on it by net force.
This is Work-Kinetic Energy Theorem.

Work done by a variable force
Consider a particle constrained to move along x-direction ,acted upon by a force of variable magnitude but  constant direction. The body displaces from xi to xf.
[image: ]
Force displacement curve is drawn.
[image: ][image: ]
Take an elementary strip from the graph. The area of the strip represents small work done
W = Fxdx , where dx is elementary displacement.
The total work done is found by summing areas of all strips from xi to xf.
If    dx 0 then total work done is given by 
[image: ]
Area under force-displacement curve represents Work done.

Work-Energy Theorem for a Variable force
Considering a particle moving under the action of variable force along x-direction from xi to xf.
Let at any instant of time kinetic energy of the particle is
 K=mv2/2.
Differentiating both sides


dK = Fdx
Integrating both sides∫dK =∫ Fdx

Kf-Ki = ∫ Fdx= Work done by Variable force.
Conservative and Non Conservative Forces
	Conservative Forces
	 Non Conservative Forces

	Work done by or against the force in moving a body depends only on initial and final position of the body and not on the nature of path followed between initial and final position.
	Work done by or against the force in moving a body depend on the path followed by body and not  on initial and final position of the body

	Work done in a round trip is zero
	Work done in a round trip is not  zero

	Examples – Gravitational force , Spring force.
	Examples – Force of friction , viscous force



Potential Energy
Potential energy is associated with the configuration of system of objects that exert force on one another.
If the configuration of the system changes then the potential energy of the system also changes.
-It is related to conservative forces only.
The potential energy is defined if the force F (x) can be written as  

The change in potential energy is equal to negative work done by the conservative forces.
Uf-Ui = -Wc
Uf-Ui =   -∫ Fdx
If the body moves against conservative forces then potential energy increases.
Top of Form
Bottom of Form

	


Potential energy of a spring
The spring force is a example of a variable force which is conservative.
Consider a spring block system, in which a block is attached to a spring resting on a smooth horizontal surface.The other end of a spring is attached to a rigid wall. The spring is light and can be treated as massless.
In an ideal spring,the spring force Fs is proportional to x, where x is displacement of block from equilibrium position.
Fs=-kx ,where k is constant of proportionality known as spring constant.
Its S.I. unit is N/m.
[image: ]
Suppose we move the block outward.If the maximum extension is xm,then the maximum work done by spring force
 W= -∫ Fsdx = -∫ k x dx = -kxm2/2
The work done by external force ( opposite to spring force )is stored as potential energy of spring block system.
If the spring block system is displaced from initial position xi to final position xf .
Then the work done by the spring force is
                               W = kxi2/2- kxf2/2

This the work done by the spring force depends only on the end points.
Work done by the spring force in a cyclic process is zero.




Law of Conservation of Mechanical Energy
Statement - The total mechanical energy of a system is conserved if the force doing work on it are conservative.
Proof
Let a body undergoes  displacement under the action of conservative force F.
Then from Work Energy theorem∆K = F∆x         ....(1)
If force is conservative, potential energy changes as ∆U = -F∆x…(2)
From equation (1) and (2)
∆K + ∆U =0
K+U = constant

Sum of Kinetic energy and Potential energy of  a body is constant.
Ki +Ui= Kf+ Uf
Example :
Consider a body of mass.   [image: ]
Case 1 
It is at rest at height ‘h’ above the ground.
Potential energy = mgh                              Kinetic energy = 0
Mechanical energy = mgh
Case 2
Let it allow to fall under the action of gravity so that it acquires some speed and hence kinetic energy.
Applying equation of motion v2=u2+2as
v2= 2gH
Potential energy = mg(h-H) = mgh-mgH                             Kinetic energy = mgH
Mechanical energy = mgh
Case 3
When the particle reaches the ground it has velocity v.
Applying equation of motion v2=u2+2as
v2= 2gH + 2g(h-H) = 2gh
Potential energy = 0                            Kinetic energy = mgh
Mechanical energy = mgh
It indicates total mechanical  energy(kinetic energy +potential energy ) E= U+K is independent of position of particle.
Law of Conservation of Energy
The total mechanical energy of the system is conserved if the forces doing work on it are conservative.
If some of the forces involved are non-conservative, part of mechanical energy may get transformed into other form of energy such as heat ,light, sound.
The total energy of an isolated system remains constant.Energy can neither be created nor be destroyed.
Power
Power is defined as the time rate at which work is done or energy is transferred.
 = F.v , where v is the instantaneous velocity when force is F.
Power is the scalar quantity.
S.I. Unit = Watt
Dimensional formula [ML2 T-3]

Vertical Circle
Consider a body of mass ‘m’ tied to a thread of length l and is rotated in a vertical circle with centre at O.
[image: ]
Let, at any instant of time,the body be at P at angular positionθ . The various forces acting on the body are
(i)Weight acting vertically downwards (mg)
(ii) Tension in the string acting along (T)
Now,we resolve mg into two components – mgcosθ ( opposite to T) and mgsinθ (along the tangent to circle at P)
Net force acting on body at P along PO is T-mgcosθ
This net force is the centripetal force.
T= mgcosθ + mv2/l          ….(1)
T will be minimum if cos θ is minimum = -1 and θ=180 i.e. the body is at the highest point H.
From equation  (1)
Tmin= mv2 /l - mg          ….(2)
VH = velocity of body at highest point H.
Tmin= Tension at H
T will be maximum if cos θ is minimum = +1 and θ=0 i.e. the body is at the lowest point L.
From equation  (1)
Tmax= mv2 /l + mg          ….(3)
vL = velocity of body at lowest point L.
Tmax= Tension at L.
From equation (3)- equation (2)
Tmax -Tmin = (mvmax2 /l + mg) -( mvmin2 /l + mg )        …. (4)
Apply Law of conservation of mechanical energy
Umax+ Kmax=Umin+Kmin
0 + (mvmax2 /2) = mg (2l) + (mvmin2 /2)
mvmax2 /l –mvmin2 /l = 4mg    ...(5)
From equation (4) and (5) ;Tmax -Tmin = 4mg + 2mg = 6mg…..(6)
Tmax -Tmin = 6mg

The body will move along the vertical circle only when Tmin≥ 0
Tmin= mvmin2 /l - mg ≥0
v2 ≥ √gl…(7)
Minimun velocity at highest point is √gl and velocity at lowest point is √5gl


Collisions
A collision is an isolated event in which two or more bodies exert relatively huge force on each other for relatively short period of time.
Collisions are broadly divided into two types 
Elastic Collision – It is the collision in which kinetic energy of the colliding bodies are conserved.
Inelastic Collision – It is the collision in which kinetic energy of the colliding bodies are not conserved.
(a) [bookmark: equation_2]Elastic Collision in one dimension
Considering two bodies A and B of masses m1 and m2 having velocity u1 and u2 along same straight line. They collide head on and retreat with velocities v1 and v1.

[image: ]
Then according to the law of conservation of linear momentum
Total momentum before collision = Total momentum after collision
m1u1 + m2u2 = m1v1 + m2v2
m1v1 – m1u1 = m2u2 – m2v2
m1(v1 – u1) = m2(u2 – v2)  …(1)
Since the collision is elastic 
Total kinetic energy before collision = Total kinetic energy after collision
½ m1v12 + ½ m2v22 = ½ m1u12 + ½ m2u22
½ (m1v12 + m2v22) = ½ (m1u12 + ½ m2u22
m1v12-m1u12=m2u22-m2v22
m1(v12-u12) = m2(u22-v22)
m1(v1+u1) (v1-u1) = m2(u2+v2) (u2-v2)  …. (2)
On dividing Equation (2) by equation (1)
v2- v1 = u1-u2  
Relative velocity of separation = Relative velocity of approach
Velocities of A and B after collision
v2=v1 +u1 -u2
Putting these values in equation (1)
v1(m1+m2)=(m1-m2)u1-2m2u2
[bookmark: _Hlk13417178]V1= (m1-m2) u1 /  (m1+m2) + 2m2u2  /(m1+m2)
V2= (m2-m1) u2 /  (m1+m2) + 2m1u1  /(m1+m2)

Special Cases
· If two bodies A and B of equal mass undergo elastic collision then after the collision their velocities or kinetic energy are interchanged.
· If a body A undergoes an elastic collision with a stationary body B of equal mass then after the collision the body A comes to rest and body B moves with the initial velocity of the body A. Here 100% transfer of Kinetic energy takes place from body A to B
· If a  heavy body A undergoes an elastic collision with a light stationary body B then after the collision ,velocity of body A comes remains same and body B  starts to moves with the initial velocity of the body A
· If a  light body A undergoes an elastic collision with a heavy stationary body B then after the collision body A comes rebounds with its own velocity and body B remain at rest.

(b) Elastic Collision in two dimension
Let a particle of mass m1 moving with a velocityu1 collides with stationary mass m2. Let it be deflected to an angle θ1  with its initial direction after collision with velocity v1 and m2 be deflected at an angle θ2 with velocity v2
[image: ]
From law of conservation of momentum the x and y component equations are:
m1u1 = m1u2cosθ1 + m2v2cosθ2
0 = m1u2sinθ1 -m2v2sinθ2
Total kinetic energy before collision = Total kinetic energy after collision
½ m1v12 + ½ m2v22 = ½ m1u12 + ½ m2u22
(c) Inelastic Collision 
The collision in which there occurs some loss of kinetic energy is called an inelastic collision. For such collision ,only momentum is conserved
In Perfectly inelastic collision in which colliding bodies stick to each other after collision and the bodies moves with common velocity.
Coefficient of restitution (e) 
/
e = (v2- v1)/( u1-u2 )
For elastic collision e=1
For perfectly inelastic collision e=0
For all other collision 0<e<1 



CHAPTER6. WORK, ENERGY AND POWER (Learning capsules)
ONE MARK QUESTIONS
1. Define conservative and non conservative forces. Give examples of each.
2. Calculate the work done by a car against gravity in moving along a straight horizontal road. The mass of the car is 400 kg and the distance moved is 2m.
3. If two bodies stick together after collision, will the collision be elastic or in elastic?
4. A light body and heavy body have same linear momentum. Which one has greater kinetic energy?
5. When an air bubble rises in water, what happens to its potential energy?
6. Give example of a situation in which applied force does not result in a change in kinetic energy.
7. A body of mass 0.5kg travels in a straight line with a velocity v=ax3/2 where a=5m-1/2s-1. The work done by the net force during its displacement from x=0 to x=2m is
(a) 1.5 J    (b) 50J    (c)10J     (d)100J
8. A constant force F= - i + 2j +3k N is acting on a particle. The total work done by this force first in moving 4m along Z axis then in moving 3m along Y axis is
(a) 6J        (b) 12J        (c)18J        (d)24J     
9. A body is falling freely under the action of gravity alone in vacuum. Which of the following quantities always remain constant?
(a) kinetic energy (b)potential energy (c)total mechanical energy (d)total linear momentum 
10. To bring a particle under gravitational force field from A to B along different paths 1, 2 and 3 the work done are W1, W2, W3. Which statement is true?     [image: ] (a) W1>W2>W3 (b)W1=W2=W3 (c)W1<W2<W3 (d)W1<W3<W2


ANSWERS OF ONE MARK QUESTIONS

1. If the work done by a force is independent of path then the force is called conservative force and if the work done by a force depends on the path then it is called non conservative force. Example of conservative force is gravitational force and example of non conservative force is friction.
2. Zero.
3. Inelastic collision.
4. The lighter body has more kinetic energy.
5. Potential energy of the air bubble decreases as work is done by upward thrust of water on bubble. 
6. When a charged particle moves in an external magnetic field the kinetic energy of the charged particle remains same.
7. 50J
8. 18J
9. Total mechanical energy
10. W1=W2=W3

TWO MARKS QUESTIONS

1. If the linear momentum of a particle is increased by 100% then by how much the kinetic energy will increase?
2. An elastic spring is compressed by x. Show that its kinetic energy is  kx2.
3. The bob of a pendulum released from 300 to the vertical hits another bob at B of the same mass at rest on a table as shown in Fig. How high does the bob a rise after the collision? Neglect the size of the bobs and assume the collision to be elastic.[image: ]  
4. A ball is dropped from the height h1 and it rebounces to a height h2. Find the coefficient of restitution.
5. Along an inclined plane with angle of inclination 300 a box of 12 kg is pushed to 10m by applying a force of 100N. If the coefficient of friction between box and inclined plane is 1/√3 then find the work done against friction (assume g=10ms-2).

ANSWERS OF TWO MARK QUESTIONS 
1. Suppose the mass of the particle is m and the initial velocity is v.
So the initial linear momentum, p1=mv
Initial kinetic energy, K1=mv2 
Momentum is increased by 100%, so final momentum is p2= 2p1 = 2mv

So final kinetic energy, K2 = p22/2m =4m2v2/2m =2mv2

So, K2/K1 = (2mv2)/(mv2/2) = 4
Or (K2-K1)/K1 = (4-1)/4 = 3
So increase in Kinetic Energy is (K2-K1)/K1 x100 = 300 %.

2. In an ideal spring the spring force Fs is proportional to x, where x is the amount of compression or elongation of the spring from its equilibrium position. This force law for the spring is called as Hooke’s law and is mathematically stated as
                     Fs = -kx
  The constant k is called spring constant. The negative sign shows the spring force is always opposite to the applied force and is equal to it.
                     Fs = -Fe
So the work done to compress it by dx against the spring force is Fe dx.
Total work done to compress it by x is W = =  =kx2 
This amount of worn done is stored in the spring.

3. Bob A will not rise.
In an elastic collision between two equal masses in which one is stationary and the other is moving with some velocity, after collision the stationary mass acquires same velocity and the moving mass comes to a rest. In this case a complete transfer of momentum takes place. So bob A will come to rest and the bob B will move with velocity of A at the moment of collision.

4. Velocity of approach, v1= √(2gh1)  (since it falls from height h1)
Velocity of separation, v2 = √(2gh2)  (ball rebounds to height h2)

Coefficient of restitution, e= v2/v1= √(2gh2) /√(2gh1)  = √h2/√h1
 
5. All the forces acting on the box is shown in fig. 
[image: ] 

Frictional force, f= μR = μmgcosθ
F1= applied force. θ = 300
Work done against frictional force is
       W= fs = μmgcosθ x s = 1/√3 x 12 x 10 x √3/2 x 10 = 600J

THREE MARKS QUESTIONS

1. State and prove work energy theorem.
2. A body is moving unidirectionally under the influence of a source of a constant power. Prove that its displacement in time t is proportional to t3/2.
3. A ball is moving with a speed 9 m/s and it collides with an identical ball which is stationary. After collision both the balls moves at an angle 300 with the initial direction of the moving ball. Find their velocity after collision. Is kinetic energy conserved here?
4. Two identical steel cubes of mass 50g and side 1cm collide head-on face to face with a speed of 10 cm/s each. Find the maximum compression of each.

ANSWERS OF THREE MARK QUESTIONS

1. Work energy theorem states that the change in kinetic energy of an object is equal to the net work done on it by the net force.
      Let us suppose that a body is initially at rest and a force F is applied on the body to displace it through ds along the direction of the force. Then, small amount of work done is given by
    dW= F.dS = F ds
Also, according to Newton's second law of motion, we have

[image: Syntax error from line 1 column 49 to line 1 column 73. Unexpected '<mstyle '.]
where a is acceleration produced (in the direction of force) on applying the force. Therefore, 

[image: Syntax error from line 1 column 49 to line 1 column 73. Unexpected '<mstyle '.]

Now, work done by the force in order to increase its velocity from u (initial velocity) to v (final velocity) is given by
[image: Syntax error from line 1 column 49 to line 1 column 73. Unexpected '<mstyle '.]
Hence, work done on a body by a force is equal to the change in its kinetic energy.
2. Let the constant power be P.
            Initial velocity = 0
            Also, P = Fv = mav
         Thus, P = ma2t
         So, a = √P/mt
      As we know, S = ut + 1/2 at2
       Thus, S = 1/2 √P/mt x t2
     Thus, S = 1/2 √P/m x t3/2

       S α t3/2

3. 
[image: ]

Suppose the velocities before collision are u1 = 9m/s and u2 = 0 m/s and after collision are v1 and v2 respectively.
Conservation of linear momentum in the direction perpendicular to the initial velocity: 
                   mv1 sin60° - mv2 sin60° = 0
                   So, v1 = v2

            Conservation of linear momentum in the direction of initial velocity of the first ball:     
             mu=  mv1 cos30° + mv2cos30°
             9= 2vcos30° = √3/2 v
              v= 3√3/2 m/s
Initial kinetic energy = mu12 + mu22 = (92+02)m = 81m/2
Final kinetic energy = mv12 + mv22 =  (27+27) = 27m
So kinetic energy is not conserved.
                                 

4. Hooke’s law F/A = Y(ΔL/L) where A is the surface area and L is length of the side of the cube. If k is spring or compression constant, then F = k ΔL

So, k= Y A/L
Initial K.E. = 2 x mv2 = 5 x 10-4 J
Final P.E. = 2 x k(L2)
So L = √KE/√k = √KE/√YL =   = 1.58 x 10-7 m

FIVE MARKS QUESTIONS

1. Two particles of masses m1 and m2 having velocities u1 and u2 respectively make a head on collision. Derive the relations of their final velocities.
Discuss the following special cases
              (a) m1 = m2
              (b) m1>>m2  and u2 = 0
              (c) m1<<m2 and u2 = 0
       Ans. Imagine two mass m1 and m2 travelling at velocities u1 and u2 respectively. They collide and bounce off each other with velocities v1 and v2. Assuming we know the masses and initial velocities, we can calculate the final velocities by making use of two key conservation principles: the conservation of momentum, and the conservation of energy.
The conservation of momentum (i.e., total momentum before the collision equals total momentum after) gives us equation 1. Note that because we are dealing with one dimension we only require the magnitude of the vectors the so vector notation is not needed.
                   m1u1+m2u2=m1v1+m2v2                                        (1)
The conservation of energy (i.e., the total energy before the collision equals the total energy afterwards) gives us equation (2). The scenario we are dealing with is perfectly elastic so no energy is lost in the collision itself allowing us to deal purely in terms of kinetic energy.
                 1/2m1u12+1/2m2u22=1/2m1v12+1/2m2v22                             (2)
And we can factor out the 1/2 from both sides of this equation to give equation (3).
                  m1u12+m2u22=m1v12+m2v22                                                                   (3)
Rearranging equation (3) gives us
                   m1u12 - m1v12 = m2v22 - m2u22                                        (4)
                   m1(u12-v12) = m2(v22-u22)                                                (5)
The difference of two squares on each side (the term in the bracket) can now be factored out.
              m1(u1+v1)(u1−v1)=m2(v2+u2)(v2−u2)                                        (6)
Now, going back to equation (1), we group all terms involving the same mass.
                    m1u1 – m1v1 = m2v2 – m2u2                                                        (7)
                       m1(u1 – v1) = m2(v2 – u2)                                                 (8)
We can now divide equation (6) by equation (8) to give us
                           u1+v1=u2+v2                                                                              (9)
                       v1 = u2 + v2 – v1                                                               (10)
From here, plug equation (10) into (1)
           m1u1+m2u2 = m1(v2+u2−u1)+m2v2                                                (11)
            v2 = (2m1u1 +( m2 – m1)u2)/(m1+m2)                                          (12)
Similarly we can get v1= (2m2u2 + (m1 – m2)u1)/(m1+m2)                      (13)

(a) If m1 = m2 then from equation (12) and (13) we see v2 = u1 and v1 = u2 .
This means the particles interchange their velocities.
(b) If  u2 = 0 and m1 >> m2 , then we see v1 = u1 and v2 = 2 u1 
This means the velocity of first particle does not change but the second particle starts moving with twice the velocity of first particle.
(c) If u2 = 0 and m1 << m2 then  v1 = - u1 and v2  0 
This means the first particle moves with same velocity but in opposite direction and second particle remains stationary. 
2. A bob of mass m is suspended by a light string of length L. It is imparted a horizontal velocity(v0)at the lowest position such that it just completes the vertical cycle. Obtain an expression for I. minimum velocity of the bob at the lowest position so as to complete the vertical circle. II. velocities when string swings an angle of 90 degree and 180 degree w.r.t initial position. III. ratio of kinetic energies at B and C.
Ans.                                   [image: ]
I.There are two external forces on the bob : gravity and tension (T) in the string. The latter does no work since displacement of the bob is always normal to the string. The potential energy of the bob is thus associated with the gravitational force only. The total mechanical energy E of the system is conserved. We take the potential energy of the system to be zero at the lowest point A. Thus at A :
                 E=mv02                                                                                     (1)

                 TA-mg= mv02/L                                                (2)            
    where TA is the tension in the string at A. At the highest point C, the string slackens, as the tension in the string (Tc) becomes zero. Thus at C

        E=mvc2 + 2mgl                                                         (3)
     
          mg= mvc2                                                                    (4)        
     where vc is the speed at C

From Eqs. (3) and (4)

                E= mgL
Equating this to energy at A
                  mgL = v02  
   Or, v0= √(5gL)
II. It is clear from Eq. (4)
  vc = √(gL)
At B, the energy is
  E = mvB2 + mgL
Equating this to the energy at A and employing the result from I, namely v02= 5gL,
   mvB2 + mgL =mv02 = mgL
So, vB = √(3gL)
III. The ratio of kinetic energies at B and C is 
  KB/KC = mvB2/mvC2 = 3/1 =3
 

Chapter 7. System of particles and rotational motion( Contents)

Introduction
         Rigid body is a body with a perfectly definite and unchanging shape. The distances between all pairs of particles of such a body do not change.
In pure translational motion at any instant of time all particles of the body have the same velocity. Fig. A
	[image: http://cdn.examfear.com/u-img/00/00/11/00001131.jpg]
                 Fig. A
	[image: http://cdn.examfear.com/u-img/00/00/11/00001132.jpg]
                  Fig. B


In rotation of a rigid body about a fixed axis, every particle of the body moves in a circle, which lies in a plane perpendicular to the axis and has its centre on the axis.  Fig. B
Centre of mass
· Imaginary point where the whole mass of system can be assumed to be concentrated.
· The centre of mass of two bodies lies in a straight line.
(Here m1 & m2 are two bodies such that m1 is at a distance x1 from O, & m2 at a distance x2 from O. )

[image: http://cdn.examfear.com/u-img/00/00/11/00001135.jpg]
· The coordinates of centre of mass of a body is given by (X,Y,Z)

[image: http://cdn.examfear.com/u-img/00/00/11/00001136.jpg]
· mi is the mass of the ith particle and the position of the ith particle is given by (xi, yi, zi).
  ***** Consider a thin rod of length l, taking the origin to be at the geometric centre of the rod and x-axis to be along the length of the rod, we can say that on account of reflection symmetry, for every element dm of the rod at x, there is an element of the same mass dm located at –x.
[image: http://cdn.examfear.com/u-img/00/00/11/00001137.jpg]
 
The net contribution of every such pair to the integral and hence the integral x dm itself is zero. Thus the COM coincides with the geometric centre.
 
· The same symmetry argument will apply to homogeneous rings, discs, spheres, or even thick rods of circular or rectangular cross section; their centre of mass coincides with their geometric centre.

[image: http://cdn.examfear.com/u-img/00/00/11/00001138.jpg]
Example : Three masses 3,4 and 5 kg are located at the corners of an equilateral triangle of side 1 m. Locate the centre of mass of the system.
Hint : The co-ordinates of CM are {  ,  }
Motion of COM
· The centre of mass of a system of particles moves as if all the mass of the system was concentrated at the centre of mass and all the external forces were applied at that point.
[image: http://cdn.examfear.com/u-img/00/00/11/00001141.jpg]
· MA = Fext (Since the contribution of internal forces is zero, because they appear in pairs and cancel out each other)
      Where  M = Ʃmi   , A = acceleration of COM
Fext = sum of all external forces acting on system of particles
· Instead of treating extended bodies as single particles, we can now treat them as systems of particles.
We can obtain the translational component of their motion, i.e. the motion COM of the system, by taking the mass of the whole system to be concentrated at the COM and all the external forces on the system to be acting at the centre of mass.
 
[image: http://cdn.examfear.com/u-img/00/00/11/00001142.jpg]
· When a bomb explodes in a parabolic path, different fragment goes in different path with complex trajectories, but COM continues to travel in the same parabolic path.
 
Example - A child sits stationary at one end of a long trolley moving uniformly with a speed V on a smooth horizontal floor. If the child gets up and runs about on the trolley in any manner, what is the speed of the CM of the (trolley + child) system?
Solution – In this case if we take (trolley + child) as a system, there is no external force involved.
The force involved in running of child (friction) becomes internal, so the speed of CM of this system remains constant.
 Linear Momentum of System of Particles
· The total momentum of a system of particles is equal to the product of the total mass of the system and the velocity of its COM.
· P = p1 + p2 + …. + pn
          = m1v1 + m2v2 + …. + mnvn
· P = MV
Wherepi = momentum of ith particle ,P = momentum of system of particles and V = velocity of COM.
· Newton’s Second Law extended to system of particles: dP/dt = Fext .
· When the total external force acting on a system of particles is zero (Fext = 0), the total linear momentum of the system is constant (dP/dt = 0 => P = constant). Also the velocity of the centre of mass remains constant (Since P = mv = Constant ).
· If the total external force on a body is zero, then internal forces can cause complex trajectories of individual particles but the COM moves with a constant velocity.
· Example: Decay of Ra atom into He atom &Rn Atom.
Case I – If Ra atom was initially at rest, He atom and Rn atom will have opposite direction of velocity, but the COM will remain at rest.
[image: http://cdn.examfear.com/u-img/00/00/11/00001143.jpg]
Case II – If Ra atom is having an uniform velocity before , then He and Rn can have complex trajectories but COM will have the same VELOCITY as of Ra atom.
[image: http://cdn.examfear.com/u-img/00/00/11/00001144.jpg]
Example - A bullet of mass m is fired at a velocity of v1, and embeds itself in a block of mass M, initially at rest and on a frictionless surface. What is the final velocity of the block?
Solution: Now if we take bullet and block as a system, then no external force is acting on it. So we can conserve momentum.  
(m1v1 + Mv2)before = (m1+ M)vafter 
vafter =  m1v1/( m1+ M) , as the initial velocity of block M is zero.

Angular velocity & its relation with linear velocity

Every particle of a rotating body moves in a circle. Angular displacement of a given particle about its centre in unit time is defined as angular velocity.
[image: http://cdn.examfear.com/u-img/00/00/11/00001149.jpg]
· Average angular velocity = ΔΘ/Δt
· Instantaneous angular velocity, ω = dΘ / dt
· v = w r , where v – linear velocity of particle moving in a circle of radius r
· All parts of a moving body have the same angular velocity in pure rotation motion.
· Angular velocity, ω, is a vector quantity
· If you curl your fingers of right hand in the sense of rotation, thumb will give direction of angular velocity.
 [image: http://cdn.examfear.com/u-img/00/00/11/00001150.jpg]
· v = ω x r
· ANGULAR ACCELERATION is given by rate of change of angular velocity with respect to time.
· α = dω / dt

Torque & Angular Momentum
· The rotational analogue of force is moment of force (Torque).
· If a force acts on a single particle at a point P whose position with respect to the origin O is given by the position vector r the moment of the force acting on the particle with respect to the origin O is defined as the vector product t = r × F =  rFsinΘ
[image: http://cdn.examfear.com/u-img/00/00/11/00001152.jpg]
· Torque is vector quantity.
· The moment of a force vanishes if either the magnitude of the force is zero, or the line of action of the force (r sinΘ) passes through the axis.


	Example: Determine the torque on a bolt, if you are pulling with a force F directed perpendicular to a wrench of length lcm?
Solution:  t = r x F = rFsinΘ ,In this case Θ=90o
[image: http://cdn.examfear.com/u-img/00/00/11/00001153.jpg]



· The quantity angular momentum is the rotational analogue of linear momentum.
It could also be referred to as moment of (linear) momentum.     l = r × p
· Rotational analogue of Newton’s second law for the translational motion of a single particle:  dl/dt = torque.
· The total angular momentum of a system of particles about a given point is addition of the angular momenta of individual particles added vectorially.
           [image: http://cdn.examfear.com/u-img/00/00/11/00001154.jpg]
· Similarly for total torque on a system of particles is addition of the torque on an individual particle added vectorially.
· [image: http://cdn.examfear.com/u-img/00/00/11/00001155.jpg]
· The torque resulting from internal forces is zero , due toNewton’s third law i.e. these forces are equal and opposite.
· These forces act on the line joining any two particles 
· The time rate of the total angular momentum of a system of particles about a point is equal to the sum of external torques acting on the system taken about the same point.  [image: http://cdn.examfear.com/u-img/00/00/11/00001156.jpg]
Conservation of Angular Momentum
· If the total external torque on a system of particles is zero, then the total angular momentum of the system is conserved.
If text = 0 , then dL/dt = 0  =>  L = constant

[image: http://cdn.examfear.com/u-img/00/00/11/00001182.jpg]
Applications of law of Conservation of Angular Momentum
Example 1: 
· When a person is rotating with hands stretched, so the moment of inertia will be more because distribution of mass is far from the axis of rotation.
· As the person brings his arms close to body, moment of inertia decreases because the mass is now distributed close to axis.
· In this situation no external torque is applied, means angular momentum is conserved.
· Iω = constant.
· As I decrease, angular velocity ω
[image: http://cdn.examfear.com/u-img/00/00/11/00001183.jpg]
Example 2 : A man carrying heavy weights in his hands and standing turn-table can change the angular speed of the turn table.
Example 3 : Planetary motion
[image: http://cdn.examfear.com/u-img/00/00/11/00001157.jpg]
Other examples :
(i) A diver jumping from a spring board exhibits somersaults inair before touching the water surface.
(ii) An ice-skater or a ballet dancer can increase her angular velocity by folding her arms and bringing the stretched leg close to the other leg.
(iii) The speed of the inner layers of the whirlwind in a tornado is alarmingly high.

Equilibrium of Rigid Body
· A force changes the translational state of the motion of the rigid body, i.e. it changes its total linear momentum.
· A torque changes the rotational state of motion of the rigid body, i.e. it changes the total angular momentum of the body
 
Note: Unless stated otherwise, we shall deal with only external forces and torques. 
· A rigid body is said to be in mechanical equilibrium, if both its linear momentum and angular momentum are not changing with time. This means
· Total force should be zero => Translational Equilibrium
· Total torque should be zero => Rotational Equilibrium
[image: http://cdn.examfear.com/u-img/00/00/11/00001158.jpg] 
· A pair of equal and opposite forces with different lines of action is known as a couple or torque. A couple produces rotation without translation.
[image: http://cdn.examfear.com/u-img/00/00/11/00001159.jpg]
· When you open the lid of a jar , you apply couple on it
[image: http://cdn.examfear.com/u-img/00/00/11/00001160.jpg]
· An ideal lever is essentially a light rod pivoted at a point along its length. This point is called the fulcrum . The lever is a system in mechanical equilibrium.
[image: http://cdn.examfear.com/u-img/00/00/11/00001161.jpg]
· Mechanical advantage greater than one means that a small effort can be used to lift a large load.

Moment of Inertia
· Moment of inertia (I) is analogue of mass in rotational motion.
[image: http://cdn.examfear.com/u-img/00/00/11/00001166.jpg]
· Moment of inertia about a given axis of rotation resists a change in its rotational motion; it can be regarded as a measure of rotational inertia of the body.
· It is a measure of the way in which different parts of the body are distributed at different distances from the axis.
· The moment of inertia of a rigid body depends on the mass of the body, its shape and size and distribution of mass about the axis of rotation.
· The position and orientation of the axis of rotation. 

[image: http://cdn.examfear.com/u-img/00/00/11/00001167.jpg]
· The radius of gyration of a body about an axis may be defined as the distance from the axis of a mass point whose mass is equal to the mass of the whole body and whose moment of inertia is equal to the moment of inertia of the body about the axis.
· I = M k2, where k is radius of gyration.

 Theorem of perpendicular axis
· The moment of inertia of a planar body (lamina) about an axis perpendicular to its plane is equal to the sum of its moments of inertia about two perpendicular axes concurrent with perpendicular axis and lying in the plane of the body.
[image: http://cdn.examfear.com/u-img/00/00/11/00001168.jpg]
· Applicable only to planar bodies.


Theorem of parallel axis
· [image: http://cdn.examfear.com/u-img/00/00/11/00001169.jpg]The moment of inertia of a body about any axis is equal to the sum of the moment of inertia of the body about a parallel axis passing through its centre of mass and the product of its mass and the square of the distance between the two parallel axes.


· This theorem is applicable to a body of any shape.
 
Example:  Given the moment of inertia of a disc of mass M and radius R about any of its diameters to be MR2/4, find its moment of inertia about an axis normal to the disc and passing through a point on its edge
Solution:
[image: http://cdn.examfear.com/u-img/00/00/11/00001170.jpg]
We can apply Perpendicular axis theorem here on x axis & y axis and get I’, moment of inertia in z axis. 
Iz = Ix + Iy , now as because of symmetry Ix &Iy  are same so Iz = I’ = 2I = Mr2/2
Now we can apply parallel axis theorem to find I’’.
I’’ = I’ + MR2 = 3/2(MR2)

	
[image: http://cdn.examfear.com/u-img/00/00/11/00001171.jpg]
	[image: http://cdn.examfear.com/u-img/00/00/11/00001172.jpg]


Kinematics of Rotational Motion about a Fixed Axis
· We can derive equation of motion similar to translational motion
[image: http://cdn.examfear.com/u-img/00/00/11/00001173.jpg]
[image: http://cdn.examfear.com/u-img/00/00/11/00001174.jpg]
Example:A merry-go-round is accelerated uniformly from rest to an angular velocity of 5 rad/s in a period of 10 seconds. How many times does the merry-go-round make a complete revolution in this time?
[image: http://cdn.examfear.com/u-img/00/00/11/00001175.jpg]
Dynamics of Rotational Motion about a Fixed Axis
· Only those components of torques, which are along the direction of the fixed axis, need to be considered because the component of the torque perpendicular to the axis of rotation will tend to turn the axis from its position.
· This means
· We need to consider only those forces that lie in planes perpendicular to the axis. Forces which are parallel to the axis will give torques perpendicular to the axis.
· We need to consider only those components of the position vectors which are perpendicular to the axis. Components of position vectors along the axis will result in torques perpendicular to the axis
[image: http://cdn.examfear.com/u-img/00/00/11/00001176.jpg]
[image: http://cdn.examfear.com/u-img/00/00/11/00001177.jpg]
[image: http://cdn.examfear.com/u-img/00/00/11/00001178.jpg] 
Example - Torques of equal magnitude are applied to a hollow cylinder and a solid sphere, both having the same mass and radius. The cylinder is free to rotate about its standard axis of symmetry, and the sphere is free to rotate about an axis passing through its centre. Which of the two will acquire a greater angular speed after a given time?
Solution:  We know that  t = I∝, since torque is equal so 
(I∝)cylinder = (I∝)sphere 
Isphere = 2/5 MR2  &Icylinder = MR2  
∝cylinder  <∝sphere
Example - A child stands at the centre of a turntable with his two arms outstretched. The turntable is set rotating with an angular speed of 40 rev/min. How much is the angular speed of the child if he folds his hands back and thereby reduces his moment of inertia to 2/5 times the initial value? Assume that the turntable rotates without friction.
Solution:  When the child folds his hand back, there is no external torque involved, so the angular momentum is conserved in this case.
[image: http://cdn.examfear.com/u-img/00/00/11/00001184.jpg]
Rolling motion
Rolling motion is a combination of rotation and translation.
 
[image: http://cdn.examfear.com/u-img/00/00/11/00001185.jpg]
· All the particles on a rolling body have two kinds of velocity
1. Translational, which is velocity of COM.
2. Linear velocity on account of rotational motion.
	[image: http://cdn.examfear.com/u-img/00/00/11/00001186.jpg]
	[image: http://cdn.examfear.com/u-img/00/00/11/00001187.jpg]



· Here in the figure we can see that every point have two velocities, one in the direction of velocity of COM and other perpendicular to the line joining centre and the point.
· Point Po have opposite velocities , and if condition of no-slipping is there then it must have zero velocity, so Vcom = ω R
· At point P1 both the velocities add up.
· At any other point, add both the velocities vectorially to get the resultant, which are shown for some of the cases in red color in figure.
· The line passing through PO and parallel to w is called the instantaneous axis of rotation. The point PO is instantaneously at rest. 
Kinetic Energy of Rolling Motion
· KErolling = KEtranslation + KErotation
[image: http://cdn.examfear.com/u-img/00/00/11/00001188.jpg]
[image: http://cdn.examfear.com/u-img/00/00/11/00001189.jpg]
 Example - A hoop of radius 2 m weighs 100 kg. It rolls along a horizontal floor so that its centre of mass has a speed of 20 cm/s. How much work has to be done to stop it?
[image: http://cdn.examfear.com/u-img/00/00/11/00001190.jpg]

Ch-7 system of particles and rotational motion (Capsules)
1  MARK QUESTIONS
1. Can center of mass be outside the body?
2. What is an isolated system?
3. Is center of mass reality?
4. What is difference between torque and work?
5. Define radius of gyration.
6. How MI changes with rotation?
7. About which axis MI is least?
8. What is the relation between torque and power?
9. Can center of mass of the body coincide with the geometrical center of the body?
10. What is the SI unit of torque?
ANSWERS
1. Yes , for ring
2. System where  no external force is acting
3. No, hypothetical 
4. Same dimension, but torque is vector 
5. Distance between axis of rotation and the point the whole mass of the body is concentrated.
6. No effect on change in rotation
7. Throng the center of mass.
8. It is the product of torque and angular velocity
9. Yes
10. Nm.

2 Mark questions
1. What is center of mass? Locate its position in two particle system.
2. Define angular momentum, give its units. Establish the relation between angular momentum and torque.
3. State parallel axis theorem and perpendicular axis theorem.
4. It is easy to balance a bicycle, why? Give the principle behind it.
5. Why is the speed of whirl wind in a tornado so high?
6. If angular momentum is conserved in a system whose moment of inertia is decreased, will its rotational kinetic energy be also conserved? Explain.
7. Why there are two propellers in a helicopter?
8. A particle performs uniform circular motion with an angular momentum L. If the frequency of particle’s motion is doubled and its K.E is halved, what happens to the angular momentum?
9. If angular momentum is conserved in a system whose moment of inertia is decreased, will its rotational kinetic energy be also conserved? Explain.
10. An isolated particle of mass m is moving in a horizontal plane(x-y), along the x-axis at a certain height above the ground. It explodes suddenly into two fragments of masses m/4 and 3 m/4. An instant later, the smaller fragments is at y= +15 cm. What is the position of larger fragment at this instant?


ANSWERS
1. Pont in the body all mass is supposed to be concentrated
[image: ]Similarly for Y
2. The turning momentum of the rotating body about an axis, kg
 t= 
3. A. Total MI is equal to the MI along the CM + product of mass and square of distance to the axisB. MI about an axis equal to the sum of two MI about two perpendicular axis.
4. Axis of rotation will not tilt during rotation, conservation of angular momentum.
5.  In a whirl wind, the air from nearby region gets concentrated in a small space thereby decreasing the value of moment of inertia considerably. Since, I ω= constant, due to decrease in moment of inertia, the angular speed becomes quite high.
6. Here, L=I ω= constant
K.E. of rotation, 
[image: ]
[image: ]

[image: ]
7. If there were only one propeller in a helicopter then, due to conservation of angular momentum, the helicopter itself would have turned in the opposite direction.
8. L=m v r and v=r ω=r 2 π n
[image: ]

[image: ]
[image: ]
9. Here, L=I ω= constant
[image: ]
[image: ]
When moment of inertia(I) decreases, K.E. of rotation(K) increases. Thus K.E. of rotation is not conserved.
10. As isolated particle is moving along x-axis at a certain height above the ground, there is no motion along y-axis. Further, the explosion is under internal forces only. Therefore, centre of mass remains stationary along y-axis after collision. Let the co-ordinates of centre of mass be (xcm , 0).
[image: ]
[image: ]
So, larger fragment will be at y= -5 ; along x-axis.
3 MARK QUESTIONS
1. A solid wooden sphere rolls down two different inclined planes of the same height but of different inclinations. (a) Will it reach the bottom with same speed in each case ? (b) Will it take longer to roll down one inclined plane than other ? Explain.

2. There is a stick half of which is wooden and half is of steel. It is pivoted at the wooden end and a force is applied at the steel end at right angles to its length. Next, it is pivoted at the steel end and the same force is applied at the wooden end. In which case is angular acceleration more and why?

3. How will you distinguish between a hard-boiled egg and a raw egg by spinning each on a table top?

4. A thin wheel can stay upright on its rim for a considerable length when rolled with a considerable velocity, while it falls from its upright position at the slightest disturbance when stationary. Give reason.

5. Why is the speed of whirl wind in a tornado so high?

ANSWERS
1. (a) Yes, because at the bottom depends only on height and not on slope. (b) Yes, greater the inclination(θ), smaller will be time of decent, as t∝1/sinθ.
2. We know that torque, τ= Force × Distance = I α = constant
[image: ]
3. To distinguish between a hard boiled egg and a raw egg, we spin each on a table top. The egg which spins at a slower rate shall be raw. This is because in a raw egg, liquid matter inside tries to get away from its axis of rotation. Therefore, its moment of inertia I increases. As τ=I α= constant, therefore, α decreases i.e. raw egg will spin with smaller angular acceleration. The reverse is true for a hard-boiled egg which will rotate more or less like a rigid body.
4. When the wheel is rolling upright, it has angular momentum in the horizontal direction i.e., along the axis of the wheel. Because the angular momentum is to remain conserved, the wheel does not fall from its upright position because that would change the direction of angular momentum. The wheel falls only when it loses its angular velocity due to friction.
5. In a whirl wind, the air from nearby region gets concentrated in a small space thereby decreasing the value of moment of inertia considerably. Since, I ω= constant, due to decrease in moment of inertia, the angular speed becomes quite high.

5 mark questions
1. What do you mean by center of mass ? Derive an equation for the CM of a two particle system.

ANSWERS
Point at which the entire mass is supposed to be concentrated
The center of mass is an imaginary point where one can assume the entire mass 
of the given system or object to be positioned.
[image: http://images.tutorvista.com/content/rigid-body/mass-centre.gif]
Consider a system consisting of two point masses m1 and m2, whose position vectors at a time t with reference to the origin O of the inertial frame are[image: http://images.tutorvista.com/contentimages/physics_11/content/us/class11physics/chapter05/images/img2.gif] respectively.
[image: http://images.tutorvista.com/contentimages/physics_11/content/us/class11physics/chapter05/images/img3.gif]
[image: http://images.tutorvista.com/contentimages/physics_11/content/us/class11physics/chapter05/images/img4.gif]
[image: http://images.tutorvista.com/contentimages/physics_11/content/us/class11physics/chapter05/images/img5.gif]
This can be written mathematically as
[image: http://images.tutorvista.com/contentimages/physics_11/content/us/class11physics/chapter05/images/img6.gif]
Similarly, for the point mass m2 ,
[image: http://images.tutorvista.com/contentimages/physics_11/content/us/class11physics/chapter05/images/img7.gif]
According to the Newton's second law of motion, the equation of motion of point mass m1 is
[image: http://images.tutorvista.com/contentimages/physics_11/content/us/class11physics/chapter05/images/img8.gif]
Similarly, for the second particle
[image: http://images.tutorvista.com/contentimages/physics_11/content/us/class11physics/chapter05/images/img9.gif]
Adding equations (3) and (4), we get
[image: http://images.tutorvista.com/contentimages/physics_11/content/us/class11physics/chapter05/images/img10.gif]
which implies,
[image: http://images.tutorvista.com/contentimages/physics_11/content/us/class11physics/chapter05/images/img11.gif]
From (1) and (2),
[image: http://images.tutorvista.com/contentimages/physics_11/content/us/class11physics/chapter05/images/img12.gif]
According to Newton's third law,
[image: http://images.tutorvista.com/contentimages/physics_11/content/us/class11physics/chapter05/images/img13.gif]
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From equation (5),
[image: http://images.tutorvista.com/contentimages/physics_11/content/us/class11physics/chapter05/images/img22.gif]
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[image: http://images.tutorvista.com/content/rigid-body/mass-centre-two-particle.gif]
Where m = m1 + m2, that is the mass of a hypothetical object. Its position at any time is given by position vector such that,
[image: http://images.tutorvista.com/contentimages/physics_11/content/us/class11physics/chapter05/images/img25.gif]





CHAPTER 8.-GRAVITATION (Capsules)
Chapter: Gravitation
A. Very Short answer type questions. (VSA)    						
1) Find the dimension of gravitational constant G.
2) What is the value of gravitational potential at infinity?
3) Is the value of escape velocity same on the surface of the earth and the moon?
4) If the distance between Earth and the Sun were half of its present value, then ______ days will make a year.
5) Gravitational force is a ____________ force.
6) Orbital velocity of an artificial satellite does not depends upon _________of the satellite.         
7) An astronaut orbiting the earth in a circular orbit 120 km above the surface of earth, gently drops a spoon out of space-ship. The spoon will                              
(a) Fall vertically down to the earth
(b) Move towards the moon
(c) Will move along with space-ship
(d) Will move in an irregular way then fall down to earth
8) The period of a satellite in a circular orbit of radius R is T, the period of another satellite in a circular orbit of radius 4R is  
(a) 4T           (b) T/4              (c) 8T       (d) T/8
9) Kepler’s second law regarding constancy of areal velocity of a planet is a consequence of the law of conservation of
(a) Energy
(b) Angular momentum
(c) Linear momentum
(d) None of these
10) When a body is taken from the equator to the poles, its weight   
(a) remains constant       
(b) increases
(c) decreases
(d) increases at N-pole and decreases at S-pole

B. Short answer type questions. (SA)
i) Why does a body feel weightless in an artificial satellite?
ii) When a pendulum is taken to top of a mountain, it goes slow. Why?
iii) What will be the effect on value of g if earth stops rotating?
iv) A body weighs 63N on the surface of earth. What is the gravitational force on it due to earth at a height equal to half the radius of earth?
v) How will you ‘weigh the sun’, that is estimate its mass? The mean orbital radius of the earth around the sun is 1.5 × 108 km.


						
:: ANSWERS ::
A. VSA:
1. M-1L3T-2
2. Zero.
3. No. Vearth=11.2 km/s and Vmoon= 2.38 km/s
4. According to Kepler’s law
T² ∝ r³

(T₁ / T₂)² = (r₁ / r₂)³
(365 / T₂)² = (2r₁ / r₁)³
(365 / T₂)² = 8
365 / T₂) = 2√2
T₂ = 365 / (2√2)
T₂ = 129 days 

There will be 129 days in an year.
5. Consevative force.
6. Mass of the satellite.
7. (c) Will move along with space-ship
8. (c) 8T
9. (b) Angular momentum
10. (b) increases
B. SA:
(i) For the circular motion of a satellite a centripetal force is required. This force is supplied by the gravitational force between the earth and satellite. So normal reaction force in the satellite is zero i.e., the object in a satellite feel weightlessness.
(ii) Gravitational acceleration decreases with altitude. The time period of a simple pendulum varies inversely as the square root of the gravitational acceleration. Hence the pendulum's time period will increase and it goes slow.
(iii) Value of g remains the same. Because the acceleration due to gravity is independent of spin. 
[g = GM/r2].
(iv) weight at height h=weight at earth surface(1+R/2R)-2
                          =(4/9) x 63
                          =28 N
(v) v² = GMs/r 
(2πr/T)² = GMs/r 
Ms = 4π²r³/GT² 
Put the values of r , G , and T 
Ms = 4×(3.14)² × (1.5×10¹¹)³/6.67×10-11×(365×24×3600) 
      ≈ 2 × 1030 Kg

PRITAM (PGT-PHYSICS)

3 Marks Questions
1. A satellite is revolving is a circular path close to a planet of density . find an
expression for its period of revolution?
Ans.Ifsatellite revolvers around the earth of radius r
           T = 
Where v is orbital velocity
Where, v=
T = =   = 

If a satellite is revolving near the plant’s surface then r = R radius of planet and
M= 
T= 

T=

T=

2.  How far away from the surface of earth does the value of g is reduced to 4% of   its value on the surface of the earth given radius of earth = 6400km
Ans. g h = g

gh = 4% of g =

R = 6400km

g

= 



2R+2h = 10R
2h = 8R
h = 4R = 4x6400 = 25,600km.

3.  A body weighs 63 N on the surface of the earth. What is the gravitational force on itdue to the earth at a height equal to half the radius of the earth?
Ans. Weight of the body, W = 63 N, Acceleration due to gravity at height h from the Earth's surface is given by the relation:

=
Where, g = Acceleration due to gravity on the Earth's surface
Re = Radius of the Earth
For, h=

== = 

Weight of a body of mass m at height h is given as:

= m = 
= 
=28 N
4. A mass 'M' is broken into two parts of masses m1 and m2. How are m2 and M related so that force of gravitational attraction between the two parts is maximum.
Ans.Let m1 = m then m2 = M - m
Force between them when they are separated by distance "r

F=  = (Mm-)

For F to be maximum, differentiate F w.r.t m and equate to zero
 = (M-2m)
M=2m, m = 


5. Does the escape speed of a body from the earth depend on
(i) mass of the body
(ii) the location from where it is projected
(iii) the direction of projection
(iv) the height of the location from where the body is launched?

Sol. (i) No, escape velocity is independent of the mass of the body.

(ii) Yes, escape velocity depends (through slightly) on the location from where the body is projected because with location g changes and so should   change.

(iii) no, escape velocity is independent of location of projection.

(iv) Yes, escape velocity depends (through slightly) on the height of location from where the body is projected as g depends on height. 


5 marks questions
1. Choose the correct alternatives.
(i) Acceleration due to gravity increases/ decreases with increasing altitude.
(ii) Acceleration due to gravity increases/ decreases with increase depth (assume the earth to be a sphere of uniform density).
(iii) Acceleration due to gravity is independent of the mass of the earth / mass of the body.
(iv) The formula, -GMm is more/ less accurate than the formula mg() for the difference of potential energy between two point  distance away from the centre of the earth.

Sol. (i) Acceleration due to gravity at altitude h from the earth’s surface is given by 
=








.

 The formula, -GMmmore accurate than the formula mg() for the difference of potential energy between two points , distance away from the centre of earth.

2.  A rocket is fired from the earth towards the sun. At what distance from the earth’s centre is the gravitational force on the rocket zero? Mass of sun = 2 kg, mass of the earth =  kg. Neglect the effect of other planets etc. (Orbital radius = ) 
Sol. We are given that 
Mass of the sun, = 2kg
Mass of the earth, = 6kg
Distance between the centres of the sun and the earth,
R = 
[image: ]
Let x be the distance of the required point from the centre of earth. Clearly, at this point the gravitational force () on the rocket of mass m due to the earth = gravitational force () on the rocket due to the sun, i.e 

 = 
 =  =  = 



x= = 
=  

3. A comet orbits the sun in highly elliptical orbit. Does the comet has a constant
(i) Linear speed,
(ii) Angular speed,
(iii) Angular momentum,
(iv) Kinetic energy,
(v) Potential energy,
(vi) Total energy throughout its orbit? Neglect any mass loss of the comet when it comes very close to the sun.

Sol.     (i) According to law of conservation of angular momentum , L= mvr = constant, therefore the comet moves faster when it is close to the sun and moves slower when it is farther away from the sun. Therefore, the speed of the comet does not remain constant.

(ii) As the linear speed varies, the angular speed also varies. Therefore, angular speed of the comet does not remain constant.

(iii)As no external torque is acting on the comet, therefore, according to law of conservation of angular momentum, the angular momentum of the comet remain constant.

(iv) Kinetic energy of the comet =  As the liner speed of the comet change as its kinetic energy changes also changes. Therefore its KE does not remain constant.

(v)  Potential energy of the comet changes as its kinetic energy changes.

(vi)Only angular momentum and total energy of a comet remain constant throughout it orbit.  


CH. 10.MECHANICAL PROPERTIES OF FLUIDS

Viscosity

The property of a fluid by virtue of which an internal frictional force acts between its different layers which opposes their relative motion is called viscosity.

These internal frictional force is called viscous force.

Viscous forces are intermolecular forces acting between the molecules of different layers of liquid moving with different velocities.
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where, (dv/dx) = rate of change of velocity with distance called velocity gradient, A = area of cross-section and = coefficient of viscosity.

SI unit of η is Nsm-2 or pascal-second or decapoise. Its dimensional formula is [ML-1T-1].

The knowledge of the coefficient of viscosity of different oils and its variation with temperature helps us to select a suitable lubricant for a given machine.

Viscosity is due to transport of momentum. The value of viscosity (and compressibility) for ideal liquid is zero.

The viscosity of air and of some liquids is utilised for damping the n.ving parts of some instruments.

The knowledge of viscosity of some organic liquids is used in determining the molecular weight and shape of large organic moleculars like proteins and cellulose.

Variation of Viscosity


4

The viscosity of liquids decreases with increase in temperature
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where, η0 and ηt is are coefficient of viscosities at 0°C t°C, α and β are constants. The viscosity of gases increases with increase in temperatures as
η∝ √T

The viscosity of liquids increases with increase in pressure but the viscosity of water decreases with increase in pressure.

The viscosity of gases do not changes with pressure.

Poiseuille’s Formula

The rate of flow (v) of liquid through a horizontal pipe for steady flow is given by
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where, p = pressure difference across the two ends of the tube. r = radius of the tube, n = coefficient of viscosity and 1 = length of th tube.

The Rate of Flow of Liquid

Rate of flow of liquid through a tube is given by

v = (P/R)

where, R = (8 ηl/πr4), called liquid resistance and p = liquid pressure.

(i) When two tubes are connected in series

· Resultant pressure difference p = p1 + p2

· Rate of flow of liquid (v) is same through both tubes.
· Equivalent liquid resistance, R = R1 + R2

(ii) When two tubes are connected in parallel

1. Pressure difference (p) is same across both tubes.
2. Rate of flow of liquid v = v1 + v2

3. Equivalent liquid resistance (1/R) = (1/R1) + (1/R2)


Stoke’s Law

When a small spherical body falls in a long liquid column, then after sometime it falls with a constant velocity, called terminal velocity. When a small spherical body falls in a liquid column with terminal velocity then viscous force acting on it is

F = 6πηrv

where, r = radius of the body, V = terminal velocity and η = coefficient of viscosity.

This is called Stoke’slaw.
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· η = coefficient of viscosity of liquid and,
· g = acceleration due to gravity

1. If ρ > ρ0, the body falls downwards.

2. If ρ < ρ0, the body moves upwards with the constant velocity.

3. If po<< ρ, v = (2r2ρg/9η)

Importance of Stoke’s Law

1. This law is used in the determination of electronic charge by Millikan in his oil drop experiment.

2. This law helps a man coming down with the help of parachute.
3. This law account for the formation of clouds.

Flow of Liquid

1. Streamline Flow The flow of liquid in which each of its particle follows the same pathas followed by the proceeding particles, is called streamline flow.

2. Laminar Flow The steady flow of liquid over a horizontal surface in the form of layersof different velocities, is called laminar flow.

3. Turbulent Flow The flow of liquid with a velocity greater than its critical velocity isdisordered and called turbulent flow.

Critical Velocity

The critical velocity is that velocity of liquid flow, below which its fl is streamlined and above which it becomes turbulent.

Critical velocity vc = (kη/rρ)

where,

· K = Reynold’s number,

· η = coefficient of viscosity of liquid
· r = radius of capillary tube and ρ = density of the liquid.

Reynold’s Number

Reynold’s number is a pure number and it is equal to the ratio of inertial force per unit area to the viscous force per unit area for flowing fluid.
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Triple Point of Water

The values of pressure and temperature at which water coexistsinequilibrium in all three states

of matter, i.e., ice, water and vapour
called triple point of water.

Triple point of water is 273 K temperature and 0.46 cm of mere pressure.

Specific Heat

The amount of heat required to raise the temperature of unit mass the substance through 1°C is called its specific heat.

It is denoted by c or s.

Its SI unit is joule/kilogram-°C'(J/kg-°C). Its dimensions is [L2T-2θ-1].

The specific heat of water is 4200 J kg-1°C-1 or 1 cal g-1 C-1, which high compared with most other substances.

Gases have two types of specific heat

1. The specific heat capacity at constant volume (Cv).

2. The specific heat capacity at constant pressure (Cr).

Specific heat at constant pressure (Cp) is greater than specific heat constant volume (CV), i.e., Cp>CV .

For molar specific heats Cp – CV = R
where R = gas constant and this relation is called Mayer’s formula.

The ratio of two principal sepecific heats of a gas is represented by γ.
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The value of y depends on atomicity of the gas.

Amount of heat energy required to change the temperature of any substance is given by

[bookmark: 2et92p0]Q = mcΔtwhere, m = mass of the substance,
· c = specific heat of the substance and

· Δt = change in temperature.

Thermal (Heat) Capacity

Heat capacity of any body is equal to the amount of heat energy required to increase its temperature through 1°C.

Heat capacity = me

where c = specific heat of the substance of the body and m = mass of the body.

Its SI unit is joule/kelvin (J/K).

Water Equivalent

It is the quantity of water whose thermal capacity is same as the heat capacity of the body. It is denoted by W.

W = ms = heat capacity of the body.

Latent Heat

The heat energy absorbed or released at constant temperature per unit mass for change of state is called latent heat.

Heat energy absorbed or released during change of state is given by

Q = mL

where m = mass of the substance and L = latent heat.

Its unit is cal/g or J/kg and its dimension is [L2T-2].

For water at its normal boiling point or condensation temperature (100°C), the latent heat of vaporisation is

L = 540 cal/g
· 40.8 kJ/ mol
· 2260 kJ/kg

For water at its normal freezing temperature or melting point (0°C), the latent heat of fusion is

L = 80 cal/ g = 60 kJ/mol

= 336 kJ/kg



[bookmark: tyjcwt]
It is more painful to get burnt by steam rather than by boiling was 100°C gets converted to water at 100°C, then it gives out 536 heat. So, it is clear that steam at 100°C has more heat than wat 100°C (i.e., boiling of water).

After snow falls, the temperature of the atmosphere becomes very This is because the snow absorbs the heat from the atmosphere to down. So, in the mountains, when snow falls, one does not feel too but when ice melts, he feels too cold.

There is more shivering effect of ice cream on teeth as compare that of water (obtained from ice). This is because when ice cream down, it absorbs large amount of heat from teeth.

Melting

Conversion of solid into liquid state at constant temperature is melting.

Evaporation

Conversion of liquid into vapour at all temperatures (even below boiling point) is called evaporation.

Boiling

When a liquid is heated gradually, at a particular temperature saturated vapour pressure of the liquid becomes equal to atmospheric pressure, now bubbles of vapour rise to the surface d liquid. This process is called boiling of the liquid.

The temperature at which a liquid boils, is called boiling point The boiling point of water increases with increase in pre sure decreases with decrease in pressure.

Sublimation

The conversion of a solid into vapour state is called sublimation.

Hoar Frost

The conversion of vapours into solid state is called hoar fr..

Calorimetry

This is the branch of heat transfer that deals with the measorette heat. The heat is usually measured in calories or kilo calories.

Principle of Calorimetry

When a hot body is mixed with a cold body, then heat lost by ha is equal to the heat gained by cold body.



[bookmark: 3dy6vkm]Heat lost = Heat gain

Thermal Expansion

Increase in size on heating is called thermal expansion. There are three types of thermal expansion.

1. Expansion of solids

2. Expansion of liquids
3. Expansion of gases

Expansion of Solids

Three types of expansion -takes place in solid.

Linear Expansion Expansion in length on heating is called linear expansion.

Increase in length

l2 = l1(1 + α Δt)

where, ll and l2 are initial and final lengths,Δt = change in temperature and α = coefficient of linear expansion.

Coefficient of linear expansion

α = (Δl/l * Δt)

where 1= real length and Δl = change in length and Δt= change in temperature.

Superficial Expansion Expansion in area on heating is called superficial expansion.Increase in area A2 = A1(1 + β Δt)

where, A1 and A2 are initial and final areas and β is a coefficient of superficial expansion. Coefficient of superficial expansion
β = (ΔA/A * Δt)

where. A = area, AA = change in area and At = change in temperature.

Cubical Expansion Expansion in volume on heating is called cubical expansion.Increase in volume V2 = V1(1 + γΔt)



[bookmark: 1t3h5sf]where V1 and V2 are initial and final volumes and γ is a coefficient of cubical expansion. Coefficient of cubical expansion
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where V = real volume, AV =change in volume and Δt = change in temperature. Relation between coefficients of linear, superficial and cubical expansions

· = 2α and γ = 3α Or α:β:γ = 1:2:3

2. Expansion of Liquids

In liquids only expansion in volume takes place on heating.

(i) Apparent Expansion of Liquids When expansion of th container containing liquid, on heating is not taken into accoun then observed expansion is called apparent expansion of liquids.

Coefficient of apparent expansion of a liquid
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(ii) Real Expansion of Liquids When expansion of the container, containing liquid, on heating is also taken into account, then observed expansion is called real expansion of liquids.

Coefficient of real expansion of a liquid
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Both, yr, and ya are measured in °C-1.

We can show that yr = ya + yg

where, yr, and ya are coefficient of real and apparent expansion of liquids and yg is coefficient of cubical expansion of the container.

Anamalous Expansion of Water

When temperature of water is increased from 0°C, then its vol decreases upto 4°C, becomes minimum at 4°C and then increases. behaviour of water around 4°C is called, anamalous expansion water.




4. [bookmark: 4d34og8]Expansion of Gases
5. There are two types of coefficient of expansion in gases

(i) Volume Coefficient (&gamma;v) At constant pressure, the change in volume per unit volume per degree celsius is called volume coefficient.
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where V0, V1, and V2 are volumes of the gas at 0°C, t1°C and t2°C.

(ii) Pressure Coefficient (γp) At constant volume, the change in pressure per unit pressure per degree celsius is called pressure coefficient.
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where p0, p1 and p2 are pressure of the gas at 0°C, t1° C and t2° C.

Practical Applications of Expansion

1. When rails are laid down on the ground, space is left between the end of two rails.
2. The transmission cables are not tightly fixed to the poles.

3. The iron rim to be put on a cart wheel is always of slightly smaller diameter than that of wheel.

4. A glass stopper jammed in the neck of a glass bottle can be taken out by warming the neck of the bottles.


where, p = density of the liquid and vc = critical velocity.

For pure water flowing in a cylindrical pipe, K is about 1000.

When 0< K< 2000, the flow of liquid is streamlined.

When 2000 < K < 3000, the flow of liquid is variable betw streamlined and turbulent.

When K > 3000, the flow of liquid is turbulent.

It has no unit and dimension.

Equation of Continuity

If a liquid is flowing in streamline flow in a pipe of non-unif cross-section area, then rate of flow of liquid across any cross-sec remains constant.

a1v1 = a2v2av = constant

The velocity of liquid is slower where area of cross-section is larger faster where area of cross-section is smaller.
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The falling stream of water becomes narrower, as the velocity of f stream of water increases and therefore its area of cross-s decreases.

Energy of a Liquid

A liquid in motion possess three types of energy

(i) Pressure Energy Pressure energy per unit mass = p/ρ

where,

p= pressure of the liquid and p = density of the liquid.
Pressure energy per unit volume = p

(ii) Kinetic Energy

· Kinetic energy per unit mass = (1/2v2)
· Kinetic energy per unit volume = 1/2ρv2

(iii) Potential Energy

· Potential energy per unit mass = gh
· Potential energy per unit volume = ρgh

Bernoulli’s Theorem

If an ideal liquid is flowing in streamlined flow then total energy, i.e., sum of pressure energy, kinetic energy and potential energy per unit

volume of the liquid remains constant at every cross-section of the tube.

Mathematically
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It can be expressed as
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where, (p/ρg) = pressure head, (v2/2g) = velocity head and h = gravitational head.

For horizontal flow of liquid,
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· where, pis called static pressure and (1/2 ρv2) is called dynamic pressure.
· The erefore in horizontal flow of liquid, if p increases, v decreases and Nce-versa.

· The theorem is applicable to ideal liquid, i.e., a liquid which is non-viscous incompressible and irrotational.

Applications of Bernoulli’s Theorem

1. The action of carburetor, paintgun, scent sprayer atomiser insect sprayer is based on
Bernoulli’s theorem.

2. The action of Bunsen’s burner, gas burner, oil stove exhaust pump is also based on Bernoulli’s theorem.

3. Motion of a spinning ball (Magnus effect) is based on Bernoulli theorem.

4. Blowing of roofs by wind storms, attraction between two close parallel moving boats, fluttering of a flag etc are also based Bernoulli’s theorem.

Venturimeter

It is a device used for measuring the rate of flow of liquid t pipes. Its working is based on Bernoulli’s theorem.

[image: ]Rate of flow of liquid, [image: ]




where, a1 and a2 are area of cross-sections of tube at bra and narrower part and h is difference of liquid columns in ver tubes.

Torricelli’s Theorem

Velocity of efflux (the velocity with which the liquid flows out orifice or narrow hole) is equal to the velocity acquired by a falling body through the same vertical distance equal to the dep orifice below the free surface of liquid.
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Velocity of efflux, v = √2gh

where, h = depth of orifice below the free surface of liquid.

Horizontal range, S = √4h(H — h)

where, H = height of liquid column.

Horizontal range is maximum, equal to height of the liquid column H, when orifice is at half of the height of liquid column.

Important Points

· In a pipe the inner layer .central layer) have maximum velocity and the layer in contact with pipe have least velocity.

· Velocity profile of liquid flow in a pipe is parabolic.





· Solid friction is independent of area of surfaces in contact while viscous force depends on area of liquid layers.

· A lubricant is chosen ac:ording to the nature of machinary. In heavy machines lubricating oils of high viscosity are used and in light machines low viscosity oils are used.

· The cause of viscosity 1 liquids is the cohesive forces among their molecules while cause of viscosity in gases is diffusion.
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CH. 11. THERMAL PROPERTIES OF MATTER( contents)

The branch dealing with measurement of temperature is called thremometry and the devices used to measure temperature are called thermometers.

Heat

Heat is a form of energy called thermal energy which flows from a higher temperature body to a lower temperature body when they are placed in contact.

Heat or thermal energy of a body is the sum of kinetic energies of all its constituent particles, on account of translational, vibrational and rotational motion.

The SI unit of heat energy is joule (J).

The practical unit of heat energy is calorie.

1 cal = 4.18 J

1 calorie is the quantity of heat required to raise the temperature of 1 g of water by 1°C.

Mechanical energy or work (W) can be converted into heat (Q) by 1 W = JQ

where J = Joule’s mechanical equivalent of heat.

J is a conversion factor (not a physical quantity) and its value is 4.186 J/cal.

Temperature

Temperature of a body is the degree of hotness or coldness of the body. A device which is used to measure the temperature, is called a thermometer.

Highest possible temperature achieved in laboratory is about 108 while lowest possible temperature attained is 10-8 K.

Branch of Physics dealing with production and measurement temperature close to 0 K is known as cryagenics, while that deaf with the measurement of very high temperature is called pyromet Temperature of the core of the sun is 107 K while that of its surface 6000 K.

NTP or STP implies 273.15 K (0°C = 32°F).

Different Scale of Temperature
[bookmark: 30j0zll]
1. Celsius Scale In this scale of temperature, the melting point ice is taken as 0°C and theboiling point of water as 100°C and space between these two points is divided into 100 equal parts

2. Fahrenheit Scale In this scale of temperature, the melt point of ice is taken as 32°F andthe boiling point of water as 211 and the space between these two points is divided into 180 equal parts.

3. Kelvin Scale In this scale of temperature, the melting pouxl ice is taken as 273 K andthe boiling point of water as 373 K the space between these two points is divided into 100 equal pss
Relation between Different Scales of Temperatures
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Thermometric Property

The property of an object which changes with temperature, is call thermometric property. Different thermometric properties thermometers have been given below

(i) Pressure of a Gas at Constant Volume
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where p, p100. and pt, are pressure of a gas at constant volume 0°C, 100°C and t°C.

A constant volume gas thermometer can measure tempera from – 200°C to 500°C.

(ii) Electrical Resistance of Metals Rt = R0(1 + αt + βt2)

where α and β are constants for a metal.

As β is too small therefore we can take

Rt = R0(1 + αt)


180

[bookmark: 1fob9te]where, α = temperature coefficient of resistance and R0 and Rt, are electrical resistances at 0°C and t°C.
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where R1 and R2 are electrical resistances at temperatures t1 and t2.
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where R100 is the resistance at 100°C.

Platinum resistance thermometer can measure temperature from —200°C to 1200°C.




(iii) Length of Mercury Column in a Capillary Tube

lt = l0(1 + αt)

where α = coefficient of linear expansion and l0, lt are lengths of mercury column at 0°C and t°C.

Thermo Electro Motive Force

When two junctions of a thermocouple are kept at different temperatures, then a thermo-emf is produced between the junctions, which changes with temperature difference between the junctions. Thermo-emf

E = at + bt2

where a and b are constants for the pair of metals.

Unknown temperature of hot junction when cold junction is at 0°C.
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Where E100 is the thermo-emf when hot junction is at 100°C.

A thermo-couple thermometer can measure temperature from —200°C to 1600°C.

Thermal Equilibrium

When there is no transfer of heat between two bodies in contact, the the bodies are called in thermal equilibrium.




CH-9 ,10 AND 11:PROPERTIES OF BULK MATTER (capsules)
1 Mark questions 
1. The Young’s modulus of rubber is smaller than that of steel. Explain?
2. The stretching of a coil is determined by its shear modulus, Explain
3. Why do spring balances show wrong readings after they have been used for
a long time ?
4.  Why do we prefer steel to copper in the manufacture of spring?
5. Define Poisson’s ratio? Does it have any unit?
6. Railway tracks are laid on large sized wooden sleepers. Why?
7.  The dams of water reservoir are made thick near the bottom. Why?
8.  How are we able to break a wire by repeated bending? 
9. The blood pressure in humans is greater at the feet than at the brain.
10. Hydrostatic pressure is a scalar quantity even though pressure is force divided by area.
11. Why the angle of contact of mercury with glass is obtuse, while that of water with glass is acute.
12. Why surface tension of a liquid is independent of the area of the surface.
13. Why a drop of liquid under no external forces is always spherical in shape.
14. Why to keep a piece of paper horizontal, you should blow over, not under, it.
15. Why we cannot remove a filter paper from a funnel by blowing air into narrow end.
16. At what temperature does a body stop radiating?
17. Why birds are often seen to swell their feathers in winter? 
18. What is deby’s temperature?
19. A gas is free to expand, what will be its specific heat?
20. Metal disc has  a hole in it. What happens to the size of the hole when it is heated?
ANSWER
1. For a given stress, the strain in rubber is more than it is in steel.
Young’s modulus, Y = 𝑆𝑡𝑟𝑒𝑠𝑠/𝑆𝑡𝑟𝑎𝑖𝑛
For a constant stress: 𝑌∝ 1/𝑆𝑡𝑟𝑎𝑖𝑛
Hence, Young’s modulus for rubber is less than it is for steel.
2. Shear modulus is the ratio of the applied stress to the change in the shape of a body. The stretching of a coil changes its shape. Hence, shear modulus of elasticity is involved in this process.
3. This is due to elastic fatigue.
4.  Because steel is more elastic than copper as its Young.s modulus is more
than that of copper.
5. Poisson.s ratio is the ratio of lateral strain to the longitudinal strain. It has no units.
6. This spreads force due to the weight of the train on a larger area and hence
reduces the pressure considerably and in turn prevents yielding of the ground under the weight of the train.
7. Pressure exerted by liquid column = hpgso as .h. increases p increases so to with stand high pressure dams are made thick near the bottom.
8. Repeated bending of wire decreases elastic strength and therefore it can be broken easily.
9. The pressure of a liquid is given by the relation
P = hρg
It can be inferred that pressure is directly proportional to height. Hence, the blood pressure in human vessels depends on the height of the blood column in the body. The height of the blood column is more at the feet than it is at the brain. Hence, the blood pressure at the feet is more than it is at the brain.
10. When force is applied on a liquid, the pressure in the liquid is transmitted in all directions. Hence, hydrostatic pressure does not have a fixed direction and it is a
scalar physical quantity.
11. The angle between the tangent to the liquid surface at the point of contact and
the surface inside the liquid is called the angle of contact (θ).
[image: ][image: ][image: ]
           The angle of contact θ , is obtuse if Ssa< Sla (as in the case of mercury on glass).
          This angle is acute if Ssl< Sla (as in the case of water on glass).
12. Surface tension is the force acting per unit length at the interface between the plane of a liquid and any other surface. This force is independent of the area of the liquid surface. Hence, surface tension is also independent of the area of the liquid surface
13. A liquid tends to acquire the minimum surface area because of the presence of surface tension. The surface area of a sphere is the minimum for a given volume. Hence, under no external forces, liquid drops always take spherical shape.
14. When air is blown under a paper, the velocity of air is greater under the paper than it is above it. As per Bernoulli’s principle, atmospheric pressure reduces under the paper. This makes the paper fall. To keep a piece of paper horizontal, one should blow over it. This increases the velocity of air above the paper. As per Bernoulli’s principle, atmospheric pressure reduces above the paper and the paper remains horizontal.
15. When air is blown into the narrow end its velocity in the region between filter paper and glass increases. This decreases the pressure. The filter paper gets more firmly held with the wall of the tunnel.
16. At 0K.
17. When birds swell their feathers they trap air in it. Air being a poor conductor prevent heat loss and keep birds warm.
18. The temperature at which the molar heat capacity of a solid substance becomes constant.
19. Infinity.
20. The expansion is always outward so the size of hole is increased when heated.

Two marks questions
1. State Hooke’s law. Deduce expression for young’s modulus of material of a wire of length l radius of cross-section r loaded with a body of mass M producing an extension Δlin it.
2.  A wire of length l area of cross section A and young’s modulus Y is stretched by an amount x. What is the work done?
3. Prove that the elastic potential energy per unit volume is equal to stress × strain.
4. Define the term bulk modulus. Give its SI unit. Give the relation between bulk modulus and compressibility.
5. Define shear modulus. With the help of a diagram explain how shear modulus can be calculated.
6. Which is more elastic steel or rubber? Explain.
7. Why a spinning cricket ball in air does not follow a parabolic trajectory
8. When air is blown in between two balls suspended close to each other, they are attracted towards each other. Why?
9. Why does air bubble in water goes up? 
10. Define Pascal's Law
11. Write down Stefan’s law.
12. A. Why pendulum clock generally go faster in winter and slow in summer?
B. why the brakes drums of a car are heated when it moves down a hill at constant speed?

 ANSWER

1. According to this law, within the elastic limit, stress is proportional to the strain.

                                      Y=

2. 
3. [image: ]
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4. The ratio of hydraulic stress to the corresponding hydraulic strain is called bulk modulus. It is denoted by symbol B.
B = – p/(V/V)
The reciprocal of the bulk modulus is called compressibility and is denoted by k. It is                                                                                                                                           defined as the fractional change in volume per unit increase in pressure.
                                                k = (1/B) = – (1/Δp) × (ΔV/V)

5. The ratio of shearing stress to the corresponding shearing strain is called the shear modulus of the material and is represented by G. It is also called the modulus of rigidity.
           G = shearing stress /shearing strain
           G = (F/A)/( Δx/L)
            = (F L)/(A Δx) 
            Similarly
           G = (F/A) θ
= F/(A.θ)
6. 
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7. A spinning cricket ball has two simultaneous motions – rotator and linear. These two types of motion oppose the effect of each other. This decreases the velocity of air flowing below the ball. Hence, the pressure on the upper side of the ball becomes lesser than that on the lower side. An upward force acts upon the ball.
Therefore, the ball takes a curved path. It does not follow a parabolic path

8.  On blowing air between the two balls, the air velocity increases, decreasing pressure. The pressure on the outer side of the ball being more will exert forces on the balls, so they move towards each other.

9. 
The terminal velocity  , As the density of air is less than density of water, the terminal velocity is negative. For this reason air bubbles moves upward.
10. It states that if gravity effect is neglected, the pressure at every point of liquid in   equilibrium of rest is same.
11. According to it the radiant energy emitted by a perfectly black body per unit
        area per sec (i.e., emissive power of black body) is directly proportional to
the fourth power of its absolute temperature.
i.e., E α T4 or E = σ T4
where σ = Stefan.s constant having dimension [MT.3θ.4] and value
5.67 × 10.8 W/m2K4.

12. A. The time period of pendulum depends on length T α. In winders l becomes shorter so its time period reduces so it goes faster. In summer length increases resulting in increase in time period so the clock goes slower.
Three marks questions
1. The knowledge of elasticity useful in selecting metal ropes show its use, in cranes for lifting heavy loads, when rope of steel is used (Elastic limit 30 × 107 Nm2) if load of 105 kg is to be lifted. What should be the radius of steel rope ? What should we do to increase flexibility of such wire ?
2. Stress-strain curve for two wires of material A and B are as shown in Fig.[image: ]
(a) Which material in more ductile ?
(b) Which material has greater value of young modulus ?
(c) Which of the two is stronger material ?
(d) Which material is more brittle ?

     3. State Pascal’s law for fluids with the help of a neat labeled diagram explain the principle and working of hydraulic brakes
4. How would the levels change in (b) if 13.6 cm of H2O (immensible with mercury)         are             poured into the right limb of the manometer in the above numerical?  
     5. A liquid drop of diameter D breaks up into 27 tiny drops. Find the resulting
     Change in energy. Take surface tension of liquid as T.
6. Define Streamline, Laminar and Turbulent Flow
7. If pressure at half the depth of a lake is equal to 2/3 pressure at the bottom of the lake   then what is the depth of the lake
      8. Define Capillarity and angle of contact.
      9. Draw a graph to show the anomalous behavior of water. Explain its
         Importance for sustaining life under water


ANSWER
1. The ultimate stress should not exceed elastic limit of steel (30 × 107 N/m2)
[image: ]
                         U=      

                               r = 3.2 cm
So to lift a bad of 104 kg, crane is designed to withstand 105 kg. To impart
       Flexibility the rope is made of large number of thin wires braided.

    2. (a) Wire with larger plastic S region is more ductile material A.
        (b) Young’s modulus is     Stress/Strain.
                                          YA > YB
        (c) For given strain, larger stress is required for A than that for B.
            A is stronger than B.
        (d) Material with smaller plastic region is more brittle, therefore B is more
            Brittle than A.
    3. Working of hydraulic lift: It is used to lift the heavy loads. If a small force f is applied on                                                                                                       piston of C then the pressure exerted on the liquidLoad
F
C
D
f


        [a = Area of cross section of the piston in C]
       This pressure is transmitted equally to piston of cylinder D. 
       Hence the upward force acting on piston of cylinder D.

		


 As , therefore . So heavy load placed on the larger piston is easily lifted        upwards by  applying a small force.  
  4.  h1 p1 g = h2 p2 g
       h1 × 13.6 × g = 13.6 × 1 × g
       h1 = 1 cm
       Therefore as 13.6 cm of H2O is poured in right limb it will displace Hg level
       by 1 cm in the left limb, so that difference of levels in the two limbs will
     become 19 cm.
5.
[image: ]
 6.   Stream line flow: Stream line flow of a liquid is that flow in which each element                  of the liquid passing through a point travels along the same path and with the same velocity as the preceding element passes through that point. The two streamlines cannot cross each other and the greater is the crowding of streamlines at a place, the greater is the velocity of liquid particles at that place.

 Laminar flow: If a liquid is flowing a horizontal surface with a steady f low and moves                                                  in the form of layers of different velocities which do not mix with each other, then the  flow of liquid is called laminar flow. In this flow the velocity of liquid flow is always less than the critical velocity of the liquid.

Turbulent flow: When a liquid moves with a velocity greater than its critical velocity, the     motion of the particles of liquid becomes disordered or irregular. Such a flow is called a turbulent flow.

7.        Pressure at bottom of the lake = 

And pressure ay half the depth of a lake

According to given condition  

⇒

⇒.
8. Capillarity.
       If a tube of very narrow bore (called capillary) is dipped in a liquid, it is found that the                     liquid in the capillary either ascends or descends relative to the surrounding liquid. This phenomenon is called capillarity. The cause of capillarity is the difference in pressures on two sides curved surface of liquid.
9. Anamolous expansion of water.:
[image: https://d34h5de3fkci09.cloudfront.net/75/data/q2aanswers/1135736/1_1428485022034.JPG]
Water behave
s oppositely  compared to other liquids in the temperature range of 0 to 4 degree centigrade.. Instead of expansion its volume decreases and becomes minimum at 4 degree centigrade. This is called the anamolous expansion of water.
Due to this anamolous  behavior the water in the lakes & rivers  do not get frozen entirely, rather maintain a temperature of 4 degree in the bottom part. As a result  the creatures under water  can live without getting frozen.


Five  marks questions
1.  State and prove Bernoulli’s theorem. Name any two application of the principle.
2. Define terminal velocity. Obtain an expression for terminal velocity of a sphere falling through a viscous liquid. 

3. Draw and discuss stress versus strain graph, explaining clearly the terms elastic limit, plastic region and elastic region.
            b. An Aluminium wire 1 m in length and radius 1 mm is loaded with a mass of 40 kg hanging vertically.             Young’s modulus of Al is 7.0 × 1010 N/m2.
            Calculate (a) tensile stress (b) change in length (c) tensile strain and (d) the force constant of such a            wire.
4. On what factors does the rate of heat conduction in a metallic rod in the steady state depend. Write the necessary expression and hence define the coefficient of  of thermal conductivity. Write its unit and dimensions.
5. What is a black body? Draw the curves showing the energy distribution  among  black body  radiations in different temperature. Hence define Wien’s displacement law Name one application of Wien’s displacement law.

Answer
1. Bernoulli's Theorem.
According to this theorem the total energy (pressure energy, potential energy and kinetic energy) per unit volume or mass of an incompressible and non-viscous fluid in steady flow through a pipe remains constant throughout the flow, provided there is no source or sink of the fluid along the length of the pipe.A1
h1
P2
v2
P1
B
C
A2
h2
v1

Mathematically for unit volume of liquid flowing through a pipe. 

			constant



To prove it consider a liquid flowing steadily through a tube of non-uniform area of cross-section as shown in fig. If  and  are the pressures at the two ends of the tube respectively, work done in pushing the volume V of incompressible fluid from point B to C through the tube will be 	......(i)
This work is used by the fluid in two ways.
(i) In changing the potential energy of mass m (in the volume V ) from mgh1 to mgh2, 

i.e.,									......(ii)



(ii) In changing the kinetic energy from  to , i.e., 	......(iii)
Now as the fluid is non-viscous, by conservation of mechanical energy

			

i.e., 		


or 				 [As ]

or 		

or 		constant
This equation is the so called Bernoulli's equation and represents conservation of mechanical energy in case of moving fluids.

         Applications of Bernoulli's Theorem
a. Action of atomiser: The action of carburetor, paint-gun, scent-                                                          spray or insect-sprayer is based on Bernoulli's principle. In all these, by means of motion of a piston P in a cylinder C,high speed air is passed over a tube T dipped in liquid L to be sprayed. High speed air creates low pressure over the tube due to which liquid (paint, scent, insecticide or petrol) rises in it and is then blown off in very small droplets with expelled air.P
C
T
L

b. Blowing off roofs by wind storms: During a tornado or hurricane, when a high speed wind blows over a straw or tin roof, it creates a low pressure (P) in accordance with Bernoulli's principle.Wind
v large so
P<P0
P0
P


However, the pressure below the roof (i.e., inside the room) is still atmospheric (). So due to this difference of pressure the roof is lifted up and is then blown off by the wind. 

 2. If a spherical body of radius r is dropped in a viscous fluid, it is first accelerated and  then   it's acceleration becomes zero and it attains a constant velocity called terminal velocity.
   Force on the body 

   (i) Weight of the body (W) = mg = (volume × density) × gF
T
W
r

  (ii) Upward thrust (T) = weight of the fluid displaced 

			       = (volume × density) of the fluid × g = 

  (iii) Viscous force (F) = 

 When the body attains terminal velocity the net force acting on the body is zero. 
W–T–F    =0  or  F= W – T


⇒	


	Terminal velocity 

3 a.Stress-strain Curve
(1) When the strain is small (region OP) stress is proportional to strain. This
is the region where the so called Hooke.s law is obeyed. The point P is
called limit of proportionality and slope of line OP gives the Young.s
modulus Y of the material of the wire. Y = tan 
(2) Point E known as elastic limit or yield-point.
(3) Between EA, the strain increases much more.
(4) aThe region EABC represents the plastic behaviour of the material of
wire.
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b. (a) Stress =


[image: ]
(b) L =


[image: ]
(c) Strain =



(d) F = Kx= KL, K = Force constant
[image: ]
           K =

4.Heat conduction in steady state depends on---(i) The area of cross section of the rod (A).
    (ii) Difference in temeperature across its ends (dθ), (iii) Natuer of the substance(K), and the     length of the rod(dl).
    The necessary equation is -----	Q/t = KA (dθ/dl)
    Thermal conductivity is defined as heat energy transferred in unit time through unit area having a difference  in temperature of unity over unit length.
     Its  unit  is  Watt/m Kelvin

5.A perfectly  black body is an object which absorbs  completelely l the radiations  of all   wavelengths incident on it.
When a perfectly black body is heated  to a suitable high temperature , it emits radiations of all possible wavelengths . 

[image: ]

          Wien’s displacement law
           Increase in temperature causes decrease in λm, where λmis
wavelength corresponding to highest intensity. This wavelength
λmis inversely preoperational to the absolute temperature of the
emitter. λmT = b
where b is a constant and this equation is known as Wein.s
displacement law. b = 0.2896 × 10.2 mkfor black body and is known
as Wien.s constant

To find the temperature of the stars one can use the wien’s displacement law.



Chapter-12. THERMODYNAMICS (Capsules)
	One marks question:-

	1. An ideal gas undergoes isothermal process from some initial state i to final state f. choose the correct alternatives.
a) dU = 0
b) dQ = 0
c) dQ = dU
d) dQ = dW

	2. First law of thermodynamics represents conservation of which quantity?

	3. The internal energy of an ideal gas depends on which quantity?

	4. Which property of the system does not change during an adiabatic change?

	5. In cyclic process calculate the change of internal energy (dU) of an ideal gas

	6. Adiabatic slope or isothermal slope which one more steeper?

	7. Which quantity remaining constant in the isothermal process of an ideal gas?

	8. 
[image: ]
Calculate amount of work done in the above process

	9. What is represented by the area under the curve in P-V diagram of a thermodynamics system?

	10. The efficiency of a Heat engine is 100%. Calculate the sink temperature.

	11. State first law of Thermodynamics?

	12. State second law of thermodynamics?

	13. The triple point of carbon dioxide is 216.55 K. Express this temperature on Fahrenheit scale.

	14. At what temperature Celsius and Fahrenheit scale coincide?

	15. Cp > CV, why?

	16. What is the specific heat of a gas in an isothermal process and in an adiabatic process?

	

	


	Answer of 1 mark question

	1. a , d.

	2. Energy

	3. Temperature

	4. Quantity of heat

	5. Zero.

	6. Adiabatic

	7. Internal energy

	8. Zero

	9. Work done by the thermodynamics system

	10. zero

	11. According to first law of thermodynamics the total heat energy change in any system is the sum of the internal energy change and the work done;
	i.e.,dQ =dU+dW,
	dU=internal energy
	dW=PdV----------is the work done

	12. 2nd law of thermodynamics: 
Kelvin-Plank statement:- It is impossible to construct an engine which , operating in a cycle ,will produce no other effect than the extraction of it from a reservoir and the performance of an equivalent amount of work.

	13. Tk = 216.55K
Therefore Tc	=216.55-273.15=-56.600 C
Therefore Tf	=(9/5)Tc+32
		=(9/5) x (-56.60)+32
		=-69.880C

	14. - 400C.

	15. Cp is greater since under constant pressure process ,the energy also does work .

	16. Since       s = (Q/m∆t)
For isothermal process,	s = (∆t=0)
For adiabatic process,	s=0(∆Q=0)



	Two marks question:-

	17. Which of the two will increase the pressure more- an adiabatic or isothermal process in reducing the volume to 50%?

	18. Can two isothermal curves intersect each other? Why?

	19. State the law of equipartition of energy, what is the internal energy with mono, di, tri- atomic gases?

	20. A refrigerator cools a body cooler than its surrounding. Does this violate the law of conservation of energy?

	21. What is an isothermal process? Also give essential conditions for an isothermal process to take place?

	22. What are the limitations of first law of Thermodynamics?

	23. Compare an isothermal and adiabatic process?

	24. The efficiency of a ideal heat engine is 1/6.If on reducing the temperature of the sink by 650C,the efficiency becomes 1/3,determine the initial and final temperature between which the engine is working.

	25. There is an electric heater that provides heat to a system at the rate of 110W. If work done by the system is at the rate of 80 Jules per second. Find the rate at which the internal energy is increasing.

	26. The temperature inside the refrigerator is to be maintained at 8°C. If the room temperature of the room is 35°C, Calculate the coefficient of performance.

	27. State Zeroth law of thermodynamics.

	28. What do you mean by thermodynamics system?

	29. 110 joules of heat are added to a system and internal energy increase 40 joule. Calculate the amount of work done.

	30. What do you mean by closed system?

	31. Write two limitation of the first law of thermodynamics.

	32. Define Intensive and Extensive properties.

	33. When ice melts, the change in internal energy is greater than the heat supplied. Why?

	34. What do you mean by reversible process?



	Answer of 2 mark question

	17. For isothermal process P’ V’=PV 
V’ = V/2,…P’=2P
For adiabatic process,P’VƳ=PVƳ
V’=V/2,…P’=2ƳP
Since >1, the adiabatic process will increase the pressure more.

	18. No, since then for two different sets of physical parameter the system may be identified, leading to different states.

	19. It states that, every degree of freedom will provide the same amount to the internal energy of the system ,		i.e.,    (1/2) RT.
Internal energy with mono, di and tri-atomic gas is ,(3/2)R,(5/2)R and (7/2)R respectively.

	20. No, since the compressor works on the system to cool the body cooler than the surrounding .If W work is done to take Q2 amount of energy from and pass Q1 energy to the sink(surrounding)then ,W =Q1-Q2

	21. Ans. A change in pressure and volume of a gas without any change in its temperature is called an isothermal process
Two essential condition for perfect isothermal process are:-
	i) The walls of the container must be perfectly conducting to allow free exchange of heat between the 			gas and its surrounding
ii) The process of compression or expansion should be slow so as to provide time for exchange of heat.

	22. First law of thermodynamics did not tell us about :-
I) The quick or slow nature of a process.
	II) 	Whether a process is possible or not.

	23. 	Isothermal process						Adiabatic process
		dT=0								dQ=0
		Generally a slow process					Generally a fast process
Carried out in a conducting cylinder				Carried out in a non-conducting cylinder

	24. 	Efficiency ,ŋ=1-T2/T1
	=> 1/6=1-T2/T1
		=>T2/T1 = 5/6
	Again,
		1/3=1-(T2-65)/T1
		=>-(T2-65)/T1= 2/3
		=>T2/T1=2/3+65/T1
		=>T1=3900C
		And T2=5/6 x T1=3250C

	25. Rate of heat supplied to the system = 110 J/sec     [1 Watt = 1 J/sec]
Rate of Work done by the system = 80 J/sec
Now, according to the first law of thermodynamics:
For 1 second
	Q = U + W    [ U = internal inergy]
Therefore, U = Q – W
⇒ U = 110 – 80 = 30 J
Therefore, the rate at which the internal energy of an electric heater is increasing = 30 W.

	26. Room temperature, T1 = 35°C = 35 + 273 = 308 K
Temperature inside the refrigerator, T2 = 8°C = 281 K
Since, the Coefficient of performance = T2/T1−T2=281/308−281=10.41
Therefore, the coefficient of performance of refrigerator is 10.41.

	27. If two thermodynamic systems X and Y are separately in thermal equilibrium with a third thermodynamic system Z, then the systems X and Y are also in thermal equilibrium with each other.

	28.  A thermodynamics system is a certain portion of the universe selected for the purpose of investigation and is thus distinct, being set apart from everything else, and is essentially macroscopic.

	29. Amount of heat added to the system(dQ) = 110 joule 
	The internal energy increase of the system (dU) = 40 joule
	Now from first law of thermodynamics 
					dQ = dU + dW
					dW = dQ – dU
					dW = (110 – 40) joule = 70 joule
The work done by the system is 70 joule.
A system with a boundary that permits exchange of energy but prevents exchange of matter between the system and surroundings is called closed system.

	30. A system with a boundary that permits exchange of energy but prevents exchange of matter between the system and surroundings is called closed system.
31. (i) it does not give the direction of flow of heat.
(ii) It does not explain why heat can’t be spontaneously converted into Work.

	32. The properties which are independent on the mass of the system is called intensive properties. e.g., Pressure, Temperature, Specific Volume etc.,
The properties which are dependent on the mass of the system is called extensive properties. 	e.g., Total energy, Total volume, weight etc.

	33. 	.:  dq = du + dw
	du = dq - pdv
When ice melts, change in volume is negative. So when ice melts the change in internal energy is greater than the heat supplied.

	34. A reversible process is one which can be reversed in such a way that all changes occurring in the direct process are exactly repeated in the opposite order and inverse sense and no change is left in any of the bodies taking part in the process or in the surroundings.



	Three marks question:-

	35. Two cylinders A and B of equal capacity are connected to each other via a stopcock. A contains a gas at standard temperature and pressure. B is completely evacuated. The entire system is thermally insulated. The stopcock is suddenly opened. Answer the following:
	(a) What is the final pressure of the gas in A and B?
	(b) What is the change in internal energy of the gas? 
	(c) What is the change in the temperature of the gas?
(d) Do the intermediate states of the system (before settling to the final equilibrium state) lie on its 
	P-V-T surface?

	36. In changing the state of a gas adiabatically from an equilibrium state A to another equilibrium state B, an amount of work equal to 22.3 J is done on the system. If the gas is taken from state A to B via a process in which the net heat absorbed by the system is 9.35 cal, how much is the net work done by the system in the latter case? (Take 1 cal = 4.19 J)

	37. State the Second law of thermodynamics and write 2 applications of it? How does second law of thermodynamics explain expansion of gas? Why is conversion of heat into work not possible without a sink at lower temperature?

	38. Define the following terms with use of proper formula: -
(I) Heat Capacity	(Ii) Specific Heat Capacity 	(Iii) Molar Specific Heat Capacity 
Prove that molar hear capacity of a solid is equal to 3R.

	39. Write the sign conventions for the heat and work done during a thermodynamic process? If the door of a refrigerator is kept open in a room, will it make the room warm or cool?

	40. The steam engine is delivering 5.8 × 108 J of work / minute and uses 3.5 × 109 J of heat / minute from its boiler. Calculate the efficiency of the engine and the amount of heat is wasted/minute.

	41. Explain the following statements:
	(i). It is not necessary for two bodies having different temperatures say T1 and T2 , when brought in 			thermal contact to settle for a mean temperature of (T1 + T2)/2
	(ii). The coolant that is used in a chemical or nuclear power plant should have a high specific heat.
	(iii). While driving a vehicle, the air pressure of the tyres increases.

	42. [image: ]The state of a thermodynamic system is changed from an original state to an intermediate state by a linear process as shown in the below figure and its volume is reduced to original value from B to C by an isobaric process. Calculate the net work done by the gas from A to B to C


	43. A Carnot engine converts 1/6th of the heat input into work. If the temperature of the sink is reduced by 62°C, its efficiency is double. Find the temperature of the source and the sink.

	44. A cylinder with a movable piston contains 3moles of hydrogen at standard temperature and pressure. The walls of the cylinder are made of heat insulator, and the piston is insulated by having a pile of sand on it. By what factor does the pressure of gas increases if the gas is compressed to half of its original volume?




	Answer of 3 mark question

	35. (a) 0.5 atm. The volume available to the gas is doubled as soon as the stopcock between	cylinders A and B is opened. Since volume is inversely proportional to pressure, the pressure will decrease to one-half of the original value. Since the initial pressure of the gas is 1 atm, the pressure in each cylinder will be 0.5 atm.
(b) Zero. The internal energy of the gas can change only when work is done by or on the gas. Since in this case no work is done by or on the gas, the internal energy of the gas will not change.
(c) Zero. Since no work is being done by the gas during the expansion of the gas, the temperature of the gas will not change at all.  
(d) No. The given process is a case of free expansion. It is rapid and cannot be controlled. The intermediate states do not satisfy the gas equation and since they are in non-equilibrium states, they do not lie on the P-V-T surface of the system.

	36. The work done (W) on the system while the gas changes from state A to state B is 22.3 J. This is an 	adiabatic process. Hence, change in heat is zero.
∴ΔQ = 0, ΔW = –22.3 J (Since the work is done on the system)
From the first law of thermodynamics, we have:
ΔQ = ΔU + ΔW Where, ΔU = Change in the internal energy of the gas
∴ΔU = ΔQ–ΔW = –(–22.3 J) ΔU = + 22.3 J 
When the gas goes from state A to state B via a process, the net heat absorbed by the system is: ΔQ = 9.35 cal = 9.35X 4.19 = 39.1765 J 
Heat absorbed, ΔQ = ΔU + ΔW
∴ΔW = ΔQ –ΔU = 39.1765 – 22.3 = 16.8765 J 
Therefore, 16.88 J of work is done by the system.

	37. According to second law of thermodynamics, when a cold body and a hot body are brought into contact with each other, heat always flow from the hot body to the cold body.
	Also, that no heat engine that works in cycle completely converts heat into work.

	Since from second law, d S ≥ O d S = change in entropy ,During the expansion of gas, the 	thermodynamic probability of gas is larger and hence its entropy is also very large. Since form second 	law, entropy cannot decrease ∴ following the second law, gas molecules move from one partition to 	another.

For converting heat energy in to work continuously a part of heat energy absorbed from the source has to be rejected. The heat energy can be rejected only to a body at lower temperature which is sink, so we require a sink to convert heat into work.

	38. Suppose an amount of heat ∆Q supplied to a substance changes its temperature from T to T + ∆T. We define heat capacity of a substance  to be

	
	We divide Heat capacity by the mass of the substance m in kg. it is heat required per unit mass by the 		substance.
	

If the amount of substance is specified in terms of moles µ (instead of mass m in kg ), we can define heat capacity per mole of the substance by

		We can use the same law of equipartition of energy that we use there to predict molar specific heat capacities of solids. Consider a solid of N atoms, each vibrating about its mean position. An oscillator in one dimension has average energy of 2 × ½ kB T = kB T. In three dimensions, the average energy is 3 kB T. For a mole of a solid, the total energy is U = 3 kB T × NA = 3 RT (∵kB T × NA = R) Now, at constant pressure, ∆Q = ∆U + P ∆V ≅ ∆U, since for a solid ∆V is negligible. Therefore,


	39. (i) When heat is supplied to a system dQ is taken positive but when heat is supplied by a 	system, dQ is 	taken negative.
(ii)When a gas expands, dW is taken as positive but when a gas is compressed, work done is taken as 	negative.
Since a refrigerator is a heat engine that operates in the reverse direction i.e. it extracts heat from a cold body and transforms it to hot body. Since it exhaust more heat into room than it extracts from it. Therefore, the net effect is an increase in temperature of the room.

	40. Work done by the steam engine, W = 5.8 × 108 J per minute
Heat supplied from the boiler, H = 3.5 × 109 J per minute
Since, Efficiency of the engine:
⇒OutputEnergy/InputEnergy
=5.8×108J / 3.5×109J
=0.1657
Therefore, percentage efficiency of the engine is 16.57 %.
Now, the amount of heat wasted = (3.5 × 109 – 5.8 × 108) = 2.92×109 J.
	Therefore the efficiency of steam engine is 16.57% and amount of heat that is wasted per 	minute is 2.92×109 J.

	41. (i). When two bodies having different temperatures say, T1 and T2 are brought in thermal contact with each other, there is a flow of heat from the body at the higher temperature to the body at the lower temperature till both the body reaches to an equilibrium position, i.e., both the bodies are having equal temperature. The equilibrium temperature is only equal to the mean temperature when the thermal capacities of both the bodies are equal.
	(ii).The coolant used in a chemical or nuclear plant should always have a high specific heat. Because 	higher is the specific heat of the coolant, higher is its capacity to absorb heat and release heat. 	Therefore, a liquid with a high specific heat value is the best coolant to be used in a nuclear or chemical 	plant. This would prevent different parts of the plant from getting too hot.
	(iii). When the driver is driving a vehicle then due to the motion of air molecules the air temperature 	inside the tyre increases. And according to the Charles’ law, the temperature is directly proportional to 	pressure.

Therefore, when the temperature inside a tyre increases, then there is also an increase of air pressure.

	42. From the above figure, the Total work done by the gas from A to B to C = Area of triangle ABC.
Now, Area of triangle ABC = 12 × AC × BC
Where, AC = Change in pressure and BC = Change in volume
Now, AC = (800 – 400) N/m2 = 400 N/m2
And, BC = (7 – 3) m3 = 4 m3
Now, the Area of triangle ABC = 12 × AC × BC
⇒12×400×4=800J
Therefore, the Total work done by the gas from A to B to C is 800 J

	43. Efficiency of an ideal heat engine
Ƞ = 1/6 = 1 – T2/T1------------------------------------ (i)
Where T1 = source temperature
T2 = sink temperature
T2/T1 = 1 – 1/6 = 5/6 
If ƞ' be the efficiency of the second case, then by the problem 
ƞ' = 1/3 = 1 - (T2 – 62)/T1
(T2 - 62)/T1 = 2/3---------------------------------------- (ii)
Dividing (ii) by (i),
(T2 – 62)/T2 = 4/5
62/T2 = 1/5
T2 = 5X62 = 310 K = 37°C
From equation (i),
T1 = (6X310)/5 = 372 K = 99°C

	44. Since no heat is allowed to be exchanged, the process is adiabatic. Thus ,
P1V1ᵞ = P2V2ᵞ
=()ᵞ
Given,V2= V1/2
Then, ᵞ
Or,  = 2ᵞ = 21.4 = 2.64 [Since ᵧ =1.4]



	Five marks question:-

	45. Write Kelvin-Planck and Clausius statement for second law of thermodynamics. Define co-efficient of Efficiency and co-efficient of performance. Show the heat flow in case of engine and refrigerator using diagram.

	46. Why does a gas not possess a unique or single specific heat? Discus the limits of specific heat of a gas?

	47. Define an adiabatic process. Derive an expression for work done during an adiabatic process.

	48. Calculate work done in the following  thermodynamic processes: -
(i) Isothermal process, 	(ii) Adiabatic process,  	(iii) Isochoric process and   	
(iv) Isobaric process		



	Answer Five marks question:-

	45. 
Kelvin-Planck statement of second law of thermodynamics: -
It is impossible to raise a heat engine which works in   a cyclic process performing the single job of taking heat from a body at a constant temperature and converting it completely into mechanical work. The law states the fact that work done on the system can facilities to convert heat into work ,however with some unavoidable loss.

Clausius statement:-
It is impossible for a self-acting machine, unaided by any external agency, to transfer heat from a body at lower temperature to another at higher temperature.
Efficiency is defined as net work done per cycle by the engine to the amount of heat absorbed per cycle.
co efficient of performance is defined as ratio of the amount of heat removed per cycle to the mechanical work done on it. 
				Hot Reservoir T1
                                                    Q1                           Refrigerator


		w


		
					 Q2
				  Sink T2
Efficiency in forward cycle=work done /heat supplied
				  = (Q1-Q2)/Q1
				  =1-(Q2/Q1)
				  =1-(T2/T1 )
	Coefficient of performance 
				=Heat drawn from sink /work on the system
				= Q2/(Q1-Q2)
				= T2/(T1-T2)

	46. When a gas is heated its volume and pressure changes with increase in temperature. So the amount of heat required to raise the temperature of 1 g of gas through 10C is not fixed. That is, a gas does not possess a unique or single specific heat.

Limits of specific heat of a gas :
(i) Suppose the gas is suddenly compressed. No heat is supplied to gas i.e., Q =0. But the temperature of the gas rises due to compression therefore,C ,T is positive =0
i.e., Specific heat of gas is zero.
(ii) Now the gas is heated and allowed to expand such that the rise in temperature of gas due to heat supplied is equal to the fall in temperature of the gas due to the expansion of gas in its temperature zero. That is ,T =0 
Therefore , C = Q/mT =
(iii)  Again ,the gas is heated and allowed to expand at such a rate that the fall in temperature is less than the rise in temperature due to heat supplied the temperature of the gas will rise i.e. , T is positive and specific heat of the gas is positive .
(iv) Finally the gas is heated and allowed to expand at such a rate that the fall in temperature due to expansion is more than the rise in temperature due to heat supplied the temperature of the gas will decrease , T is negative.Therefore , C = Q/mT= -ve value i.e., the specific heat is negative .

	47. When no exchange of heat is possible between system and surrounding, the process is known as adiabatic.
Work done in adiabatic process:
Consider 1 mole of gas is contained in a perfectly non-frictionless conducting cylinder fitted with apiston.
Let, P=pressure of gas.
V=volume of gas,
T=temperature of gas
Compress the gas adiabatically by moving the piston inwards through a distance dx.
Force acting on piston=PA
Work done, dW=force x distance
			=P.A.dx =P.dV, where dV is the change in volume of the gas.
During the adiabatic expansion the total workdone by the gas,
W=ʃv1v2PdV
Adiabatic change is represented by PVƳ=K,a constant.
Hence, W= ʃv1v2PdV
                 =K/(1-Ƴ)[V21-Ƴ-V11-Ƴ]
                  =1/(1-Ƴ)[RT2-RT1]       (from ideal gas equation)
  Or W=R/(1-Ƴ)[T2-T1]
This is the work done during the adiabatic process.

	48. 
	(i)	For an isothermal process (T fixed), the ideal gas equation gives PV = constant i.e., pressure of a given 	mass of gas varies inversely as its volume. This is nothing but Boyle’s Law. Suppose an ideal gas goes isothermally (at temperature T) from its initial state (P1, V1) to the final state (P2, V 2). At any	intermediate stage with pressure P and volume change from V to V + ∆V (∆V small) ∆W = P ∆ V. Taking (∆V → 0) and summing the quantity ∆W over the entire process,
			= 	= 

	(ii)	In an adiabatic process, the system is insulated from the surroundings and heat absorbed or released is zero. From Eq. [∆Q = ∆U + ∆W], we see that work done by the gas results in decrease in its internal energy (and hence its temperature for an ideal gas). We quote without proof (the result that you will learn in higher courses) that for an adiabatic process of an ideal gas. P V γ = const.
	where γ is the ratio of specific heats (ordinary or molar) at constant pressure and at constant volume.
		 = CP/Cv
	Thus if an ideal gas undergoes a change in its state adiabatically from (P1 , V1 ) to (P2 , V2 ) : 
		P1 = P2
	Figure below given shows the P-V curves of an ideal gas for two adiabatic processes connecting two 		isotherms.
[image: ]
We can calculate, as before, the work done in an adiabatic change of an ideal gas from the state (P1, V1, T1) to the state (P2, V2, T2).
	
	= 	= 	= 
	= 	= 		= 	

(iii) 	In an isochoric process, V is constant. No work is done on or by the gas. From Eq. [∆Q = ∆U + ∆W], the 	heat absorbed by the gas goes entirely to change its internal energy and its temperature. The change in 	temperature for a given amount of heat is determined by the specific heat of the gas at constant volume.

(iv)	In an isobaric process, P is fixed. Work done by the gas is W = P (V2 – V1 ) = µ R (T2 – T1 ) 
	Since temperature changes, so does internal energy. The heat absorbed goes partly to increase 	internal energy and partly to do work. The change in temperature for a given amount of heat is 	determined by the specific heat of the gas at constant pressure.



























TOPIC: KINETIC THEORY OF GASES (Capsules)
CLASS:XI
QUESTIONS:
1 marks:
1. State the no. of degrees of freedom possessed by a monoatomic molecule in space. Also give the total energy possessed by it: at a given temperature.
2. What is equation of state?
3. What is the nature of P versus (1/V) graph for a given mass of gas at constant temperature?
4. Write the equation of state for an ideal gas.
5. What is Mean free  path?
6. On what factors, does the average kinetic energy of gas molecules depend?
7. Distinguish between an isochoric and isobaric processes?
8. What type of motion is associated with the molecule of the gas?
9. The volume of vessel A is twice the volume of another vessel B, and both of them are filled with the same gas. If the gas in A is at twice the temperature and twice the pressure in comparison to the gas B, what is the ratio of the gas molecules in A and B?

ANSWERS
1. Three. 	(3/2)RT
2. An equation which relates the pressure, volume and temperature of a system is called an equation of state.
3. Straight line passing through the origin.
4. PV= nRT
5. Mean free path is defined as the average distance a molecule travels between collisions. It is represented by[image: ]. Units are meters (m).
6. Average kinetic energy depends only upon the absolute temperature and is directly proportional to it.
7. Isochoric : A process in which volumes remain constant.
Isobaric : A process in which pressure remains constant.
8. Brownian motion.
9. As PV = nRT
	Therefore, nB = PV/RT and nA = 2P. 2V/ R.2T = 2
	So,  nA: nB = 2:1


2 marks:
1. What is Brownian motion? Write two factors affecting Brownian motion.
2. A mixture of helium and hydrogen gases is filled in a vessel at 30oC.Compare the r.m.s. velocities of the molecule of these gases at this temperature.
3. What is the molar specific heat ratio (ɣ) for a diatomic gas?
4. When do the real gases obey more correctly the gas equation PV=nRT?
5. Calculate the r.m.s velocity of oxygen molecule at STP. The molecular weight of O2 is 32.
6. Molar volume is the volume occupied by 1 mole of any (ideal) gas at standard temperature and pressure (STP: 1 atmospheric pressure, 0oC ). Show that it is 22.4 liters.
7. Find out the ratio between most probable velocity, average velocity and root Mean square Velocity of gas molecules?(Not for school exam)
8. Derive the relation between pressure and kinetic energy of gas?
9. Why does moon have no atmosphere?

ANSWERS:
1. The random or zigzag motion of small particles suspended in a fluid is called Brownian motion. Eg. Motion of pollen grains in water.
Factors: Brownian motion increases 
i) With decrease in size of the suspended particles,
ii) With the increase in temperature of the fluid.
2.  =   = =1/
3. ɣ=Cp/Cv=1+2/f =1+2/5 =7/5
4. a) At low pressure and
b) At high temperature.
5. Here, P=1 atm= 1.013 X 105 N/m2 ,
 M=32 g =32 x 10-3 Kg , 
V=molar volume at STP =22.4 Lt =22.4 X10-3 m3.
At STP Vrms= 
		= 
                   = 
		= 461 m/sec
6. The ideal gas equation relating pressure (P), volume (V), and absolute temperature (T) is given as: PV =nRT Where,
	R is the universal gas constant = 8.314 J mol -1 K-1
	n = number of moles = 1
	T = Standard temperature = 273 K
	P = Standard Pressure = 1 atm = 1.013 x 10 5 N/m2
	V = nRT/P
		    =[1x8.314x273] / [1.013x105]
		= 0.0224 m3
		=22.4 litres


7.  Since,	 Most Probable velocity Vmp=
Average velocity,[image: ]

[image: ]
Root Mean Square velocity: Vr.m.s.


So,[image: ]

[image: ]
[image: ]




8. Let, Pressure = P
Kinetic energy = E
	       d = Density
C = r.m.s velocity of gas molecules
From, Kinetic theory of gases,
P= dC2
   = C2
		PV = MC2
			= x  MC2
			=  E
		So, P = 
               For unit volume (V=1) P =  E
9. The value of escape velocity on earth is 11200 m/s The value of escape velocity on moon is 2400 m/s (approximately). At moon with the increase in temperature the speed of gas molecules become more than the escape velocity because we know r.m.s velocity is directly proportional to the temperature. So there is no atmosphere in moon.







3 marks:
Questions
1. State the law of equipartition of energy and using this find the relation for the total internal energy of a mole of monoatomic gases?
2. At what temperature is the r.m.s. velocity of H2 molecule equal to that of an oxygen molecule at 47oC?
3. Three vessels of equal capacity have gases at the same temperature and pressure. The first vessel contains neon (monatomic), the second contains chlorine (diatomic), and the third contains uranium hexafluoride (polyatomic). Do the vessels contain equal number of respective molecules? Is the root mean square speed of molecules the same in the three cases? If not, in which case is the largest?
4. An air bubble of volume 1.0 cm3 rises from the bottom of a lake 40 m deep at a temperature of 12 °C. To what volume does it grow when it reaches the surface, which is at a temperature of 35 °C?
5. A gas is filled in a cylinder fitted with piston at a constant temperature. Explain on the basis of kinetic theory  i)  the pressure of the gas increases by raising the temperature, ii) on pulling the piston out the pressure of the gas decreases.
6. There are N molecule of a gas in a container. If the number of molecules is increased to 2N, what will be i) pressure of the gas, ii) total energy of the gas and iii) r.m.s  speed of the gas?
7. Define absolute zero, according to kinetic interpretation of temperature. Show that rms velocity of O2 is times that of SO2. Atomic wt. of Sulphur is 32 and that of oxygen is 16. 

ANSWERS:
1. Statement (E=KBT). 
According to the law of equipartition of energy, average energy associated with each degree of freedom per molecule=KBT. The D.O.F of monoatomic gas=3. So average energy associated with 3 degrees of freedom per molecule = KBT.
So, the total internal energy of one mole of a monoatomic gas ,
U=KBT x NA =RT.
2. Vrms =
Let, at temperature T, r.m.s velocity of H2 molecule= r.m.s velocity of O2 molecule at 47oC.
Or, = 
Or, T=  =20 K
3. Yes. All contain the same number of the respective molecules.
 No. The root mean square speed of neon is the largest. 
Since the three vessels have the same capacity, they have the same volume. Hence, each gas has the same pressure, volume, and temperature. According to Avogadro's law, the three vessels will contain an equal number of the respective molecules. This number is equal to Avogadro's number, N= 6.023x1023
The root mean square speed (Vrms ) of a gas of mass m, and temperature T, is given by the relation: 
Vrms  = 

Where, k is Boltzmann constant
 For the given gases, k and T are constants. 
Hence depends only on the mass of the atoms,
 i.e., 
Vrms ∞ 

Therefore, the root mean square speed of the molecules in the three cases is not the same. Among neon, chlorine, and uranium hexafluoride, the mass of neon is the smallest. Hence, neon has the largest root mean square speed among the given gases.

4.  Volume of the air bubble, V1 = 1 cm3 = 1x10 -6m3
Bubble rises to height, d = 40 m 
Temperature at a depth of 40 m, T1= 12°C = 285 K
 Temperature at the surface of the lake, T2 = 35°C = 308 K
 The pressure on the surface of the lake: P2 = 1 atm = 1x1.013x105 Pa
The pressure at the depth of 40 m: P1= 1 atm + dρg 
Where,ρ is the density of water =103kg/m3
g  is the acceleration due to gravity = 9.8m/sec2
∴ P1= 1.013x105 + 40x103x9.8 = 493300 pascal
 = 493300 Pa 
We have:   = 
Where, V2 is the volume of the air bubble when it reaches the surface
Therefore, 
V2 =  
      Putting the values we get V2 =5.263 x 10-6 m3 = 5.263 cm3
when the air bubble reaches the surface, its volume becomes 5.263 cm3

5. i) On raising the temperature the average speed of the gas molecules increases. As a result the molecules collide more frequently with the walls of the vessel and also greater momentum is transferred to the wall in each collision. Both of these factors increase the pressure of the gas.
iii) When the piston is pulled out, the volume of the gas increases. The molecule have to traverse a large distance to collide with the walls of the cylinder. So a lesser number of molecules collides with the wall per second. Moreover, the collisions now occur on a larger area of the walls. Both of these factors decrease the pressure of the gas.

6.  P=mn(vav)2 = (vav)2    [ n=]
i) As P∞ N, so, the pressure of the gas is doubled when the no. of molecules is increased from N to 2N.
ii) Average K.E.  per molecule, m(vav)2    = KBT 
              Total energy of N molecules mN(vav)2  =  KBNT 
When the no. of molecules is increased from N to 2N , total energy of the gas is doubled, though the average K.E. per molecule remains same.
iii) The r.m.s speed remains same because it depends only upon temperature.
7. Absolute zero is the temperature at which all molecular motion ceases.
V ∞  , 
VO2/VSO2 = =

VO2 =  VSO2
5 marks
Questions
1. Find out  Cp, CV  hence specific heat ratio ɣ for i) Monoatomic, ii)diatomic , iii) Triatomic gases.
2. Write down the basic assumptions of kinetic theory of gas. Using these derive the expression of pressure for an ideal gas.


ANSWER
1. i) The D.O.F of a monoatomic gas is 3.
So, the average energy associated with three degrees of freedom per molecule= (3/2)KBT.
The total internal energy of 1 mole of monoatomic gas ,
U=(3/2) KBTNA = RT

Therefore, Cv = = RT )= R and
Cp = Cv+R= R+R = R
So, ɣ=== = 1.67
ii) The D.O.F of a diatomic gas is 5.
So, the average energy associated with three degrees of freedom per molecule= (5/2)KBT.
The total internal energy of 1 mole of diatomic gas ,
U=(5/2) KBTNA = RT
Therefore, Cv = = RT )= R and
Cp = Cv+R= R+R = R
So, ɣ== 7/5=1.4
iii) For linear triatomic molecule:
 D.O.F= 7
So, the average energy associated with 7 degrees of freedom per molecule= (7/2)KBT.
The total internal energy of 1 mole of triatomic gas ,
U=(7/2) KBTNA = RT
Therefore, Cv = = RT )= R and
Cp = Cv+R= R+R = R
So, ɣ== 9/7=1.28

For non  linear triatomic molecule:
 D.O.F= 6
So, the average energy associated with 7 degrees of freedom per molecule= (6/2)KBT= 3 KBT
The total internal energy of 1 mole of triatomic gas ,
U=3KBTNA = 3RT
Therefore, Cv = = RT )= 3R and
Cp = Cv+R= 3R+R =4R
So, ɣ== 4R/3R=4/3= 1.33
2. i) All gases consist of rigid and elastic sphere like molecules.
ii)The size of a molecule is negligible compared with the average distance between the molecules. 
iii) The molecules are in continuous random motion , moving in all possible directions with all possible velocities.
iv) During the random motion, the molecules collide with one another and with the walls and these collisions are perfectly elastic.
v) Between two collisions the molecules move along a straight path with a uniform velocity .

Consider a gas enclosed in a cube of side l. Take the axes to be parallel to the sides of the cube, as shown in the figure below.
[image: ]
A molecule with velocity (vx , vy , vz ) hits the planar wall parallel to y-z plane of area A (= l 2 ). Since the collision is elastic, the molecule rebounds with the same velocity; its y and z components of velocity do not change in the collision but the x-component reverses sign. That is, the velocity after collision is (-vx , vy , vz ) . The change in momentum of the molecule is: –mvx – (mvx ) = – 2mvx . By the principle of conservation of momentum, the momentum imparted to the wall in the collision = 2mvx. To calculate the force (and pressure) on the wall, we need to calculate momentum imparted to the wall per unit time. In a small time interval ∆t, a molecule with x-component of velocity vx will hit the wall if it is within the distance vx ∆t from the wall. That is, all molecules within the volume Avx ∆t only can hit the wall in time ∆t. But, on the average, half of these are moving towards the wall and the other half away from the wall. Thus, the number of molecules with velocity (vx , vy , vz ) hitting the wall in time ∆t is ½A vx ∆t n, where n is the number of molecules per unit volume. The total momentum transferred to the wall by these molecules in time ∆t is: Q = (2mvx ) (½ n A vx ∆t ) (13.10) The force on the wall is the rate of momentum transfer Q/∆t and pressure is force per unit area : P = Q /(A ∆t) = n m vx 2 (3.11) Actually, all molecules in a gas do not have the same velocity; there is a distribution in velocities. The above equation, therefore, stands for pressure due to the group of molecules with speed vx in the x-direction and n stands for the number density of that group of molecules. The total pressure is obtained by summing over the contribution due to all groups:

where  is the average of . Now the gas is isotropic, i.e. there is no preferred direction of velocity of the molecules in the vessel. Therefore, by symmetry,
   =        =   = 1/3 (   +        + )   = 1/3 
where v is the speed and  denotes the mean of the squared speed. Thus P = (1/3) n m 

[bookmark: gjdgxs][bookmark: 3znysh7]



CHAPTER 14 & 15  : OSCILLATIONS AND WAVES (Contents)
SIMPLE HARMONIC MOTION: In this motion the restoring force on the particle must be proportional to the displacement and directed towards mean position.
Kinetic Energy in SHM:
          KE=1/2 mω2(a2-x2)
Potential Energy in SHM:
          PE=1/2mω2x2
there are  other types of periodic motions  such as circular motion and rotatory motion which are periodic but non- oscillatory  
The time period of the simple pendulum is
T 
The velocity and acceleration are out of phase by (π/2):
As particle velocity 

But   x(t)=)
Its shows that velocity is ahead in phase by as compared to its velocity
Similarly acceleration is  it shows that a(t) is further ahead in phase by .
Resonance frequency: When a body oscillates with its own natural frequency , with the help of an external periodic force whose frequency is equal to the natural frequency of the body . Then the oscillations of the body called resonance. i.e.
[image: ]When springs is connected in parallel, effective spring constant, 
k = k = k1 + k2
When spring is connected in series, effective spring constant 
1/k = 1/k1 + 1/k2

· Undampedoscillations :When a simple harmonic system oscillates witha constant amplitude (which does not change) with time, its oscillations are called undamped oscillations.

· Damped oscillations :When a simple harmonic system oscillates with adecreasing amplitude with time, its oscillations are called damped oscillations.

· Free, forced and resonant oscillations

(a) Free oscillations :When a system oscillates with its own naturalfrequency without the help of an external periodic force, its oscillations are called free oscillations.

(b) Forced oscillations :When a system oscillates with the help ofan external periodic force of frequency, other than its own natural frequency, its oscillations are called forced oscillations.

(c) Resonant oscillations :When a body oscillates with its own naturalfrequency, with the help of an external periodic force whose frequency is the same as that of the natural frequency of the oscillating body, then the oscillations of the body are called resonant oscillations.


Laplace correction: Factors affecting speed of sound in air medium
Take the relation:
[image: ]
[image: ]
Now from the ideal gas equation for n = 1:
PV = RT
For constant T, PV = Constant
Since both M and γ are constants, v = Constant
Hence, at a constant temperature, the speed of sound in a gaseous medium is independent of the
change in the pressure of the gas.
Take the relation:
[image: ]
For one mole of an ideal gas, the gas equation can be written as:
PV = RT
    …….. (ii)
Substituting equation (ii) in equation (i), we get
[image: ]


Where,
[image: ]Mass, M = ρVis a constant
γ and R are also constants
We conclude from equation (iv) that 
Hence, the speed of sound in a gas is directly proportional to the square root of the temperature of
the gaseous medium, i.e., the speed of the sound increases with an increase in the temperature of the
gaseous medium and vice versa.
Let vmand vd  be the speeds of sound in moist air and dry air respectively.
Let  and be the densities of moist air and dry air respectively
Take the relation:
[image: ]
Hence, the speed of sound in moist air is:

[image: ]
And the speed of sound in dry air is:
[image: ]




On dividing equations (i) and (ii), we get:
[image: ]
However, the presence of water vapour reduces the density of air, i.e.,
[image: ]



Hence, the speed of sound in moist air is greater than it is in dry air. Thus, in a gaseous medium,
the speed of sound increases with humidity. 

 The equation of a travelling wave propagating along the positive y-direction is given by the
displacement equation: y (x, t) = a sin (wt– kx) … (i)
The velocity of the transverse wave v, is given by the relation:
V = 


· In an organ pipe open at both ends, antinodes are formed at the twoends, separated by a node in the middle in the first normal mode of vibration and so on. The fundamental frequency in this case is twice the fundamental frequency in a closed organ pipe of same length.

In an open organ pipe, all harmonics are present, whereas in a closed organ pipe, even harmonics are missing.

· Beats :Beats is the phenomenon of regular variation in the intensity ofsound with time when two sources of nearly equal frequencies are sounded together.

· If v1 and v2 are the frequencies of two sources producing beats, then time


Doppler Effect :Whenever there is a relative motion between a source of sound and listener, the apparent frequency of sound heard is differentfrom the actual frequency of sound emitted by the source. If  is actual frequency of sound emitted and v', the apparent frequency,

							
where, v is velocity of sound in air vs is velocity of source (S) and vL is velocity of listener (L), both moving along SL. Note that velocity along SL is taken positive and velocity along LS is taken negative



Chapter-Oscillation(Capsules)
1 MARK QUESTIONS
1. State the conditions when motion of a particle can be an SHM

2. All oscillatory motions are periodic and vice-versa .is it true?

3. A SHM is given by   where x is in cm t in s. What is the displacement amplitude and frequency?

4. What is the force equation of a SHM?

5. If the length of a simple pendulum is increased 25% then what is the change in its time period?
                                                    ANSWERS
1. For SHM , the restoring force on the particle must be proportional to the displacement and  directed towards mean position.

2. No there are  other types of periodic motions  such as circular motion and rotatory motion which are periodic but non- oscillatory . 

3 . 6 cm , 16Hz

4 . F=-kx (F= restoring force  k= stiffness constant  x= displacement from the origin)
5 .
T 
So percentage increase in time period = %
                                     2 MARKS QUESTIONS 
1. Show that in a SHM particle velocity is ahead in phase by  as compare to its displacement and acceleration is further ahead in phase by  as compared to velocity.
2. A particle executes SHM of period 8 s. After what time of its passing through the mean position will be energy be half kinetic and half potential? 
3 . What is resonance in oscillation?
4 .A simple harmonic oscillator is represented by the equation :
                   y = 0.40 Sin (440t+0.61)
y is in metres
t is in seconds
Find the values of i) Amplitude ii) Angular frequency iii) Frequency of oscillation iv)Time period of oscillation, v) Initial phase.
5 .The springs of spring factor k, 2k, k respectively are connected in parallel to a mass
m. If the mass = 0.08kg m and k = 2N|m, then find the new time period?





6.The bob of a vibrating simple pendulum is made of ice. How will the period of swing change when the ice starts melting?
7. A pipe 20 cm long is closed at one end. Which harmonic mode of the pipe is resonantly excited by a 430 Hz source? Will this source be in resonance with the pipe if both the ends are
[image: ]open?



ANSWERS
1 .As particle velocity 

But   x(t)=)
Its shows that velocity is ahead in phase by as compared to its velocity
Similarly acceleration is  it shows that a(t) is further ahead in phase by 
2 .given P.E. = K.E


                                  x=A/
now  x= Asin=Asin()t
so  A/=Asin()
     t=1s
3 .when a body oscillates with its own natural frequency , with the help of an external periodic force whose frequency is equal to the natural frequency of the body . then the oscillations of the body called resonance.i.e.
4 .Ans.The given equation is:- y= 0.40 Sin (440 + 0.61)
Comparing it with equation of S.H.M. Y = a Sin (w t +)
i) Amplitude = a = 0.40m
ii) Angular frequency = w = 440Hz
iii) Frequency of oscillation,
n= 

iv) Time period of oscillations, T =1/n=1/70=0.0143s
v) Initial phase, ∅= 0.61 rad.
. . Total spring constant, Keq= K1+ K2+ K3(In parallel)

Keq=K + 2K + K=4K=8 N | m



Time period,




6 . The period of swing of simple pendulum will remain unchanged till the location of
centre of gravity of the bob left after melting of the ice remains at the fixed position from the point of suspension. If centre of gravity of ice bob after melting is raised upwards, then  effective length of pendulum decreases and hence time period of swing decreases. Similarly, if centre of gravity shifts downward, time period increases.

7 .length of the pipe L=20 cm=0.2m frequency of  n th node=
Velocity of sound 
Now, of closed pipe is 
n=1.01 
Hence, it will be the first normal mode of vibration, In a pipe, open at both ends we, have 
As n has to be an integer, open organ pipe cannot be in resonance with the source.



Short Answer Type Questions:(carry 3 mark each)

Q1. A particle executes S.H.M of amplitude 25 cm and time period 3s. What is the minimum time required for the particle to move between two points 12.5 cm on either side of the mean position?
Solution:
When the particle starts from mean position, its displacement at instant t is given y
Y=Asinωt 
Given A=25cm, T=3s, y=12.5cm
ω=
   12.5=25sint


 Time taken by the particle to move between two points 12.5cm on either side of mean position is given by


 Q2.The shortest distance travelled by a particle executing SHM from mean position in 2s is equal to (2) times its amplitude. Determine its time period.
Solution: 
Here t=2s, y= (2) A, T=?
As 

Or, sin

Or, T=12s.

Q.3. Two simple harmonic motions are represented by the equations
X1=5sin (2x2=5
What is the ratio of their amplitudes?
Solution: 
X1=5sin (2A1=5
X2=5
=10 (sincos)
Or, x2=10sin
A2=10
Hence, () ==1:2 


Q4. The period of vibration of a mass m suspended by a spring is T. The spring is cut intonequal parts and the body is again suspended by one of the pieces. Find the time period of oscillation of the mass.
Solution:
The force constant is inversely proportional to the length. If k is the force constant of the original spring , then the force constant will be nk.
and
Hence,



Q5. A simple harmonic motion has an amplitude A and time period T. What is time taken to travel from x=A to A/2?
Solution:
Displacement from mean position
= 
When the motion starts from positive extreme position,

Or, 
Or,         


Long  Answer Type questions: (carry 5 mark each)

Q1. For a particle in SHM, the displacement x of the particle as a function of time t is given as 

Here x is in cm and t is in seconds. Let the time taken by the particle to travel from x=0 to x=A/2 be t1 and the time taken to travel from x=A/2 to x=A be t2. Find  t1/t2 .
Solution: 
     Here x=0 at t=0
Also 
At     t=t1, x=A/2. Therefore,
1)    or       1)
1         or, t1 =1/12 s
Time taken from x=0 t0 x=A is 
Or             t1+t2
Or,     t2
Hence   
Q.2   A particle of mass 10g is describing SHM along a straight line with a period of 2 s and amplitude of 10cm. What is the kinetic energy when it is (i) 2 cm (ii) 5 cm, from its equilibrium position? How do you accounts for the difference between its two values?
Solution:
Velocity at displacement y is

Given    A=10 cm, T= 2 s
Angular frequency,

When  y=2 cm,

K.E= 
        =480 erg
When y=5 cm,


      K.E 
erg.


Q3. At a time when the displacement is half the amplitude, what fraction of total energy is kinetic and what fraction is potential in SHM?
Solution:
Displacementamplitude or 
Total energy of SHM,
Kinetic Energy of SHM,    


Potential Energy of SHM,





Chapter: Waves (Capsules)
one mark questions
1. What is the quantity transmitted with propagation of longotudinal waves through a medium?

2. What is the nature of a water waves produced by a motorboat sailing in water?

3. Why should the difference between the frequencies be less than 10 to produce beats?

4. In a hot summer day, pitch of an organ pipe higher or lower?

5. Displacement of a elastic wave is given by 

 Calculate the resultant amplitude.

Ans-
1. Transmission of energy .
2. Both longitudinal and transverse 
3 . As human ear cannot identify any change in intensity which is less than sec
4 . As  and frenquency n=so  will be more and accordingly pitch will be more.
5. The resultant amplitude will be  cm

Two mark questions
1.Can beats be produced in two light sources of nearly equal frequencies?

2. A person deep inside water cannot hear sound waves produces in air. Why?

3. Why are all stringed instruments provided with hollow boxes?

ANS-
1 . No, because the emission of light is a random and rapid phenomenon and instead of
beats we get uniform intensity 

2 . Because as speed of sound in water is roughly four times the sound in air, hence
Refractive index u=
For, refraction r max= 900, imax=140. Since imax≠ rmaxhence, sounds gets reflected in air only and person deep inside the water cannot hear the sound.

3 . The stringed instruments are provided with a hollow box called sound box. When the strings are set into vibration, forced vibrations are produced in the sound box. Since sound box has a large area, it sets a large volume of air into vibration. This produces loud sound of the same frequency of that of the string.


Three mark questions
Q.1 Explain the characteristics of wave motion.
Ans.(a) Wave motion it is the disturbance which travels in a medium due to the repeated periodic vibrations of the particles about their mean positions.
(b)When wave travels in a medium, the particles which meetsit first begins to vibrate a little earlier than the particles immediately after it. There exists a definite phase relationship between any two neighbouring particles of the medium.
(c )The velocity of the wave is constant throughout the medium , the velocity of the particle is maximum at the mean positions and zero at the extreme position.
(d)In a wave motion energy is transferred from one place to the other without any net transport of the medium.
(e)The energy possessed by a particle is both kinetic and potential and the total energy at any time is constant.
Q.2Explain how Doppler effect is used to estimate the velocity of moving objects like aeroplane and submarines.
And:- To estimate the velocity of moving object like aeroplane and submarines we use radio waves of known frequency these waves are sent in air towards the aeroplane or in water towards the submarine, the reflected waves from the aeroplane or submarine are received by the station. If the submarine or aeroplane is coming towards the station then the frequency of radio waves reflected from them is increased and if it is going away from the station then the frequency of reflected wave decreases. By calculating the difference in frequency of the Waves sent from the station towards aeroplane or submarine and received the station from them the velocity of the aeroplane or submarine can be calculated.
Q.3 Give answers of the following questions:
· If a star is moving away from the Earth what will be the difference in the wavelength of light emitted by it and the actual seen on the earth?
· If a star moves towards the earth what will be the answer to the above question?
· What is the difference between Doppler's principle in sound and in light?
Ans. 1. when Star moves away from the Earth according to Doppler’s principal its frequency will appear to be reduced that is its wavelength will be increased therefore the light of star will appear to be displays towards the red colour on the earth.
2.In this case the apparent frequency will be increased so wavelength will be decrease and hence light will be displaced towards violet colour.
3. The main difference is that in sound it depends upon the relative motion of the source and observer as well as the fact that out of these which one is in the motion whereas in light it depends upon the relative motion between the source and the observer only.
Q.4.An organ pipe is in resonance with a tuning fork what change will have to be made in its length l if (i) The temperature rises (ii) Hydrogen is filled in the pipe in place of air (iii) Pressure becomes higher?
Ans. (i) When the temperature rises the speed of sound will increases hence to keep the frequency of the pipe and changed the length l of the pipe must be increased.
(ii) The speed of sound is more in hydrogen than in air hence again to keep the frequency of pipe unchanged l must be increased.
(iii) There is no effect of pressure rise on the speed of sound hence no change is required in l.
Q.5 What are stationary or standing waves write the condition for the formation of a stationary wave?
Ans: W1hen two identical progressive waves travel through a bounded medium along the same line but in opposite direction with the same speed they superimpose to produce a new type of wave which appears stationary in the space such wavesare called standing or stationary wave.In stationary wave there is no flow of energy in either direction.
Conditions for the formation of stationary waves:- Bounded medium is the necessary condition for the formation of stationary waves the reason for this is that when any progressive wave is propagated in such a medium it will give rise to an identical wave travelling in the direction opposite to that of incident wave due to reflection at the boundaries of the medium as a result of superposition of incident and reflected waves stationary or standing wave is formed.
Q.6 Explain the difference between interference and beats?
Interference:- When two waves of same frequency but constant phase difference moving in same direction superimpose with each other then and the intensity of resultant wave is found maximum at some points and it is found minimum at some other points this redistribution of energy is known as interference.
Beats:-when two waves of slightly different frequency , then the phase difference between them at any point varies with time at a certain instant the two waves are in phase at a particular point then after a short time they will become in opposite faces does at the same point the intensity of sound becomes alternatively maximum and minimum this phenomena is called beats.
Q.7 Calculate the speed of sound waves using Newton's formula and also discuss the Laplace correction in this regard.
Ans. In case of a gaseous medium which processes only volume elasticity the equation of sound wave is given as:
                 V=√B/p --------------(1)  , where B= Bulk modulus of elasticity. p =Density.
According to Newton the propagation of sound waves in air is an isothermal process , for an isothermal process PV= Constant
On differentiating       PdV + VdP =0
So,  PdV= -VdP       ( neglecting –ve sign )
P=V(dP/dV) = dP/(dV/V)= B (Bulk modulus)
So, V = √P/p -------------(2)
This equation is called Newton's formula for the speed of sound.
For air at NTP , P=1.013×10 5 N/m 2  and p = 1.293 kg/m 3 
So by equation (2) V= 280 m/s
But experimentally it is found that the speed of air at NTP comes out to be 332 m/s so we find that the theoretical and experimental values of the speed of sound in air different from each other by 16%.
Laplace correction : According to laplace the propagation of sound waves through a gaseous medium is an adiabatic process . 
For an adiabatic process PVr = Constant 
On differentiating     P(rVr-1)dV + V r (dP) = 0
 On solving      rP = dP/ (dV/V)          ( neglecting – ve sign )
So by equation (1) V=√rP/p
For dry air r= 1.4 , so for air at NTP 
V= 331.2 m/s
This  theoretical value agree very well with the experimental value of the speed of sound in air at NTP.
Q.8 What is Doppler’s effect? Calculate the apparentfrequency when source and observer are moving.
Doppler’s  Effect :- Whenever there is a relative motion between the source and the observer then apparent frequency will be different from the actual frequency . This change in frequency is known as the flash effect .
1.When source is moving :-Let usconsider the  observer is in the state of rest and source is moving towards the observer with speed Vs in this case the source will travel a distance Vs in the direction of observer so the waves emitting per second will spread in (V-Vs) distance so the apparent frequency will be-
n’= (V/V-VS) x n
i.en' > n
where n is the actual frequency of sound.
Similarly if source is moving away from the observer then it will travel the same distance but opposite direction to the observer so the Waves will spread in distance (V+Vs) so the apparent frequency will be:
n”= (V/V+VS) x n 
i.en''< n
2.When observer is moving:- In the state of rest  observer will get n waves per second but when it begins to move towards the source with speed V0 then it will travel V0distance in one second and also get the  waves coming in this distance per second  so the new frequency will be
n’= {(V+V0) /V} x n
i.en' > n
Similarly if observer is moving away from the source then it will get some less waves so now the apparent frequency will be:
n’’ ={(V+V0)/V} x n
i.e n'' < n
Q.9 two tuning forks when sounded together produces three beats per second all loading one of them with the little wax 20 beats are heard in 4 seconds find its frequency if the frequency of the other is 386 hurts
Ans:- Frequency of one tuning fork is 386 Hz
Number of beats produced per second= 3 
let frequency of the other fork isN, then it’s value may be (386+3)=389Hz  or (386-3)=383Hz
If the frequency of this fork is 389 Hz , on loading it with the little wax its frequency decreases and as such the difference in frequencies between both of them  decrease .The number of beats produced per second will therefore decreases but according to the given condition it should increases since 20 beats are produced in 4 second i.e five beats in one second.Hance, 389 Hz is not the frequency of the second fork .
Is the frequency of second fork is 383 Hz, on loading it with wax its frequency decreases and the difference in the frequencies of both increases.The number of beats produced per second should increase. This is what the given condition state. Hence, frequency of other fork is 383 Hz.
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	Unit
	Name of Unit
	Weitaghe
	VSAQ
1 mark
	SAQ I
2 mark
	SAQ II
3 mark
	Long Ans.Q.
5 mark
	Total

	I
	Physical World & Measurement
	

23 
	  1

	 1
	-
	-
	2(3)


	II
	Kinematics
	
	  7
	-
	 1
	1
	
9(15)

	III
	Laws of Motion
	
	-
	-1
	 1
	
	
2(5)

	IV
	Work, Energy and Power
	

17  
	1-
	1
	
	-
	2(3)

	V
	Motion of System of Particles
	
	    1
	-
	1
	1
	3(9)

	VI
	Gravitation
	
	3
	 1
	
	-
	
4(5)

	VII
	Properties of Bulk Matter
	

20  
	-
	1
	 1
	1
	3(10)

	VIII

	Thermodynamics
	
	
	 1
	 1
	-
	2(5)


	IX

	Kinetic Theory of Gases
	
	
	1
	1
	-
	2(5)


	X

	Oscillation & Waves
	
10
	  7
	-
	 1
	-
	
8(10)

	                                                                                        Total
	
	20(20)
	7(14)
	7(21)
	3(15)
	37(70)












KENDRIYA VIDYALAYA SANGATHAN
Session ending examination
Class XI                                                                               Max Marks: 70
Subject: Physics                                                                                          Time: 3 Hrs
General Instructions:
(1) All the questions are compulsory
(2) Marks of the questions are given against them.There are 26 questions in total. Questions 1 to 5 carry one mark each , questions 6 to 10 carry 2 marks each , questions 10 to 22 carry 3 marks each, question 23 carry 4 mark & the questions 24 to 26 carry 5 marks each
(3) An internal choice has been provided in one question of two marks one question of three marks and all three questions of three marks.
                                            SECTION -A

	Q.1
	Name the four fundamental forces. 
	1

	Q.2
	A ball whose kinetic energy is E, projected at angle of 450 to the horizontal. What is the K.E. of the ball at highest point of its flight? 
	1

	Q.3
	On what factors do the center of mass of a body depends? 
	1

	Q.4
	If a force is acting at a body perpendicular to motion, what will be the effect at speed?

	1

	Q.5
Q.6
Q.7
Q.8
Q.9
Q.10
Q.11
Q.12
Q.13
Q.14
Q.15

Q.16
Q.17
Q.18

Q.19
Q.20

	Can displacement and acceleration be in the same direction in SHM?
 State the conditions when motion of a particle can be an SHM
 All oscillatory motions are periodic and vice-versa .is it true?
 What is the force equation of a SHM?
If the length of a simple pendulum is increased 25% then what is the change in its time period?
What is the quantity transmitted with propagation of longitudinal waves through a medium?
 State the condition when the magnitude of velocity and speed of an object are equal.
Under what condition the distance and displacement of a moving object have the same magnitude?
Which vector can be associated with a plane area? What is its direction?
What does the slope of velocity-time graph represent?
When a ball hits a wall with a velocity 50m/s and bounces back with the same speed, what is the change in velocity of the ball?
Can the relative velocity of two bodies be greater than the absolute velocity of either?
State universal law of gravitation mathematically?
What will happen to the value of g as we move (i) above the surface of the earth (ii) below the surface of the earth?
What is parking orbit?
A SHM is given by   where x is in cm t in s. What is the displacement amplitude and frequency?
                                             SECTION -B  

	1
1
1
1
1
1
1
1
1
1
1

1
1
1

1
1


	Q.21
	A physical quantity X is related to the four measurable quantities  p,q,c and d as follows 
   Y = p3 q2 c5/2 d2 The percentage error in measurement of a,b,c and d are 2%,2% ,3% and 1% respectively. What is the percentage error in measurement of quantity Y?
	2

	Q.22
	Show that total linear momentum is conserved in all collisions.
OR
What are the conservative and non-conservative forces? Give one example of each. 
	2

	Q.23
	Discuss the variation of acceleration due to gravity ‘g’ with depth?
	2

	Q.24
	Eight rain drops  of radius 1mm each falling downward with terminal velocity 5 m/s. coalesce to form big drop. Find the terminal velocity of the big drop.
	2

	Q.25

Q.26

Q.27

	What is the efficiency of a carnot engine working between ice and steam point?

Why does a child feel more pain when she falls down on a hard cement floor, than when she falls on the soft muddy ground in the garden?
A mixture of helium and hydrogen gases is filled in a vessel at 30oC.Compare the r.m.s. velocities of the molecule of these gases at this temperature.
	2

2

	Q.28
	Define the term uniform motion. A man runs across the roof top of a tall building and jump horizontally with the hope of landing on the roof of next building which is of lower height than the first,if his speed is 9 m/s ,the (horizontal) distance between two buildings  is 10m and height difference is 9m,will he be able to land on the next building? (Take ‘g’ = 10m/s2 )
	3

	Q.29
	What is the kinetic friction? State the law of limiting friction. Define the coefficient of kinetic friction.
	3

	Q.30
	State the law of equipartition of energy and using this find the relation for the total internal energy of a mole of monoatomic gases?

	3

	Q.31
	A solid wooden sphere rolls down two different inclined planes of the same height but of different inclinations. (a) Will it reach the bottom with same speed in each case ? (b) Will it take longer to roll down one inclined plane than other ? Explain.
	3

	Q.32
	 What is capillarity? Derive an expression for the height to which the liquid rise in a capillary tube    of radius r. 
	3

	Q.33
	What is the adiabatic process? Derive an expression for the work done during the adiabatic process.
	3

	Q.34
	Derive an expression for the potential energy and K.E. of a harmonic oscillator. Hence show that total energy remains conserved in S.H.M. Draw the graph for energy v/s displacement.
	3

	
	
	

	
	
	

	
	
	

	Q.35
	Define the centripetal acceleration. Derive an expression for centripetal acceleration of a particle moving with uniform speed v along circular path of radius r explain how it acts along the radius
towards the Centre of circular path?
                                               OR
 (a)  What is projectile? A projectile is fired with a velocity u making an angle ϴ with horizontal Show that its trajectory is parabola.
(b) Derive an expression for its (i) Time of flight (ii) Max. Vertical height (iii) Horizontal range
	5

	Q.36
	(a) Prove that angular momentum of a body is equal to the twice of product of its mass and areal velocity .
(b) A solid cylinder of mass 20 kg rotates about its axis with angular speed 100 rad/sec..The  radius of the cylinder is 0.25 m. What is the K.E. associated with the rotation of cylinder? What is the magnitude of the angular momentum of cylinder about its axis? 
                                               OR
State the perpendicular and parallel axis theorem on moment of inertia.The moment of inertia of sphere of mass M and radius R about any of its diameter is MR2 , find the moment of inertia of the sphere about a tangent to the sphere
	5

	Q.37
	What is venturimeter. Explain its working with diagram.

                                               OR
(a)Apply Bernoulli’s principle to determine the speed of efflux from the side of a container both when its top isopen. Hence derive Torricelli’s law.
(b) A cylinder of height 20 m is completely filled with water. Find the velocity of efflux of water through a small hole on the side wall of the cylinder near its bottom. (g=10m/s2)










	5



	
	Answer/solution
	marks
	Total marks

	Q.1
	Gravitational force, electromagnetic force, strong nuclear force, and weak nuclear force
	1
	1

	Q.2
	E~ = (½)m (u cos 450 )2  = E/2   
	1
	1

	Q.3
	Geometrical shape of the body& distribution of mass inside the body 

	1
	1

	Q.4
	At absolute zero temperature or 0k
	1
	1

	Q.5
	No
	1
	1


	Q.6
	For SHM , the restoring force on the particle must be proportional to the displacement and  directed towards mean position.
	
	

	Q.7
	No there are  other types of periodic motions  such as circular motion and rotatory motion which are periodic but non- oscillatory .
	
	

	Q.8
	F=-kx (F= restoring force  k= stiffness constant  x= displacement from the origin)
	
	

	Q.9
	

T 
So percentage increase in time period = %

	
	

	Q.10
	Transmission of energy
	
	

	Q.11
	when a body moves in a straight line
	
	

	Q.12
	when the motion in a straight line.
	
	

	Q.13
	area vector. Outward drawn normal to the plane will be the direction
	
	

	Q.14
	acceleration.

	
	

	Q.15
	change in velocity=final velocity-initial velocity
= -50m/s-50m/s=-100m/s.

	
	

	Q.16
	yes, for example, when two bodies moves opposite direction then the relative velocity of each is greater than individual velocity.

	
	

	Q.17
	F = Gm1m2 /r2

	
	

	Q.18
	(I) decrease (ii) decrease

	
	

	Q.19
	Orbit of geostationary satellite

	
	

	Q.20
	6 cm , 16Hz
	
	

	Q.21
	% error in x 19.5% = 20% 
	1 ½  + 1/2
	2

	Q.22
	P1+P2=constant
OR
Each + correct definition + one example
	2
1 + 1
	2

	Q.23
	Correct expression gh = (1 – h/R)
	2
	2

	Q.24
	Vol of bigger drop  =  vol of 8 small drops ;
V = (R2 / r2 ) x v = 20 m/s
	1 + 1
	2

	Q.25
	     , 26.8 %   

	2
	2

	Q.26
	When a child falls on a cement floor,her body comes to rest instantly.
But Fx=change in momentum =constant
AS time of stoping ∆t decreases,therefore  F increases and hence child feel more pain.When she falls on a soft muddy ground in the garden,the time of stopping increases and hence F decreases and she feels lesser pain.

	
	2

	Q.27
	1.  =   = =1/

	
	2

	Q.28
	Correct definition + time t=  2h/g = 1.34 sec horizontal dist. = horizontal speed x time  = 9x 1.34 = 12.06. it is more than 10m so he will able to land
	1+1+1
	3

	Q.29
	Correct definition + correct lows and correct  definition of coefficient of static friction
	1+2
	3

	Q.30
	Statement (E=KBT). 
According to the law of equipartition of energy, average energy associated with each degree of freedom per molecule=KBT. The D.O.F of monoatomic gas=3. So average energy associated with 3 degrees of freedom per molecule = KBT.
So, the total internal energy of one mole of a monoatomic gas ,
U=KBT x NA =RT.

	
	3

	Q.31
	a) Yes, because at the bottom depends only on height and not on slope. (b) Yes, greater the inclination(θ), smaller will be time of decent, as t∝1/sinθ
	
	3

	Q.32
	 CORRECT DEFINITION + CORRECT EXPRESSION

	1+2

	3

	Q.33
	Correct definition + correct expression
	1+2
	3

	Q.34
	Correct expression for PE& KE+total energy conservation +graph 
	2+0.5+0.5
	3

	Q.35
	 Correct definition +Correction formula with diagram ++ Correction explanation
                                                   OR
 (a) Correct definition + Correction explanation
(b) Correct expression for each

	
1+3+1

1+1
1+1+1

	5

	Q.36
	(a) Correction explanation
(b) Rotational Kinetic energy=(1/2)Iw2  = 3125J ; Angular momentum= L=Iw=6.25Kgm2/s
                                                       OR
Correct statement for each theorem 
Correct expression about each axis
	3
1+1

1 ½  + 1/2
2
	5

	Q.37
	
	Statement

	 Diagram

	Explanation.

	



                                                       OR
(a)  Correction expression
(b) =20m/s
	1+1+3

2+1
2
	5




























CLASS XI Physics PAPER
Time: - 3 HOURS
General Instructions
(a) All questions are compulsory.
(b) There are 37 questions in total. Questions 1 to 20 carry one mark each, questions 21 to 27 carry two marks each, questions 28 to 34 carry three marks each and questions 35 to 37 carry five marks each.

(c) Question 26 is a value based question carrying four marks.
(d) There is no overall choice. However, an internal choice has been provided in one question of two marks, one question of three marks and all three questions of five marks each. You have to attempt only one of the given choices in such questions.
(e) Use of calculator is not permitted.
(f) You may use the following physical constants wherever necessary. [image: ]
c[image: ][image: ] h[image: ][image: ]34JS [image: ]10[image: ] k [image: ]23JK[image: ]1 N [image: ]23/mole m [image: ][image: ]27kg
1. Will the momentum remain constant if some external force acts on the system? (1)
2. The Earth moving round the Sun in a circular orbit is acted upon by a force, and hence work must be done on the Earth by this force. Do you agree with this statement? (1)
3. Suppose a cyclist is negotiating a curve of radius r with speedv. Write the conditions under which skidding will occur. (1)
4. Why does a cricket player lower his hands while catching a ball? (1)
5. Why do small bubbles have excess of pressure? (1)
	
	

	
	


6. Which of the following processes shown here is reversible? Name the other process.
[image: image32]







(1)
7. Can a simple pendulum experiment be conducted inside a satellite? (1)
8. Water in a closed tube is heated with one arm vertically placed above an arc lamp. The water will begin to circulate along the tube in the counter – clockwise direction. Is it true or false?

[image: image33]

   
(1)
9. What will be the path of oblique projectile ?                                                                                (i) sphere (ii) parabola (iii) straight (iv)  hyperbola

10. what is the unit of the coefficient of viscosity?                                                                  (i) poiseuille (ii) newton/s (iii) joule (iv) joule second.  

11. In projectile motion which remains same throughout the motion?                                       (i) maximum height attained (ii) Horizontal range (iii) horizontal component of velocity (iv) verical component of velocity
12. The equation of a travelling wave is ……………………………..
13. The rms velocity is related to temperature ……………………………
14. Why does the player draws his hands backward/downward while taking the catch?
15. The moment of inertia of disc is                                                                                            (i) MR2 (ii) 1/2MR2 (iii) 3/4MR2 (iv) 1/4MR2
16. The escape velocity at a planet depends upon                                                                  (i) Mass of the planet (ii) Size of the planet (iii) acceleration of the gravity at the planet (iv) all of the above
17. which one is more elastic: rubber or steel wire. Why?
18. When a tyre brusts, the air coming out of it is cool or hot? Explain.
19. What is the condition of the resonance.
20. A light and a heavy body have the same linear momentum. Which one has greater kinetic energy?

21. The acceleration- time graph for a body is shown in the given figure. Plot the corresponding velocity-time graph.       (2)


22.A body of mass 5 kg is acted upon by two perpendicular forces of magnitude 8 N and 6
N. Find the magnitude and direction of the acceleration. (2)
23.A ball is dropped vertically from rest at a height of 12 m. After striking the ground, it bounces to a height of 9 m. What fraction of kinetic energy does it loose on striking the
ground?
24.If the angular momentum is conserved in a system whose moment of inertia is
decreased. Will its rotational kinetic energy be also conserved? (2)

25.Assuming that the Earth’s orbit is a circle of radius[image: ]. Calculate the mass of
the sun.
OR
The change in the value of gat a height h above the Earth is same as at a depthdbelow it. Ifh and dare compared to the radius of the earth. What is the ratio[image: ]h d[image: ]? (2)
26.
(i) Distinguish between an isothermal and an adiabatic process.
(ii) Distinguish between an isochoric and isobaric processes. (2)
27.A person is measuring the velocity of sound in an experiment. He found that velocity of
sound increases by 61 cm/s for every 1oC. Show this mathematically. (2)
28.A waterfall is 100 m high. How much warmer will the water be after the fall? Assume that all the work gets converted into the heat energy. Take the average value of gto be
980cm s2. (3)
29.It has been suggested that for liquids [image: ] is a constant, withs being the surface tension and [image: ] the compressibility, show that Kis not a dimensionless constant. (3)
ower. How is velocity of the car related to time elapsed? 

30.Prove that the impulse received during an impact is equal to the total change in
momentum produced during the impact. (3)
31.While approaching a planet circling a distant star, a space traveller determines the planet’s radius to be half that of the Earth. After landing on the surface he finds the acceleration due to gravity to be twice that on the surface of the Earth. Find the ratio of
the mass of the planet to that of the Earth. (3)
32.Oil spreads over the surface of water, whereas water does not spread over the surface
of oil. Why? (3)


33.Two vessels of the same size are at the same temperature. One of them holds 1 kg ofN2 gas and the other contains 1 kg of H2 gas.
(i) Which of the vessels contains more molecules? (ii) Which of the vessels is under greater pressure and why?
(iii) In which vessel is the average molecular speed greater? How many times is it
greater? (3)
34.State the law of equipartition of energy. Show that the ratio of specific heat at constant pressure to specific heat at constant volume is 7/5 for a rigid diatomic molecule. (3)


35.A particle is thrown over a triangle from one end of a horizontal base that grazing the vertex falls on the other end of the base. Ifα and β be the base angles and θ the angle
	of projection, prove that [image: ]tan[image: ]
OR
	(5)


(a) A balloon is ascending at the rate of 14 ms-1 at a height of 98 m above the ground, when a packet is dropped from it. After how much time and with what velocity does it reach the ground?
(b) Do the following two graphs represent same types of motion? Name the motion.

[image: ]
(5)
36.
(i) Prove that the isothermal elasticity of a gas is equal to its pressure.
(ii) Prove that the adiabatic elasticity of the gas =[image: ][image: ]P, where P is pressure of the gas and[image: ] [image: ] Cp/[image: ]pandCv being the specific heats of the gas at constant pressure and
	constant volume respectively.
	
	(5)

	OR

	The difference between the length of a certain brass rod and that of steel rod is claimed

	to be constant at all temperatures. Is it possible?
	(5)



37.If the earth were a homogeneous sphere and a straight hole bored in it through its center. Show that if a body were dropped into the hole, it would execute a simple
	harmonic motion. Also find its time period.
OR
	(5)


(i) Derive an expression for finding the velocity of an approaching aeroplane using
radar waves.
(ii) An ultrasonic wave of frequency 45, 000 Hz sent out by sonar shows a frequency rise of 600 Hz on reflection from an approaching submarine. If the velocity of sound
in water is 1500 ms-1 . Calculate the speed of the submarine. (5)
	www.topperlearning.com
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1.

No. it is true only for an isolated system.
[image: ]

Fext   dpdt
[image: ][image: ]

	if
	F   0
	
	dp
	 0

	
	
	
	
	

	
	ext
	
	dt

	
	
	
	


[image: ]
15. p  constant


2.

The statement is wrong. Work done is zero because the centripetal force cannot do any work on the earth.

3.

Skidding will occur in the event of:

(a) v (the speed of the cyclist) being large.

(b) r being small

(c) The road surface being slippery.

4.

By lowering his hands, the cricket player increases the interval in which the catch is taken. This increase in time interval results in the less rate of change of momentum. Therefore, in accordance with Newton’s second law of motion, less force acts on his hands and the player saves himself from being hurt.

5.

Excess pressure in a bubble  4r


Lesser the value of radius of bubble ( r ), greater is the excess pressure.

6.

(a) Reversible process

(b) Cyclic process
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7.

Inside a satellite, the body is in a state of weightlessness So that the effective value of g is zero.
T  2[image: ][image: ] l g
[image: ]

T  2[image: ][image: ] l 0 T 
[image: ]

Thus, the pendulum will not oscillate at all, and therefore the experiment cannot be performed.

8.

False, water moves in a clockwise direction because on heating, water rushes from higher pressure area near B to lower pressure area near A.
9. parabolic path
10. poiseuille
11.  horizontal component of velocity
12. write the equation.
13. proportional to square root of temperature.
14.  explain.
15 1/2MR2
16. (iv) all of the above
17.  steel wire
18. explain
19. frequency of applied force = natural frequency of the body.
20. light body. From formula p2/2m = K.E.


21.

Since  a  t

v  t 2

For	a  0

v = constant

The corresponding velocity- time graph is
[image: ]














22.

The two perpendicular forces acting on the body are shown below in the figure.
[image: ]














Let	Fx   8 N

Fy   6 N
[image: ]

· F [image: ][image: ]Fx2  Fy2
[image: ]

· [image: ][image: ]8262

F 10 N

Acceleration a  MF  105  2 m s-2


Direction of acceleration ( a ) will be the direction of force F , i.e.,

cos  FFx   108

·  cos1  4 , with 8 N force.
· 5 


23.

Let m be the mass of the body.

When the body falls from some height, potential energy at the top equals the gain in kinetic energy. The body loses some kinetic energy and again rises to some different height.

· Percentage loss in K.E.  12 mg  9mg  100% 12mg

· 123mgmg 100%

· 25%
[image: ]


24.

According to the law of conservation of angular momentum

	
	I1 1  I22
	
	
	
	
	

	
	I 2
	2 I
	2
	2
	
	
	
	
	

	
	1
	1
	
	
	2
	2
	
	
	
	
	

	
	I1I112  I2 I222 
	

	As
	I  I
	2
	,
	
	
	I  2
	 I
	2
	2

	
	1
	
	
	
	
	
	1
	1
	
	
	
	2

	Or
	1
	I2
	
	1
	I 2
	
	
	
	

	
	2
	
	2
	
	
	
	
	

	
	
	
	1
	1
	
	
	2
	2
	
	
	
	




Thus, the rotational kinetic energy of the system increases on decreasing its moment of inertia.



25.

The gravitational force of attraction between the Earth and the Sun provides the necessary centripetal force.
· M e v 2   GM s M e
rr 2
[image: ]

	or
	v 
	
	GM s
	

	
	
	
	r
	

	
	
	
	
	

	But
	v =
	2 r
	
	

	
	
	T
	

	
	
	
	


· 4 2 r 2   GM s
T 2r

	or
	M
	
	
	4 2 r3

	
	
	s
	
	GT 2

	
	
	
	
	



Substituting the values and simplifying, we get

4 3.142 1.51011 3

M s   6.7  10 11   365  24  60  602
[image: ]
M s	2 1030 kg

OR

We know that, g at height h is given by

	g
	h
	
	
	
	gR2
	

	
	
	
	
	R  h2
	
	

	
	
	
	
	
	gR2
	

	
	
	
	
	2
	
	
	
	
	h 2
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	R
	
	 1 
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	R 
	

	
	
	
	
	
	
	
	
	h 2
	

	g h
	 g  1
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	R 
	

	
	
	
	
	
	
	
	
	2h 
	for h  R

	g h
	 g  1
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	R 
	


And similarly, we have g at depth d is given by

	
	
	
	d 

	g d
	 g  1
	
	
	

	
	
	
	
	

	
	
	
	R 


But g h   gd
· g  1  2h   g  1  d 
· RR


1  2Rh  1  dR


dh  12


26.

(i) An isothermal process is that process in which the temperature (T ) of the system remains constant though other variables ( P and V ) may change.

Here,  T  0

In an adiabatic process, the total heat content ( Q ) of the system remains constant though other variables ( P and T ) may change.

In this process, Q  0


(ii) A process in which volume (V ) remains constant though other variables ( P and T )

may change, is called an isochoric process. In this process, V  0


An isobaric process is that for which pressure (P) of the system remains constant though other variables (V and T) may change.

In this process, P  0

27.

We know that,

	
	
	
	
	
	
	
	
	

	Vt
	
	T
	
	
	273  t
	

	V
	
	T
	
	
	2730
	

	
	
	
	
	
	
	
	
	

	0
	
	
	0
	
	
	
	
	


[image: ]

Where Vt ,V0  are the velocities of sound at T and T0 respectively.

	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	

	
	
	V
	
	
	
	t
	
	
	
	
	1
	
	
	t

	
	
	
	
	
	
	
	
	2
	
	
	
	
	

	
	
	t
	 1
	
	
	
	
	
	
	 1 
	
	
	
	
	

	
	V0
	
	273
	
	
	2
	
	273

	
	
	
	
	
	
	
	
	

	Neglecting the higher power
	
	
	
	
	

	
	
	
	
	
	
	
	t
	
	
	
	
	
	
	
	t

	
	Vt
	V01
	
	
	
	
	
	
	
	 V0
	V0
	
	

	
	
	
	
	546
	
	
	
	546

	
	
	
	
	
	
	
	
	
	
	
	
	


Thus, the velocity of sound increases by 61 cm / s for every 1o C or1 K rise in the temperature.

28.

Since work done W  mgh

W  m 980 100100ergs
[image: ]

J  4.2 107  ergs/cal


We know, heat energy H  WJ cal

mcQ  980  100  100  m

4.2107

Q  42098  0.23o  C



29.

We know that,











Now,



Thus,
S 
M1 L0T2
· 

	
	1
	
	1
	

	
	
	
	
	

	
	Bulk modulus
	
	ML1 T 2
	

	
	
	
	
	

	 M1
	LT2
	
	

	
	
	
	

	S3 4 M1L0T 23
	M 1
	LT24

	
	
	
	


·  M 1 L4T 2  k


k is not a dimensionless constant, but is a constant with dimensions.
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30.

We know that,
[image: ]

	F 
	dP
	or  Fdt  dP

	
	dt
	

	
	
	


[image: ]
If the impact lasts for a small time dt and the momentum of the body changes from PtoP
1	2

then,
tFdtP2dPPP
[image: ]
2	1

0 P 1
[image: ]

	or
	t
	
	Fdt  P  P

	
	0
	
	21


[image: ]


F varies with time and does not remain constant.
[image: ]
 t	
·  Fdt  is a measure of the impulse of the force.
 0
[image: ][image: ]
	Let F
	t
	
	0
	
	F  dt

	
	0
	
	
	
	

	
	be the constant force during the impact, then
	
	F dt  t
	
	

	av
	
	
	
	
	av


[image: ]

· Fav t dt  Fav  t

0
[image: ]
	F t  P  P
av	2	1

Thus, the impulse received during an impact is equal to the total change in momentum produced during the impact.

                           31.In case of the Earth, G M e m  mge re2

M p m
In case of the planet, G	mgP


Dividing these two equations, we get

	
	
	M
	P
	 r 2
	
	
	g
	P

	
	
	
	
	
	
	
	e
	
	
	
	

	
	
	
	
	
	
	
	
	2
	
	
	ge

	
	
	M e   rP
	
	
	

	But
	g P   2ge
	
	
	
	
	

	and
	r
	
	
	re
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	P
	
	2
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	


· MP 21 M e 4 2


Thus the ratio of the mass of the planet to the mass of the Earth is 1[image: ]2.
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  32.The surface tension of water is more than that of oil. Therefore, when oil is poured                              over water, greater value of surface tension of water pulls the oil in all directions and as such it spreads on the water. On the other hand, when water is poured over oil, it does not spread over it because the surface tension of oil being less than that of water, it is not able to pull water over it.

33.

(i) Hydrogen will have more.

As 2 g of hydrogen contains N molecules, I kg of hydrogen contains N2  1000  500N


molecules, where N  6.023 10 23 , In case of N2 , 28 g of nitrogen contains N molecules.

Therefore, 1 kg of nitrogen contains

28N 1000	36N
[image: ]


(ii) Vessel containing hydrogen will have more pressure.

As P  13 MV c 2 , P  c2

Since M and V are the same in both the cases, CH 2 CN2 , therefore the pressure exerted by hydrogen is more than that by nitrogen.
[image: ]

	
	VH
	
	
	
	PN
	
	
	
	
	
	

	(iii)
	
	2
	
	
	
	2
	
	
	14
	3.74

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	V
	
	
	
	P
	
	
	
	1
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	N 2
	
	
	H2
	
	
	
	
	


[image: ]
· VH2    3.74 VN2


34.

In equilibrium, the total energy is equally distributed in all possible energy modes, with each mode having an average energy equal to 1/2kT. This is the law of equipartition of energy.

A diatomic molecule that can be taken as a rigid rotator with 5 degrees of freedom: 3 translational and 2 rotational. Using the law of equipartition of energy the total internal energy of a mole of such a gas is given by
U  5kT  N  5RT

22

Then molar specific heat at constant volume CV  5 R

2
and molar specific heat at constant pressure CP  7 R

2
Hence CP  7

CV	5
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35.

The statement in the question is shown in the diagram.
[image: ]
tan   y[image: ] x
[image: ]




















tan   MAy  R y x


Where R is horizontal range.

· tan   tan   xy  R y x
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· R  x  x  y
· x R  x

· YR
x R  x


	or tan   tan  
	
	YR
	
	
	
	
	
	
	
	(i )

	
	
	
	
	
	
	
	
	
	
	

	
	x R  x
	
	
	
	
	

	Again, x  u cos  t
	
	
	
	
	
	
	
	
	
	
	(ii)

	y   x sin  t 
	1
	gt 2
	
	
	
	(iii)

	
	2
	
	
	
	
	

	From eq. (ii) and (iii)
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	xg
	
	

	y  x tan  1
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	2u
	2
	cos
	2
	
	
	

	
	
	
	
	
	
	
	
	 tan 

	Putting R 
	2u2 sin  cos
	
	, we get
	
	

	
	
	g
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	xg
	

	y  x tan  1
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	2u
	2
	cos
	2
	
	

	
	
	
	
	
	
	
	
	 sin 


· x tan  1  x 

· R 


	
	y
	
	R  x 
	

	Or
	
	 tan  
	
	
	(iv)

	
	
	
	
	
	

	
	x
	
	R   
	



	Put (iv ) in (i) , we get
	

	tan   tan  
	YR
	 tan

	
	
	

	
	x R  x
	

	  tan   tan   tan
	



OR

(a) When the packet is dropped, it has a velocity of 14ms1 in the upward direction. Taking the upward direction as +ve and down ward direction as –ve.

We have
v 0   14 m[image: ]s

a  g 9.8 m[image: ]s2

x t   x 0   h 98m
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	Or
	98  14  t 
	1
	 9.8  t 2

	
	
	
	

	
	2
	

	Or
	4.9t 2  14t  98  0.

	Or
	49t 2  140t  980  0

	Or
	7t 2  20t  140  0


[image: ]
· t  20 [image: ][image: ]202471402  7
[image: ]

	
	
	
	

	 20
	400  3920
	

	
	14
	

	
	
	
	


[image: ]
· 20  65.73  6.125

14

Considering only the +ve sign
v t  v 0  at

· 14  9.8  6.12

· 14  59.97

·  45.97 m[image: ] s

Thus, the final velocity of the body is along the downward direction.

(b) Both the graphs represent non-uniform motion.

36.

(i) Let there be a gas at constant pressure P and volumeV . When the pressure increases from P to P  p , the volume decreases from VtoV  V .
[image: ][image: ]
V	P
Bulk modulus, K
V

When the gas is impressed isothermally, Boyle’s law holds good, i.e.

PV = constant,

Differentiating w. r. t. V , we get

	
	P  V
	dP
	 0

	
	
	dV
	

	
	
	
	
	
	
	

	Or
	dP
	 P  K is 0

	
	
	

	
	
	dV
	
	
	

	
	
	V
	

	
	
	
	



Thus, the isothermal elasticity of a gas is equal to its pressure.

When the gas is compressed adiabatically, we get
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PV γ   constant,

·  CP CV

Differentiating w. r. t. V , we get

P V γ 1  V γ  dVdP  0


	Or
	dP
	
	
	γP
	
	

	
	dV
	
	V
	

	
	
	
	
	
	

	Or
	dP
	 γP  k
	

	
	
	
	adi

	
	dV
	
	
	
	
	

	
	
	
	
	
	
	



V

Thus, the adiabatic elasticity of a gas is γ times the pressure of the gas.
· K adi   γP  γ
K isoP


OR

At a given temperature, let the length of the brass rod be L1 , and that of the steel rod be L2 .

If L2   L1 , the difference between the lengths  L2  L1  L .

Let the temperature be raised to t oC .

· Length of the brass rod at t oC  L1  L11 t


· Here 1  and 2 are the coefficients of brass and steel respectively.

	
	
	
	
	
	 L'    L2  L2 2 t    L1  L11t 

	Difference between the lengths of the rods at t o C, say    L2  L1   L2 2 t  L11t

	The difference remains that same at all temperatures

	L' L
	
	
	
	

	or  L2   2 t  L11  t

	or
	L2
	
	1
	

	
	L
	
	
	

	
	
	
	2
	

	
	1
	
	
	
	



Thus, the length of the rods must be inversely proportional to the linear coefficient of their materials.
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37.

Let a body of man m be dropped in a straight hole in the Earth of them M and radius R .

The body will be attracted towards the centre of the Earth with a force given by,

	
	F 
	
	GMm
	
	
	
	

	
	
	
	
	R2
	
	
	

	
	
	
	
	
	
	
	

	But F  mg
	
	
	
	
	
	
	

	
	mg 
	GMm
	
	
	or
	g 
	GM

	
	
	R 2
	
	
	R2

	
	
	
	
	
	
	
	

	
	
	
	G 43 R3
	
	

	
	
	
	R2
	
	
	

	
	
	
	
	
	
	
	

	Or
	g 
	4GR
	
	(i )

	
	
	
	
	3
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


[image: ]
Where  is mean density of the Earth.
[image: ]


















When the body is dropped into the straight hole and it falls through the depth d , the value of acceleration due to gravity at the point P is given by,
g ' 	GM '

· R  d 2


Where M ' is the mass of the sphere of radius ( R  d )
· g '  4 G R  d 

3

Thus, g '/ g  R  d 

R2

or	g '  Rg2' R  d  or g '   R  d 


i.e., acceleration (in magnitude) of the body is proportional to the displacement from the

centre of the earth O. Thus, the motion is Time period,
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	T 2
	
	Displacement
	
	
	
	

	
	
	
	Acceleration
	
	

	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	R  d
	
	
	
	
	
	
	
	

	 2
	
	
	
	
	
	
	 2
	R
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	R  d 
	
	
	g
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	g
	
	
	
	
	
	
	

	
	
	
	
	
	R
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


[image: ][image: ]
OR

(i) The radar waves sent form the Earth strike the approaching aeroplane. Here the radar is a source which is stationary and the aeroplane is an observer which is moving towards the stationary source. We have to determine the velocity to the approaching plane.

· Apparent frequency, n '   v  vs  n
· v   


Where  is the velocity of the radar waves and vs  is the velocity of the aeroplane.

Now the aero plane receives waves of frequency n ' and acts as a source moving towards stationary observer, i.e. radar on the Earth. Since on reflection, the frequency does not change, the aero plane will reflect waves of frequency n '.

· Apparent frequency received by the radar is given by,

	n1 
	
	v
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	 n '
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	 v  vs 
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	v
	
	
	
	
	
	 v  v
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	s
	n
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	v
	
	
	
	
	
	
	

	
	 v  vs 
	
	
	
	
	
	
	
	
	
	

	
	 v  v
	s
	
	
	
	
	
	
	
	v
	
	
	v
	
	1

	
	
	
	
	
	n
	 1
	
	s
	1
	
	s
	
	n

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	 v  vs 
	
	
	
	
	
	
	v 
	
	v 
	

	
	1 
	vs
	2
	n
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	v
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Using the binomial theorem as vvs   1, we get


	
	
	2 vs 

	 1
	
	
	n

	
	
	
	

	
	
	v  

	
	or
	
	n1
	
	 1 
	2vs
	
	
	
	
	
	

	
	
	
	n
	
	
	v
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	2v 
	( n1  n)
	v
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	s
	n
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	v
	
	n
	v
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	s
	
	
	2n
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Thus, velocity of an approaching aero plane is
	n
	v.
	

	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	2n
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(ii) Substituting the values given in the above expression, we have
1500600
vs  	10 m/s


Thus, the speed of the submarine is10 m/s .
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The internal energy of an ideal gas depends on which quantity?

Which property of the system does not change during an adiabatic change?
In cyclic process calculate the change of internal energy (dU) of an ideal gas
Adiabaticslope or isothermal slope which one more steeper?

Which quantity remaining constant in the isothermal process of an ideal gas?

Vv

Calculate amount of work done in the above process

9. Whatis represented by the area under the curve in P-V diagram of a thermodynamics system?

10. The eff|C|ency of a Carnot englne is 100%. Calculate the sink temperature.
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P, V=P, V] (12.14)
Figure12.8 shows the P-V curves of an ideal

gas for two adiabatic processes connecting two
isotherms.
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heat is determined by the specific heat of the¢”
gas at constant volume.

12.8.5 Isobaric process

In an isobaric process, P is fixed. Work done by
the gas is

W=P(V,-V) = uR(T,-T) (1217

Since temperature changes, so does interna
energy. The heat absorbed goes partly tc
increase internal energy and partly to do work
The change in temperature for a given amounr
of heat is determined by the specific heat of the
gas at constant pressure.

12.8.6 Cyclic process

In a cyclic process, the system returns to its
initial state. Since internal energy is a state.
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@ By definition y, = (N,/N,) and u, = (N,/N,)

where N, and N, are the number of molecules
of 1and 2, and N, is the Avogadro's number.

Therefore, (N,/N,) = (1, / 1, =3/2.

(i) We can also write g, = (m,/M,) and p, =
(m,/M,) where m, and m, are the masses of

1 and 2; and M, and M, are their molecular
masses. (Both m, and M,; as well as m, and
M, should be expressed in the same units).
If p, and p, are the mass densities of 1 and

2 respectively, we have
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(v, v, v,) hits the planar wall parallel to yz-
plane of area A (= I2). Since the collision is elastic,
the molecule rebounds with the same velocity:
its yand z components of velocity do not change
in the collision but the x-component reverses
sign. That is, the velocity after collision is
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The unit vector in the direction of A is denoted by A and defined by
A 2 N
A= I_ﬂ = 2 or A=AA
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Vectors 2 and 3 are said to be equal if ‘ —/T| = ‘ I_f} as well as their directions are same.
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A vector with zero magnitude and an arbitrary direction is called a zero vector. It is represented
by @ and also known as null vector.




image350.png
1.6x10




image351.png




image352.png




image353.png
Candle




image354.png
1.5x10%km




image355.png




image356.png




image357.png




image358.png




image359.png
tana +





image28.png
The vector whose magnitude is same as that of @ but the direction is opposite to that of 7 is

called the negative of @ and is written as —d.
> €

: b
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3 physics paper 11 onepc X+

of projection, prove that tan 6 = tana + tan ()
OR
(a) Aballoon is ascending at the rate of 14 ms-*at a height of 98 m above the ground,
when a packet is dropped from it. After how much time and with what velocity does

it reach the ground?
(&) Do the following two graphs represent same types of motion? Name the motion.

(i) Prove that the isothermal elasticity of a gas is equal to its pressure.
(i) Prove that the adiabatic elasticity of the gas = 7 x P, where P is pressure of the gas

and 7 =C, /C,,C,and C, being the specific heats of the gas at constant pressure and

constant volume respectively. ()
OR
The difference between the length of a certain brass rod and that of steel rod is claimed

to be constant at all temperatures. s it possible? ()
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Z and B are said to be parallel vectors if they have same direction, and may or may not have equal
magnitude (Z||B). If the directions are opposite, then A is anti-parallel to B.
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Displacement vector ;12 = "z




image378.png




image379.png




image380.png




image381.png




image382.png




image383.png




image384.png




image385.png




image386.jpeg




image387.png




image31.png
If A and B be two adjacent sides of a parallelogram, inclined at angle 6, then the magnitude of
resultant vector is given as

Direction of resultant K. Let o be the angle made
by resultant R with vector 4. Then
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If two vectors A and B are to be added according to the triangle law of vector addition, then
assume
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=

OP=4 and PQ=

@

o

>
°

The sum of the resultant of A and B is represented by the vector 00 (joining tail of OP to the

head of PQ.
Hence, oB+P0 = 00
00 = A+B (Resultant vector)
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Resultant R=p+j+7+5+F




image418.png




image419.jpeg




image35.png
(i) It obeys commutative law
If 2 and } are any two vectors,
then a+b = B+a
(i) It obeys associative law
I 2,b and ¢ are any three vectors then
Gep) = (Bl
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(i) It obeys distributive property
If & and b are two vectors and A is a
real number then, M(i+5) = A7+1}

 Equilibriant vector is a vector which balances two or more than two vectors acting simultaneously
ata point. It is equal in magnitude and opposite in direction to the resultant vector of given vectors.

)

o If vector A is multiplied by a real number A then it gives a vector B whose magnitude is A times
the magnitude of the vector £ and whose direction is the same or opposite depending upon
whether 1 is positive or negative.

® (equilibriant vector) = R = —(X+§+.A

* Subtraction of vector can be defined in terms of addition of two vectors.
If B and @ two vectors are to be subtracted then we take them as follows:

-3 = B+(-0)
e Vector subtraction is non-commutative and non-associative.
= A-B o+ B-2

= A-(B-T) « (4-B)-C
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(i) If a vector Z makes an angle 6 with x-axis then magnitude of its rectangular
components in x-y plane are given by A, = A cos 6 and A, = A sin 8, where,

A= JA§+A§

(i) If a vector Z lie in free space and subtends an angle o with x-axis, angle B with y-axis
and angle y with z-axis then the magnitudes of its rectangular components along the
three axes are given as A, = A cosa, A, =AcosBand A, = A cos y.

where A= A2 +B)+C?

(iii) A vector A may be expressed in terms of its rectangular components as:
A= Ad+ Ay} + Ak

where, § ,f and f are the unit vectors along x, y and z axis respectively.
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Position vector is a vector to represent any position of a body. The Y

straight line joining the origin and the point represents the position P(xy)
vector. It is represented by both magnitude and direction.

Itis represented by 7 = OP = xi +yi where | and ] are the unit

vectors along x and y axis respectively.

If position vector 7 is in three dimensions, then it is given by 7 5 X
= Xi+y] +2k where, 7, ] and  are the unit vectors along x, y and

= x2+y2+z2

2 co-ordinates respectively.

r
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It is always a scalar, so it is called as scalar product. B

> == e
AB = |A||B|coso b
Geometrically, - = (Mod of @) (Projection of b on # )
(i) Vector product (Cross product). The cross or vector product of 08}
F LA

two vectors A and B is defined as,
AxB = |A||B|sin0s, where
6 — angle between Z and B taken in anti-clockwise direction.
7 — unit vector in the direction perpendicular to the plane containing 4 and B.
Geometrically, & x } is a vector whose modulus is the area of the parallelogram formed by the two
vectors as the adjacent sides and direction is perpendicular to both 2 and 3.
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(i) It obeys commutative law
A8 =87
(ii) It obeys distributive law
A(B+7) - AB+AC
iii) Scalar (Dot) product of two mutually perpendicular vectors is zero i.c.,
(AB) = ABcos90° =0
iv) Scalar (Dot) product will be maximum when 8 = 0° i.e.,, vectors are parallel to each other.

(48) =l

© It;andBaneunitvectorsthen’;]:'@l:l and 7.5 =1-1 cos 6 = cos 6
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(vi) Dot product of unit vectors ik

=

k-

=ki=0

(vii) Square of a vector a-a = |a| |a| cos 0 =a*
(viii) 1f the two vectors A and B, in terms of their rectangular components, are
A=a,i+Aj+Ak and B=B,i+B,j+B.k then,

B = (Axi+Ay]+A, k)-(Bxl+By]+sz)

>l o>l

B =AB +AB,+AB,
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(i) Cross product of two vectors is not commutative
axb #bxa
axbh =-bxa
(if) Cross product is not associative
ax(bxd) # (axB)xé
(iif) Cross product obeys distributive law
ix(pd) = axbrixé
(iv) 1f 6 = 0 or m it means the two vectors are collinear.
axb =10
and conversely, if ax b = 0 then the vector 7 and b are parallel provided  and b are
non-zero vectors.
(©) 160 = 90°, and 7 is the unit vector perpendicular to both  and b
axb = lal|b] sin90° A = |a||b] 7
(vi) The vector product of any vector with itself is [
ixa=0
(vid) 1f axb = 0, then
' =0 or b=0 or al}
(viii) 1 @ and b are unit vectors, then axb=1-1sin@ @ =sin® il

(ix) Cross product of unit vectors i,jand k
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(x) If the two vectors A and B in terms of their rectangular components are
A = ai+bjrok
B = agi +byj + 0ok
AxB = (a +b,] +erk)x (aaf +byf + o)

It can be found by the determinant method
ie, AxB=|m b o

Silig-ba) -] @e-me)+k @b -ab)
o For motion in a plane, velocity is defined as:

RN S
-t (G b=t h-h

and v = Jal+al.

« For motion in a plane, acceleration is defined as

L _mem_ al o) (euf o) [)(\
fah [Oe) ot ) o )

and a= o +a .
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= ucos®
= usin@

Then the equation of trajectory of a projectile is given as

2fucos

The above equation is in the form of y = ax + bx? where a and b are constants. This is a equation
of a parabola. Thus the trajectory of a projectile is parabolic.

Time of Flight. The time taken by a projectile to return to its initial elevation after projection is
known as its time of flight (T). It is given by

Horizontal Range. The maximum horizontal distance between the point of projection and the point
on the horizontal plane where the projectile hits is called horizontal range.

The range of the projectile will be maximum if sin 26 is maximum (i, 1).
sin20 = 1
or =90 = 0=45°
Thus the projectile has maximum range if it is projected at an angle of 45° with the horizontal.
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Maximum Height. The maximum vertical distance travelled by the projectile during its journey is
called the maximum height attained by the projectile.
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It is denoted by w and is measured in radians per second (rad.s™).

angular displacement _ 6 _ df

Time t dt
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It is denoted by ‘o and measured in rad s

o = angular velocity change _ do.

time taken it
o For uniform angular acceleration o, the equations of motion can be modified as,
w = o +at
0F = 0F + 200

1.2
~at
0=ot+;
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1
T=1 -1
v or v

e The relation between angular velocity, frequency and time period is given by

8 _2n
- 2n _ o,
T v

T
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Al
PQ=Althen 9= ————— 1
0 =Althen §=— o)
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And angular velocity W= A_B

A
Using 6= L/ = A6 = A/ ——————(2)
Al=FVAtand A8 =WAt

Substituting in (1) Ji” A = IA‘% v

i _dv/ _.adws _drs Y, Ut
(2) Since g = A’t‘r 4=V Ar—uv—rxu— /r
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xX=ur

A

For vertical motion

S:ur+%ar1
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Here,

v, = Velocity of the cyclist
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In order to protect herself from the rain, the woman must hold her umbrella in the direction
of the relative velocity (v) of the rain with respect to the woman.

o
=30+(-10)=20m/s

v=viH(

10
30

B=tan(0.333) x18°

Hence, the woman must hold the umbrella toward the south, at an angle of nearly 18° with
the vertical.
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sin’9= 030625

sin 0=0.5534

= sin (0.5534) = 33.60°
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u°sin 26

e

Horizontal range, R =

sin2x33.60
9.8

_1600xsin 67.2
98

1600x0.922
9.8

150.53m
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The maximum range (R ,,., ) is achieved by the bullet when it is fired at an angle of 45°with

the horizontal, that is,

Run=2 .
g
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On comparing equations (1) and (2), we get:
Ry =243 =2x1.732 =3.46km

Hence, the bullet will not hit a target 5 km away.
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Proofain A ADC
(4C)* =(4D) +(DC)*
AC)*=(4B+ BD)*+(DC)?

i

Nl

(AC)* = (4B)*+(BD)* +2(4B)(BD) +(DC)
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(4C) = (P)+(Qc058)2+2(P)(Qcos ) +(Qsin 8)°

P
(AC)? = P+ 0% (sin? 6+ cos? e);\-.- f;'_é = cosﬁ}

+2P0cos8| -2 sine
3¢

(R =P +0+2PQ 058

R= P 0 2Pbcost

ssin? @+cos’ Q)
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The path followed by the motorist is a regular hexagon with side 500 m, as shown in the
given figure

Let the motorist start from point P.
The motorist takes the third turn at .

~Magnitude of displacement = BS = PV + V§ = 500 + 500 = 1000 m
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Total path length = PQ + QR + RS = 500 + 500 +500 = 1500 m
The motorist takes the sixth turn at point P, which s the starting point.
~Magnitude of displacement = 0

Total path length = PQ + QR + RS + ST+ TU + UP

=500 + 500 + 500 + 500 + 500+ 500 = 3000 m

The motorist takes the eight turn at point R

“Magnitude of displacement = PR

—fPQ7 QR =2(PQ) (QR)c0360°
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=/500% +500% +(2 x 500500 xcos 60°

({ 3
=, 1250000+ 25000 +; 500000 L [

=866.03m

[ s500sia60° )
o[ 500sia60 J:w,

P=tan” |
| 500 +500c0s 60°

Therefore, the magnitude of displacement is 866.03 m at an angle of 30° with PR.
Total path length = Circumference of the hexagon + PQ + QR

6 % 500 + 500 + 500 = 4000 m
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The magnitude of displacement and the total path length corresponding to the required turns
is shown in the given table

Turn | Magnitude of displacement (m)| Total path length (m)
Third | 1000 1500

sixth [0 3000
Eighth| 866.03; 30° 4000
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Ans. 0.86 m/s2; 54.46° with the direction of velocity

Speed of the cyclist, v

Tkm /h=7.5m/s
Radius of the circular turn, r = 80 m

Centripetal acceleration is given as:

The situation is shown in the given figure:
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The situation is shown in the given figure:

Suppose the cyclist begins cycling from point P and moves toward point Q. At point Q, he
applies the breaks and decelerates the speed of the bicycle by 0 5 1, / 57
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Lhus acceleradon Is along the tangent at () and opposite 0 the direcuon oI mouon ot the

cyclist.
Since the angle between a_ and ais 90°, the resultant acceleration  is given by:

Where § is the angle of the resultant with the direction of velocity

07

tan 8= 14

8=tan"'(1.4)
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