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PLANNER AND NOTES – PHYSICS 
Chapter 2 – Units and measurement 
1. Measurement
The process of measurement is basically a comparison process. To measure a physical quantity, we have to find out how many times a standard amount of that physical quantity is present in the quantity being measured. The number thus obtained is known as the magnitude and the standard chosen is called the unit of the physical quantity.
2.  Unit
The unit of a physical quantity is an arbitrarily chosen standard which is widely accepted by the society and in terms of which other quantities of similar nature may be measured.
3. Standard
The actual physical embodiment of the unit of a physical quantity is known as a standard of that physical quantity.
• To express any measurement made we need the numerical value (n) and the unit (μ). Measurement of physical quantity = Numerical value x Unit
For example: Length of a rod = 8 m
where 8 is numerical value and m (metre) is unit of length.
4. Fundamental Physical Quantity/Units
It is an elementary physical quantity, which does not require any other physical quantity to express it. It means it cannot be resolved further in terms of any other physical quantity. It is also known as basic physical quantity.
The units of fundamental physical quantities are called fundamental units.
For example, in M. K. S. system, Mass, Length and Time expressed in kilogram, metre and second respectively are fundamental units.
5. Derived Physical Quantity/Units
All those physical quantities, which can be derived from the combination of two or more fundamental quantities or can be expressed in terms of basic physical quantities, are called derived physical quantities.
The units of all other physical quantities, which car. be obtained from fundamental units, are called derived units. For example, units of velocity, density and force are m/s, kg/m3, kg m/s2 respectively and they are examples of derived units.
6. Systems of Units
Earlier three different units systems were used in different countries. These were CGS, FPS and MKS systems. Now-a-days internationally SI system of units is followed. In SI unit system, seven quantities are taken as the base quantities.
(i) CGS System. Centimetre, Gram and Second are used to express length, mass and time respectively.
(ii) FPS System. Foot, pound and second are used to express length, mass and time respectively.
(iii) MKS System. Length is expressed in metre, mass is expressed in kilogram and time is expressed in second. Metre, kilogram and second are used to express length, mass and time respectively.
(iv) SI Units. Length, mass, time, electric current, thermodynamic temperature, Amount of substance and luminous intensity are expressed in metre, kilogram, second, ampere, kelvin, mole and candela respectively.
7. Definitions of Fundamental Units
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8. Supplementary Units
Besides the above mentioned seven units,there are two supplementary base units. these are (i) radian (rad) for angle, and (ii) steradian (sr) for solid angle.
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9. Advantages of SI Unit System
SI Unit System has following advantages over the other Besides the above mentioned seven units, there are two supplementary base units. These are systems of units:
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(i) It is internationally accepted,
(ii) It is a rational unit system,
(iii) It is a coherent unit system,
(iv) It is a metric system,
(v) It is closely related to CGS and MKS systems of units,
(vi) Uses decimal system, hence is more user friendly.
10. Other Important Units of Length
For measuring large distances e.g., distances of planets and stars etc., some bigger units of length such as ‘astronomical unit’, ‘light year’, parsec’ etc. are used.
• The average separation between the Earth and the sun is called one astronomical unit.
1 AU = 1.496 x 1011 m.
• The distance travelled by light in vacuum in one year is called light year.
1 light year = 9.46 x 1015 m.
• The distance at which an arc of length of one astronomical unit subtends an angle of one second at a point is called parsec.
1 parsec = 3.08 x 1016 m
• Size of a tiny nucleus = 1 fermi = If = 10-15 m
• Size of a tiny atom = 1 angstrom = 1A = 10-10 m
11. Parallax Method
This method is used to measure the distance of planets and stars from earth.
Parallax. Hold a pen in front of your eyes and look at the pen by closing the right eye and ‘ then the left eye. What do you observe? The position of the pen changes with respect to the background. This relative shift in the position of the pen (object) w.r.t. background is called parallax.
If a distant object e.g., a planet or a star subtends parallax angle 0 on an arc of radius b (known as basis) on Earth, then distance of that distant object from the basis is given by
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• To estimate size of atoms we can use electron microscope and tunneling microscopy technique. Rutherford’s a-particle scattering experiment enables us to estimate size of nuclei of different elements.
• Pendulum clocks, mechanical watches (in which vibrations of a balance wheel are used) and quartz watches are commonly used to measure time. Cesium atomic clocks can be used to measure time with an accuracy of 1 part in 1013 (or to a maximum discrepancy of 3 ps in a year).
• The SI unit of mass is kilogram. While dealing with atoms/ molecules and subatomic particles we define a unit known as “unified atomic mass unit” (1 u), where 1 u = 1.66 x 10-27 kg.
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12. Estimation of Molecular Size of Oleic Acid
For this 1 cm3 of oleic acid is dissolved in alcohol to make a solution of 20 cm3. Then 1 cm3 of this solution is taken and diluted to 20 cm3, using alcohol. So, the concentration of the solution is as follows:
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After that some lycopodium powder is lightly sprinkled on the surface of water in a large trough and one drop of this solution is put in water. The oleic acid drop spreads into a thin, large and roughly circular film of molecular thickness on water surface. Then, the diameter of the thin film is quickly measured to get its area A. Suppose n drops were put in the water. Initially, the approximate volume of each drop is determined (V cm3).
Volume of n drops of solution = nV cm3
Amount of oleic acid in this solution
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The solution of oleic acid spreads very fast on the surface of water and forms a very thin layer of thickness t. If this spreads to form a film of area A cm2, then thickness of the film
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If we assume that the film has mono-molecular thickness, this becomes the size or diameter of a molecule of oleic acid. The value of this thickness comes out to be of the order of 10-9 m.
13. Dimensions
The dimensions of a physical quantity are the powers to which the fundamental units of mass, length and time must be raised to represent the given physical quantity.
14. Dimensional Formula
The dimensional formula of a physical quantity is an expression telling us how and which of the fundamental quantities enter into the unit of that quantity.
It is customary to express the fundamental quantities by a capital letter, e.g., length (L), mass (AT), time (T), electric current (I), temperature (K) and luminous intensity (C). We write appropriate powers of these capital letters within square brackets to get the dimensional formula of any given physical quantity.
15. Applications of Dimensions
The concept of dimensions and dimensional formulae are put to the following uses:
(i) Checking the results obtained
(ii) Conversion from one system of units to another
(iii) Deriving relationships between physical quantities
(iv) Scaling and studying of models.
The underlying principle for these uses is the principle of homogeneity of dimensions. According to this principle, the ‘net’ dimensions of the various physical quantities on both sides of a permissible physical relation must be the same; also only dimensionally similar quantities can be added to or subtracted from each other.
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16. Limitations of Dimensional Analysis
The method of dimensions has the following limitations:
(i) by this method the value of dimensionless constant cannot be calculated.
(ii) by this method the equation containing trigonometric, exponential and logarithmic terms cannot be analyzed.
(iii) if a physical quantity in mechanics depends on more than three factors, then relation among them cannot be established because we can have only three equations by equalizing the powers of M, L and T.
(iv) it doesn’t tell whether the quantity is vector or scalar.
17. Significant Figures
The significant figures are a measure of accuracy of a particular measurement of a physical quantity.
Significant figures in a measurement are those digits in a physical quantity that are known reliably plus the first digit which is uncertain.
18. The Rules for Determining the Number of Significant Figures
(i) All non-zero digits are significant.
(ii) All zeroes between non-zero digits are significant.
(iii) All zeroes to the right of the last non-zero digit are not significant in numbers without decimal point.
(iv) All zeroes to the right of a decimal point and to the left of a non-zero digit are not significant.
(v) All zeroes to the right of a decimal point and to the right of a non-zero digit are significant.
(vi) In addition and subtraction, we should retain the least decimal place among the values operated, in the result.
(vii) In multiplication and division, we should express the result with the least number of significant figures as associated with the least precise number in operation.
(viii) If scientific notation is not used:
(a) For a number greater than 1, without any decimal, the trailing zeroes are not significant.
(b) For a number with a decimal, the trailing zeros are significant.
19.  Error
The measured value of the physical quantity is usually different from its true value. The result of every measurement by any measuring instrument is an approximate number, which contains some uncertainty. This uncertainty is called error. Every calculated quantity, which is based on measured values, also has an error.
20. Causes of Errors in Measurement
Following are the causes of errors in measurement:
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Least Count Error. The least count error is the error associated with the resolution of the instrument. Least count may not be sufficiently small. The maximum possible error is equal to the least count.
Instrumental Error. This is due to faulty calibration or change in conditions (e.g., thermal expansion of a measuring scale). An instrument may also have a zero error. A correction has to be applied.
Random Error. This is also called chance error. It makes to give different results for same measurements taken repeatedly. These errors are assumed to follow the Gaussian law of normal distribution.
Accidental Error. This error gives too high or too low results. Measurements involving this error are not included in calculations.
Systematic Error. The systematic errors are those errors that tend to be in one direction, either positive or negative. Errors due to air buoyancy in weighing and radiation loss in calorimetry are systematic errors. They can be eliminated by manipulation. Some of the sources of systematic errors are:
(i) intrumental error
(ii) imperfection in experimental technique or procedure
(iii) personal errors
21. Absolute Error, Relative Error and Percentage Error
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1. Combination of Errors
[image: ]
2. IMPORTANT TABLES
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Assignment 
Q.1-A calorie is a unit of heat (energy in transit) and it equals about 4.2 J where 1J = 1 kg m2 s–2. Suppose we employ a system of units in which the unit of mass equals α kg, the unit of length equals β m, the unit of time is γ s. Show that a calorie has a magnitude 4.2 α–1 β–2 γ 2 in terms of the new units 

Q.2-A new unit of length is chosen such that the speed of light in vacuum is unity. What is the distance between the Sun and the Earth in terms of the new unit if light takes 8 min and 20 s to cover this distance ? 

Q.3-Which of the following is the most precise device for measuring length : (a) a vernier callipers with 20 divisions on the sliding scale (b) a screw gauge of pitch 1 mm and 100 divisions on the circular scale (c) an optical instrument that can measure length to within a wavelength of light ? 

Q.4-The length, breadth and thickness of a rectangular sheet of metal are 4.234 m, 1.005 m, and 2.01 cm respectively. Give the area and volume of the sheet to correct significant figures. 

Q.5-A physical quantity P is related to four observables a, b, c and d as follows :P = a3b2/ (√cd ).The percentage errors of measurement in a, b, c and d are 1%, 3%, 4% and 2%, respectively. What is the percentage error in the quantity P ? If the value of P calculated using the above relation turns out to be 3.763, to what value should you round off the result ? 

Q.6-No physicist has ever “seen” an electron. Yet, all physicists believe in the existence of electrons. An intelligent but superstitious man advances this analogy to argue that ‘ghosts’ exist even though no one has ‘seen’ one. How will you refute his argument ? 

Q.7-The unit of length convenient on the atomic scale is known as an angstrom and is denoted by Å: 1 Å = 10–10 m. The size of a hydrogen atom is about 0.5 Å. What is the total atomic volume in m3 of a mole of hydrogen atoms ? 

Q.8-One mole of an ideal gas at standard temperature and pressure occupies 22.4 L (molar volume). What is the ratio of molar volume to the atomic volume of a mole of hydrogen ? (Take the size of hydrogen molecule to be about 1 Å). Why is this ratio so large ? 

Q.9-The nearest star to our solar system is 4.29 light years away. How much is this distance in terms of parsecs? How much parallax would this star (named Alpha Centauri) show when viewed from two locations of the Earth six months apart in its orbit around the Sun ? 

Q.10-When the planet Jupiter is at a distance of 824.7 million kilometers from the Earth, its angular diameter is measured to be 35.72" of arc. Calculate the diameter of Jupiter. 

Q.11-7 Estimate the average mass density of a sodium atom assuming its size to be about 2.5 Å. (Use the known values of Avogadro’s number and the atomic mass of sodium). Compare it with the mass density of sodium in its crystalline phase : 970 kg m–3. Are the two densities of the same order of magnitude ? If so, why ?  
Important links 
https://www.youtube.com/watch?v=UuzZYVRcemY
https://www.youtube.com/watch?v=e154t-hfyRw
CH 3- MOTION IN STRAIGHT LINE 
• Introduction
Motion is one of the significant topics in physics. Everything in the universe moves. It might only be a small amount of movement and very-very slow, but movement does happen. Even if you appear to be standing still, the Earth is moving around the sun, and the sun is moving around our galaxy.
“An object is said to be in motion if its position changes with time”.
The concept of motion is a re’ live one and a body that may be in motion relative to one reference system, may be at rest relative to another.
There are two branches in physics that examine the motion of an object.
(i) Kinematics: It describes the motion of objects, without looking at the cause of the motion.
(ii) Dynamics: It relates the motion of objects to the forces which cause them.
• Point Object
If the length covered by the objects are very large in comparison to the size of the objects, the objects are considered point objects.
• 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 co-ordinate system to be attached to it. This co-ordinate system chosen for a given problem constitutes the reference system for it. We generally choose a co-ordinate system attached to the earth as the reference system for most of the problems.
• 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.
• Types of Motion
In order to completely describe the motion of an object, we need to specify its position. For this, we need to know the position co-ordinates. In some cases, three position co-ordinates are required, while in some cases two or one position co-ordinate is required.
Based on these, motion can be classified as:
(i) One dimensional motion. A particle moving along a straight-line or a path is said to undergo one dimensional motion. For example, 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, 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, motion of a kite in sky, motion of aeroplane etc.
• 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.
—> Distance ≥ | Displacement |
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• 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
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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”.
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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.”
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• Acceleration
The rate at which velocity changes is called acceleration.
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• Uniform Acceleration
If an object undergoes equal changes in velocity in equal time intervals it is called uniform acceleration.
• Average and Instantaneous Acceleration
Average Accelerating. It is the change in the velocity divided by the time-interval during which the change occurs.
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Instantaneous Acceleration. It is defined as the limit of the average acceleration as the time-interval Δt goes to zero.
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• 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.)
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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 (f), initial velocity (u), final velocity (v) and acceleration (a). Following equation gives a relation between final and initial velocities v and u of an object moving with uniform acceleration a: v = u + at
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• Suppose a body is projected vertically upward from a point A with velocity u.
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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.
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—> 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
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Assignment 
Q.1-A woman starts from her home at 9.00 am, walks with a speed of 5 km h–1 on a straight road up to her office 2.5 km away, stays at the office up to 5.00 pm, and returns home by an auto with a speed of 25 km h–1. Choose suitable scales and plot the x-t graph of her motion. 

Q.2-A drunkard walking in a narrow lane takes 5 steps forward and 3 steps backward, followed again by 5 steps forward and 3 steps backward, and so on. Each step is 1 m long and requires 1 s. Plot the x-t graph of his motion. Determine graphically and otherwise how long the drunkard takes to fall in a pit 13 m away from the start. 

Q.3-A jet airplane travelling at the speed of 500 km h–1 ejects its products of combustion at the speed of 1500 km h–1 relative to the jet plane. What is the speed of the latter with respect to an observer on the ground ? 

Q.4- A car moving along a straight highway with speed of 126 km h–1 is brought to a stop within a distance of 200 m. What is the retardation of the car (assumed uniform), and how long does it take for the car to stop ? 

Q.5-Two trains A and B of length 400 m each are moving on two parallel tracks with a uniform speed of 72 km h–1 in the same direction, with A ahead of B. The driver of B decides to overtake A and accelerates by 1 m s–2. If after 50 s, the guard of B just brushes past the driver of A, what was the original distance between them ? 

Q.6-On a two-lane road, car A is travelling with a speed of 36 km h–1. Two cars B and C approach car A in opposite directions with a speed of 54 km h–1 each. At a certain instant, when the distance AB is equal to AC, both being 1 km, B decides to overtake A before C does. What minimum acceleration of car B is required to avoid an accident ? 

Q.7-A ball is dropped from a height of 90 m on a floor. At each collision with the floor, the ball loses one tenth of its speed. Plot the speed-time graph of its motion between t = 0 to 12 s. 

Q.8-A three-wheeler starts from rest, accelerates uniformly with 1 m s–2 on a straight road for 10 s, and then moves with uniform velocity. Plot the distance covered by the vehicle during the nth second (n = 1,2,3….) versus n. What do you expect this plot to be during accelerated motion : a straight line or a parabola ?

Q.9-A boy standing on a stationary lift (open from above) throws a ball upwards with the maximum initial speed he can, equal to 49 m s–1. How much time does the ball take to return to his hands? If the lift starts moving up with a uniform speed of 5 m s-1 and the boy again throws the ball up with the maximum speed he can, how long does the ball take to return to his hands ?  

Q.10-Two stones are thrown up simultaneously from the edge of a cliff 200 m high with initial speeds of 15 m s–1 and 30 m s–1. Verify that the graph shown in Fig. 3.27 correctly represents the time variation of the relative position of the second stone with respect to the first. Neglect air resistance and assume that the stones do not rebound after hitting the ground. Take g = 10 m s–2. Give the equations for the linear and curved parts of the plot. 
Important links 
https://www.youtube.com/watch?v=guqO7kTtYj4
https://www.youtube.com/watch?v=-IxLOzhWWKY
CH 4 MOTION IN A 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 co-ordinate axes X and Y.
• 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.
• 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.
• 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.
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• Equal Vectors
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• Zero Vector
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• Negative of a Vector
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• Parallel Vectors
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• 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.
• 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.
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• 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.
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• 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.
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• 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.
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• Properties of Vector Addition
Vector addition has following properties:
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• 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 vectors.
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If the components of a given vector are perpendicular to each other, then they are called rectangular components.
• Position Vector
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• 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.
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• Properties of Scalar Product
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• Properties of Cross Product
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• Lami’s Theorem
Lami’s theorem states, “If a particle under the simultaneous action of three forces is in equilibrium, then each force has a constant ratio with the sine of the angle between the other two forces.”
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• 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
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• 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.
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• Angular Acceleration
Angular acceleration of an object in circular motion is defined as the time rate of change of its angular velocity.
[image: ]
• 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
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• 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.
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• IMPORTANT TABLES
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Assignment
Q.1-State, for each of the following physical quantities, if it is a scalar or a vector : volume, mass, speed, acceleration, density, number of moles, velocity, angular frequency, displacement, angular velocity. 

Q.2- Pick out the two scalar quantities in the following list : force, angular momentum, work, current, linear momentum, electric field, average velocity, magnetic moment, relative velocity 

Q.3-Pick out the only vector quantity in the following list : Temperature, pressure, impulse, time, power, total path length, energy, gravitational potential, coefficient of friction, charge. 

Q.4-State with reasons, whether the following algebraic operations with scalar and vector physical quantities are meaningful : (a) adding any two scalars, (b) adding a scalar to a vector of the same dimensions , (c) multiplying any vector by any scalar, (d) multiplying any two scalars, (e) adding any two vectors, (f) adding a component of a vector to the same vector. 

Q.5-A cyclist starts from the centre O of a circular park of radius 1 km, reaches the edge P of the park, then cycles along the circumference, and returns to the centre along QO as shown in Fig. 4.21. If the round trip takes 10 min, what is the (a) net displacement, (b) average velocity, and (c) average speed of the cyclist ? 

Q.6-On an open ground, a motorist follows a track that turns to his left by an angle of 600 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. 

Q.7-A passenger arriving in a new town wishes to go from the station to a hotel located 10 km away on a straight road from the station. A dishonest cabman takes him along a circuitous path 23 km long and reaches the hotel in 28 min. What is (a) the average speed of the taxi, (b) the magnitude of average velocity ? Are the two equal ? 

Q.8-A man can swim with a speed of 4.0 km/h in still water. How long does he take to cross a river 1.0 km wide if the river flows steadily at 3.0 km/h and he makes his strokes normal to the river current? How far down the river does he go when he reaches the other bank ? 

Q.9-In a harbour, wind is blowing at the speed of 72 km/h and the flag on the mast of a boat anchored in the harbour flutters along the N-E direction. If the boat starts moving at a speed of 51 km/h to the north, what is the direction of the flag on the mast of the boat ? 

Q.10-The ceiling of a long hall is 25 m high. What is the maximum horizontal distance that a ball thrown with a speed of 40 m s-1 can go without hitting the ceiling of the hall ? 

Q.11-A cricketer can throw a ball to a maximum horizontal distance of 100 m. How much high above the ground can the cricketer throw the same ball ? 
IMPORTANT links 
https://www.youtube.com/watch?v=e154t-hfyRw
https://www.youtube.com/watch?v=PGooyIzuiGc
CH – 5 LAWS OF MOTION 
• Dynamics is the branch of physics in which we study the motion of a body by taking into consideration the cause i.e., force which produces the motion.
• Force
Force is an external cause in the form of push or pull, which produces or tries to produce motion in a body at rest, or stops/tries to stop a moving body or changes/tries to change the direction of motion of the body.
• The inherent property, with which a body resists any change in its state of motion is called inertia. Heavier the body, the inertia is more and lighter the body, lesser the inertia.
• Law of inertia states that a body has the inability to change its state of rest or uniform motion (i.e., a motion with constant velocity) or direction of motion by itself.
• Newton’s Laws of Motion
Law 1. A body will remain at rest or continue to move with uniform velocity unless an external force is applied to it.
First law of motion is also referred to as the ‘Law of inertia’. It defines inertia, force and inertial frame of reference.
I here is always a need of ‘frame of reference’ to describe and understand the motion of particle, lhc simplest ‘frame of reference’ used are known as the inertial frames.
A frame of referent, e is known as an inertial frame it, within it, all accelerations of any particle are caused by the action of ‘real forces’ on that particle.
When we talk about accelerations produced by ‘fictitious’ or ‘pseudo’ forces, the frame of reference is a non-inertial one.
Law 2. When an external force is applied to a body of constant mass the force produces an acceleration, which is directly proportional to the force and inversely proportional to the mass of the body.
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Law 3. “To every action there is equal and opposite reaction force”. When a body A exerts a force on another body B, B exerts an equal and opposite force on A.
• Linear Momentum
The linear momentum of a body is defined as the product of the mass of the body and its velocity.
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• Impulse
Forces acting for short duration are called impulsive forces. Impulse is defined as the product of force and the small time interval for which it acts. It is given by
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Impulse of a force is a vector quantity and its SI unit is 1 Nm.
— If force of an impulse is changing with time, then the impulse is measured by finding the area bound by force-time graph for that force.
— Impulse of a force for a given time is equal to the total change in momentum of the body during the given time. Thus, we have
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• Law of Conservation of Momentum
The total momentum of an isolated system of particles is conserved.
In other words, when no external force is applied to the system, its total momentum remains constant.
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• Recoiling of a gun, flight of rockets and jet planes are some simple applications of the law of conservation of linear momentum.
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• Concurrent Forces and Equilibrium
“A group of forces which are acting at one point are called concurrent forces.”
Concurrent forces are said to be in equilibrium if there is no change in the position of rest or the state of uniform motion of the body on which these concurrent forces are acting.
For concurrent forces to be in equilibrium, their resultant force must be zero. In case of three concurrent forces acting in a plane, the body will be in equilibrium if these three forces may be completely represented by three sides of a triangle taken in order. If number of concurrent forces is more than three, then these forces must be represented by sides of a closed polygon in order for equilibrium.
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• Commonly Used Forces
(i) Weight of a body. It is the force with which earth attracts a body towards its centre. If M is mass of body and g is acceleration due to gravity, weight of the body is Mg in vertically downward direction.
(ii) Normal Force. If two bodies are in contact a contact force arises, if the surface is smooth the direction of force is normal to the plane of contact. We call this force as Normal force.
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Example. Let us consider a book resting on the table. It is acted upon by its weight in vertically downward direction and is at rest. It means there is another force acting on the block in opposite direction, which balances its weight. This force is provided by the table and we call it as normal force.
(iii) Tension in string. Suppose a block is hanging from a string. Weight of the block is acting vertically downward but it is not moving, hence its weight is balanced by a force due to string. This force is called ‘Tension in string’. Tension is a force in a stretched string. Its direction is taken along the string and away from the body under consideration.
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• Simple Pulley
Consider two bodies of masses m1 and m2 tied at the ends of an in extensible string, which passes over a light and friction less pulley. Let m1 > m2. The heavier body will move downwards and the lighter will move upwards. Let a be the common acceleration of the system of two bodies, which is given by
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• Apparent Weight and Actual Weight
— ‘Apparent weight’ of a body is equal to its ‘actual weight’ if the body is either in a state of rest or in a state of uniform motion.
— Apparent weight of a body for vertically upward accelerated motion is given as
Apparent weight =Actual weight + Ma = M (g + a)
— Apparent weight of a body for vertically downward accelerated motion is given as
Apparent weight = Actual weight Ma = M (g – a).
• Friction
The opposition to any relative motion between two surfaces in contact is referred to as friction. It arises because of the ‘inter meshing’ of the surface irregularities of the two surfaces in contact.
• Static and Dynamic (Kinetic) Friction
The frictional forces between two surfaces in contact (i) before and (ii) after a relative motion between them has started, are referred to as static and dynamic friction respectively. Static friction is always a little more than dynamic friction.
The magnitude of kinetic frictional force is also proportional to normal force.
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• Limiting Frictional Force
This frictional force acts when body is about to move. This is the maximum frictional force that can exist at the contact surface. We calculate its value using laws of friction.
Laws of Friction:
(i) The magnitude of limiting frictional force is proportional to the normal force at the contact surface.
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(ii) The magnitude of limiting frictional force is independent of area of contact between the surfaces.
• Coefficient of Friction
The coefficient of friction (μ) between two surfaces is the ratio of their limiting frictional force to the normal force between them, i.e.,
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• Angle of Friction
It is the angle which the resultant of the force of limiting friction F and the normal reaction R makes with the direction of the normal reaction. If θ is the angle of friction, we have
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• Angle of Repose
Angle of repose (α) is the angle of an inclined plane with the horizontal at which a body placed over it just begins to slide down without any acceleration. Angle of repose is given by α = tan-1 (μ)
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• Motion on a Rough Inclined Plane
Suppose a motion up the plane takes place under the action of pull P acting parallel to the plane.
• Centripetal Force
Centripetal force is the force required to move a body uniformly in a circle. This force acts along the radius and towards the centre of the circle. It is given by
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where, v is the linear velocity, r is the radius of circular path and ω is the angular velocity of the body.
• Centrifugal Force
Centrifugal force is a force that arises when a body is moving actually along a circular path, by virtue of tendency of the body to regain its natural straight line path.
The magnitude of centrifugal force is same as that of centripetal force.
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• Motion in a Vertical Circle
The motion of a particle in a horizontal circle is different from the motion in vertical circle. In horizontal circle, the motion is not effected by the acceleration due to gravity (g) whereas in the motion of vertical circle, the motion is not effected by the acceleration due to gravity (g) whereas in the motion of vertical circle, the value of ‘g’ plays an important role, the motion in this case does not remain uniform. When the particle move up from its lowest position P, its speed continuously decreases till it reaches the highest point of its circular path. This is due to the work done against the force of gravity. When the particle moves down the circle, its speed would keep on increasing.
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Let us consider a particle moving in a circular vertical path of radius V and centre o tide with a string. L be the instantaneous position of the particle such that
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Here the following forces act on the particle of mass ‘m’.
(i) Its weight = mg (verticaly downwards).
(ii) The tension in the string T along LO.
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We can take the horizontal direction at the lowest point ‘p’ as the position of zero gravitational potential energy. Now as per the principle of conservation of energy,
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From this relation, we can calculate the tension in the string at the lowest point P, mid-way point and at the highest position of the moving particle.
Case (i) : At the lowest point P, θ = 0°
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When the particle completes its motion along the vertical circle, it is referred to as “Looping the Loop” for this the minimum speed at the lowest position must be √5gr
• IMPORTANT TABLES
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Assignment 

Q.1 Give the magnitude and direction of the net force acting on a stone of mass 0.1 kg, (a) just after it is dropped from the window of a stationary train, (b) just after it is dropped from the window of a train running at a constant velocity of 36 km/h, (c ) just after it is dropped from the window of a train accelerating with 1 m s-2, (d) lying on the floor of a train which is accelerating with 1 m s-2, the stone being at rest relative to the train. 

Q.2-A constant retarding force of 50 N is applied to a body of mass 20 kg moving initially with a speed of 15 m s-1. How long does the body take to stop ? 

Q.3-A constant force acting on a body of mass 3.0 kg changes its speed from 2.0 m s-1 to 3.5 m s-1 in 25 s. The direction of the motion of the body remains unchanged. What is the magnitude and direction of the force ? 

Q.4-A body of mass 5 kg is acted upon by two perpendicular forces 8 N and 6 N. Give the magnitude and direction of the acceleration of the body. 

Q.5-The driver of a three-wheeler moving with a speed of 36 km/h sees a child standing in the middle of the road and brings his vehicle to rest in 4.0 s just in time to save the child. What is the average retarding force on the vehicle ? The mass of the three-wheeler is 400 kg and the mass of the driver is 65 kg .

Q.6-A rocket with a lift-off mass 20,000 kg is blasted upwards with an initial acceleration of 5.0 m s-2. Calculate the initial thrust (force) of the blast 

Q.7-A body of mass 0.40 kg moving initially with a constant speed of 10 m s-1 to the north is subject to a constant force of 8.0 N directed towards the south for 30 s. Take the instant the force is applied to be t = 0, the position of the body at that time to be x = 0, and predict its position at t = –5 s, 25 s, 100 s. 

Q.8-A truck starts from rest and accelerates uniformly at 2.0 m s-2. At  t = 10 s, a stone is dropped by a person standing on the top of the truck (6 m high from the ground). What are the (a) velocity, and (b) acceleration of the stone at t = 11s ? (Neglect air resistance.) 

Q.9-A bob of mass 0.1 kg hung from the ceiling of a room by a string 2 m long is set into oscillation. The speed of the bob at its mean position is 1 m s-1. What is the trajectory of the bob if the string is cut when the bob is (a) at one of its extreme positions, (b) at its mean position 

Q.10-A man of mass 70 kg stands on a weighing scale in a lift which is moving (a) upwards with a uniform speed of 10 m s-1, (b) downwards with a uniform acceleration of 5 m s-2, (c) upwards with a uniform acceleration of 5 m s-2. What would be the readings on the scale in each case? (d) What would be the reading if the lift mechanism failed and it hurtled down freely under gravity ? 

Q.11-Two bodies of masses 10 kg and 20 kg respectively kept on a smooth, horizontal surface are tied to the ends of a light string. A horizontal force F = 600 N is applied to (i) A, (ii) B along the direction of string. What is the tension in the string in each case? 
Important links 
https://www.youtube.com/watch?v=mmvnFJGPL88
https://www.youtube.com/watch?v=YzxUZzMrlfQ
CH 6 WORK ENERGY AND POWER
• Work is said to be done when a force applied on the body displaces the body through a certain distance in the direction of applied force.
It is measured by the product of the force and the distance moved in the direction of the force, i.e., W = F-S
• If an object undergoes a displacement ‘S’ along a straight line while acted on a force F that makes an angle 0 with S as shown.
The work done W by the agent is the product of the component of force in the direction of displacement and the magnitude of displacement.
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• If we plot a graph between force applied and the displacement, then work done can be obtained by finding the area under the F-s graph.
• If a spring is stretched or compressed by a small distance from its unstretched configuration, the spring will exert a force on the block given by
F = -kx, where x is compression or elongation in spring, k is a constant called spring constant whose value depends inversely on unstretched length and the nature of material of spring.
The negative sign indicates that the direction of the spring force is opposite to x, the displacement of the free-end.
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• Energy
The energy of a body is its capacity to do work. Anything which is able to do work is said to possess energy. Energy is measured in the same unit as that of work, namely, Joule.
Mechanical energy is of two types: Kinetic energy and Potential energy.
• Kinetic Energy
The energy possessed by a body by virtue of its motion is known as its kinetic energy.
For an object of mass m and having a velocity v, the kinetic energy is given by:
K.E. or K = 1/2 mv 2
• Potential Energy
The energy possessed by a body by virtue of its position or condition is known as its potential energy.
There are two common forms of potential energy: gravitational and elastic.
—> Gravitational potential energy of a body is the energy possessed by the body by virtue of its position above the surface of the earth.
It is given by
(U)P.E. = mgh
where m —> mass of a body
g —> acceleration due to gravity on the surface of earth. h —> height through which the body is raised.
—> When an elastic body is displaced from its equilibrium position, work is needed to be done against the restoring elastic force. The work done is stored up in the body in the form of its elastic potential energy.
If an elastic spring is stretched (or compressed) by a distance Y from its equilibrium position, then its elastic potential energy is given by
U= 1/2 kx2
where, k —> force constant of given spring
• Work-Energy Theorem
According to work-energy theorem, the work done by a force on a body is equal to the change in kinetic energy of the body.
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• The Law of Conservation of Energy
According to the law of conservation of energy, the total energy of an isolated system does not change. Energy may be transformed from one form to another but the total energy of an isolated system remains constant.
• Energy can neither be created, nor destroyed.
• Besides mechanical energy, the energy may manifest itself in many other forms. Some of these forms are: thermal energy, electrical energy, chemical energy, visual light energy, nuclear energy etc.
• Equivalence of Mass and Energy
According to Einstein, mass and energy are inter-convertible. That is, mass can be converted into energy and energy can be converted into mass.
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• Collision
Collision is defined as an isolated event in which two or more colliding bodies exert relatively strong forces on each other for a relatively short time.
Collision between particles have been divided broadly into two types.
(i) Elastic collisions (ii) Inelastic collisions
• Elastic Collision
A collision between two particles or bodies is said to be elastic if both the linear momentum and the kinetic energy of the system remain conserved.
Example: Collisions between atomic particles, atoms, marble balls and billiard balls.
• Inelastic Collision
A collision is said to be inelastic if the linear momentum of the system remains conserved but its kinetic energy is not conserved.
Example: When we drop a ball of wet putty on to the floor then the collision between ball and floor is an inelastic collision.
• Collision is said to be one dimensional, if the colliding particles, move along the same straight line path both before as well as after the collision.
• In one dimensional elastic collision, the relative velocity of approach before collision is equal to. the relative velocity of separation after collision.
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• Coefficient of Restitution or Coefficient of Resilience
Coefficient of restitution is defined as the ratio of relative velocity of separation after collision to the relative velocity of approach before collision.
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• Elastic and Inelastic Collisions in Two Dimensions
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• Non-conservative Forces
A force is said to be non-conservative if the work done in moving from one point to another depends upon the the path followed.
Let W, be the work done in moving from A to B following the path 1. W2 through the path 2 and W3 through the path 3. Fig. (i).
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Examples of non-conservative forces are :
(i) Force of friction (ii) Viscus force
Low of conservation of energy holds goods for both conservative and non-conservative forces.
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Assignment
Q.1-A body is initially at rest. It undergoes one-dimensional motion with constant acceleration. The power delivered to it at time t is proportional to (i) t 1/2 (ii) t (iii) t 3/2 (iv) t 2 

Q.2-An electron and a proton are detected in a cosmic ray experiment, the first with kinetic energy 10 keV, and the second with 100 keV. Which is faster, the electron or the proton ? Obtain the ratio of their speeds. (electron mass = 9.11×10-31 kg, proton mass = 1.67×10–27 kg, 1 eV = 1.60 ×10–19 J). 

Q.3-A rain drop of radius 2 mm falls from a height of 500 m above the ground. It falls with decreasing acceleration (due to viscous resistance of the air) until at half its original height, it attains its maximum (terminal) speed, and moves with uniform speed thereafter. What is the work done by the gravitational force on the drop in the first and second half of its journey ? What is the work done by the resistive force in the entire journey if its speed on reaching the ground is 10 m s–1 ? 

Q.4-A molecule in a gas container hits a horizontal wall with speed 200 m s–1 and angle 30° with the normal, and rebounds with the same speed. Is momentum conserved in the collision ? Is the collision elastic or inelastic ? 

Q.5-A pump on the ground floor of a building can pump up water to fill a tank of volume 30 m3 in 15 min. If the tank is 40 m above the ground, and the efficiency of the pump is 30%, how much electric power is consumed by the pump ? 

Q.6-The bob of a pendulum is released from a horizontal position. If the length of the pendulum is 1.5 m, what is the speed with which the bob arrives at the lowermost point, given that it dissipated 5% of its initial energy against air resistance ? 

Q.7-A body of mass 0.5 kg travels in a straight line with velocity v =a x 3/2 where a = 5 m–1/2 s–1 . What is the work done by the net force during its displacement from x = 0 to x = 2 m ? 

Q.8-The blades of a windmill sweep out a circle of area A. (a) If the wind flows at a velocity v perpendicular to the circle, what is the mass of the air passing through it in time t ? (b) What is the kinetic energy of the air ? (c) Assume that the windmill converts 25% of the wind’s energy into electrical energy, and that A = 30 m2 , v = 36 km/h and the density of air is 1.2 kg m–3. What is the electrical power produced ? 

Q.9-A bullet of mass 0.012 kg and horizontal speed 70 m s–1 strikes a block of wood of mass 0.4 kg and instantly comes to rest with respect to the block. The block is suspended from the ceiling by means of thin wires. Calculate the height to which the block rises. Also, estimate the amount of heat produced in the block. 

Q.10-A bolt of mass 0.3 kg falls from the ceiling of an elevator moving down with an uniform speed of 7 m s–1. It hits the floor of the elevator (length of the elevator = 3 m) and does not rebound. What is the heat produced by the impact ? Would your answer be different if the elevator were stationary ? 

Important links 
https://www.youtube.com/watch?v=HdJrBdbuxCg
https://www.youtube.com/watch?v=65Ytcr-KweQ
CH 7 SYSTEM OF PARTICLES AND ROTATIONAL MOTION 
• A 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.
• Centre of Mass
For a system of particles, the centre of mass is defined as that point where the entire mass of the system is imagined to be concentrated, for consideration of its translational motion.
If all the external forces acting on the body/system of bodies were to be applied at the centre of mass, the state of rest/ motion of the body/system of bodies shall remain unaffected.
• The centre of mass of a body or a system is its balancing point. The centre of mass of a two- particle system always lies on the line joining the two particles and is somewhere in between the particles.
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• Motion of centre of Mass
The centre of mass of a system of particles moves as if the entire mass of the system were concentrated at the centre of mass and all the external forces were applied at that point. Velocity of centre of mass of a system of two particles, m1 and m2 with velocity v1 and v2 is given
by,
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• If no external force acts on the body, then the centre of mass will have constant momentum. Its velocity is constant and acceleration is zero, i.e., MVcm = constant.
• Vector Product or Cross Product of two vectors
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• Torque
Torque is the moment of force. Torque acting on a particle is defined as the product of the magnitude of the force acting on the particle and the perpendicular distance of the application of force from the axis of rotation of the particle.
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• Angular Momentum
The angular momentum (or moment of momentum) about an axis of rotation is a vector quantity, whose magnitude is equal to the product of the magnitude of momentum and the perpendicular distance of the line of action of momentum from the axis of rotation and its direction is perpendicular to the plane containing the momentum and the perpendicular distance.
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• Axis of Rotation
A rigid body is said to be rotating if every point mass that makes it up, describes a circular path of a different radius but the same angular speed. The circular paths of all the point masses have a common centre. A line passing through this common centre is the axis of rotation.
• A rigid body is said to be in equilibrium if under the action of forces/torques, the body remains in its position of rest or of uniform motion.
For translational equilibrium, the vector sum of all the forces acting on a body must be zero. For rotational equilibrium, the vector sum of torques of all the forces acting on that body about the reference point must be zero. For complete equilibrium, both these conditions must be fulfilled.
• Couple
Two equal and opposite forces acting on a body but having different lines of action, form a couple. The net force due to a couple is zero, but they exert a torque and produce rotational motion.
• Moment of Inertia
The rotational inertia of a rigid body is referred to as its moment of inertia.
The moment of inertia of a body about an axis is defined as the sum of the products of the masses of the particles constituting the body and the square of their respective perpendicular distance from the axis.
It is given by .
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• Radius of Gyration
The distance of a point in a body from the axis of rotation, at which if whole of the mass of the body were supposed to be concentrated, its moment of inertia about the axis of rotation would be the same as that determined by the actual distribution of mass of the body is called radius of gyration.
If we consider that the whole mass of the body is concentrated at a distance K from the axis of rotation, then moment of inertia I can be expressed as I = MK2
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• Theorem of Parallel Axes
According to this theorem, the moment of inertia I of a body about any axis is equal to its moment of inertia about a parallel axis through centre of mass, Icm, plus Ma2 where M is the mass of the body and V is the perpendicular distance between the axes, i.e.,
I = Icm + Ma2
• Theorem of Perpendicular Axes
According to this theorem, the moment of inertia I of the body about a perpendicular axis is equal to the sum of moments of inertia of the body about two axes at right angles to each other in the plane of the body and intersecting at a point where the perpendicular axis passes, i.e.,
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• Rolling Motion
The combination of rotational motion and the translational motion of a rigid body is known as rolling motion.
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• Law of Conservation of Angular Momentum
According to the law of conservation of angular momentum, if there is no external couple acting, the total angular momentum of a rigid body or a system of particles is conserved.
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Assignment

Q.1-Give the location of the centre of mass of a (i) sphere, (ii) cylinder, (iii) ring, and (iv) cube, each of uniform mass density. Does the centre of mass of a body necessarily lie inside the body ? 

Q.2-In the HCl molecule, the separation between the nuclei of the two atoms is about 1.27 Å (1 Å = 10-10 m). Find the approximate location of the CM of the molecule, given that a chlorine atom is about 35.5 times as massive as a hydrogen atom and nearly all the mass of an atom is concentrated in its nucleus. 

Q.3-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 ? 7.4 Show that the area of the triangle contained between the vectors a and b is one half of the magnitude of a × b. 

Q.4-Find the components along the x, y, z axes of the angular momentum l of a particle, whose position vector is r with components x, y, z and momentum is p with components px , py and pz . Show that if the particle moves only in the x-y plane the angular momentum has only a z-component. 

Q.5-Two particles, each of mass m and speed v, travel in opposite directions along parallel lines separated by a distance d. Show that the angular momentum vector of the two particle system is the same whatever be the point about which the angular momentum is taken 

Q.6-A car weighs 1800 kg. The distance between its front and back axles is 1.8 m. Its centre of gravity is 1.05 m behind the front axle. Determine the force exerted by the level ground on each front wheel and each back wheel. 

Q.7-(a) Find the moment of inertia of a sphere about a tangent to the sphere, given the moment of inertia of the sphere about any of its diameters to be 2MR2/5, where M is the mass of the sphere and R is the radius of the sphere. (b) 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. 

Q.8-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 

Q.9-A solid cylinder of mass 20 kg rotates about its axis with angular speed 100 rad s-1. The radius of the cylinder is 0.25 m. What is the kinetic energy associated with the rotation of the cylinder? What is the magnitude of angular momentum of the cylinder about its axis? 

Q.10-A rope of negligible mass is wound round a hollow cylinder of mass 3 kg and radius 40 cm. What is the angular acceleration of the cylinder if the rope is pulled with a force of 30 N ? What is the linear acceleration of the rope ? Assume that there is no slipping. 
Important links 
https://www.youtube.com/watch?v=KprHesMeeqg
https://www.youtube.com/watch?v=vSJ66ADJd2o
CH 8 GRAVITATION 
• Kepler’s Laws of Planetary Motion
Johannes Kepler formulated three laws which describe planetary motion. They are as follows:
(i) Law of orbits. Each planet revolves around the sun in an elliptical orbit with the sun at one of the foci of the ellipse.
(ii) Law of areas. The speed of planet varies in such a way that the radius, vector drawn from the sun to planet sweeps out equal areas in equal times.
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• Newton’s Law of Gravitation
Newton’s law of gravitation states that every particle in the universe attracts every other particle with a force directly proportional to the product of their masses and inversely proportional to the square of the distance between them. The direction of the force is along the line joining the particles.
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• Universal constant of gravitation G is numerically equal to the force of attraction between two particles of unit mass each separated by unit distance.
• Important Characteristics of Gravitational Force
(i) Gravitational force between two bodies is a central force i.e., it acts along the line joining the centres of the two interacting bodies.
(ii) Gravitational force between two bodies is independent of the nature of the intervening medium.
(iii) Gravitational force between two bodies does not depend upon the presence of other bodies.
(iv) It is valid for point objects and spherically symmetrical objects.
(v) Magnitude of force is extremely small.
• Principle of Superposition of Gravitation
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• Acceleration Due to Gravity
The acceleration produced in a body on account of the force of gravity is known as acceleration due to gravity. It is usually denoted by ‘g’. It is always towards the centre of Earth.
If a body of mass ‘m’ lying on the surface of the earth, the gravitational force acting on the body is given by
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• Mass and Mean Density of Earth
Mass and Mean density of Earth is given in the following manner.
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• Variation of Acceleration Due to Gravity
The value of acceleration due to gravity changes with height (i.e., altitude), depth, shape of the earth and rotation of earth about its own axis.
(a) Effect of Altitude. As one goes above the surface of Earth, value of acceleration due to gravity gradually goes on decreasing. If gh be the value of acceleration due to gravity at a height h from the surface of Earth, then
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• Gravitational Field
The space around a body within which its gravitational force of attraction is experienced by other bodies is called gravitational field.
• Intensity of Gravitational Field
The intensity of the gravitational field of a body at a point in the field is defined as the force experienced by a body of unit mass placed at that point provided the presence of unit mass does not disturb the original gravitational field.
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• Gravitational Potential
The gravitational potential at a point in the gravitational field of a body is defined as the amount of work done in bringing a body of unit mass from infinity to that point.
Gravitational potential at a point situated at a distance r from a body or particle of mass M is given by
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• Gravitational Potential Energy
The work done in carrying a mass ‘m’ from infinity to a point at distance r is called gravitational potential energy.
The gravitational potential energy of the system is given by
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i.e., Gravitational potential energy = gravitational potential x mass of the body.
It is a scalar quantity and measured in joule.
• Escape Velocity
The minimum velocity required to project a body vertically upward from the surface of earth so that it comes out of the gravitational field of earth is called escape velocity.
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• Satellite
A satellite is a body which is revolving continuously in an orbit around a comparatively much larger body.
The orbit may be either circular or elliptical. A man-made object revolving in an orbit around a planet is called an artificial satellite.
• Orbital Velocity
Orbital velocity of a satellite is the minimum velocity required to put the satellite into a given orbit around earth.
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• Geostationary Satellite
The satellite having the same time period of revolution as that of the earth is called geostationary satellite. Such satellites should rotate in the equatorial plane from west to east.
The orbit of a geostationary satellite is called ‘parking orbit’. These satellites are used for communication purposes.
A geostationary satellite revolves around the earth in a circular orbit at a height of about 36,000 km from the surface of earth.
• IMPORTANT TABLES
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Assignment 
Q.1-Suppose there existed a planet that went around the sun twice as fast as the earth. What would be its orbital size as compared to that of the earth ? 

Q.2- Io, one of the satellites of Jupiter, has an orbital period of 1.769 days and the radius of the orbit is 4.22 × 108 m. Show that the mass of Jupiter is about one-thousandth that of the sun. 

Q.3-Let us assume that our galaxy consists of 2.5 × 1011 stars each of one solar mass. How long will a star at a distance of 50,000 ly from the galactic centre take to complete one revolution ? Take the diameter of the Milky Way to be 105 ly 

Q.4-Choose the correct alternative: (a) If the zero of potential energy is at infinity, the total energy of an orbiting satellite is negative of its kinetic/potential energy. (b) The energy required to launch an orbiting satellite out of earth’s gravitational influence is more/less than the energy required to project a stationary object at the same height (as the satellite) out of earth’s influence. 

Q.5-Does the escape speed of a body from the earth depend on (a) the mass of the body, (b) the location from where it is projected, (c) the direction of projection, (d) the height of the location from where the body is launched? 

Q.6-A comet orbits the sun in a highly elliptical orbit. Does the comet have a constant (a) linear speed, (b) angular speed, (c) angular momentum, (d) kinetic energy, (e) potential energy, (f) total energy throughout its orbit? Neglect any mass loss of the comet when it comes very close to the Sun. 

Q.7-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 the sun = 2×1030 kg, mass of the earth = 6×1024 kg. Neglect the effect of other planets etc. (orbital radius = 1.5 × 1011 m). 

Q.8-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. 

Q.9-A saturn year is 29.5 times the earth year. How far is the saturn from the sun if the earth is 1.50 × 108 km away from the sun ? 

Q.10-A body weighs 63 N on the surface of the earth. What is the gravitational force on it due to the earth at a height equal to half the radius of the earth ? 

Q.11-A rocket is fired vertically with a speed of 5 km s-1 from the earth’s surface. How far from the earth does the rocket go before returning to the earth ? Mass of the earth = 6.0 × 1024 kg; mean radius of the earth = 6.4 × 106 m; G = 6.67 × 10–11 N m2 kg–2 . 
important links
https://www.youtube.com/watch?v=b9Gf0zPrAdo
https://www.youtube.com/watch?v=4K7cRxXuQ_k
CH 9 MACHENICAL PROPERTIES OF SOLIDS 
• Inter molecular Force
In a solid, atoms and molecules are arranged in such a way that each molecule is acted upon by the forces due to the neighbouring molecules. These forces are known as inter molecular forces.
• Elasticity
The property of the body to regain its original configuration (length, volume or shape) when the deforming forces are removed, is called elasticity.
• The change in the shape or size of a body when external forces act on it is determined by the forces between its atoms or molecules. These short range atomic forces are called elastic forces.
• Perfectly elastic body
A body which regains its original configuration immediately and completely after the removal of deforming force from it, is called perfectly elastic body. Quartz and phospher bronze are the examples of nearly perfectly elastic bodies.
• Plasticity
The inability of a body to return to its original size and shape even on removal of the deforming force is called plasticity and such a body is called a plastic body.
• Stress
Stress is defined as the ratio of the internal force F, produced when the substance is deformed, to the area A over which this force acts. In equilibrium, this force is equal in magnitude to the externally applied force. In other words,
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• Stress is of two types:
(i) Normal stress: It is defined as the restoring force per unit area perpendicular to the surface of the body. Normal stress is of two types: tensile stress and compressive stress.
(ii) Tangential stress: When the elastic restoring force or deforming force acts parallel to the surface area, the stress is called tangential stress.
• Strain
It is defined as the ratio of the change in size or shape to the original size or shape. It has no dimensions, it is just a number.
Strain is of three types:
(i) Longitudinal strain: If the deforming force produces a change in length alone, the strain produced in the body is called longitudinal strain or tensile strain. It is given as:
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(ii) Volumetric strain: If the deforming force produces a change in volume alone, the strain produced in the body is called volumetric strain. It is given as:
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(iii) Shear strain: The angle tilt caused in the body due to tangential stress expressed is called shear strain. It is given as:
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• The maximum stress to which the body can regain its original status on the removal of the deforming force is called elastic limit.
• Hooke’s Law
Hooke’s law states that, within elastic limits, the ratio of stress to the corresponding strain produced is a constant. This constant is called the modulus of elasticity. Thus
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• Stress Strain Curve
Stress strain curves are useful to understand the tensile strength of a given material. The given figure shows a stress-strain curve of a given metal.
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• The curve from O to A is linear. In this region Hooke’s Proportional limit law is obeyed.
• In the region from A to 6 stress and strain are not . proportional. Still, the body regains its original dimension, once the load is removed.
• Point B in the curve is yield point or elastic limit and the corresponding stress is known as yield strength of the material.
• The curve beyond B shows the region of plastic deformation.
• The point D on the curve shows the tensile strength of the material. Beyond this point, additional strain leads to fracture, in the given material.
• Young’s Modulus
For a solid, in the form of a wire or a thin rod, Young’s modulus of elasticity within elastic limit is defined as the ratio of longitudinal stress to longitudinal strain. It is given as:
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• Bulk Modulus
Within elastic limit the bulk modulus is defined as the ratio of longitudinal stress and volumetric strain. It is given as:
[image: ]
– ve indicates that the volume variation and pressure variation always negate each other.
• Reciprocal of bulk modulus is commonly referred to as the “compressibility”. It is defined as the fractional change in volume per unit change in pressure.
• Shear Modulus or Modulus of Rigidity
It is defined as the ratio of the tangential stress to the shear strain.
Modulus of rigidity is given by
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• Poisson’s Ratio
The ratio of change in diameter (ΔD) to the original diameter (D) is called lateral strain. The ratio of change in length (Δl) to the original length (l) is called longitudinal strain. The ratio of lateral strain to the longitudinal strain is called Poisson’s ratio.
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• Elastic Fatigue
It is the property of an elastic body by virtue of which its behaviour becomes less elastic under the action of repeated alternating deforming forces.
• Relations between Elastic Moduli
For isotropic materials (i.e., materials having the same properties in all directions), only two of the three elastic constants are independent. For example, Young’s modulus can be expressed in terms of the bulk and shear moduli.
[image: ]
• Breaking Stress
The ultimate tensile strength of a material is the stress required to break a wire or a rod by pulling on it. The breaking stress of the material is the maximum stress which a material can withstand. Beyond this point breakage occurs.
[image: ]
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Hence, the elastic potential energy of a wire (energy density) is equal to half the product of its stress and strain.
• IMPORTANT TABLES
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Assignment
Q.1-Read the following two statements below carefully and state, with reasons, if it is true or false. (a) The Young’s modulus of rubber is greater than that of steel; (b) The stretching of a coil is determined by its shear modulus. 

Q.2-The edge of an aluminium cube is 10 cm long. One face of the cube is firmly fixed to a vertical wall. A mass of 100 kg is then attached to the opposite face of the cube. The shear modulus of aluminium is 25 GPa. What is the vertical deflection of this face? 

Q.3-Four identical hollow cylindrical columns of mild steel support a big structure of mass 50,000 kg. The inner and outer radii of each column are 30 and 60 cm respectively. Assuming the load distribution to be uniform, calculate the compressional strain of each column 

Q.4-A piece of copper having a rectangular cross-section of 15.2 mm × 19.1 mm is pulled in tension with 44,500 N force, producing only elastic deformation. Calculate the resulting strain? 

Q.5-A steel cable with a radius of 1.5 cm supports a chairlift at a ski area. If the maximum stress is not to exceed 108 N m–2, what is the maximum load the cable can support ? 

Q.6-A rigid bar of mass 15 kg is supported symmetrically by three wires each 2.0 m long. Those at each end are of copper and the middle one is of iron. Determine the ratios of their diameters if each is to have the same tension 

Q.7-A 14.5 kg mass, fastened to the end of a steel wire of unstretched length 1.0 m, is whirled in a vertical circle with an angular velocity of 2 rev/s at the bottom of the circle. The cross-sectional area of the wire is 0.065 cm2 . Calculate the elongation of the wire when the mass is at the lowest point of its path. 

Q.8-Compute the bulk modulus of water from the following data: Initial volume = 100.0 litre, Pressure increase = 100.0 atm (1 atm = 1.013 × 105 Pa), Final volume = 100.5 litre. Compare the bulk modulus of water with that of air (at constant temperature). Explain in simple terms why the ratio is so large 

Q.9-What is the density of water at a depth where pressure is 80.0 atm, given that its density at the surface is 1.03 × 103 kg m–3? 

Q.10-Compute the fractional change in volume of a glass slab, when subjected to a hydraulic pressure of 10 atm. 

Q.11-Determine the volume contraction of a solid copper cube, 10 cm on an edge, when subjected to a hydraulic pressure of 7.0 × 106 Pa 
important links 
https://www.youtube.com/watch?v=vsozTe2eu6Y
https://www.youtube.com/watch?v=fTxsPkgZDCY
                                        Chapter 10 - Mechanical properties of fluids
Topics that will be covered :
· Viscosity
· Surface tension 
· Capillary action
· Terminal velocity 

Q. What is viscosity ?
Ans- Fluid flows in different layers all producing friction on one another .Viscosity is the          measure of that relative friction given by
                                     η=   = 
Surface tension 
Surface tension is the phenomenon in which any liquid tries to maintain minimum surface to volume ratio due to imbalance to forces acting on the surface.

Q. Why liquid rises in a capillary tube ?
Ans. If we reduce the diameter of a tube so that the contact angle is high and liquid forms a meniscus .In that case surface tension acts against atmospheric pressure and liquid rises in the tube 

Terminal velocity 
It the velocity at which weight an object is balanced by the viscous drag and buoyant forces acting against it 
                                                  Assignment
Q.1-A 50 kg girl wearing high heel shoes balances on a single heel. The heel is circular with a diameter 1.0 cm. What is the pressure exerted by the heel on the horizontal floor ? 

Q.2-Toricelli’s barometer used mercury. Pascal duplicated it using French wine of density 984 kg m–3. Determine the height of the wine column for normal atmospheric pressure. 

Q.3-A vertical off-shore structure is built to withstand a maximum stress of 109 Pa. Is the structure suitable for putting up on top of an oil well in the ocean ? Take the depth of the ocean to be roughly 3 km, and ignore ocean currents. 

Q.4-A hydraulic automobile lift is designed to lift cars with a maximum mass of 3000 kg. The area of cross-section of the piston carrying the load is 425 cm2 . What maximum pressure would the smaller piston have to bear ? 

Q.5-Glycerine flows steadily through a horizontal tube of length 1.5 m and radius 1.0 cm. If the amount of glycerine collected per second at one end is 4.0 × 10–3 kg s–1 , what is the pressure difference between the two ends of the tube ? (Density of glycerine = 1.3 × 103 kg m–3 and viscosity of glycerine = 0.83 Pa s). [You may also like to check if the assumption of laminar flow in the tube is correct]. 

Q.6-In a test experiment on a model aeroplane in a wind tunnel, the flow speeds on the upper and lower surfaces of the wing are 70 m s–1and 63 m s-1 respectively. What is the lift on the wing if its area is 2.5 m2 ? Take the density of air to be 1.3 kg m–3 . 

Q.7-The cylindrical tube of a spray pump has a cross-section of 8.0 cm2 one end of which has 40 fine holes each of diameter 1.0 mm. If the liquid flow inside the tube is 1.5 m min–1, what is the speed of ejection of the liquid through the holes ? 

Q.8-A U-shaped wire is dipped in a soap solution, and removed. The thin soap film formed between the wire and the light slider supports a weight of 1.5 × 10–2 N (which includes the small weight of the slider). The length of the slider is 30 cm. What is the surface tension of the film ? 

Q.9-What is the pressure inside the drop of mercury of radius 3.00 mm at room temperature ? Surface tension of mercury at that temperature (20 °C) is 4.65 × 10–1 N m–1. The atmospheric pressure is 1.01 × 105 Pa. Also give the excess pressure inside the drop. 

Q.10-A tank with a square base of area 1.0 m2 is divided by a vertical partition in the middle. The bottom of the partition has a small-hinged door of area 20 cm2 . The tank is filled with water in one compartment, and an acid (of relative density 1.7) in the other, both to a height of 4.0 m. compute the force necessary to keep the door close.      

important links 

https://www.youtube.com/watch?v=IZ3q-QiCtRA
https://www.youtube.com/watch?v=KJKKYjJyBDc
                        
                                               Chapter 11 – Thermal properties of matter 
Topics that will be covered:
· Ideal gases and ideal gas equation 
· Concept of specific heat
· Latent heat 
· Heat transfer and thermal conductivity

Ideal gases are those which follows ideal gas equation

Specific heat 
It is the amount of heat required to raise the temperature of a material by one degree 
                                            S=
Latent heat 
It is the excess heat required to change the state of a material 
The heat required during a change of state depends upon the heat of transformation and the mass of the substance undergoing a change of state. Thus, if mass m of a substance undergoes a change from one state to the other, then the quantity of heat required is given by 

                                     Q = m L or
                                      L = Q/m
 
Heat is always transferred from a body at higher temperature to a body at lower temperature 

Conduction
Conduction is the mechanism of transfer of heat between two adjacent parts of a body because of their temperature difference.

Heat transfer is analogous to electric current flow i.e
                                                  V =IR
                                          
                                                  =I

                                                 R=ρ

                                                  = I

                                                  =σ conductivity 
                                      
                                                 = ∆I
                                     
                                               I= 
                                    
                                                 =  


                  Similar is the case for thermal conduction  H=    
Where H= rate of flow of heat   
                                      H=                 
Where L is the length of conduction material 

Topics that will be covered:
· Newton’s law of cooling
· Blackbody radiation
Newton’s law of cooling 

It is same like the rate of flow of heat i.e K(T2 – T1)
Where  = rate of cooling

Blackbody radiation 

"Blackbody radiation" or "cavity radiation" refers to an object or system which absorbs all radiation incident upon it and re-radiates energy which is characteristic of this radiating system only, not dependent upon the type of radiation which is incident upon it.


Wein’s displacement law:
                           λm T = constant

Greenhouse effect :
The earth’s surface is a source of thermal radiation as it absorbs energy received from the Sun. The wavelength of this radiation lies in the long wavelength (infrared) region. But a large portion of this radiation is absorbed by greenhouse gases, namely, carbon dioxide (CO2 ); methane (CH4 ); nitrous oxide (N2O); chlorofluorocarbon (CFxClx ); and tropospheric ozone (O3 ). This heats up the atmosphere which, in turn, gives more energy to earth, resulting in warmer surface. This increases the intensity of radiation from the surface. The cycle of processes described above is repeated until no radiation is available for absorption. The net result is heating up of earth’s surface and atmosphere. This is known as Greenhouse Effect.
Without the Greenhouse Effect, the temperature of the earth would have been –18°C.
         
                                                      Assignment 
Q.1-The triple points of neon and carbon dioxide are 24.57 K and 216.55 K respectively. Express these temperatures on the Celsius and Fahrenheit scales. 

Q.2-A steel tape 1m long is correctly calibrated for a temperature of 27.0 °C. The length of a steel rod measured by this tape is found to be 63.0 cm on a hot day when the temperature is 45.0 °C. What is the actual length of the steel rod on that day ? What is the length of the same steel rod on a day when the temperature is 27.0 °C ? Coefficient of linear expansion of steel = 1.20 × 10–5 K–1 . 

Q.3-A large steel wheel is to be fitted on to a shaft of the same material. At 27 °C, the outer diameter of the shaft is 8.70 cm and the diameter of the central hole in the wheel is 8.69 cm. The shaft is cooled using ‘dry ice’. At what temperature of the shaft does the wheel slip on the shaft? Assume coefficient of linear expansion of the steel to be constant over the required temperature range : αsteel = 1.20 × 10–5 K–1 . 

Q.4-A hole is drilled in a copper sheet. The diameter of the hole is 4.24 cm at 27.0 °C. What is the change in the diameter of the hole when the sheet is heated to 227 °C? Coefficient of linear expansion of copper = 1.70 × 10–5 K–1 . 

Q.5-A brass wire 1.8 m long at 27 °C is held taut with little tension between two rigid supports. If the wire is cooled to a temperature of –39 °C, what is the tension developed in the wire, if its diameter is 2.0 mm ? Co-efficient of linear expansion of brass = 2.0 × 10–5 K–1; Young’s modulus of brass = 0.91 × 1011 Pa. 

Q.6-A brass rod of length 50 cm and diameter 3.0 mm is joined to a steel rod of the same length and diameter. What is the change in length of the combined rod at 250 °C, if the original lengths are at 40.0 °C? Is there a ‘thermal stress’ developed at the junction ? The ends of the rod are free to expand (Co-efficient of linear expansion of brass = 2.0 × 10–5 K–1, steel = 1.2 × 10–5 K–1 ). 

Q.7-The coefficient of volume expansion of glycerine is 49 × 10–5 K–1. What is the fractional change in its density for a 30 °C rise in temperature ? 

Q.8-A 10 kW drilling machine is used to drill a bore in a small aluminium block of mass 8.0 kg. How much is the rise in temperature of the block in 2.5 minutes, assuming 50% of power is used up in heating the machine itself or lost to the surroundings. Specific heat of aluminium = 0.91 J g–1 K–1 

Q.9-A copper block of mass 2.5 kg is heated in a furnace to a temperature of 500 °C and then placed on a large ice block. What is the maximum amount of ice that can melt? (Specific heat of copper = 0.39 J g–1 K–1; heat of fusion of water = 335 J g–1 ). 

Q.10-In an experiment on the specific heat of a metal, a 0.20 kg block of the metal at 150 °C is dropped in a copper calorimeter (of water equivalent 0.025 kg) containing 150 cm3 of water at 27 °C. The final temperature is 40 °C. Compute the specific heat of the metal. If heat losses to the surroundings are not negligible, is your answer greater or smaller than the actual value for specific heat of the metal ? 

important links 

https://www.youtube.com/watch?v=CDsuLrwXLHg
https://www.youtube.com/watch?v=zpOK4wjC4h4

                                                 Chapter 12 – Thermodynamics
Topics that will be covered :
· Heat ,internal energy and work 
· First law of thermodynamics 
· Adiabatic process
· Heat engines 

Heat is a form of energy which gets transferred from a higher temperature to a lower temperature 
Internal energy is the total sum of energy of individual molecules inside a material at temperature greater then 0 K
Work = F.ds
          = 
          = P.dV

First law of thermodynamics 

The energy (∆Q) supplied to the system goes in partly to increase the internal energy of the system (∆U) and the rest in work on the environment (∆W).
                                                                           ∆Q – ∆W = ∆U

Adiabatic process
In an adiabatic process, the system is insulated from the surroundings and heat absorbed or released is zero. 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. 
                                                                            PV γ = const
 where γ is the ratio of specific heats (ordinary or molar) at constant pressure and at constant volume.
                                                                            γ = 

Heat engines

Heat engine is a system which converts heat energy to mechanical energy
[image: download.png]      W = Q1 – Q2 -> η = 1-Q1/Q2
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                                                                    Chapter 12 – Thermodynamics 


A reversible heat engine operating between two temperatures is called a Carnot engine. 
[image: ankit class ii A.png]
Work done by carnot engine will be total area under the curve T1,T2
What is Thermodynamics?
Thermodynamics in physics is a branch that deals with heat, work and temperature, and their relation to energy, radiation and physical properties of matter.
[image: ]  
To be specific, it explains how thermal energy is converted to or from other forms of energy and how matter is affected by this process. Thermal energy is the energy that comes from heat. This heat is generated by the movement of tiny particles within an object. The faster these particles move, the more heat is generated.
Thermodynamics is not concerned about how and at what rate these energy transformations are carried out but is based on initial and final states of a system undergoing the change. It should also be noted that Thermodynamics is a macroscopic science. This means that it deals with the bulk system and does not deal with the molecular constitution of matter.
Distinction Between Mechanics and Thermodynamics
The distinction between mechanics and thermodynamics is worth noting. In mechanics, we solely concentrate on the motion of particles or bodies under the action of forces and torques. Thermodynamics, on the other hand, is not concerned with the motion of the system as a whole. It is only concerned with the internal macroscopic state of the body.
Thermodynamics Timeline
[image: ]

Different Branches of Thermodynamics
Thermodynamics is classified into the following four branches:
· Classical Thermodynamics
· Statistical Thermodynamics
· Chemical Thermodynamics
· Equilibrium Thermodynamics
 
Classical Thermodynamics
In classical thermodynamics, the behaviour of matter is analyzed with a macroscopic approach. Units such as temperature and pressure are taken into consideration which helps the individuals to calculate other properties and to predict the characteristics of the matter that is undergoing the process.
Statistical Thermodynamics
In statistical thermodynamics, every molecule is under the spotlight i.e. the properties of each and every molecule and ways in which they interact are taken into consideration to characterize the behaviour of a group of molecules.
Chemical Thermodynamics
Chemical thermodynamics is the study of how work and heat relate to each other both in chemical reactions and in changes of states.
Equilibrium Thermodynamics
Equilibrium thermodynamics is the study of transformations of energy and matter as they approach the state of equilibrium.

Basic Concepts of Thermodynamics – Thermodynamic Terms
Thermodynamics has its own unique vocabulary associated with it. Good understanding of the basic concepts forms a sound understanding of various topics discussed in thermodynamics preventing possible misunderstandings.
Thermodynamic Systems
[image: ]
System
A thermodynamic system is a specific portion of matter with a definite boundary on which our attention is focussed. The system boundary may be real or imaginary, fixed or deformable.
There are three types of system as:
· Isolated System – An isolated system cannot exchange both energy and mass with its surroundings. The universe is considered an isolated system.
· Closed System – Across the boundary of the closed system, the transfer of energy takes place but the transfer of mass doesn’t take place. Refrigerator, compression of gas in the piston-cylinder assembly are examples of closed systems.
· Open System – In an open system, the mass and energy both may be transferred between the system and surroundings. A steam turbine is an example of an open system.
	Interactions of thermodynamic systems

	Type of system
	Mass flow
	Work
	Heat

	Isolated System
	☓
	☓
	☓

	Open System
	✓
	✓
	✓

	Closed System
	☓
	✓
	✓


Surrounding
Everything outside the system that has a direct influence on the behaviour of the system is known as a surrounding.
Thermodynamic Process
A system undergoes a thermodynamic process when there is some energetic change within the system that is associated with changes in pressure, volume and internal energy.
There are four types of thermodynamic process that have their unique properties, and they are:
· Adiabatic Process – A process where no heat transfer into or out of the system occurs.
· Isochoric Process – A process where no change in volume occurs and the system does no work.
· Isobaric Process – A process in which no change in pressure occurs.
· Isothermal Process – A process in which no change in temperature occu


                                                                      Assignment       
Q.1-A geyser heats water flowing at the rate of 3.0 litres per minute from 27 °C to 77 °C. If the geyser operates on a gas burner, what is the rate of consumption of the fuel if its heat of combustion is 4.0 × 104 J/g ? 

Q.2-What amount of heat must be supplied to 2.0 × 10–2 kg of nitrogen (at room temperature) to raise its temperature by 45 °C at constant pressure ? (Molecular mass of N2 = 28; R = 8.3 J mol–1 K–1.) 

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

Q.4-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) 

Q.5-A steam engine delivers 5.4×108 J of work per minute and services 3.6 × 109 J of heat per minute from its boiler. What is the efficiency of the engine? How much heat is wasted per minute? 

Q.6-An electric heater supplies heat to a system at a rate of 100W. If system performs work at a rate of 75 joules per second. At what rate is the internal energy increasing? 

Q.7-A thermodynamic system is taken from an original state to an intermediate state by the linear process shown in Fig. (12.13) 

[image: ]








Its volume is then reduced to the original value from E to F by an isobaric process. Calculate the total work done by the gas from D to E to F 

Q.8-A refrigerator is to maintain eatables kept inside at 90C. If room temperature is 360C, calculate the coefficient of performance. 

Important links 
https://www.youtube.com/watch?v=YtHPNhjZ_rk
https://www.youtube.com/watch?v=-sXElmsRmCU
https://www.youtube.com/watch?v=d64219dEwXk
                                   
                                                                   Chapter 13 – Kinetic theory of gases
The average distance a molecule can travel without colliding is called the mean free path
Kinetic Theory of Gases Postulates
The kinetic theory of gas postulates is useful in the understanding of the macroscopic properties from the microscopic properties.
· Gases consist of a large number of tiny particles (atoms and molecules). These particles are extremely small compared to the distance between the particles. The size of the individual particle is considered negligible and most of the volume occupied by the gas is empty space.
· These molecules are in constant random motion which results in colliding with each other and with the walls of the container. These collisions with the walls cause the pressure exerted by the gas.
· The collisions between the molecules and with the walls are perfectly elastic. That means when the molecules collide they do not lose kinetic energy. Molecules never slow down and will stay at the same speed.
· The average kinetic energy of the gas particles changes with temperature. i.e., The higher the temperature, the higher the average kinetic energy of the gas.
· The molecules do not exert any force of attraction or repulsion on one another except during collisions.


Topics that will be covered :
· Molecular nature of matter Kinetic theory of an ideal gas
· Law of equipartition of energy 
· Degrees of freedom
· Mean free path

Ideal gas is a gas which follows the equation 
                                                               PV=nRT
Where n= no.of moles 
R= gas constant
T=temperature of gas 

According to kinetic theory of gases each particle within a gas carries the energy    
Where f = degrees of freedom 

Law of equipartition of energy 

The energy of a molecule due to temperature is equally distributed in all degrees of freedom 

Degrees of freedom

The no of independent coordinates in which a particle can move 
= no of independent coordinates – no of constraints 

Mean free path

The average distance a molecule can travel without colliding is called the mean free path

• Kinetic Interpretation of Temperature
The total average kinetic energy of all the molecules of a gas is proportional to its absolute temperature (T). Thus, the temperature of a gas is a measure of the average kinetic energy ‘IT of the molecules of the gas.
U = 3/2 RT
According to this interpretation of temperature, the average kinetic energy U is zero at T = 0, i.e., the motion of molecules ceases altogether at absolute zero.
• Degrees of Freedom
The total number of independent co-ordinates required to specify the position of a molecule or the number of independent modes of motion possible with any molecule is called degree of freedom.
Mono-, di-, and polyatomic (N) molecules have, 3,5 or (3 N-K) number of degrees of freedom where K is the number of constraints [restrictions associated with the structure].
• Law of Equipartition of Energy
For a dynamic system in thermal equilibrium, the energy of the system is equally distributed amongst the various degrees of freedom and the energy associated with each degree of freedom per molecule is 1/2 kT, where k is Boltzman constant. 
                    
                                                      Assignment

Q.1-Estimate the fraction of molecular volume to the actual volume occupied by oxygen gas at STP. Take the diameter of an oxygen molecule to be 3 Å. 

Q.2-Molar volume is the volume occupied by 1 mol of any (ideal) gas at standard temperature and pressure (STP : 1 atmospheric pressure, 0 °C). Show that it is 22.4 litres. 

Q.3-An oxygen cylinder of volume 30 litres has an initial gauge pressure of 15 atm and a temperature of 27 °C. After some oxygen is withdrawn from the cylinder, the gauge pressure drops to 11 atm and its temperature drops to 17 °C. Estimate the mass of oxygen taken out of the cylinder (R = 8.31 J mol–1 K–1, molecular mass of O2 = 32 u). 

Q.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 ? 

Q.5-Estimate the total number of air molecules (inclusive of oxygen, nitrogen, water vapour and other constituents) in a room of capacity 25.0 m3 at a temperature of 27 °C and 1 atm pressure. 

Q.6-Estimate the average thermal energy of a helium atom at (i) room temperature (27 °C), (ii) the temperature on the surface of the Sun (6000 K), (iii) the temperature of 10 million kelvin (the typical core temperature in the case of a star). 

Q.7-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 vrms the largest ? 

Q.8-At what temperature is the root mean square speed of an atom in an argon gas cylinder equal to the rms speed of a helium gas atom at – 20 °C ? (atomic mass of Ar = 39.9 u, of He = 4.0 u). 

Q.9-Estimate the mean free path and collision frequency of a nitrogen molecule in a cylinder containing nitrogen at 2.0 atm and temperature 17 0C. Take the radius of a nitrogen molecule to be roughly 1.0 Å. Compare the collision time with the time the molecule moves freely between two successive collisions (Molecular mass of N2 = 28.0 u). 

Q.10-A metre long narrow bore held horizontally (and closed at one end) contains a 76 cm long mercury thread, which traps a 15 cm column of air. What happens if the tube is held vertically with the open end at the bottom ? 
Important links 
https://www.youtube.com/watch?v=p8ixanYrz28
https://www.youtube.com/watch?v=fa68y4ef7go

                                                                    Chapter 14 – Oscillations 

Topics that will be covered :
· SHM and circular motion
· Velocity and acceleration in simple harmonic motion
· Energy in simple harmonic motion
· Damped simple harmonic motion
• Characteristics of SHM
The displacement x in SHM at time t is given by
x = A sin (ωt+ Ф )
where the three constants A, ω and Ф characterize the SHM, i.e., they distinguish one SHM from another. A SHM can also be described by a cosine function as follows:
x = A cos (ωt + δ)
• The displacement of an oscillating particle at any instant is equal to the change in its position vector during that time. The maximum value of displacement in an oscillatory motion on either side of its mean position is called “displacement amplitude” or “simple amplitude”.
Thus, amplitude A = x max.
• The time taken by an oscillating particle to complete one full oscillation to and fro about its mean (equilibrium) position is called the “time period” of SHM. It is given by
• Frequency
The number of oscillations in one second is called frequency. It is expressed in sec-1 or Hertz. Frequency and time period are independent of amplitude. 

• Phase
The quantity (ωt+ Ф) is called the phase of SHM at time t; it describes the state of motion at that instant. The quantity Ф is the phase at time f = 0 and is called the phase constant or initial phase or epoch of the SHM. The phase constant is the time-independent term in the cosine or sine function. 

Circular motion can also be described by 
                                x(t) = A sin (ωt+ϕ)
The above equation describes the motion of a particle on circle
But the wave is not propagating ,when the wave starts moving linearly then the motion is described by y(x,t) = A sin( kx+ωt)

Velocity of the wave is given by 
                                                        = )

                                                        = )
 Acceleration is given by                 

 = )

Kinetic energy of wave is given by  = ))2
                                                                          = )

Potential energy is given by  Kx2 = )

Total energy = K.E+P.E

= )+)

=

=

Damped simple harmonic motion

Harmonic motion in which amplitude keeps on decreasing with time or energy of the ststem keeps on decreasing with time .
Equation of damped harmonic motion is given by 
                                                                + b + kx(t) =0

                                                                          Assignment 

Q.1-The motion of a particle executing simple harmonic motion is described by the displacement function, x(t) = A cos (ωt + φ ). If the initial (t = 0) position of the particle is 1 cm and its initial velocity is ω cm/s, what are its amplitude and initial phase angle ? The angular frequency of the particle is π s–1. If instead of the cosine function, we choose the sine function to describe the SHM : x = B sin (ωt + α), what are the amplitude and initial phase of the particle with the above initial conditions 

Q.2-Which of the following relationships between the acceleration a and the displacement x of a particle involve simple harmonic motion? 
(a) a = 0.7x 
(b) a = –200x 2
(c) a = –10x
(d) a = 100x 3

Q.3-A spring balance has a scale that reads from 0 to 50 kg. The length of the scale is 20 cm. A body suspended from this balance, when displaced and released, oscillates with a period of 0.6 s. What is the weight of the body ? 

Q.4-A spring having with a spring constant 1200 N m–1 is mounted on a horizontal table as shown in Fig. 14.24. A mass of 3 kg is attached to the free end of the spring. The mass is then pulled sideways to a distance of 2.0 cm and released. 

[image: ]








Determine (i) the frequency of oscillations, (ii) maximum acceleration of the mass, and (iii) the maximum speed of the mass. 

Q.5-The piston in the cylinder head of a locomotive has a stroke (twice the amplitude) of 1.0 m. If the piston moves with simple harmonic motion with an angular frequency of 200 rad/min, what is its maximum speed ? 

Q.6-The acceleration due to gravity on the surface of moon is 1.7 m s–2. What is the time period of a simple pendulum on the surface of moon if its time period on the surface of earth is 3.5 s ? (g on the surface of earth is 9.8 m s–2) 

Q.7-A simple pendulum of length l and having a bob of mass M is suspended in a car. The car is moving on a circular track of radius R with a uniform speed v. If the pendulum makes small oscillations in a radial direction about its equilibrium position, what will be its time period ? 

Q.8  A circular disc of mass 10 kg is suspended by a wire attached to its centre. The wire is twisted by rotating the disc and released. The period of torsional oscillations is found to be 1.5 s. The radius of the disc is 15 cm. Determine the torsional spring constant of the wire. (Torsional spring constant α is defined by the relation J = –α θ , where J is the restoring couple and θ the angle of twist). 

Q.9-A body describes simple harmonic motion with an amplitude of 5 cm and a period of 0.2 s. Find the acceleration and velocity of the body when the displacement is (a) 5 cm (b) 3 cm (c) 0 cm. 

Q.10-A mass attached to a spring is free to oscillate, with angular velocity ω, in a horizontal plane without friction or damping. It is pulled to a distance x0 and pushed towards the centre with a velocity v0 at time t = 0. Determine the amplitude of the resulting oscillations in terms of the parameters ω, x0 and v0 . [Hint : Start with the equation x = a cos (ωt+θ) and note that the initial velocity is negative.] 

Important links 
https://www.youtube.com/watch?v=mphn5DiugP4
https://www.youtube.com/watch?v=WBR5lEqevYg
https://www.youtube.com/watch?v=NOMqafVrbFU
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o If two particles of mass m, and m, moving with velocities i, and u,respectively collide head

on such that 3, and , be their respective velocities after collision, then,
(my = my) iy +2myidy 2myily +(my = my )il

and T, =
(my +my) 2 (my +my)

U
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1t is represented by ‘¢’.
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Let us consider two bodies A and B moving with their initial velocities #1 and 2 respectively is
a two dimensional plane. If they collide with each other and still moving with certain velocities

v, and v, respectively after the collision, then the collision is known as two dimensional (or an
oblique) collision Fig. (i).

When the collision is elastic the total kinetic energy of the two bodies before the collision is equal
to the total energy of the bodies after the collision. It means, the kinetic energy is conserved is case
of elastic collision.

The kinetic energy is not conserved in case of inelastic collision.

When the body A is moving with a velocity of 1 and the body B is at rest i.e. #2 =0, then Fig.
(i) after the collision, let 8 be the angle known as scattering angle made by the body with its initial
direction Fig. (iii) and the body B moves with an angle of ¢ with its initial direction. This angle
is known as “angle of recoil’.
According to the law of conservation of momentum

myu; + 0 = myo; cos 6 + myv, cos [

fig (i)
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and 0 = mp, sin & - myv, sin ¢
As the collision is perfectly elastic,

Total K.E. before the collision = Total K.E. after the collision.

1. 2 2
Zmud +0 = Eml]/l +=myVy
g B=0
o——o0
A B
atrest

Fig. (if)

(iii)
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Special Case : If m;

and uy
From eq. (iv) and (vi) we get,
(V, cos 0 + V, cos ¢)*

= Vi cos? 0+ V2 cos? 0+ 2V, V; cosBcos o

= 2V,V, cos 6 cos ¢
= 2V, V, cos 6 cos ¢
= ‘ 2V, V,cos 6 cos ¢
= 2V,V, cos 6 cos ¢
= 2V,V, cos 8 cos ¢
= V, cos 6 cos ¢

cos 6

nt, then the above equation (i), (if) and (iii) are reduced to

v, cos O + v, cos ¢

v, sin O - v, sin ¢

VP43

VE+V3

Vi+Vs

V2 - V2 cos* 0+ VZ -V cos® &
VE(1-cos?0) + VZ(1-cos? ¢)
V2 sin? 0+ V7 sin® ¢

Vi sin” 0+ VZ sin® @
2V2sin®@

V, sin? 6

Vi |(sin6
V, )\ cos¢

(vi)

(vii)
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Now cos(0 + ¢) = cos B cos ¢ - sin O sin ¢

= [ﬁ)[smze)rostbfsine{%)sinﬁ [From (v)]

V, J{ cosé A
Vii2g Vi
= —tsin“@-—-sin”@
A
=0
n
0+¢0 ==
¢ 2

So, for a special case the two bodies of equal mass, make right angle between their directions after
the collision.
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03

.. For non-conservative forces W, # W, = W,

Also in figure (i) the net work done by or against the non-conservative forces is not zero
Le. W, % W,

2
@
Mathematically ® FxdS #0
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TABLE 6.1 Average power consumption in some common activities

1. Heart beat 12
2. Sleeping 75
3. Slow walking 200
4. Cycling 500

TABLE 6.2 Some typlcal kinetic energy values

1 Stone dropped from 10 .
2. Rain drop at terminal speed
3. Air molecule

4. Running athlete

5. Bullet

6. Car
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TABLE 6.3 Energy associated with some important phenomena

1 Energy required to break one bond in DNA

2, Energy of an electron in an atom

3 Energy of a proton in a nucleus

4 Energy associated with discharge of a single neutron
5. Energy spent in turning a page

6 Work done by human heart beat

7. Daily food intake of a human adult

8. Energy released in burning 1 litre of gasoline

9. KE. of a jet aircraft

10. Energy released in burning 1000 kg of coal
1. Energy release of 15 megaton fusion bomb
12, Annual solar energy incident on earth

13. | Rotational energy of earth

1. Energy released in a supernova explosion
15. Rotational energy of Milky way

16. Big Bang
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TABLE 6.4 Some Important Physical Quantities, Symbols, Dimensions and Units

| Phsicel Quanity

Work w ML2T?] Joule

Kinetic energy K ML Joule
Potential energy V(x) ML2T Y] Joule
Mechanical energy E [ML2T ] Joule
Spring constant k [MT2] Nm

Power P [ML2T] Watt
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o If a given physical quantity has a dimensional formula M* L* T, then

T

Where M,, Ly, T, and M,, L, T, are the units of mass, length and time in two systems and
 and n,, the numerical values of the physical quantity in these unit systems.
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If there are two particles of masses m, and m, having position vectors 7; and 7’ then the position
vector of the centre of mass is given by

myf +myFy

o For a system of n particles of masses m,, m,, m, ..
> > > "~
7, ; the position

Xy + Xy + .
my+my ..

= M, mass of system.
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v = myDy + My,
m my +my
Acceleration of centre of mass, a_,, of a two body system is given by
mydy + My,

g, =
my+m,
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The vector product or cross product of two vectors A and B is another vector C, whose magnitude
is equal to the product of the magnitudes of the two vectors and sine of the smaller angle between
them.

If 6 is the smaller angle between A and B, then
AxB =C=ABsin6C

where C is a unit vector in the direction of €. The direction of Cor € (i.e., vector product of two
vectors) is perpendicular to the plane containing A and B and pointing in the direction of advance
of a right handed screw when rotated from AtB.

© Some important properties of cross-product are as follows:

(@) For parallel as well as anti-parallel vectors (i.c, when 6 = 0° or 180°), the cross-product is
zero.

(b) The magnitude of cross-product of two perpendicular vectors is equal to the product of the
magnitudes of the given vectors.

(c) Vector product is anti-commutative i.e., AxB=-BExA

(d) Vector product is distributive ie, A x B+ C) =AxB+Zx T

e A x B does not change sign under reflection i.c., (—A:) x (—§) =AxB
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(f) For unit orthogonal vectors, we have
ixi =

Moreover fxf =

() In terms of components & x B= |A, A, Al
B, B, B

® The angular velocity of a body or a particle is defined as the ratio of the angular displacement
of the body or the particle to the time interval during which this displacement occurs.

@
©T
The direction of angular velocity is along the axis of rotation. It is measured in radian/sec and its
dimensional formula is [M°L°T-1].

The relation between angular velocity and linear velocity is given by

® The angular acceleration of a body is defined as the ratio of the change in the angular velocity
to the time interval.

. _ Change in angular velocity
Angular acceleration = time taken
- L)
o = £
dt

The unit of angular acceleration is rad s and dimensional formula is [MCLL2].
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Torque or moment of force = force x perpendicular

distance
o

T =7 xF=rFsing A
where 8 is smaller angle between 7 and F; 7 is unit
vector along 7.

It is measured in Nm and has dimensions of [ML2T2],




image113.png




image114.png
It is given by
L=7xp
SI unit of angular momentum is kg m?™ and its dimensional formula is [MIL2T].
o Geometrically, the angular momentum of a particle is equal to twice the product of its mass and

the areal velocity, i.e,

L=2 dA
= x —
™G
 Torque (1) and angular momentum are corelated as:
L
dt

 If no net external torque acts on a system then the total angular momentum of the system remains
-
conserved. Mathematically, if ,,, = 0, then

- >
T =L, +L,+ .. +L,=aconstant
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= 2 2
I= myrd+myd+

where m, is the mass and r, the distance of the i*" particle of the rigid body from the axis of rotation.
It is measured in kg m? and has the dimension of [ML?].
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where M is the total mass of the body and K is the radius of gyration. It is given as
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Frequency of
occurrence (n)

“ax Ermor +ax
Tllustration of
Gaussian Law of
Normal distribution.
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I=1+1
Ty
® A body in rotatory motion possesses rotational kinetic energy given by:

1

Rotational KE. = 21 o?.

o In terms of moment of inertia of a body, its angular momentum is defined as the product of

moment of inertia and angular velocity i.e.,
L=18
® Torque may be defined as the produce of moment of inertia and the angular acceleration i.e.,

T=1d
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The kinetic energy associated with a body rolling is the sum of the translational and rotational

1 1
kinetic energies, i.e,, K.E of rolling = 3 Mo® + 2 Io?
o When a body rolls down an inclined plane (§) without slipping, the velocity on reaching the

ground is,
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If'the moment of inertia of the body changes from I, to I, due to the change of the distribution of
mass of the body, then angular velocity of the body changes from @, to @, such that

L& = Ld, or Lo =Lo,
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(iii) Law of periods. The square of the time period of
revolution is proportional to the cube of the semi-major

axis of the elliptical orbit. i.e., T% e r°.
If 7, and r, are the shortest and the longest distances of the planet from the sun, the semi-major

axis is given by (%}
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1
F o mym, and Fmr—2
- gmm
F=G s

where G is a constant, called as the universal constant of gravitation.

® Vectorially the gravitation force is given as
Gmym, .

S o

r
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Fo+Fn =0

® The value of ‘G’ has been experimentally determined .., G = 6.67 x 10" Nm? kg2 Dimensional
formula of G is [M! L T?].
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It states that the resultant gravitational force ¥ acting on a particle due to number of point masses
is equal to the vector sum of the forces exerted by the individual masses on the given particle i.e,

F = Fn+Fo+....+Fou = 2 Foi

where Eor, Foa, ... Fou are the gravitational forces on a particle of mass i, due to particles of

masses m,, m,, m, respectively.
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M
F=G R—Z”' where, M — mass of earth, R — radius of earth

GM

acceleration due to gravity, g = R
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Mass of earth,

Mean density of earth,

p=
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— Ifa, ay a ..., a, be the measured values of a quantity in several measurements, then their
mean is considered to be the true value of that quantity i.e.,

_mtaytayt..ta,

true value gy = 4,0, =
"

— The magnitude of the difference between the true value of the quantity and the individual
‘measurement value is the absolute error of that measurement. Hence, absolute errors in
measured values are:

Aay = ay - ay, Ay = gy — ay, Aay = ay - ay,

— The arithmetic mean (i.e., the mean of the magnitudes) of all the absolute errors is known
as the mean absolute error. .

44, =8, -4,
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Earth's surface

2h . SIS
8 = 8 (l - ?] . (using Binomial Theorem) Earth's surface

(b) Effect of Depth. The value of acceleration due to gravity decreases
with depth. It is given as

d
& = g(l—E) where d — depth.

. the i of the e e valie ofadration e 31
(c) Effect due to rotation of earth. The acceleration due to gravity (i) decreases due to rotation of
earth. (if) increases with the increase in lattitude. 1t is given by

2
8 = 8§ (1 _Ro cos? 9], where, 8 — latitude of the point.
8

(d) Effect due to shape. The equatorial radius of earth is longer than its polar radius.
The value of g increases from equator to pole. It is given as:

Spote > Sequator
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Intensity of gravitational field at a point p is given by

GM
I= =
where M creates a field and the point p where the field is estimated is at a distance r.
N GM .
In vector form, I =-—=3x
X

Here ~ve sign shows that the gravitational intensity is of attractive nature,
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® Unit of intensity of gravitational field in S.I. is Nkg™ or ms™ and in cgs system, is dyne g™ or
cm s72
Dimensional formula of gravitational intensity is [LT%].
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y=-M
v

Its unit is joule/kg and it is a scalar quantity. Its dimensional formula is [L? T-].




image131.png




image132.png
= J28R  where M — Mass of Earth
R — radius of the Earth.

L 2GM
It is given by %= VR
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The orbital velocity is given by

_ [eM— _ | g®?
%= &R+~ {®R+H)

where, h — height of the satellite above the surface of earth
M — Mass of the earth
R — radius of the earth. .
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For a satellite orbiting just near earth (where /1 << R), we have

® Time taken by a satellite to complete one revolution around the earth is known as its time of
revolution or time period T. It is given by

e 2nJ(R+h)’ o \FRM)S . JSn(R+h)3
GM R g GpR®
where p is the mean density of the earth.
® For satellite orbiting close to the surface of earth, h << R

3n
T= G_p

® For satellite orbiting close to the surface of earth, the relation between orbital and escape velocity -
is given by

v, = V27
® Height of satellite above the earth’s surface is given by

Tszg 3
= [ 4n? R
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e A satellite revolving around the earth possesses kinetic energy as well as potential energy.
The P.E. of a satellite is

GMm
us= -
(R+h)
The kinetic energy of satellite is
GMm
K= 2(R+h)
Total mechanical energy of the satellite = — _GMm_
2(R+h)

® The energy required to remove the satellite from its orbit around the earth to infinity is called
Binding energy of the satellite.
GMm

Binding energy of a satellite = —E = REH)
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TABLE 8.1 Data from measurement of planetary motions given below
confirm Kepler's Law of Periods

a = Semi-major axis in units of 101 m.
T = Time period of revolution of the planet in years(y).

Q = The quotient (‘Ig/as) in units of 107 3?2 m”)

2 98
3.01
298
298
2,99
29
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_ [18ay] + Agy| + |Aas] + ... +[Aa, ]

‘mean n

Aa,

— The ratio between mean absolute error and the mean value is called relative error.
Mean absolute error

Relative error = ‘Mean value
= Afmen _ Almean
Amean a

— Percentage error is the expression of the relative error in percentage.

Aa,
Percentage error = — 2% x100%
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TABLE 8.2.

Gravitational Constant G M 13 T2 N m? kg2 6.67 x 1071
Gravitational Potential V() MI2T? ] - C"""‘
Energy (scalar)
Gravitational Potential ue) 2Ty ] kg _GM
p

(scalar)

Gravitational Intensity Eorg LT ms? o
v
(vector)
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F
Stress = —
ress A

The SI unit of stress is newton per square metre (Nm2). In CGS units, stress is measured in dyne
cm2, Dimensional formula of stress is [ML™ T-2].
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0

_ Change in length (Al)
Original length (1)

Longitudinal strain =

(a) (b)




image140.png
Change in volume (AV)

Volumetric strain = -
Original volume (V)
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AL
Shear strain = 0 = T
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Stress

Modulus of elasticity = n
us obe Y = Strain
Since strain is a pure number, the units of this constant are the same as those of stress, i,

Nm?2
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Proportional limit
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oung's modulus, ¥ = L& = L o msl
oung’s modulus, Al T Aal whAl

al stress and dimensions of [ML-T-2]. Its unit is Pascal or N /m?.

It has the unit of longitudin
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F/A P

Bulk modulus, B = AV/V VIV
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_ Tangential stress _ F/A
M = " Shear strain N
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— If a quantity Z be expressed as the sum or difference of two quantities A and B (i, if Z
=A+BorZ=A - B, then maximum value of error AZ = AA + AB.
Hence, when two quantities are added or subtracted, the absolute error in the final result
is the sum of the absolute errors in the individual quantities.

— If a quantity Z be expressed as product or a quotient of quantities A and B, then the
maximum fractional error in Z is given by

AZ _ A4 A8

zZ A'B
Hence, when two quantities are multiplied or divided, the relative error in the result is the
sum of the relative errors in the multipliers.
— 1f Z = A"B"C etc., then maximum fractional error in Z is given by
AZ AA AB AC

Az AAL BB AC
AR A
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Lateral strain__ _AD/D

= e e =
° Tongitudinal strain  Al/l
the value of ¢ lies between 0.2 to 0.4. When a body is perfectly

For most of the substances,
& is maximum and equals to 0.5.

incompressible, the value of
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e When a wire of original length L is stretched by a length [ by the application of force F at one
end, then

o1 . .
Work done to stretch wire = i stretching force x extension

1YAP
2 L
© Work done per unit volume of wire is given as:

1
W= EStress x strain.

According to the formula given by

F-L
y= 2%
Al

Where F is the force needed to stretch the wire of length L and area of cross-section A. [ is the
increase in the length of the wire.

P-4
L
The work done by this force in stretching the wire is stored in the wire as potential energy.
dW = Fxdl
YAl
=2
L

Integrating both sides, we get

YA}
= T{z.au
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Which equal to the elastic potential energy U.

u-=

%F-I:%xFome x extension

Now the potential energy per unit volume is

1E1
2V
1 _H

x—
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18y
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TABLE 9.1 Young’s moduli, elastic limit and tensile strengths of some materials.

- Substance | Y&unys modulus 10N/ | Elastc limit 10N/ | Tensile strength 10°N/m
e PR Ea e S b
Aluminium 18 20
Copper 20 10
Tron (wrought) 190 17 3
Steel 200 30 50
Bone
(Tensile) 16 12
(Compressive) 9 12
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TABLE 9.2 Shear moduli (G) of some common materials

7 ‘Iﬁﬂfzﬁl‘ll,:;
Aluminium 25
Brass 36
Copper 02
Glass 23
Iron 70
Lead 56
Nickel 77
Steel 84
Tungsten 150
Wood 10
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TABLE 9.3 Bulk moduli (B) of some common Materials

aterial Solids

B N or GPa)

Aluminium
Brass

Copper

Glass

Iron

Nickel

Steel

Liquids

Water

Ethanol

Carbon disulphide
Glycerine

Mercury

Gases

Air (at STP)

72
61
140
37
100
260
160

22
09
1.56
4.76
25

1.0 x 107
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TABLE 9.4 Stress, strain and various elastic moduli

same everywhere

Tensile Two equal and Elongation Yes | No |Y=(F xI)| Young's | Solid
or opposite forces or compression /(A x L) | modulus
Compressive | PerPendicular to parallel to force
opposite faces direction (AL/L)
(0 = F/A) (longitudinal
strain)

Shearing Two equal and Pure shear, 6 Yes No |G = (F x 6) | Shear Solid
opposite forces /A modulus
parallel to opposite
surfaces [forces in
each case such that
total force and total
torque on the body
vani-shes (a, = F/A)]

Hydraulic | Forces perpendicular | Volume change | No | Yes |B8=-pAaV V)| Bulk Solid,
every where to the | (compression or modulus | liquid
surface, force per | elongation) and gas
unit area (pressure) | (AV/V)
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‘TABLE 2.2 Some units retained for general use (Though outside SI)

" Value in SI Unit
minute min 60
hour h 60 min = 3600 s
day d 24 h = 86400 5
year y 36525 d = 3156 x 10 s
degree . ° = (n/180) rad
litre L 1 dm’ = 10° o
tonne t 10° kg
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@soyus

Clausius formulated the

Newcomen invented an Carnot published “Reflections Second law of
improved steam engine on the Motive Power of Fire” Thermodynamics
1712 1824 1850

1798 1840

Count Rumford began canonboring  Mayer (1842), Joule (1847) and
experiments (dealing withthe  Helmholtz (1847) independently
conversation of work into heat) arrived at the conservation of
energy principle

©Byjus.com
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Isolated
boundary

@Byus

System boundary

A boundary is a closed surface
surrounding a system through
which energy and mass may
enter or leave the system.

Everything that interacts
with the system

A system is a region containing
energy and/or matter that is
separated from its surroundings
by arbitrarily imposed walls or

boundaries
©B
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curie ci 37 % 100
roentgen R 258 x 10~ C/kg
quintal q 100 kg

barn b 100 fm? = 10°% m?
are a 1 dam® = 10 m?
hectare ha 1 hm? = 10 m?
standard atmospheric pressure atm

101325 Pa = 1.013 x 10° Pa
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TABLE 2.3 Range and order of lengths

Size of abject or distance

Size of a proton

Size of atomic nucleus

Size of hydrogen atom

Length of typical virus

Wavelength of light

Size of red blood corpuscle

Thickness of a paper 10+
Height of the Mount Everest above sea level 10t
Radius of the Earth 107
Distance of moon from the Earth 108
Distance of the Sun from the Earth 101
Distance of Pluto from the Sun 10
Size of our galaxy 102
Distance to Andromeda galaxy 102
Distance to the boundary of observable universe 10%

TABLE 2.4 Range and order of masses

Object Mass (k)
Electron 0%
Proton 107
Uranium atom . 105

Red blood cell 10
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Automobile 10°
Boeing 747 aircraft 108
Moon 102
Earth 105
Sun 10%
Milky way galaxy 1011
Observable Universe 10%
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TABLE 2.5 Range and order of time intervals

3 Event Time interval (s)
Life-span of most unstable particle 102
Time required for light to cross a nuclear distance 102
Period of x-rays 107
Period of atomic vibrations 10
Period of light wave 1015
Life time of an excited state of an atom 108
Period of a radio wave 10¢
Period of a sound wave 102
Wink of eye 10
Time between successive human heart beats 10
Travel time for light from the Moon to the Earth 10°
Travel time for light from the Sun to the Earth 10
Time period of a satellite 10!
Rotation period of the Earth 10°
Rotation and revolution periods of the moon 100
Revolution period of the Earth 107
Travel time for light from nearest star 108
Average human life-span 10°
Age of Egyptian pyramids 10"
Time since dinosaurs became extinct 10"
Age of the universe ’ 107
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TABLE 2.6 Dimensional Formulae of Some Physical Quantities

=
: EEory
Area 12 Capacitance MIL2T2Q?
Volume 5 Electric current TorQT!
Density ML Electric potential ML T2Q?
Velocity LT! or  MIZT3I?
Acceleration LT? Electric field ML2Q?
Momentum MLT? or MLT3I
Force MLT? Inductance ML2Q?
Energy, work MI2T? or MLAT2I?
Power ML2TS Resistance ML2T1Q?
Frequency T or MI2T3I?
Pressure ML1T2 Magretic flux METQ!
Torque, couple ML2T2 or  MIZT2I!
Moment of inertia M L? Magnetic field L1T1Q
vector H
Temperature K or LI
Heat energy MI2T?2 Magretic feild MT1Q?
intensity, B
Entropy ML2T2KT or MT2I?
Specific heat capacity 12 T2 K- Permeability MLQ?
Specific latent heat 2T or MLTZI?
Thermal conductivity ML T2 K Permittivity ML T2 Q
Electric charge QorIT or MIL3TP
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(i) Length of actual path covered between
the initial and final positions/points

(i)) Scalar quantity

(ii) Can have only +ve values

(i) Lenglh of the shortest path between initial
and final points.

(iiy Vector quantity
(ifi) Can have -ve, 0, +ve values.

L}

5 Both distance and displacement are measured in metres or kilometre. Their dimension is

(i) The rate at which distance is covered.
(ii) Scalar quantity
(ifi) Can have only +ve values.

(i) The rate at which displacement takes place.
(if) Vector quanting.
(iif) Can have -ve, 0, +ve values.

Speed and velocity are expressed in metre per sec, i.e., msL. The dimensional formula is [LT™].

Final position — Initial position _ %7 —%;

Velocity =

time t

Velocity can change either by altering magnitude or by changing direction or both.
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“The distance covered in unit time is called average speed”.

Total distance covered
Average speed = Total time taken
_ Ax
Vo = A

Average Velocity. Average velocity is the displacement divided by the time interval in which the
displacement occurs.
Or

“It is that single velocity with which the object can travel the same length in the same time as it
generally does with varying velocity”.
Total displacement

Average velocity = Total time taken
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Change in velocity
Time taken

Acceleration =

where v and u are final and initial velocity respectively. It is a vector quantity with S.I. unit of
m/s? and has dimensions of [LT-2].

It acceleréfiog is ~ve (negaiive),' then it ﬁscéllggl re;ta:rdahod or d’;eﬁ’g&on
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Velocity —»
Velocity —»

Displacement
—
Displacement
=

v
v

> - >
Time Time Time Time
(a) (b) © @

ig. Curves (a) and (c) represent motion with a constant speed u. Curves (b) and (d) represent
motion with a uniform acceleration a starting with an initial speed u.
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TABLE 2.1 SI Base Quantities and Units

SRR

Definition

The metre is the length of the path travelled by light
in vacuum during a time interval of 1/299, 792, 458 of
a second. (1983)

Mass

kilogram

The kilogram is equal to the mass of the international
prototype of the kilogram (a platinum-iridium alloy
cylinder) kept at international Bureau of Weights and
Measures, at Sevres, near Paris, France. (1889)

Time

second

The second is the duration of 9,192,631,770 periods of
the radiation corresponding to the transition between
the two hyperfine levels of the ground state of the
cesium-133 atom. (1967)

Electric current

ampere

‘The ampere is that constant current which, if maintained
in two straight parallel conductors of infinite length, of
negligible circular cross-section, and placed 1 metre apart
in vacuum, would produce between these conductors a
force equal to 2 x 10”7 newton per metre of length. (1948)

Thermodynamic
Temperature

kelvin

The kelvin is the fraction 1/273.16 of the thermodynamic
temperature of the triple point of water. (1967)

Amount of
substance

mole

mol

The mole is the amount of substance of a system, which
contains as many elementary entities as there are atoms
in 0.012 kilogram of carbon-12. (1971)

Luminous
intensity

candela

The candela is the luminous intensity, in a given direction,
of a source that emits monochromatic radiation of
frequency 540 x 1012 hertz and that has a radiant intensity

in that directjon of 1/683 watt per steradian. (1979)





image29.png
This relation can be graphically represented by following figure:
‘The area under this curve is:
Area between instants 0 and t

= Area of triangle ABC + Area of rectangle OACD

1
= Z-mttut
(0-u)t+u

The area under - f curve represents the displacement. Thercfore, the
displacement x of the object is:

Lo—wtrut

.
But v-u=at
1.
So, = Za +ut
A
1.2
3 = ut + - at
or xmut+ g

The equation for displacement can also be given as follows:

vtu
x=
2
Earlier we have derived:
v=u+at
vtu

or,

Substituting the value of ! in equation for displacement we get,

()
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So, we have derived following kinematic equation.
v=u+at

1.p
=ut+ —at
x=ut+

v=u?+ 2x
If acceleration is uniform or constant, then equations of motion are:
v= utat (@)
1.2
= + —at (i
s=out+ g (i)
v2 = w2+ s (i)

where u is initial velocity,  is final velocity, a is acceleration and s is the distance covered in time
interval t.

For uniformly accelerated motion along a straight line, displacement in a particular instant of time
(nt" second of the motion) is given by

S = u+%n(2‘rx71)

e
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If we take upward direction as positive
(i) At time t, its velocity v = u — gt
(il) At time t, its displacement from A is given by

1
ho=ut- ~gf?

(iii) Tts velocity when it has a displacement ¥ is given by
w2 - 2h
(iv) When it reaches the maximum height from 4, its velocity v = 0. This

2

u
happen when = . The body is instantaneously at rest a the highest

points.
(©) The maximum height reached

u?

H= X
2
2u

(vi) Total time to go up and return to the point of projection = ?

A

(vii) Atany point C between A and B, where AC = S, the velocity v is given by

v= o2

The velocity of body while crossing C upwards = +u? ~2gs and while crossing C

downwards is
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Vas = Vs - Vo, where 7 and Vi are the velocities of object A and B. (Va = Vs indicates

the addition of negative of velocity of B to the velocity of A.
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TABLE 3.1 Some physical quantities, symbols, dimensions and their units.

Path length 0] m
Displacement Ax m m
Velocity ] ms?
(a) Average 5

(b) Instantaneous v

Speed LT s
(@) Average

(b) Instantaneous

Acceleration [y ms?
(@) Average 7

(b) Instantaneous a
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The unit vector in the direction of A is denoted by A and defined by
i

A=|—;:{=;orz=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. ‘
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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




image38.png
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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(i) Radian (rad). It is the unit of plane angle. One radian
is an angle subtended at the centre of a circle by an
arc of length equal to the radius of the circle.

0 = (%] radian

(i) Steradian (sr). It is the unit of solid angle. One
steradian is the solid angle subtended at the centre of a sphere by its surface whose area
is equal to the square of the radius of the sphere. Solid angle in steradian,

4 - 3rea cutout from the surface of sphere

(radius)*

steradian
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Displacement vector ;12 = "z
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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




image42.png
u
=

OP=4 and PQ

@
@

o)

o P

>

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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(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

ia(ped) = @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:
P-3 - P+(-0)
e Vector subtraction is non-commutative and non-associative.
= A-B = B-3
= A-(-0) » (A-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 = xf+y{' 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
= 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 £ 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

i

ijo=

(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=ai+Aj+Ak and B=B i+B,j+B Kk, then,

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

i
AB=AB +AB,+AB,
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(i) Cross product of two vectors is not commutative
axb # bxa
axb =-bxa
(if) Cross product is not associative
&x(ﬂxl) # (Exi)]xl
(iif) Cross product obeys distributive law
ax(p+d) = axbraxt
(iv) 160 = 0 or 7 it means the two vectors are collinear.
axb =0

and conversely, if ax b = 0 then the vector 7 and b are parallel provided  and b are
non-zero vectors.

(@) 1£0 = 90°, and i is the unit vector perpendicular to both aand 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

n
>

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

L men_(eltwi)-faitnd) x-

-t (t2-t) t-h

and v = Jal+al.

« For motion in a plane, acceleration is defined as

O R Ry [ )( )
h-t [Ce] h-t /

and a= o +a .

a=
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If three forces P, and R are acting on a particle O in
directions given by angles o, B and , then, the particle O is
in equilibrium, when
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= ucos®
= usin@

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.

e
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 _ do
t dt

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

_ angular velocity change _ do

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

1.2
~at
0=ot+;
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Si=
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1
T=1 a=
v or v=g

e The relation between angular velocity, frequency and time period is given by
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TABLE 4.1 Comparison of Equations of Motion of Linear and Circular Motions

2 5 = ut+—at 8 = u)DH%uxz
3 v=u+at 0= +oat
4. ? - = 28 @ - = 200
TABLE 42
e T PRt
et Quaaniry | syl ]
Position vector
Displacement Ar 0] m
Velocity wr ms?!
(@) Average v
(b) Instantaneous v
Acceleration b} ms?
(@) Average H
(b) Instantaneous a
Projectile motion
(@) Time of max. height 4, m s
(b) Max. height h, L1 m
(¢) Horizontal range R ] m
Circular motion
(9) Angular speed © ™ rad/s
(b) Centripetal acceleration a LTy ms?
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F= K%’:Kmﬁ

where T is the net external force on the body and 7 its acceleration. There is no loss of generality

in choosing the constant of proportionality k = 1. Then

f=%=ma
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The SI unit of force is newton: 1 N = 1 kg ms2
(@) The second law of Newton is consistent with the first law (¥ = 0 implies 7 = 0).
() Ttis a vector equation.

() It is strictly applicable to a point particle, but is also applicable to a body or a system of
particles, provided we mean by F the total external force on the system and 4 is the
acceleration of the system as a whole.

(d) T ata space point at a certain instant determines 7 at the same point and the same instant.
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Linear momentum = mass x velocity

where m is the mass of the body, 7 is the velocity of the body and ;7 linear momentum.

Momentum is a vector quantity having the same direction as the velocity (o) ( ) Its SI unit is kg
ms,
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1=}'rde
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t
I= ffdt =B -B (Impulse-momentum theorem)

h
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Measuring the distance of a far away planet: s,

Let us assume $ is a planet a distance D from earth. A and B are two observatories |
on earth.

Distance AB=b o b
Parallax Angle ZASB = 9

As the planet is very far away.

b A b B
So, 5 <1
and hence,  is very small.
AB is an arc of circle with centre S and radius D

D =AS=BS
AB = b = D, where  is in radians
b

- -3 )

After determining D, size or angular diameter at the planet can be determined using same method.
If d is the diameter and o is the angular size of planet, then

a=3 NG

Using these two equations, diameter of planet can be calculated.
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"
ie., If F, =0 2 P, = constant or P = constant
-1
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® When a bullet of mass m, is fired with a velocity vy, the gun of mass my will acquire a velocity
g which is given by

- my Vb
Vg = ——L

Mg

The negative sign shows that direction of g is opposite to the direction of vy ie., the gun recoils.
© The rocket sent up in space will acquire a velocity (v) which is given by

(Instantaneous velocity of the rocket)
=0

BEETTO - s
Speed of the rocket at any instant depends upon these two factors dlscussed above
where, mg = initial mass of the rocket and fuel.

vo = initial velocity of rocket
m = mass of the rocket at any instant  during its flight

v = velocity acquired by the rocket at that instant w.r.t. ground

 The instantaneous acceleration of the rocket is given by
u dm
2= -22

m dt

where %‘ is the rate at which the fuel is consumed.
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Mathematically,

Ef =0 ie, ?1+?z+?3+. 0.

o If three concurrent forces Fy,F, and F; act at a point and are in equilibrium, then

hF _ bk _5
sina sinf  siny

where o, B and y are angles indicated. ,
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(my —m3)g
my +m,

a =

Tension in the string is given by
2my my X g
my +my

T =
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mg
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fi=wm N
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fim = N = fim =W N

Here p_ is a constant, the value of which depends on nature of surfaces in contact and is
called as ‘coefficient of static friction’. Typical values of p ranges from 0.05 to 1.5.
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limiting frictional forcc _ F
p= —o 7% T -
normal reaction R
When there is no relative motion p = p, the coefficient of static friction. When there is a relative

motion u = ,, the coefficient of kinetic friction.
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N = mg cos a
Frictional force acting down the plane,
F = uN = pumg cos a
Applying Newton's second law for motion up the plane.
P - (mgsino+f) = ma
P - mg sin o - u mg cos o0 = ma
If P = 0 the block may slide downwards with an

acceleration a. The frictional force would then act up "‘95"‘;’/
the plane. f

i
v ¥mgcosa
mgsino—F = ma mg
or, mgsina-pumgeoso =ma LSl ________________________
® Friction can be reduced by (i) making the surfaces smooth, (ii) lubrication, (iii) replacing

sliding friction by rolling friction, (iv) using ball bearings, (v) streamlining the shape of the bodies.
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® The maximum speed with which a vehicle can negotiate a curve is Vmax = VM8 , Where 1 is
the coefficient of friction and r is the radius of the path.
¢ In order to help a vehicle owner to drive safely along a curved path, the outer edge of the road is

slightly raised above the inner edge. The angle of banking 8 of the road from horizontal is given by
2

@n6 = = or v< [rgtand

k4
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® In a banked curve (6) with friction, the safe velocity is given as

_ [rg(n+tan6) ia
v 1-ptan®
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The instantaneous velocity of the particle at L is ¥ along the direction of the tangent to the
circle.
my?

r

Centripetal force on the particle

my?
r

T-mgcos®  [From Fig. (if)]

2

So T= " mgcose 0
T
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The total energy at P =Total energy at L

1 2
—mVi +0
2

= V2

From right angled A OML,

oM

MP

i

"

u

% mV? +mgh

V2 + 2mgh

OL cos
rcos 6

=0P - OM
7 cos 6
(1 - cos 6)

Substituting the value of %4’ in eq. (ii) we get,

VE = V2 +2gr (1 - cos 0}

Now substituting the value of V2 from (iv) to (i), we get

T

m[Vf —2gr(1~ cose)] +mg cos®
r

2
m —2mg(1-cos6)+mgcos®
r

2
# —2mg +2mgcos® +mg cos®

2
m:/l —2mg +3mg cos®

@

(i)

(iv)
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mVj

A ,
v Vi

mg

2

—L —2mg +3mgcos0°

r

mVj

2
1

- 2mg +3mg

2

myy
—L+mg

r

Hence, the tension in the string at the lowest point P is,

2

re MR e

r

(vi)
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Case (if) : At the point ‘Q’ where the string in horizontal position,

Hence

2
= m—erngr?ymgcosg

r

The change in the tension in the string at two position P and Q

3
Where 6 7

(vi)
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= (Tp-Ty

_(mv? (mVE
—(7 +mg)( " 2mg

= 3mg

Case (iif) : At point R, the highest position of the moving particle where 6 = 7.

A R

2

Ty = #-ngﬁ}mgcosn

2
- -2mg-3mg
r

2
Here Ty = "Vi _spg (i)
r

The change in the string as the particle moves from P to R.
= (Tp - Ty)
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2 2
= (#1— mg]»[miv‘ -5mg] =6mg

Thus we can see that the tension in the string is maximum at the lowest point P and minimum
at the highest point R of the circular path.

From Eq. (viii) it is clear that T, may be (a) positive (b) negative (c) zero, depending on the value
of V. If T, becomes a negative number, the string would get slackened and the particle will fall

down without completing the circular path. Therefore, to complete the circular path, the minimum
value of Ty must be zero.

mV{ (min)
R oM

2, .
0= mVi (min) (mm)—Smg
r

Vigminy = V87 (ix)
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TABLE 5.1 Same physical Quantity, Symbols, Units and Dimensions

" Physical Quantity | s
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Momentum
Force
Impulse
Static friction

Kinetic friction
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Wood on wood
Wood on leather
Steel on steel (mild)
Steel on steel (hard)
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Steel on steel (greased)
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ie, W = FScos® =F.3 F,
® Work done is a scalar quantity measured in newtonmetre.
Its dimension is [ML2T-2].

(1 newton-metre = 1 joule)
® Following are some significant points about work done,
derived from the definition given above.
(i) Work done by a force is zero if displacement is —s —
perpendicular to the force (8 = 90°).
(ii) Work done by the force is positive if angle between force and displacement is acute
(8 < 90°).
(iif) Work done by the force is negative if angle between force and displacement is obtuse
(0> 90°).
o If the applied force varies with time/position, the work done is given by:

W= [Fds
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Work done by spring when block is displaced by x, is given by

.
w= - [edr = -1ed
) 2

1
Work done by an agent in giving an elongation or compression of x, is given as Ek’(,f .
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W = Change in KEE. of a body = A (K.E)
A(K.E.) — The difference between the final and initial kinetic energies of the body.
2

® Energy and momentum are related by, E = Z-m' where m is the mass.
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The energy (E) equivalent to mass m is given by the relation
E = m where, c=3x 108 ms™, velocity of light in vacuum or air.
© When a body moves with a velocity v, comparable to the velocity of light ‘C" its mass m is given by

, where m, its rest mass.

® Power
It is the rate of doing work, i.e, the work done per unit time.

p= %=?5=Fvcosa

where o, is the angle between the force F and the velocity v.
® Power is a scalar quantity. Its SI unit is watt, 1 watt = 1Js™. The dimensional formula of power
is [MIL2T9),
® Other commonly used units of power are:
1kilowatt = 1KW =10°W
1megawatt = 1MW = 105KW = 10°W
1 horse power (hp) = 746 watt = 0.746 KW.




