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PHYSICS (Code No. 042)
COURSE STRUCTURE
Class XI (Theory) (2016-17)
Time: 3 hrs.

Max. Marks: 70
No. of Marks
Periods

Unit-I

Physical World and Measurement
Chapter- 1 : Physical World
Chapter-2 : Units and Measurements
Unit-II Kinematics
Chapter-3: Motion in a Straight Line
Chapter-4: Motion in a Plane
Unit-III Laws of Motion
Chapter-5: Laws of Motion

10

24

14

Unit-IV Work, Energy and Power
12
Chapter-6: Work, Energy and Power
Unit-V Motion of System of Particles and Rigid Body
Chapter-7: System of Particles and Rotational
Motion
Unit-VI Gravitation
12
Chapter-8: Gravitation
Unit-VII Properties of Bulk Matter
Chapter-9: Mechanical Properties of Solids
Chapter-10 : Mechanical Properties of Fluids
Chapter-11 : Thermal Properties of Matter
Unit-VIII Thermodynamics
Chapter-12: Thermodynamics
Unit-IX Behaviour of Perfect Gases and Kinetic
Theory of Gases
Chapter-13: Kinetic Theory
Unit-X Oscillations and Waves
Chapter-14: Oscillations
Chapter-15: Waves
Total
iv

23

24

17
18

20

12
08

26

10

160

70

SYLLABUS
CLASS-XI

2016–17
Unit-I : Physical World and Measurement

10 Periods

Chapter-1: Physical World
Physics-scope and excitement; nature of physical laws; Physics,
technology and society.
Chapter-2: Units and Measurements
Need for measurement: Units of measurement; systems of units;
SI units, fundamental and derived units. Length, mass and time
measurements; accuracy and precision of measuring instruments;
errors in measurement; signi®cant ®gures.
Dimensions of physical quantities; dimensional analysis and its
applications.
Unit-II : Kinematics

24 Periods

Chapter-3: Motion in a Straight Line
Frame of reference, Motion in a straight line: Position-time graph,
speed and velocity.
Elementary concepts of differentiation and integration for describing
motion, uniform and non-uniform motion, average speed and
instantaneous velocity, uniformly accelerated motion, velocity - time
and position-time graphs.
Relations for uniformly accelerated motion (graphical treatment).
Chapter-4: Motion in a Plane
Scalar and vector quantities; position and displacement vectors;
general vectors and their notations; equality of vectors; multiplication
of vectors by a real number; addition and subtraction of vectors;
relative velocity; Unit vector; resolution of a vector in a plane,
rectangular components, Scalar and Vector product of vectors.
Motion in a plane, cases of uniform velocity and uniform accelerationprojectile motion, uniform circular motion.

v

Unit-III : Laws of Motion

14 Periods

Chapter-5: Laws of Motion
Intuitive concept of force; Inertia; Newton’s ®rst law of motion;
momentum and Newton’s second law of motion; impulse; Newton’s
third law of motion.
Law of conservation of linear momentum and its applications.
Equilibrium of concurrent forces; Static and kinetic friction; laws of
friction; rolling friction; lubrication.
Dynamics of uniform circular motion; Centripetal force, examples of
circular motion (vehicle on a level circular road, vehicle on a banked
road).
Unit-IV : Work, Energy and Power

12 Periods

Chapter-6: Work, Energy and Power
Work done by a constant force and a variable force; kinetic energy;
work-energy theorem; power.
Notation of potential energy; potential energy of a spring; conservative
forces: conservation of mechanical energy (kinetic and potential
energies); non-conservative forces: motion in a vertical circle; elastic
and inelastic collisions in one and two dimensions.
Unit-V : Motion of System of Particles and Rigid Body

18
Periods

Chapter-7: System of Particles and Rotational Motion
Centre of mass of a two-particle system; momentum conservation
and centre of mass motion. Centre of mass of a rigid body; centre of
mass of a uniform rod.
Moment of a force; torque; angular momentum; law of conservation
of angular momentum and its applications.
Equilibrium of rigid bodies; rigid body rotation and equations of
rotational motion; comparison of linear and rotational motions.
Moment of inertia; radius of gyration; values of moments of inertia
for simple geometrical objects (no derivation). Statement of parallel
and perpendicular axes theorems and their applications.
vi

Unit-VI : Gravitation

12 Periods

Chapter-8: Gravitation
Kepler’s laws of planetary motion, universal law of gravitation.
Acceleration due to gravity and its variation with altitude and depth.
Gravitational potential energy and gravitational potential; escape
velocity; orbital velocity of a satellite; Geo-stationary satellites.
Unit-VII : Properties of Bulk Matter

24 Periods

Chapter-9: Mechanical Properties of Solids
Elastic behaviour; Stress-strain relationship; Hooke’s law; Young’s
modulus; bulk modulus; shear modulus of rigidity; Poisson’s ratio;
elastic energy.
Chapter-10: Mechanical Properties of Fluids
Pressure due to a ¯uid column; Pascal’s law and its applications
(hydraulic lift and hydraulic brakes); effect of gravity on ¯uid
pressure.
Viscosity; Stokes’ law; terminal velocity; streamline and turbulent
¯ow; critical velocity; Bernoulli’s theorem and its applications.
Surface energy and surface tension; angle of contact; excess of
pressure across a curved surface; application of surface tension ideas
to drops, bubbles and capillary rise.
Chapter-11: Thermal Properties of Matter
Heat; temperature; thermal expansion; thermal expansion of solids,
liquids and gases; anomalous expansion of water; speci®c heat
capacity; Cp, Cv - calorimetry; change of state -latent heat capacity.
Heat transfer-conduction, convection and radiation; thermal
conductivity; qualitative ideas of Blackbody radiation; Wein’s
displacement Law; Stefan’s law; Green house effect.
Unit-VIII :Thermodynamics

12 Periods

Chapter-12: Thermodynamics
Thermal equilibrium and de®nition of temperature (zeroth law
of thermodynamics); heat, work and internal energy. First law of
thermodynamics; isothermal and adiabatic processes.
vii

Second law of thermodynamics: reversible and irreversible processes;
Heat engine and refrigerator.
Unit-IX : Behaviour of Perfect Gases and Kinetic Theory of Gases
08 Periods
Chapter-13: Kinetic Theory
Equation of state of a perfect gas; work done in compressing a gas.
Kinetic theory of gases - assumptions, concept of pressure. Kinetic
interpretation of temperature; rms speed of gas molecules; degrees
of freedom, law of equi-partition of energy (statement only) and
application to speci®c heat capacities of gases; concept of mean free
path, Avogadro’s number.
Unit-X : Oscillations and Waves

26 Periods

Chapter-14: Oscillations
Periodic motion - time period, frequency, displacement as a function
of time, periodic functions.
Simple harmonic motion (S.H.M.) and its equation; phase; oscillations
of a loaded spring-restoring force and force constant; energy in
S.H.M. Kinetic and potential energies; simple pendulum derivation
of expression for its time period.
Free, forced and damped oscillations (qualitative ideas only),
resonance.
Chapter-15: Waves
Wave motion: Transverse and longitudinal waves, speed of wave
motion, displacement relation for a progressive wave, principle of
superposition of waves, re¯ection of waves, standing waves in strings
and organ pipes, fundamental mode and harmonics, Beats, Doppler
effect.
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PHYSICS (Code No. 042)
QUESTION PAPER DESIGN
CLASS-XI (2016–17)
Time : 3 Hours
S.
Typology of Questions
No.

Max. Marks : 70
Very ShortShort
Short
Value
Long
AnswerAnswer-1 Answer -II
based
Answer
(VSA) (SA-I)
(SA-II)
question
(LA)
(1 mark)(2 marks) (3 marks) (4 marks) (5 marks)

ix

1. Remembering - (Knowledge
based Simple recall questions,
to know speci®c facts, terms, 2
concepts, principles or theories,
identify, de®ne, or recite information)
2. Understanding - (Comprehension–
to be familiar with meaning and to
understand conceptually, interpret,
compare, contrast, explain, paraphrase information)
—
3. Application - (Use abstract– —
information in concrete situation,
to apply knowledge to new situations,
Use given content to interpret a
situation, provide an example, or
solve a problem)
4. Higher Order Thinking Skills

Total
%
Marks Weightage

1

1

—

—

7

10%

2
2

4
4

—
—

1
1

21
21

30%
30%

x

(Analysis & Synthesis- Classify,
compare, contrast, or differentiate
2
between different pieces of information,
Organize and/or integrate unique
pieces of information from a variety
of sources)
5. Evaluation - (Appraise, judge,
and/or justify the value or worth 1
—
of a decision or outcome, or to
predict outcomes based on values)
TOTAL
5×1=5 5×2=10

—

1

—

1

10

2

1

—

11

16%

12×3=36

1×4=4

3×5=15

70(26)

100%

14%

Question Wise Break Up
Type of
Question
VSA
SA-I
SA-II
VBQ
LA
Total

Mark per
Question
1
2
3
4
5

Total No. of
Questions
5
5
12
1
3
26

Total
Marks
05
10
36
04
15
70

1. Internal Choice: There is no overall choice in the paper. However,
there is an internal choice in one question of 2 marks weightage, one
question of 3 marks weightage and all the three questions of 5 marks
weightage.
2. The above template is only a sample. Suitable internal variations may
be made for generating similar templates keeping the overall weightage
to different form of questions and typology of questions same.
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1.1 Physical Quantity
A quantity which can be measured and expressed in form of laws is called
a physical quantity. Physical quantity (Q) = Magnitude × Unit = n × u
Where, n represents the numerical value and u represents the unit. as
the unit(u) changes, the magnitude (n) will also change but product ‘nu’
will remain same.
i.e. n u = constant, or n1u1 = n2u2 = constant;

1.2 Fundamental and Derived Units
Any unit of mass, length and time in mechanics is called a fundamental,
absolute or base unit. Other units which can be expressed in terms of
fundamental units, are called derived units
System of units : A complete set of units, both fundamental and derived
for all kinds of physical quantities is called system of units.
(1) CGS system, (2) MKS system, (3) FPS system.
(4) S.I. system : It is known as International system of units. There are
seven fundamental quantities in this system. These quantities and their
units are given in the following table.
Quantity

Name of Units

Symbol

Length

Metre

m

Mass

Kilogram

kg

Time

Second

s

Electric Current

Ampere

A

Temperature

Kelvin

K

Amount of Substance

Mole

Mol

Luminous Intensity

Candela

Cd
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Besides the above seven fundamental units two supplementary units are
also de®ned - Radian (rad) for plane angle and Steradian (sr) for solid
angle.

1.3 Dimensions of a Physical Quantity
When a derived quantity is expressed in terms of fundamental quantities,
it is written as a product of different powers of the fundamental quantities.
The powers to which fundamental quantities must be raised in order to
express the given physical quantity are called its dimensions.

1.4 Important Dimensions of Complete Physics
Mechanics
S.N.

Quantity

Unit

Dimension

(1)

Velocity or speed (v)

m/s

[M0L1T–1]

(2)

Acceleration (a)

m/s2

[M0LT–2]

(3)

Momentum (P)

kg.m/s

[M1L1T–1]

(4)

Impulse (I)

Newton sec or

[M1L1T–1]

kg. m/s
(5)

Force (F)

Newton

[M1L1T–2]

(6)

Pressure (P)

Pascal

[M1L–1T–2]

(7)

Kinetic energy (Ek)

Joule

[M1L2T–2]

(8)

Power (P)

Watt or Joule/s

[M1L2T–3]

(9)

Density (d)

kg/m3

[M1L–3T0]

(10) Angular displacement ()

Radian (rad.)

[M0L0T0]

(11) Angular velocity ()

Radian/sec

[M0L0T–1]

(12) Angular Acceleration ()

Radian/sec2

[M0L0T–2]

(13) Moment of inertia (I)

kg.m2

[ML2T0]

(14) Torque ()

Newton-meter

[ML2T-2]

(15) Angular momentum (L)

Joule sec

[ML2T–1]

(16) Force constant or spring constant (k) Newton/m
(17) Gravitational constant (G)

2
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N–m2/kg2

[M1L0T–2]
[M–1L3T–2]

(18) Intensity of gravitational ®eld (Eg)

N/kg

[M0L1T–2]

(19) Gravitational potential (V g)

Joule/kg

[M0L2T–2]

(20) Surface tension (T)

N/m or Joule/m 2

[M1L0T–2]

(21) Velocity gradient (Vg)

Second–1

[M0L0T–1]

(22) Coef®cient of viscosity ()

kg/m s

[M1L–1T–1]

(23) Stress

N/m2

[M1L–1T–2]

(24) Strain

No unit

[M0L0T0]

(25) Modulus of elasticity (E)

N/m2

[M0L–1T–2]

(26) Poisson Ratio ()

No unit

[M0L0T0]

(27) Time period (T)

Second

[M0L0T1]

(28) Frequency (n)

Hz

[M0L0T–1]

Heat
S.N. Quantity

Unit

Dimension

(1)

Temperature (T)

Kelvin

M0L0T0K1]

(2)

Heat (Q)

Joule

[ML2T–2]

(3)

Speci®c Heat (c)

Joule/Kg–K

[M0L2T–2K–1]

(4)

Thermal capacity

Joule/K

[M1L2T–2K–1]

(5)

Latent heat (L)

Joule/kg

[M0L2T–2]

(6)

Gas constant (R)

Joule/mol-K

[M1L2T–2mol–1K–1]

(7)

Boltzmann constant (k)

Joule/K

[M1L2T–2K–1]

(8)

Coef®cient of thermal

Joule/M-s-K

[M1L1T–3K–1]

Watt/m2–K4

[M1L0T–3K–4]

(10) Wien’s constant (b)

Meter K

[M0L1T0K1]

(11) Planck’s constant (h)

Joule s

[M1L2T–1]

(12) Coef®cient of Linear

Kelvin–1

[M0L0T0K–1]

conductivity (K)
(9)

Stefan’s constant ()

Expansion
Dimensions And Measurement
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(13) Mechanical eq. of Heat (J)

Joule/Calorie

[M0L0T0]

(14) Vander wall’s constant (a)

Newton m4

[M1L5T–2]

(15) Vander wall’s consatnt (b)

m3

[M0L3T0]

1.5 Quantities Having Same Dimensions
S.N. Dimension

Quantity

(1) [M0L0T–1]

Frequency, angular frequency, angular velocity, velocity
gradient and decay constant

(2) [M1L2T–2]

Work, internal energy, potential energy, kinetic energy,
torque, moment of force

(3) [M1L–1T–2]

Pressure, stress, Young’s modulus, bulk modulus, modulus
of rigidity, energy density

(4) [M1L1T–1]

Momentum, impulse

(5) [M0L1T–2]

Acceleration due to gravity, gravitational ®eld intensity

(6) [M1L1T–2]

Thrust, force, weight, energy gradient

(7) [M1L2T–1]

Angular momentum and Planck’s constant

(8) [M1L0T–2]

Surface tension, Surface energy (energy per unit area)

(9) [M0L0T0]

Strain, refractive index, relative density, angle, solid
angle, distance gradient, relative permittivity (dielectric
constant), relative permeability etc.

(10) [M0L2T–2]

Latent heat and gravitational potential

(11) [M0L0T–2K–1] Thermal capacity, gas constant, Boltzmann constant and
entropy
(12) [M0L0T1]
g = acceleration due to gravity, m = mass, k = spring
constant
(13) [M0L0T1]

L/R
RC where L = inductance, R = resistance,
C = capacitance

(14) [ML2T–2]

I2Rt,
Vlt, qV, Ll2,
CV2 where I = current,
t = time q = charge, L = inductance, C = capacitance,
R = resistance

4
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1.6 Application of Dimensional Analysis.
(1) To ®nd the unit of a physical quantity in a given system of units.
(2) To ®nd dimensions of physical constant or coef®cients.
(3) To convert a physical quantity from one system to the other.
(4) To check the dimensional correctness of a given physical relation: This is
based on the ‘principle of homogeneity’. According to this principle the
dimensions of each term on both sides of an equation must be the same.
(5) To derive new relations.

1.7 Limitations of Dimensional Analysis.
(1) If dimensions are given, physical quantity may not be unique.
(2) Numerical constant having no dimensions cannot be deduced by the methods
of dimensions.
(3) The method of dimensions can not be used to derive relations other than
product of power functions. For example,
s = u t + (1/2) at2 or y = a sin  t
(4) The method of dimensions cannot be applied to derive formula consist of
more than 3 physical quantities.

1.8 Significant Figures

(1)
(2)
(3)

(4)

Signi®cant ®gures in the measured value of a physical quantity tell the
number of digits in which we have con®dence. Larger the number of
signi®cant ®gures obtained in a measurement, greater is the accuracy of
the measurement. The reverse is also true.
The following rules are observed in counting the number of signi®cant
®gures in a given measured quantity.
All non-zero digits are signi®cant.
A zero becomes signi®cant ®gure if it appears between two non-zero digits.
Leading zeros or the zeros placed to the left of the number are never
signi®cant.
Example :
0.543 has three signi®cant ®gures.
0.006 has one signi®cant ®gures.
Trailing zeros or the zeros placed to the right of the number are signi®cant.
Example :
4.330 has four signi®cant ®gures.
343.000 has six signi®cant ®gures.
Dimensions And Measurement
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(5) In exponential notation, the numerical portion gives the number of signi®cant
®gures.
Example :

1.32 × 10–2 has three signi®cant ®gures.

1.9 Rounding Off
(1) If the digit to be dropped is less than 5, then the preceding digit is left
unchanged.
Example : x = 7.82 is rounded off to 7.8, again x = 3.94 rounded off to
3.9.
(2) If the digit to be dropped is more than 5, then the preceding digit is raised
by one.
Example : x = 6.87 is rounded off to 6.9, again x = 12.78 is rounded off
to 12.8.
(3) If the digit to be dropped is 5 followed by digits other than zero, then the
preceding digit is raised by one.
Example : x = 16.351 is rounded off to 16.4, again x = 6.758 is rounded
off to 6.8.
(4) If digit to be dropped is 5 or 5 followed by zeros, then preceding digit is
left unchanged, if it is even.
Example : x = 3.250 becomes 3.2 on rounding off, again x = 12.650
becomes 12.6 on rounding off.
(5) If digit to be dropped is 5 or 5 followed by zeros, then the preceding digit
is raised by one, if it is odd.
Example : x = 3.750 is rounded off to 3.8, again x = 16.150 is rounded
off to 16.2.

1.10 Significant Figures in Calculation
The following two rules should be followed to obtain the proper number
of signi®cant ®gures in any calculation.
(1) The result of an addition or subtraction in the number having different
precisions should be reported to the same number of decimal places as
are present in the number having the least number of decimal places.
(2) The answer to a multiplication or division is rounded off to the same
number of signi®cant ®gures as is possessed by the least precise term used
in the calculation.
6
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1.11 Order of Magnitude
Order of magnitude of quantity is the power of 10 required to represent the
quantity. For determining this power, the value of the quantity has to be
rounded off. While rounding off, we ignore the last digit which is less than 5. If the
last digit is 5 or more than ®ve, the preceding digit is increased by one.
For example,
(1) Speed of light in vacuum = 3 × 108 ms–1  108 m/s (ignoring 3 < 5)
(2) Mass of electron = 9.1 × 10–31 kg 10–30 kg (as 9.1 > 5).

1.12 Errors of Measurement.
The measured value of a quantity is always somewhat different from its
actual value, or true value. This difference in the true value of a quantity
is called error of measurement.
(1) Absolute error—Absolute error in the measurement of a physical quantity
is the magnitude of the difference between the true value and the measured
value of the quantity.
Let a physical quantity be measured n times. Let the measured value be
a1, a2, a3, . . . an. The arithmetic mean of these value is
Usually, am is taken as the true value of the quantity, if the same is unknown
otherwise.
By de®nition, absolute errors in the measured values of the quantity are
a1 = am – a1




a2 = am – a1
...........
an = am – a2

The absolute errors may be positive in certain cases and negative in certain
other cases.
(2) Mean absolute error—It is the arithmetic mean of the magnitudes of
absolute errors in all the measurements of the quantity. It is represented
by a. Thus

Hence the ®nal result of measurement may be written as a =
This implies that any measurement of the quantity is likely to lie between
Dimensions And Measurement
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(am –

) and (am +

).

(3) Relative error or Fractional error—Relative error or Fractional error
=

.

(4) Percentage error : Percentage error

1.13 Propagation of Errors
(1) Error in sum of tie quantities : Suppose x = a + b
Let a = absolute error in measurement of a


b = absolute error in measurement of b
x = absolute error in calculation of x i.e. sum of a and b.

The maximum absolute error in x is x = ± (a + b)
(2) Error in difference of the quantities—Suppose x = a – b
The maximum absolute error in x is x = ± (a + b)
(3) Error in product of quantities—Suppose x = a × b
The maximum fractional error in x is
(4) Error in division of quantities—Suppose x =
The maximum fractional error in x is
(5) Error in quantity raised to some power—Suppose x =
The maximum fractional error in x is
 The quantity which have maximum power must be measured carefully
because it’s contribution to error is maximum.

UNIT I – UNITS & MEASUREMENT
1. 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.
8
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2. If x = a + bt + ct2, where x is in metre and t in seconds, what is the unit
of c ?
3. What is the difference between mN, Nm and nm ?
4. The radius of atom is of the order of 1Aº & radius of Nucleus is of the
order of fermi. How many magnitudes higher is the volume of the atom
as compared to the volume of nucleus ?
5. How many kg make 1 uni®ed atomic mass unit ?
6. Name same physical quantities that have same dimension.
7. Name the physical quantities that have dimensional formula [ML–1T–2].
8. Give two examples of dimension less variables.
9. State the number of signi®cant ®gures in
(i) 0.007 m2

(ii) 2.64 × 1024 kg

(iii) 0.2370 g cm–3

(iv) 0.2300m

(v) 86400

(vi) 86400 m

10. Given relative error in the measurement of length is .02, what is the
percentage error ?
11. A physical quantity P is related to four observables a, b, c and d as
follows :
P = a3b2/ (

)

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? What
is the value of P calculated using the above relation turns out to be 3.763,
to value should you round off the result ?
12. A boy recalls the relation for relativistic mass (m) in terms of rest mass
(m0) velocity of particle V, but forgets to put the constant c (velocity
correct the equation by putting the

of light). He writes m =
missing ‘c’.

13. Name the technique used in locating.
(a)

an under water obstacle

(b) position of an aeroplane in space.
14. Deduce dimensional formulae of—
(i)

Boltzmann’s constant

(ii) mechanical equivalent of heat.
Dimensions And Measurement
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15. Give examples of dimensional constants and dimensionless constants.
SHORT ANSWER QUESTIONS (2 MARKS)
16. The vernier scale of a travelling microscope has 50 divisions which
coincide with 49 main scale divisions. If each main scale division is 0.5
mm. Calculate the minimum inaccuracy in the measurement of distance.
17. If the unit of force is 100N, unit of length is 10m and unit of time is 100s.
What is the unit of Mass in this system of units ?
18. Describe the principle and use of SONAR and RADAR.
19. State the principle of homogeneity. Test the dimensional homogeneity of
equations—
(i)

s = ut +

at2

(ii) Sn = u +
20. In vander Wall’s gas equation
dimensions of a and b.

= RT. Determine the

21. Using dimensions convert (a) 1 newton into dynes (b) 1 erg into joules.
22. Magnitude of force experienced by an object moving with speed v is given
by F = kv2. Find dimensions of k.
23. A book with printing error contains four different formulae for displacement.
Choose the correct formula/formulae
(a)

y = a sin

(c)

y=

(b) y = a sin vt

(d) y =
24. Give limitations of dimensional analysis.
25. For determination of ‘g’ using simple pendulum, measurements of length
and time period are required. Error in the measurement of which quantity
will have larger effect on the value of ‘g’ thus obtained. What is done to
minimise this error?
SHORT ANSWER QUESTIONS (3 MARKS)
26. Give the name of six Indian Scientists and their discoveries.
10
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27. Name the discoveries made by the following scientists :
(a)

Faraday

(b) Chadwick

(c)

Hubble

(d) Maxwell

(e)

Newton

(f) Bohr.

28. Name the scientific principle on which the following technology is
based.
(i)

Steam engine

(ii) Laser

(iii) Aeroplane

(iv) Rocket propulsion

(v) Radio and T.V.
(vi) Production of Ultra high magnetic ®eld.
29. Describe a method for measuring the molecular size of Oleic acid.
[3 MARKS]
30. Describe the Parallox Method for the determination of the distance of a
nearby star from the earth.
31. Deduce the dimensional formula for the following quantities
(i)

Gravitational constant

(ii) Young’s modulus

(iii) Coef®cient of viscosity.
32. De®ne the following units :
(i)

Light year

(ii) Parsec

(iii) Astronomical unit (Au)
LONG ANSWER QUESTIONS (5 MARKS)
33. Name the four basic forces in nature. Write a brief note of each. Hence
compare their strengths and ranges.
34. Distinguish between the terms precision and accuracy of a measurement.
35. Explain
(i) absolute error

(ii) mean absolute error

(iii) relative error

(iv) percentage error

(v) random error
NUMERICALS
36. Determine the number of light years in one metre.
Dimensions And Measurement
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37. The sides of a rectangle are (10..5 ± 0.2) cm and (5.2 ± 0.1) cm. Calculate
its perimeter with error limits.
38. The mass of a box measured by a grocer’s balance is 2.3 kg. Two gold
pieces 20.15 g and 20.17 g are added to the box.
(i)

What is the total mass of the box ?

(ii) The difference in masses of the pieces to correct signi®cant ®gures.
39. 5.74 g of a substance occupies 1.2 cm3. Express its density to correct
signi®cant ®gures.
40. If displacement of a body s = (200 ± 5) m and time taken by it t = (20 +
0.2) s, then ®nd the percentage error in the calculation of velocity.
41. If the error in measurement of mass of a body be 3% and in the measurement
of velocity be 2%. What will be maximum possible error in calculation of
kinetic energy.
42. The length of a rod as measured in an experiment was found to be 2.48m,
2.46m, 2.49m, 2.50m and 2.48m. Find the average length, absolute error
and percentage error. Express the result with error limit.
43. A physical quantity is measured as Q = (2.1 ± 0.5) units. Calculate the
percentage error in (1) Q2 (2) 2Q.
44. When the planet Jupiter is at a distance of 824.7 million km from the earth,
its angular diameter is measured to be 35.72 of arc. Calculate diameter
of Jupiter.
45. A laser light beamed at the moon takes 2.56s and to return after re¯ection
at the moon’s surface. What will be the radius of lunar orbit.
46. Convert
(i)

3 m.s–2 to km h–2

(ii) G = 6.67 × 10–11 N m2 kg–2 to cm3 g–1 s–2
47. A calorie is a unit of heat or energy and it equals 4.2 J where 1J = 1 kg
m2s–2. Suppose we employ a system of units in which unit of mass is  kg,
unit of length is  m, unit of time s. What will be magnitude of calorie
in terms of this new system.
48. The escape velocity v of a body depends on–
(i)

the acceleration due to gravity ‘g’ of the planet,

(ii) the radius R of the planet. Establish dimensionally the relation for
the escape velocity.
49. The frequency of vibration of a string depends of on, (i) tension in the
12
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string (ii) mass per unit length of string, (iii) vibrating length of the string.
Establish dimensionally the relation for frequency.
50. One mole of an ideal gas at STP occupies 22.4 L. What is the ratio of
molar volume to atomic volume of a mole of hydrogen? Why is the ratio
so large. Take radius of hydrogen molecule to be 1ºA.
51. Derive an expression for the centripetal force F acting on a particle of
mass m moving with velocity v in a circle of radius r.
52. The error in the measurement of radius of a sphere is 2%. What would be
the error in :
(a)

Volume of sphere

(b) Surface area of sphere.
SOLUTIONS
1. Speed of high in vacuum, c = 1 new unit of length s–1
t = 8 min. 20 sec, = 500 s
x = ct = 1 new unit of length s–1 × 500s
x = 500 new unit of length
2. The unit of left hand side is metre so the units of ct2 should also be metre.
Since t2 has unit of s2, so the unit of c is m/s2.
3. mN means milli newton, 1 mN = 10–3 N, Nm means Newton meter, nm
means nano meter.
4.
5. 1u = 1.66 × 10–27 kg
6. Work, energy and torque.
7. Stress, pressure, modulus of elasticity.
8. Strain, refractive index.
9. (i)1, (ii) 3, (iii) 4, (iv) 4, (v) 3, (vi) 5 since it comes from a measurement
the last two zeros become signi®cant.
10. 2%.
11. Relative error in P is given by

So, percentage error
Dimensions And Measurement
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=
= (3 × 1%) + (2 × 3%) +

+ (1 × 2%)

= 13%
Rounded off value of P = 3.8.
12. Since quantities of similar nature can only be added or subtracted, v2 cannot
be subtracted from 1 but v2/c2 can be subtracted from 1.
m=
13. (a)

SONAR  Sound Navigation and Ranging.

(b) RADAR  Radio Detection and Ranging.
14. (i)

Boltzmann Constant :
= [M1L2T–2K–1]

k=
(ii)

= [M0L0T0]

[J] =

15. Dimensional Constants : Gravitational constant, plank’s constant.
Dimensionless Constants : , e.
16.

Minimum inaccuracy = Vernier constant
= 1 MSD – 1 VS.D
= 1 MSD –
=

(0.5 mm) = 0.01 mm

[F] = [MLT–2]

17.

= 105kg.

[M] =
19. (i)

MSD

Dimension of L.H.S. = [s] = [M0L1T0]
Dimension of R.H.S. = [ut] + [at2]
= [LT–1.T] + [M0L1T–2.T2] = [M0L1T0]
as Dimensions of L.H.S. = Dimensions of R.H.S.
The equation to dimensionally homogeneous.
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(ii) Sn = Distance travelled in nth sec that is (Sn – Sn–1)
Sn = u × 1 +
[LT–1] = [LT–1] + [LT–2][T]
[LT–1] = [LT–1]
L.H.S. = R.H.S.
Hence this is dimensionally correct.
20. Since dimensionally similar quantities can only be added
[P] =
[b] = [v] = [L3].
22. [K] =
23. The argument of sine and cosine function must be dimensionless so (a) is
the probable correct formula. Since
(a)

(b) y = a sin vt,
(c)

= [T0] is dimensionless.

y = a sin

[vt] = [L] is dimensional so this equation is incorrect.

y=

is dimensional so this is incorrect.
: Though

(d) y =

dimensionless

does not

have dimensions of displacement so this is also incorrect.
(NUMERICAL)
36. 1 Iy = 9.46 × 1015 m
1m=

= 1.057 × 10–16 Iy

37. P = 2 (l + b) ± 2 (l + b)
= 2(10.5 + 5.2) ± 2(0.2 + 0.1)
= (31.4 ± 0.6) cm.
38. (i)

Mass of box = 2.3 kg
Mass of gold pieces = 20.15 + 20.17 = 40.32 g = 0.04032 kg.
Total mass = 2.3 + 0.04032 = 2.34032 kg
Dimensions And Measurement
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In correct signi®cant ®gure mass = 2.3 kg (as least decimal)
(ii) Difference in mass of gold pieces = 0.02 g
In correct signi®cant ®gure (2 signi®cant ®g. minimum decimal) will
be 0.02 g.
= 4.783g/cm3

39. Density =

Here least signi®cant ®gure is 2, so density = 4.8 g/cm3.
40. Percentage error in measurement of displacement =
Percentage error in measurement of time =
Maximum permissible error = 2.5 + 1 = 3.5%
41.

K.E. =

Percentage error in K.E. = 3% + 2 × 2% = 7%
42. Average length
=

= 2.48m

Mean absolute error
=

= 0.013m

Percentage error =

× 100% = 0.04 × 100%

= 0.40%
Correct length = (2.48 ± 0.01)m
Correct length = (2.48m ± 0.40%)
43. P = Q2
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× 100% = 47.6% = 48%
R = 2Q
= 0.238
× 100% = 24%
44.  = 35.72
1= 4.85 × 10–6 radian  35.72 = 35.72 × 4.85 ×10–6 rad.
d = DQ = 824.7 × 35.72 × 4.85 × 10–6
= 1.4287 × 105 km
45.

t = 2.56 s
t = time taken by laser beam to go to the moon =
distance between earth and moon
=d=c×
= 3 × 108 ×
= 3.84 × 108 m.

46. (i)

3m s–2 =

=

= 3.8880 × 104 km h–2 = 3.9 × 104 km h–2

(ii) G = 6.67 × 10–11 N m2 kg–2
= 6.67 × 10–11 (kg m s–2) (m2 kg–2)
= 6.67 × 10–11 kg–1 m3 s–2
= 6.67 × 10–11 (1000 g)–1 (100 cm)3 (s–2)
= 6.67 × 10–11 ×

× 100 × 100 × 100 g–1 cm3 s–2

= 6.67 × 10–8 g–1 cm3 s–2.
Dimensions And Measurement
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47.

n2 = n1

= 4.2
n2 = 4.2 –1 –2 2
48. v  ga Rb  v = k ga Rb, K  dimensionless proportionality constant
[v] = [g]a [R]b
[M0L1T–1] = [M0L1T–2]a [M0 L1 T0]b
equating powers
1=a+b
– 1 = – 2a  a =
b=1–a=1–
v=k
49. n  Ia Tb mc, [I] = M0L1T0
[T] = M1 L1 T–2 (force)
[M] = M1 L–1 T0
[M0 L0 T–1] = [M0 L1 T0]a [M1 L1 T–2]b [M1 L–1 T0]c
b+c=0
a+b–c=0
–2b = – 1 b =
c=–
n

a=1
.

50. 1 A0 = 10–10 m
Atomic volume of 1 mole of hydrogen
= Avagadros number × volume of hydrogen molecule
= 6.023 × 1023 ×
= 25.2 × 10–7 m3
18
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×  × (10–10 m)3

Molar volume = 22.4 L = 22.4 × 10–3 m3
= 0.89 × 104  104
This ratio is large because actual size of gas molecule is negligible in
comparison to the inter molecular separation.
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2.1 Motion in One Dimension : Position
Position of any point is completely expressed by two factors : Its distance
from the observer and its direction with respect to observer.
That is why position is characterised by a vector known as position vector.
Let point P is in a xy plane and its coordinates are (x, y). Then position
of point will be
and if the point P is in a space and
vector
its coordinates are (x, y, z) then position vector can be expressed as

2.2 Rest and Motion
If a body does not change its position as time passes with respect to frame
of reference, it is said to be at rest.
And if a body changes its position as time passes with respect to frame
of reference, it is said to be in motion.
Frame of Reference : It is a system to which a seet of coordinates are
attached and with reference to which observer describes any event.
Rest and motion are relative terms. It depends upon the frame of references.

2.3 Types of Motion
One dimensional

Two dimensional

Three dimensional

Motion of a body in a straight Motion of body in a plane Motion of body in a space
line is called one dimensional is called two dimensional is called three dimensional
motion.
motion.
motion.
When only one coordinate of
the position of a body changes
with time then it is said to be
moving one dimensionally.

20

When two coordinates
of the position of a body
changes with time then it
is said to be moving two
dimensionally.
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When all three coordinates
of the position of a body
changes with time then it
is said to be moving three
dimensionally.

e.g., Motion of car on a e.g., Motion of car on a
straight road.
circular turn.
Motion of freely falling body. Motion of billiards ball.

e.g., Motion of ¯ying kite.
Motion of ¯ying insect.

2.4 Distance and Displacement
(1)

Distance : It is the actual path length covered by a moving particle in a
given interval of time.
(i) Its a scalar quantity.
(ii) Dimension : [M0 L1 T0]
(iii) Unit : metre (S. I.)

(2)

Displacement : Displacement is the change in position vector i.e., A
vector joining initial to ®nal position.
(i) Displacement is a vector quantity
(ii) Dimension : [M0 L1 T0]
(iii) Unit : metre (S. I.)
(iv) If

are the displacements of a body then the total (net)

displacement is the vector sum of the individuals.

(3)

Comparison between distance and displacement :
(i) Distance > 1, Displacement 1.
(ii) For a moving particle distance can never be negative or zero while
displacement can be i.e., Distance > 0 but Displacement > = or < 0
(iii) For motion between two points displacement is single valued while
distance depends on actual path and so can have many values.
(iv) For a moving particle distance can never decrease with time while
displacement can. Decrease in displacement with time means body
is moving towards the initial position.
(v) In general magnitude of displacement is not equal to distance.
However, it can be so if the motion is along a straight line without
change in direction.
Kinematic
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2.5 Speed and Velocity
(1)

Speed : Rate of distance covered with time is called speed.
(i) It is a scalar quantity having symbol v.
(ii) Dimension : [M0L1T–1]
(iii) Unit : metre/second (S.I.), cm/second (C. G. S.)
(iv) Types of speed :
(a) Uniform speed : When a particle covers equal distances in equal
intervals of time, (no matter how small the intervals are) then it
is said to be moving with uniform speed.
(b) Non-uniform (variable) speed : In non-uniform speed particle
covers unequal distances in equal intervals of time.
(c) Average speed : The average speed of a particle for a given
‘Interval of time’ is de®ned as the ratio of distance travelled to
the time taken.
Average speed =


; vav =

Time average speed : When particle moves with different
uniform speed 1, 2, 3 .... etc. in different time intervals t1,t2,
t3, ... etc. respectively, its average speed over the total time of
journey is given as
vav =

=

=
Special case : When particle moves with speed v1 upto half time
of its total motion and in rest time it is moving with speed v2 then
vav =


.

Distance averaged speed : When a particle describes different
distances d1, d2, d3, .... with different time intervals t1, t2, t3, ....
with speeds v1, v2, v3, .... respectively then the speed of particle
averaged over the total distance can be given as
vav =
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=

=
(d) Instantaneous speed : It is the speed of a particle at particular
instant. When we say ‘‘speed’’, it usually means instantaneous
speed.
The instantaneous speed is average speed for in®nitesimally small time
interval (i.e.t  0). Thus
Instantaneous speed v =
(2)

=

Velocity : Rate of change of position i.e., rate of displacement with time
is called velocity.
(i) It is a scalar quantity having symbol v.
(ii) Dimension : [M0 L1T–1]
(iii) Unit : metre/second (S. I.), cm/second (C. G. S.)
(iv) Types
(a) Uniform velocity : A particle is said to have uniform velocity,
if magnitudes as well as direction of its velocity remains same
and this is possible only when the particles moves in same
straight line without reversing its direction.
(b) Non-uniform velocity : A particle is said to have non-uniform
velocity, if either of magnitude or direction of velocity changes
(or both changes).
(c) Average velocity : It is de®ned as the ratio of displacement to
time taken by the body
=

Average velocity =

(d) Instantaneous velocity : Instantaneous velocity is de®ned as
rate of change of position vector of particles with time at a certain
instant of time.
Instantaneous velocity

=

=
Kinematic
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(v) Comparison between instantaneous speed and instantaneous velocity
(a) Instantaneous velocity is always tangential to the path followed
by the particle.
(b) A particle may have constant instantaneous speed but variable
instantaneous velocity.
(c) The magnitude of instantaneous velocity is equal to the
instantaneous speed.
(d) If a particle is moving with constant velocity then its average
velocity and instantaneous velocity are always equal.
(e) If displacement is given as a function of time, then time derivative
of displacement will give velocity.
(vi) Comparison between average speed and average velocity
(a) Average speed is scalar while average velocity is a vector both
having same units (m/s) and dimensions [LT–1].
(b) Average speed or velocity depends on time interval over which it
is de®ned.
(c) For a given time interval average velocity is single valued while
average speed can have many values depending on path followed.
(d) If after motion body comes back to its initial position then
but vav >

=

and ®nite as (s > 0).

(e) For a moving body average speed can never be negative
or zero (unless t  ) while average velocity can be i.e.,
> 0 while

= or < 0.

2.6 Acceleration
The time rate of change of velocity of an object is called acceleration of
the object.
(1)

It is a vector quantity. It’s direction is same as that of change in velocity
(not of the velocity)

(2)

There are three possible ways by which change in velocity may occur
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When only direction
of velocity changes

When only magnitude
of velocity changes

When both magnitude and
direction of velocity changes

Acceleration
Acceleration parallel or Acceleration has two components
perpendicular to velocity anti-parallel to velocity one is perpendicular to velocity
and another parallel or antiparallel
to velocity
e.g. Uniform circular
motion

e.g. Motion under
gravity

e.g. Projectile motion

(3)

Dimension : [M0 L1 T–2]

(4)

Unit : metre/second2 (S. I.); cm/second2 (C. G. S.)

(5)

Types of acceleration :
(i) Uniform acceleration : A body is said to have uniform acceleration
if magnitude and direction of the acceleration remains constant during
particle motion.


If a particle is moving with uniform acceleration, this does not
necessarily imply that particles is moving in straight line, e.g.,
Projectile motion.

(ii) Non-uniform acceleration : A body is said to have non-uniform
acceleration, if magnitude or direction or both, change during motion.
(iii) Average acceleration :

=

=

The direction of average acceleration vector is the direction of the
change in velocity vector as

(iv) Instantaneous acceleration =

=

=

=

(v) For a moving body there is no relation between the direction of
instantaneous velocity and direction of acceleration.
e.g.(a) In uniform circular motion  = 90° always (b) in a projectile
motion  is variable for every point of trajectory.
(vi) By de®nition,

=

=
Kinematic
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(vii) If velocity is given as a function of position, then by chain rule
a=

=

=

(viii) If a particle is accelerated for a time t1 by acceleration
a1 and for time t2 by acceleration a2 then average acceleration is
aav =
(ix) Acceleration can be positive, zero or negative. Positive acceleration
means velocity increasing with time, zero acceleration means velocity
is uniform constant while negative acceleration (retardation) means
velocity is decreasing with time.
(x) For motion of a body under gravity, acceleration will be equal to
‘g’,where g is the acceleration due to gravity. Its normal value is 9.8
m/s2 or 980 cm/s2 or 32 feet/s2.

2.7 Position Time Graph
Various position-time graphs and their interpretation


Position



i.e., line parallel to time axis represents that the
particle is at rest.



  = 90° so  = 
i.e., line perpendicular to time axis represents that
particle is changing its position but time does not
changes it means the particle possesses in®nite
velocity.

Position



  = 0° so  = 0

Practically this is not possible.


Position
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  = constant so  = constant, a = 0
i.e., line with constant slope represents uniform
velocity of the particle.
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Position

Position



  is decreasing so v is decreasing, a is negative.
i.e., line bending towards time axis represents
decreasing velocity of the particle. It means the
particle possesses retardation.

Position



  is increasing so v is increasing, a is positive.
i.e., line bending towards position axis represents
increasing velocity of particle. It means the particle
possesses acceleration.

Position



  constant but > 90° so v will be constant but
negative.
i.e., line with negative slope represent that particle
returns towards the point of reference, (negative
displacement).
Straight line segments of different slopes represent
that velocity of the body changes after certain
interval of time.

x

This graph shows that at one instant the particle has
two positions. Which is not possible.

x

The graph shows that particle coming towards origin
initially and after that it is moving away from origin.

Kinematic
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Note :
 If the graph is plotted between distance and time then it is always an
increasing curve and it never comes back towards origin because distance.
 For two particles having displacement time graph with slope 1 and 2
possesses velocities v1 and v2 respectively then

=

2.8 Velocity Time Graph
The graph is plotted by taking time t along x axis and velocity of the
particle on y axis.
Distance and displacement : The area covered between the velocity time
graph and time axis gives the displacement and distance travelled by the
body for a given time interval.
Then Total distance = Addition of modulus of different area.
i.e. s =
Total displacement = Addition of different area considering their sign.
i.e., r =
Acceleration : It is clear that slope of velocity-time graph represents the
acceleration of the particle.
Various position-time graphs and their interpretation




  = 0, a = 0, v = constant
i.e., line parallel to time axis represents that the
particle is moving with constant velocity.





  = 90° , a = , v = increasing
i.e., line perpendicular to time axis represents that
particle is increasing its velocity but time does not
change. It means the particle possesses in®nite
acceleration. Practically it is not possible.





  = constant, so a = constant and v is increasing
uniformly with time
i.e., line with constant slope represents uniform
acceleration of the particle.
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  is increasing so acceleration increasing
i.e., line bending towards velocity axis represents
the increasing acceleration in the body.





  is decreasing so acceleration decreasing
i.e., line bending towards time axis represents the
decreasing acceleration in the body.

Positive constant acceleration because  is constant
and < 90° but initial velocity of the particle is
negative.

Positive constant acceleration because  is constant
and < 90° but initial velocity of the particle is
positive.

Negative constant acceleration because  is constant
and > 90° but initial velocity of the particle is
positive

Negative constant acceleration because  is constant
and > 90° but initial velocity of the particle is zero.

Negative constant acceleration because  is constant
and > 90° but initial velocity of the particle is
negative.

Kinematic
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2.9 Equations of Kinematics
These are the various relations between u, v, a, t and s for the moving
particle where the notations are used as :
u = Initial velocity of the particle at time t = 0 sec
v = Final velocity at time t sec
a = Acceleration of the particle
s = Distance travelled in time t sec
sn = Distance travelled by the body in nth sec
(1)

When particle moves with constant acceleration
(i) Acceleration is said to be constant when both the magnitude and
direction of acceleration remain constant.
(ii) There will be one dimensional motion if initial velocity and acceleration
are parallel or anti-parallel to each other.
(iii) Equations of motion in scalar
form

Equation of motion in vector
form

v = u + at
s=
v2 = v2 + 2 as
s=
sn =
(2)

Important points for uniformly accelerated motion
(i) If a body starts from rest and moves with uniform acceleration then
distance covered by the body in t sec is proportional to t2 (i.e., s  t2).
So the ratio of distance covered in 1 sec, 2 sec and 3 sec is
12 : 22 : 32 or 1 : 4 : 9.
(ii) If a body starts from rest and moves with uniform acceleration then
distance covered by the body in nth sec is proportional to (2n – 1)
(i.e. sn (2n –1 ).
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So the ratio of distance covered in I sec, II sec and III sec is
I : 3 : 5.
(iii) A body moving with a velocity u is stopped by application of brakes
after covering a distance s. If the same body moves with velocity
nu and same braking force is applied on it then it will come to rest
after covering a distance of n2 s.

2.10 Motion of Body Under Gravity (Free Fall)
Acceleration produced in the body by the force of gravity, is called
acceleration due to gravity. It is represented by the symbol g.
In the absence of air resistance, it is found that all bodies fall with the same
acceleration near the surface of the earth. This motion of a body falling
towards the earth from a small altitude (h << R) is called free fall.
An ideal one-dimensional motion under gravity in which air resistance and
the small changes in acceleration with height are neglected.

PROJECTILE MOTION
2.11 Introduction
If the force acting on a particle is oblique with initial velocity then the
motion of particle is called projectile motion.

2.12 Projectile
A body which is in ¯ight through the atmosphere but is not being propelled
by any fuel is called projectile.

2.13 Assumptions of Projectile Motion
(1)

There is no resistance due to air.

(2)

The effect due to curvature of earth is negligible.

(3)

The effect due to rotation of earth is negligible.

(4)

For all points of the trajectory, the acceleration due to gravity ‘g’ is constant
in magnitude and direction.

2.14 Principles of Physical Independence of Motions
(1) The motion of a projectile is a two-dimensional motion. So, it can be
discussed in two parts. Horizontal motion and vertical motion. These two
motions take place independent of each other.This is called the principle
Kinematic
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of physical independence of motions.
(2)

The velocity of the particle can be resolved into two mutually perpendicular
components. Horizontal component and vertical component.

(3)

The horizontal component remains unchanged throughout the ¯ight. The
force of gravity continuously affects the vertical component.

(4)

The horizontal motion is a uniform motion and the vertical motion is a
uniformly accelerated retarded motion.

2.15 Types of Projectile Motion
(1) Oblique projectile motion (2) Horizontal projectile motion (3) Projectile
motion on an inclined plane

2. 16 Oblique Projectile
In projectile motion, horizontal component of velocity (u cos ),
acceleration (g) and mechanical energy remains constant while, speed,
velocity, vertical component of velocity (u sin ), momentum kinetic
energy and potential energy all changes. Velocity, and KE are maximum at
the point of projection while minimum (but not zero) at highest point.

(1)

Equation of trajectory : A projectile thrown with velocity u at an angle
 with the horizontal. The velocity u can be resolved into two rectangular
components u cos  component along X-axis and u sin  component along
Y-axis.
y =x tan 

Note :


Equation of oblique projectile also can be written as
y=
(where R = horizonal range)

(2) Displacement of projectile
32
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: Let the particle acquires a position

P having the coordinates (x, y) just after time t from the instant of projection.
The corresponding position vector of the particle at time t is
the ®gure.

=

shown in

...(i)

The horizontal distance covered during time t given as
x =vx t  x = u cor  t

...(ii)

The vertical velocity of the paticle at time t is given as
y =u sin  t –
=

and

gt2

...(iii)

tan–1 (y/x)

Note :


The angle of elevation  of the highest point of the projectile and the
angle of projection  are related to each other as tan  =

(3)

tan 

Instantaneous velocity v : In projectile motion, vertical component of
velocity changes but horizontal component of velocity remains always
constant.
Let vi be the instantaneous velocity of projectile at time t direction of this
velocity is along the tangent to the trajectory at point P.
=

 vi =

Direction of instantaneous velocity tan a  =
(7)

=

Time of ¯ight : The total time taken by the projectile to go up and come
down to the same level from which it was projected is called time of ¯ight.
For vertical upward motion
Kinematic
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0 = u sin  – gt t = (u sin /g)
Time of ¯ight T=2t =
(8)

Horizontal range : It is the horizontal distance travelled by a body during
the time of ¯ight. So by using second equation of motion
R = u cos  × T = u cos  × (2u sin /g) =
R=
If angle of projection is changed from  to  = (90 – ) then range remains
unchanged. These angles are called complementary angle of projection.

(iv) Maximum range : For range to be maximum

= 0 

= 0, a projectile will have maximum range when it is projected at an angle
of 45° to the horizontal and the maximum range will be (u2/g).
When the range is maximum, the height H reached by the projectile
H=
(v)

=

=

=

Relation between horizontal range and maximum height :
R=

4H cot 

If R = 4H cot  = tan–1 (1) or  = 45°.
(9)

Maximum height : It is the maximum height from the point of projection,
a projectile can reach.
So, by using

v2 = u2 + 2as
0 = (u sin )2 – 2gH
H=

(i) Hmax =

(when sin2  = max = 1 i.e.,  = 90°)

i.e., for maximum height body should be projected vertically upward.
(10) Motion of a projectile as observed from another projectile is a straight line.

2. 17 Horizontal Projectile
A body be projected horizontally from a certain height ‘y’ vertically above
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the ground with initial velocity u. If friction is considered to be absent then
there is no other horizontal force which can affect the horizontal motion.
The horizontal velocity therefore remains constant.
(4)

Time of ¯ight : If a body is projected horizontally from a height h with
velocity u and time taken by the body to reach the ground is T, then
T=

(5)

Horizontal range : Let R is the horizontal distance travelled by the body
R=

(6)

If projectiles A and B are projected horizontally with different initial
velocity from same height and third particle C is dropped from same point
then
(i) All three particles will take equal time to reach the ground.
(ii) Their net velocity would be different but all three particle possess
same vertical component of velocity.
(iii) The trajectory of projectiles A and B will be straight line w.r.t.
particle C.

(7)

If various particles thrown with same initial velocity but indifferent
direction then
(i) They strike the ground with same speed at different times irrespective
of their initial direction of velocities.
(ii) Time would be least for particles which was thrown vertically
downward.
(iii) Time would be maximum for particle A which was thrown vertically
upward.

CIRCULAR MOTION
Circular motion is another example of motion in two dimensions. To
create circular motion in a body it must be given some initial velocity and
a force must then act on the body which is always directed at right angles
to instantaneous velocity.
Circular motion can be classi®ed into two types-Uniform circular motion
and non-uniform circular motion.
Kinematic
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2. 18 Variables of Circular Motion
(1)

Displacement and distance : When particle moves in a circular path
describing an angle  during time t (as shown in the ®gure) from the
position A to the position B, we see that the magnitude of the position
vector

(that is equal to the radius of the circle) remains constant, i.e.,
= r and the direction of the position vector changes from time

to time.
(i) Displacement : The change of position vector or the displacement
of the particle from position A to position B is given by referring the
®gure.

=
r =

2r sin

(ii) Distance : The distance covered by the particle during the time t is
given as d = length of the arc AB

(2)
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Angular displacement () : The angle turned by a body moving on a
circle from some reference line is called angular displacement.
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(i) Dimension = [M0L0T0] (as  = arc/radius).
(ii) Units = Radian or Degree. It is some times also speci®ed in terms of
fraction or multiple of revolution.
(iii) 2 red = 360° = 1 Revolution
(iv) Angular displacement is a axial vector quantity. Its direction depends
upon the sense of rotation of the object can be given by Right Hand
Rule; which states that if the curvature of the ®ngers of right hand
represents the sense of rotation of the object, then the thumb, held
perpendicular to the curvature of the ®ngers, represents the direction
of angular displacement vector.
(v) Relation between linear displacement and angular displacement
=
(3)

or s = r

Angular velocity () : Angular velocity of an object in circular motion is
de®ned as the time rate of change of its angular displacement.
(i) Angular velocity  =

=

=

=
(ii) Dimension : [M0 L0 T–1]
(iii) Units : Radians per second (rad. s–1) or Degree per second.
(iv) Angular velocity is an axial vector. Its direction is the same as that
of 
(v) Relation between angular velocity and linear velocity

.

(vi) For uniform circular motion co remains constant where as for
non-uniform motion  varies with respect to time.
(4)

Change in velocity : We want to know the magnitude and direction of the
change in velocity of the particle which is performing uniform circular
motion as it moves from A to B during time t as shown in ®gure. The
change in velocity vector is given as
=
v =2v sin


Relation between linear velocity and angular velocity. In vector
form
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.
(5)

Time period (T) : In circular motion, the time period is de®ned as the time
taken by the object to complete one revolution on its circular path.

(6)

Frequency (n) : In circular motion, the frequency is de®ned as the number
of revolutions completed by the object on its circular path in a unit time.
(i) Units : s–1 or hertz (Hz).
(ii) Dimension : [M0L0T–1]

Note :


Relation between time period and frequency :




T = 1/n

Relation between angular velocity, frequency and time period :
=

(7)

= 2n

Angular acceleration () : Angular acceleration of an object in circular
motion is de®ned as the time rate of change of its angular velocity.
(i)   =

=

=

(ii) Units : rad s–2
(iii) Dimension : [M0 L0 T–2]
(iv) Relation between linear acceleration and angular acceleration

(v) For uniform circular motion since  is constant so  =

= 0.

(vi) For non-uniform circular motion 0.

2. 19 Centripetal Acceleration
(1)

Acceleration acting on the object undergoing uniform circular motion is
called centripetal acceleration.

(2)

It always acts on the object along the radius towards the centre of the
circular path.

(3)

Magnitude of centripetal acceleration  =
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= 2r = 4n2 r =

.

(4)

Direction of centripetal acceleration : It is always the same as that
of

2. 20 Centripetal Force
According to Newton’s ®rst law of motion, whenever a body moves in
a straight line with uniform velocity, no force is required to maintain
this velocity. But when a body moves along a circular path with uniform
speed, its direction changes continuously i.e., velocity keeps on changing
on account of a change in direction. According to Newton’s second law of
motion, a change in the direction of motion of the body can take place only
if some external force acts on the body.

Due to inertia, at every point of the circular path; the body tends to move
along the tangent to the circular path at that point (in ®gure). Since every
body has directional inertia, a velocity cannot change by itself and as such
we have to apply a force. But this force should be such that it changes the
direction of velocity and not its magnitude. This is possible only if the
force acts perpendicular to the direction of velocity. Because the velocity
is along the tangent, this force must be along the radius (because the
radius of a circle at any point is perpendicular to the tangent at that point).
Further, as this force is to move the body in a circular path, it must acts
towards the centre. The centre-seeking force is called the centripetal force.
Hence, centripetal force is that force which is required to move a body in
a circular path with uniform speed. The force acts on the body along the
radius and towards centre.
(1)

Formulae for centripetal forced :
F=

(2)

= m2r = m42 n2 r =

Centripetal force in different situation
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Situation
A particle tied to a string and whirled

Centripetal Force
Tension in the string.

in a horizontal circle.
Vehicle taking a turn on a level road.

Frictional force exerted by the road on the
tyres.

A vehicle on a speed breaker.

Weight of the body or a component of
weight.

Revolution of earth around the sun.

Gravitational force exerted by the sun.

Electron revolving around the nucleus

Coulomb attraction exerted by the protons

in an atom.

in the nucleus.

A charged particle describing a

Magnetic force exerted by the agent that

circular path in a magnetic ®eld.

sets up the magnetic ®eld.

2. 21 Centrifugal Force
It is an imaginary force due to incorporated effects of inertia. Centrifugal
force is a ®ctitious force which has signi®cance only in a rotating frame of
reference.

2.22 Work done by Centripetal Force
The work done by centripetal force is always zero as it is perpendicular to
velocity and hence instantaneous displacement.
Example :
(i)

When an electron revolve around the nucleus in hydrogen atom in a
particular orbit, it neither absorb nor emit any energy means its energy
remains constant.

(ii)

When a satellite established once in a orbit around the earth and it starts
revolving with particular speed, then no fuel is required for its circular
motion.

2. 23 Skidding of Vehicle on a Level Road
When a vehicle turns on a circular path it requires centripetal force. If
friction provides this centripetal force then vehicle can move in circular
path safely if Friction force > Required centripetal force
mg >

40

Physics Class XI





vsafe <

This is the maximum speed by which vehicle can turn in a circular path of
radius r, where coef®cient of friction between the road and tyre is .

2. 24 Skidding of Object on a Rotating Platform
On a rotating platform, to avoid the skidding of an object (mass m) placed
at a distance r from axis of rotation, the centripetal force should be provided
by force of friction.Centripetal force = Force of friction
2r = mg


 



max =

Hence maximum angular velocity of rotation of the platform is
so that object will not skid on it.

2.25 Bending of a Cyclist
A cyclist provides himself the necessary centripetal force by leaning
inward on a horizontal track, while going round a curve. Consider a cyclist
of weight mg taking a turn of radius r wih velocity v. In order to provide
the necessary centripetal force, the cyclist leans through angle  inwards
as shown in ®gure.
R sin  =
and

...(i)

R cos  = mg

....(ii)

Dividing equation (i) by (ii), we have
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tan  =

...(iii)

Note :


For the same reasons, an ice skater or an aeroplane has to bend inwards,
while taking a turn.

2.26 Banking of a Road
For getting a centripetal force cyclist bend towards the centre of circular
path but it is not possible in case of four wheelers.
Therefore, outer bed of the road is raised so that a vehicle moving on it
gets automatically inclined towards the centre.

tan  =

...(iii)

If I = width of the road, h = height of the outer edge from the ground level
then from the
tan  =

=

[As v = r] ...(iv)

If l = width of the road, h = height of the outer edge from the ground level
then from the ®gure (B)
tan  = =


,

[since  is very small] .... (v)

Maximum safe speed on a banked frictional road
v=
Kinematics (1 Mark)

1. Under what condition is the average velocity equal the instantaneous
velocity ?
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2. Draw Position time graph of two objects, A & B moving along a straight
line, when their relative velocity is zero.
3. Suggest a situation in which an object is accelerated and have constant
speed.
4. Two balls of different masses are thrown vertically upward with same initial
velocity. Maximum heights attained by them are h1 and h2 respectively
what is h1/h2 ?
5. A car moving with velocity of 50 kmh–1 on a straight road is ahead of a
jeep moving with velocity 75 kmh–1 . How would the relative velocity be
altered if jeep is ahead of car ?
6. Which of the two-linear velocity or the linear acceleration gives the
direction of motion of a body ?
7. Will the displacement of a particle change on changing the position of
origin of the coordinate system ?
8. If the instantaneous velocity of a particle is zero, will its instantaneous
acceleration be necessarily zero ?
9. A projectile is ®red with Kinetic energy 1 KJ. If the range is maximum,
what is its Kinetic energy, at the highest point ?
10. Write an example of zero vector.
11. State the essential condition for the addition of vectors.
12. When is the magnitude of

equal to the magnitude of

?

13. What is the maximum number of component into which a vector can be
resolved ?
14. A body projected horizontally moves with the same horizontal velocity
although it moves under gravity. Why ?
15. What is the angle between velocity and acceleration at the highest point of
a projectile motion ?
16. When does (i) height attained by a projectile maximum ? (ii) horizontal
range is maximum ?
17. What is the angle between velocity vector and acceleration vector in
uniform circular motion ?
18. A particle is in clockwise uniform circular motion the direction of
its acceleration is radially inward. If sense of rotation or particle is
anticlockwise then what is the direction of its acceleration ?
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19. A train is moving on a straight track with acceleration a. A passenger drops
a stone. What is the acceleration of stone with respect to passenger ?
20. What is the average value of acceleration vector in uniform circular motion
over one cycle ?
21. Does a vector quantity depends upon frame of reference chosen ?
22. What is the angular velocity of the hour hand of a clock ?
23. What is the source of centripetal acceleration for earth to go round the
sun ?
24. What is the unit vector perpendicular to the plane of vectors
and
of

and

and

? If

®nd a unit vector perpendicular to plane

.
and

25. What is the angle between

?

2 Marks
26. What are positive and negative acceleration in straight line motion ?
27. Can a body have zero velocity and still be accelerating ? If yes gives any
situation.
28. The displacement of a body is proportional to t3, where t is time elapsed.
What is the nature of acceleration -time graph of the body ?
29. Suggest a suitable physical situation for the following graph.

30. An object is in uniform motion along a straight line, what will be position
time graph for the motion of object, if
(i)
(ii)

is constant.
x0 = positive, v = negative
both x0 and v are negative | v | is constant.

(iii) x0 = negative, v = positive
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is constant.

(iv) both x0 and v are positive

is constant.

where x0 is position at t = 0.
31. A cyclist starts from centre O of a circular park of radius 1 km and moves
along the path OPRQO as shown. If he maintains constant speed of 10
ms–1. What is his acceleration at point R in magnitude & direction ?

32. What will be the effect on horizontal range of a projectile when its initial
velocity is doubled keeping angle of projection same ?
33. The greatest height to which a man can throw a stone is h. What will be the
greatest distance upto which he can throw the stone ?
34. A person sitting in a train moving at constant velocity throws a ball vertically
upwards. How will the ball appear to move to an observer.
(i) Sitting inside the train
(ii) Standing outside the train
35. A gunman always keep his gun slightly tilted above the line of sight while
shooting. Why ?
36. Is the acceleration of a particle in circular motion not always towards the
centre. Explain.
3 Marks
37. Draw (a) acceleration - time (b) velocity - time (c) Position - time graphs
representing motion of an object under free fall. Neglect air resistance.
38. The velocity time graph for a particle is shown in ®gure. Draw acceleration
time graph from it.
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39. For an object projected upward with a velocity v0 , which comes back to the
same point after some time, draw
(i) Acceleration-time graph
(ii) Position-time graph
(iii) Velocity time graph
40. The acceleration of a particle in ms–2 is given by a = 3t2 + 2t + 2, where
time t is in second.
If the particle starts with a velocity v = 2 ms–1 at t = 0, then ®nd the velocity
at the end of 2 s.
41. At what angle do the two forces (P + Q) and (P – Q) act so that the resultant
is
42. Establish the following vector inequalities :
(i)
(ii)
43. A body is projected at an angle  with the horizontal. Derive an expression
for its horizontal range. Show that there are two angles 1 and 2 projections
for the same horizontal range, such that 1 + 2 = 90°.
44. Prove that the maximum horizontal range is four times the maximum
height attained by the projectile, when ®red at an inclination so as to have
maximum range.
45. Show that there are two values of time for which a projectile is at the same
height. Also show that the sum of these two times is equal to the time of
¯ight.
46. A car moving along a straight highway with speed of 125 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 ?
5 Marks
47. Derive the following equations of motion for an object moving with
constant acceleration along a straight line using graphical method and
calculas method
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(i)

velocity time relation (v = u + at)

(ii)

Position time relation (s = ut +
Physics Class XI

(iii) velocity-displacement relation (v2 = u2 + 2as)
where symbols have usual meanings.
48. A projectile is ®red horizontally with a velocity u. Show that its trajectory
is a parabola. Also obtain expression for
(i)

time of ¯ight

(ii)

horizontal range

(iii) velocity at any instant.
49. De®ne centripetal acceleration. Derive an expression for the centripetal
acceleration of a particle moving with constant speed v along a circular
path of radius r.
Numericals
50. The V-t graphs of two objects make angle 30° and 60° with the time axis.
Find the ratio of their accelerations.
51. When the angle between two vectors of equal magnitudes is 2/3, prove
that the magnitude of the resultant is equal to either.
52. If

and

magnitude as
53. (a) If

and

®nd a vector having the same

and parallel to

.

are unit vectors along x & y axis respectively then what is
and

magnitude and direction of
(b) Find the components of vector
vectors

and

?
along the directors of

.

54. What is the vector sum of n coplanar forces, each of magnitude F, if each
force makes an angle of

with the preceding force ?

55. A car is moving along x-axis. As shown in ®gure it moves from O to P in 18
seconds and return from P to Q in 6 second. What are the average velocity
and average speed of the car in going from
(i) O to P
Kinematic
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(ii) from O to P and back to Q

56. On a 60 km straight road, a bus travels the ®rst 30 km with a uniform speed
of 30 kmh–1 . How fast must the bus travel the next 30 km so as to have
average speed of 40 kmh–1 for the entire trip ?
57. The displacement x of a particle varies with time as x = 4t2 – 15t + 25. Find
the position, velocity and acceleration of the particle at t = 0.
58. A driver take 0.20 second to apply the breaks (reaction time). If he is driving
car at a speed of 54 kmh–1 and the breaks cause a decleration of 6.0 ms–2.
Find the distance travelled by car after he sees the need to put the breaks.
59. From the top of a tower 100 m in height a ball is dropped and at the same
time another ball is projected vertically upwards from the ground with a
velocity of 25 m/s. Find when and where the two balls will meet ? (g = 9.8
m/s)
60. A ball thrown vertically upwards with a speed of 19.6 ms–1 from the top of
a tower returns to the earth in 6s. Find the height of the tower. (g = 9.8 m/
s2)
61. Two town A and B are connected by a regular bus service with a bus leaving
in either direction every T min. A man cycling with a speed of 20 kmh–1
in the direction A to B notices that a bus goes past him every 18 min in the
direction of his motion, and every 6 min in the opposite direction.
What is the period T of the bus service and with what speed do the busses
ply of the road ?
62. A motorboat is racing towards north at 25 kmh–1 and the water current
in that region is 10 kmh–1 in the direction of 60° east of south. Find the
resultant velocity of the boat.
63. An aircraft is ¯ying at a height of 3400 m above the ground. If the angle
subtended at a ground observation point by the aircraft position 10 second
apart is 30°, what is the speed of the aircraft ?
64. A boat is moving with a velocity

with respect to ground. The

with respect to ground.
water in river is ¯owing with a velocity
What is the relative velocity of boat with respect to river ?
65. A hiker stands on the edge of a clift 490 m above the ground and throws
a stone horizontally with an initial speed of 15 ms–1. Neglecting air
resistance, ®nd the time taken by the stone to reach the ground and the
speed with which it hits the ground. (g = 9.8 ms–2)
66. A bullet ®red at an angle of 30° with the horizontal hits the ground 3 km
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away. By adjusting the angle of projection, can one hope to hit the target
5 km away ? Assume that the muzzle speed to be ®xed and neglect air
resistance.
67. A stone tied to the end of a string 80 cm long is whirled in a horizontal
circle with a constant speed. If the stone makes 14 revolutions in 25
seconds, what is the magnitude and direction of acceleration of the stone ?
68. A cyclist is riding with a speed of 27 kmh–1 . As he approaches a circular
turn on the road of radius 30 m, he applies brakes and reduces his speed at
the constant rate 0.5 ms–2. What is the magnitude and direction of the net
acceleration of the cyclist on the circular turn ?
69. If the magnitude of two vectors are 3 and 4 and their scalar product is 6,
®nd angle between them and also ®nd

.

70. Find the value of  so that the vector
are perpendicular to each other.

and

71. The speed-time graph of a particle along a ®xed direction is as shown in
Fig. obtain the distance travelled by a particle between (a) t = 0 to 10s,
(b) t = 2 to 6 sec.
What is the average speed of the particle over the intervals in (a) and (b) ?

72. The velocity time graph of a particle is given by

(i)

Calculate distance and displacement of particle from given v-t
graph.
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(ii) Specify the time for which particle undergene acceleration, retardation
and moves with constant velocity.
(iii) Calculate acceleration, retardation from given v-t graph.
(iv) Draw accleration-time graph of given v-t graph.
73. If
order.

are represented by three sides of triangle taken in same

P. T.

=

[Hint : use  law of vector Addition]

.
,

74. Prove that for any vector
=

,

75. If R is the horizontal range for  inclination and h is the maximum height
attained by the projectile, show that the maximum range is given by
+ 2h.

[Hint : Put value in relation given & solve]

76. The Resultant of two vectors

and

us

vector is reversed, then resultant becomes
Prove that

. If the direction of are of the
.

R2 + S2 = 2(P2 + Q2).
SOLUTIONS
[1 Mark Solutions]

1. When the body is moving with uniform velocity.
2.

3. Uniform Circular Motion
4. Same height,

h1/h2 = 1

5. No change
6. Linear velocity
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7. will not change.
8. No. (highest point of vertical upward motion under gravity)
= 1 KJ = 1000 J,  = 45°

9. here

=

At the highest Point, K. E. =

=

= 500 J.

10. The velocity vectors of a stationary object is a zero vectors.
11. They must represent the physical quantities of same nature.
12. When

is perpendicular to

.

13. In®nite.
14. Because horizontal component of gravity is zero along horizontal direction.
15. 90°.
16. height is maximum at  = 90
Range is maximum at  = 45.
17. 90°
18. Radial inward.
where g = acceleration due to gravity.

19.

20. Null vector
21. No.
22.  =

=

rad h–1.

23. Gravitation force of sun.
24.

25. 90°
Answers
[2 Marks]
26. If speed of an object increases with time, its acceleration is positive.
(Acceleration is in the direction of motion) and if speed of an object
decreases with time its acceleration is negative (Acceleration is opposite
to the direction of motion).
27. Yes, at the highest point of vertical upward motion under gravity.
28. as

s t3 s = kt3
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velocity, V =

= 3kt2

acceleration, a =

= 6kt

i.e., a  t.
motion is uniform, accelerated motion, a – t graph is straight-line.
29. A ball thrown up with some initial velocity rebounding from the ¯oor with
reduced speed after each hit.
30.

31. Centripetal acceleration, ac =
32. R =

=

= 0.1 m/s2 along RO.

R  u2

Range becomes four times.
33. Maximum height ;
 

H=
Hmax =

Max. Range Rmax =

= h(at  = 90°)

= 2h.

34. (i) Vertical straight line motion
(ii) Parabolic path.
35. Because bullet follow Parabolic trajectory under constant downward
acceleration.
36. No acceleration is towards the centre only in case of uniform circular
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motion.
37. The object falls with uniform acceleration equal to ‘g’

38.

39.

40.

a

= 3t2 + 2t + 2) dt

=

(3t2 + 2t + 2)dt

dv =
=
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v=

t3 + t2 + 2t + c

c =2 m/s, v = 18 m/s at t = 2s.
41. Use

R=
R=

A = P + Q,

B=

P–Q

solve,

Q = 60°

46. Initial velocity of car,
u = 126 kmh–1 =

ms–1 = 35 ms–1

...(i)

Since, the car ®nally comes to rest, v = 0
Distance covered, s = 200 m, a = ?, t = ?
v2 =

u2 – 2as

or

...(ii)

a=

Substituting the values from eq. (i) in eq. (ii), we get
a=

=–

=

–

=

ms–2

– 3.06 ms–2

Negative sign shows that acceleration in negative which is called
retardation, i.e., car is uniformly retarded at – a = 3.06 ms–2.
To ®nd t, let us use the relation
v=

u + at

t=
Use a = – 3.06 ms–2, v = 0, u = 35 ms–1.
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t=

 

t = 11.44 sec.
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=

= 11.44 s

NUMERICALS
Answer
=

1 : 3

50.

=

=

51.

R = (P2 + Q2 + 2PQ cos )1/2
=
=

=P
=

52.

=5
=

also

= 25

desired vector =
=

.

54. Resultant force is zero.
55. (i) O to P, Average velocity = 20 ms–1
(ii) O to P and back to Q
Average velocity =10 ms–1
Average speed = 20 ms–1
56.

Vavg =

=

or

=

40 =

V2 = 60 kmh–1

57. position, x = 25 m
velocity =

= 8t – 15,

t =0, v = 0 – 15 = – 15 m/s
acceleration, a =

= 8 ms–2.

58. (distance covered during 0.20 s) + (distance covered until rest)
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=(15 × 0.25) + [18.75] = 21.75 m
59. For the ball chapped from the top
4.9t2

x=

...(i)

For the ball thrown upwards
2t – 4.9t2

100 – x =

...(ii)

From eq. (i) & (ii),
t=

45 & x = 78.4 m

60. using s =
–h=
h=
61. V = 40

58.8 m.

kmh–1

and T = 9 min.

62. V = 21.8 kmh–1
angle with north,  = 23.4
63. Speed = 182.2 ms–1
64.

=
=

6i + 8j.

65. time = 10 seconds
V=

= 99. 1 ms–1.

=

66. Maximum Range = 3.46 km
So it is not possible.
67. W =
a=
68.

, W=
991.2 cms–2

ac =

= 0.7 ms–2

aT =

0.5 ms–2

a=

= 0.86 ms–2

If  is the angle between the net acceleration and the velocity of the cyclist,
then
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=AB cos 

69.

AB sin 

or

6 = (3 × 4) cos 

= 3 × 4 × sin 60°

or

 = 60°

=3 × 4 ×


70. 
 

=

=0

= 3.

71. Refer NCERT.
72. (i)

distance = area of OAB + area of trapezium BCDE
= 12 + 28 = 40 m

(ii)

displacement = area of OAB – area of trapezium BCDE
= 12 – 28 = – 16 m

(iii) time acc. (0 < t < 4) and (12 < t < 16)
retardation (4 < t < 8)
constant velocity (8 < t < 12)
(iv)
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3.1 Inertia
(1) Inherent property of all the bodies by virtue of which they cannot
change their state of rest or uniform motion along a straight line by
their own is called inertia.
(2) Two bodies of equal mass possess same inertia because it is a factor
of mass only.

3.2 Linear Momentum
(1) Linear momentum of a body is the quantity of motion contained in
the body.
(2) It is measured as the product of the mass of the body and its velocity
i.e., Momentum = mass × velocity.
If a body of mass m is moving with velocity
momentum

then its linear

is given by

(3) It is a vector quantity and it’s direction is the same as the direction
of velocity of the body.
(4) Units : kg-m/sec [S. I.], g cm/sec [C.G. S.]
(5) Dimension : [MLT–1]

3.3 Newton’s First Law
A body continue to be in its state of rest or of uniform motion along a
straight line, unless it is acted upon by some external force to change
the state.
(1) If no net force acts on a body, then the velocity of the body cannot
change i.e., the body cannot accelerate.
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(2) Newton’s ®rst law de®nes inertia and is rightly called the law of
inertia. Inertia are of three types :
Inertia of rest, Inertia of motion, Inertia of direction.

3.4 Newton’s Second Law

(1) The rate of change of linear momentum of a body is directly proportional
to the external force applied on the body and this change takes place
always in the direction of the applied force.
(2) If a body of mass m, moves with velocity
can be given by
or

and if force

then its linear momentum
is applied on a body, then

(K = 1 in C. G. S. and S. I. units)
(Force = mass × acceleration)

3.5 Force
(1) Force is an external effect in the form of a push or pulls which :
(i) Produces or tries to produce motion in a body at rest.
(ii) Stops or tries to stop a moving body.
(iii) Changes or tries to change the direction of motion of the body.
(2) Dimension : Force = mass × acceleration
[F] = [M][LT–2] = [MLT–2]
(3) Units : Absolute units : (i) Newton (S.I.) (ii) Dyne (C.G.S.)
Gravitational units : (i) Kilogram-force (M.K.S.) (ii) Gram-froce
(C.G.S.)
(4)

formula is valid only if force is changing the state of rest
or motion and the mass of the body is constant and ®nite.

(5) if m is not constant
(6) No force is required to move a body uniformaly along a straight line.
= ma, 

= 0 (As a = 0)

(7) When force is written without direction then positive force means
repulsive while negative force means attractive.
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(8) Out of so many natural forces nuclear force is strongest while
gravitational force weakest.
(9) Central force : If a position dependent force is always directed
towards or away from a ®xed point it is said to be central otherwise
non-central.
(10) Conservative or non-conservative force : If under the action of
a force the work done in a round trip is zero or the work is path
independent, the force is said to be conservative otherwise nonconservative.
Example : Conservative force : Gravitational force, electric force, elastic
force.
Non-conservative force : Frictional force, viscous force.
(11) Common forces in mechanics :
(i) Weight : Weight of an object is the force with which earth
attracts it. (W = mg)
(ii) Reaction or Normal force : When a body is placed on a rigid
surface, the body experience a force which is perpendicular to
the surfaces in contact. Then force is called ‘Normal force’ or
‘Reaction’.
(iii) Tension : The force exerted by the end of taut string, rope or
chain against pulling (applied) force is called the tension. The
direction of tension is so as to pull the body.
(iv) Spring force : Every spring resists any attempt to change its
length. This resistive force increases with changes in length.
Spring force is given by F = – Kx; where x is the change in
length and K is the spring constant (unit N/m).

3. 6 Equilibrium of Concurrent Force
(1) If all the force working on a body are acting on the same point, then
they are said to be concurrent.
(2) A body, under the action of concurrent forces, is said to be in
equilibrium, when there is no change in the state of rest or of uniform
motion along a straight line.
(3) The condition for the equilibrium of a body is that the vector sum
of all the forces acting on the body must be zero.
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3.7 Newton’s Third Law
To every action, there is always an equal (in magnitude) and opposite (in
direction) reaction.
= force exerted on body A by body B (Action) and
If
exerted on body B by body A (Reaction)
Then according to Newton’s third law of motion

= force

= –

Example :
(i)

A book lying on a table exerts a force on the table which is equal to
the weight of the book. This is the force of action.

(ii) Swimming is possible due to third law of motion.
(iii) When a gun is ®red, the bullet moves forward (action). The gun
recoils backward (reaction).

3.8 Frame of Reference
(1) A frame in which an observer is situated and makes his observations
is known as his ‘Frame of reference’.
It is associated with a co-ordinate system.
(2) Frame of reference are of two types : (i) Inertial frame of reference
(ii) Non-inertial frame of reference.
(i) Inertial frame of reference :
(a) A frame of reference which is at rest or which is moving with
a uniform velocity along a straight line is called an inertial
frame of reference.
(b) In inertial frame of reference Newton’s laws of motion holds
good.
(c) Ideally no inertial frame exist in universe. For practical
purpose a frame of reference may be considered as inertial it
it’s acceleration is negligible with respect to the acceleration
of the object to be observed.
Example : The lift at rest, lift moving (up or down) with constant velocity.
(ii) Non inertial frame of reference :
(a) Accelerated frame of references are called non-inertial frame
of reference.
(b) Newton’s laws of motion are not applicable in non-inertial
frame of reference.
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Example : Car moving in uniform circular motion, lift which
is moving upward or downward with some acceleration, plane
which is taking off.

3.9 Impulse
(1) When a large force works on a body for very small time interval, it
is called impulsive force.
An impulsive force does not remain constant, but changes ®rst from
zero to maximum and then from maximum to zero. In such case we
measure the total effect of force.
(2) Impulse of a force is a measure of total effect of force.
(3)
(4) Impulse is a vector quantity and its direction is same as that of force.
(5) Dimension : [MLT–1]
(6) Units : Newton second or Kg-ms–1 (S. I.) and Dyne second or gm cm
s–1 (C.G. S.)
(7) Force-time graph- Impulse is equal to the area under F-t curve.

I = Area between curve and time axis =

Ft

(8) If Fav is the average magnitude of the force, then
I=
(9) From Newton’s second law,
or

=



= Favt

=

=

=
=

i.e., The impulse of a force is equal to the change in momentum.
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This statement is known as Impulse momentum theorem.
(10) Examples. Hitting, kicking, catching, jumping, diving, collision etc.
= Fav. t = p = constant
In all these cases an impulse acts, I =
So if time of contact A t is increased, average force is decreased (or
diluted) and vice-versa.
(i) In catching a ball a player by drawing his hands backwards
increases the time of contact and so, lesser force acts on his
hands and his hands are saved from getting hurt.
(ii) China wares are wrapped in straw or paper before packing.

3.10 Law of Conservation of Linear Momentum
If no external force acts on a system (called isolated) of constant mass,
the total momentum of the system remains constant with time.
(1) According to this law for a system of particles
In the absence of external force
i.e.,

=

= 0 then

= constant.

= constant.

(2) Law of conservation of linear momentum is independent of frame of
reference though linear momentum depends on frame of reference.
(3) Practical applications of the law of conservation of linear momentum
(i) When a man jumps out of a boat on the shore, the boat is pushed
slightly away from the shore,
(ii) A person left on a frictionless surface can get away from it by
blowing air out of his mouth or by throwing some object in a
direction opposite to the direction in which he wants to move,
(iii) Recoiling of a gun-Tor bullet and gun system, the force exerted by
trigger will be internal so the momentum of the system remains
unaffected.

3.11 Free Body Diagram
In this diagram the object of interest is isolated from its surroundings and
the interactions between the object and the surroundings are represented
in terms of forces.
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3.12 Apparent Weight of a Body in a Lift
When a body of mass m is placed on a weighing machine which is placed
in a lift, then actual weight of the body is mg.
This acts on a weighing machine which offers a reaction R given by the
reading of weighing machine. The reaction exerted by the surface of
contact on the body is the apparent weight of the body.
Condition
Lift is at rest

Figure

velocity

Acceleration

v=0

a=0

Reaction

Conclusion

R – mg = 0
 R = mg

Apparent weight
= Actual weight

v = constant a = 0

R – mg = 0
 R = mg

Apparent weight
= Actual weight

Lift accelerating
upward at the
rate of ‘a’

v = variable a < g

R – mg = ma Apparent weight
R = m(g+a) > Actual weight

Lift accelerating
upward at the
rate of ‘g’

V = variable a = g

R – mg = mg
R = 2mg

Lift accelerating
downward at
the rate of ‘a’

V = variable a < g

mg – R = ma Apparent weight
 R = m (g – a) < Actual weight

Lift moving
upward or
downward
with constant
velocity
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Apparent weight
= 2 Actual weight

Lift accelerating
downward at
the rate of ‘g’

V = variable a = g

mg – R = mg
R=0

Apparent weight
= Zero
(weightlessness)

Lift accelerating
downward at
the rate of
a( > g)

V = variable a > g

mg – R = ma
R = mg – ma
R = – ve

Apparent weight
negative means the
body will rise from
the ¯oor of the

Lift and stick to the
ceilling of the lift.
mg

3.13 Acceleration of Block on Horizontal Smooth Source
(1) When a pull is acting at an angle () to the horizontal (upward)
R + F sin  = mg

and

R = mg – F sin 
F cos  = ma
a=

3.14 Acceleration of Block on Smooth Inclined Plane
(1) When inclined plane is at rest.
Normal reaction R = mg cos 
Force along a inclined plane F = mg sin 
ma = mg sin 
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a = g sin 

(2) When a inclined plane given a horizontal acceleration ‘b’. Since
the body lies in an accelerating frame, an inertial acts on it in the
opposite direction.
Normal reaction
and

R = mg cos  + mb sin 
ma = mg sin  – mb cos 
a = g sin  – b cos 

3.15 Motion of Block in Contact
Condition
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Equation

Force and acceleration

F – f = m1a

a=

f = m2a

f=

f = m1a

a=

F – f = m2a

f=

F – f1 = m1a

a=

f1 – f2 = m2a

f1 =

f2 = m3a

f2 =

f1 = m1a

a=

f2 – f1 = m2a

f1 =

F – f2 = m2a

f2 =

3.16 Motion of Blocks Connected by Mass Less String
Condition

Free body diagram

Equation

Tension and acceleration

T = m1a

a=

F – T = m2a

T=

F – T = m1a

a=

T = m2a

T=
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T1 = m1a

a=

T2 – T1 = m2a

T1 =

F – T2 = m3a

T2 =

F – T1 = m1a

a=

T1 – T2 = m2a

T1 =

T2 = m3a

T2 =

3.17 Motion of Connected Block over A Pulley
Condition

Free body diagram

Equation

m1a = T1 – m1g

T1 =

m2a = m2g – T1

T2 =

T2 = 2T1
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Tension and acceleration

a=

m1a = T1 – m1g

T1 =

m2a = m2g + T2 – T

T2 =

m3a = m3g – T2

T3 =

T3 = 2T1

m1a = m1g – T1

m2a = T2 – m2g

a=

a=

T1 =

Torque
= (T1 – T2)R = 1
(T1 – T2)R =
(T1 – T2)R =

T2 =

MR2
T1 – T2 =
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3.18 Friction (Introduction)
If we slide or try to slide a body over a surface the motion is resisted by a
bonding between the body and the surface. This resistance is represented
by a single force and is called friction.
The force of friction is parallel to the surface and opposite to the direction
of intended motion.

3.19 Types of Friction
(1) Static friction : The opposing force that comes into play when objects
are at rest.
(i) In this case static friction F = P.
(ii) Static friction is a self-adjusting force because it changes itself
in accordance with the applied force.

(2) Limiting friction : The maximum value of static friction upto which
body does not move is called limiting friction.
(i) The magnitude of limiting friction between any two bodies in
contact is directly proportional to the normal reaction between
them.
F1  R or F1= usR
(ii) Direction of the force of limiting friction is always opposite to
the direction in which one body is at the verge of moving.
(iii) Coef®cient of static friction :
(a)  s is called coef®cient of static friction.
(b) Dimension : [M0L0T0]
(c) Unit : It has no unit.
(d) Value of s lies in between 0 and 1
(e) Value of  depends on material and nature of surfaces in
contact.
(f) Value of  does not depend upon apparent area of contact.
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(3) Kinetic or dynamic friction : If the applied force sets the body in
motion, the friction opposing the motion is called kinetic friction.
(i) Kinetic friction depends upon the normal reaction friction.
Fk  R or Fk = kR where k is called the coef®cient of kinetic
friction.
(ii) Kinetic friction is always lesser than limiting friction Fk < F1
 k < s
Thus we require more force to start a motion than to maintain
it against friction. This is because when motion has actually
started, irregulrities of one surface have little time to get locked
again into the irregularities of the other surface.
(iv) Types of kinetic friction : (a) Sliding friction (b) Rolling friction


 Rolling friction is directly proportional to the normal reaction
(R) and inversely proportional to the radius (r) of the rolling
cylinder or whell.
FRrolling =


 is called coef®cient of rolling friction. It would have the
dimensions of length and would be measured in metre.



 Rolling friction is often quite small as compared to the sliding
friction.



 In rolling the surfaces at contact do not rub each other.



 The velocity of point of contact with respect to the surface
remains zero all the times.

3.20 Graph Between Applied Force and Force of Friction
(1) Part OA = static friction (Fs).
(2) At point A = limiting friction (F1).
(3) Beyond A, the force of friction is seen to decrease slightly.
The portion BC = kinetic friction (Fk).
(4) As the portion BC of the curve is parallel to x axis therefore kinetic
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friction does not change with the applied force.

3.21 Angle of Friction
Angle of friction may be de®ned as the angle which the resultant limiting
friction and normal reaction makes with the normal reaction.
By de®nition angle  is called he angle of friction tan  =



tan  = 

[As we know

= 

= tan–1 ()

or

3. 22 Angle of Repose
Angle of repose is de®ned as the angle of the inclined plane with horizontal
such that a body placed on it is just begins to slide.
If  is called the angle of repose.
 =  i.e., angle of repose = angle of friction.
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UNIT-III (Laws of Motion)
1 Mark Questions
1. A passenger sitting in a car at next, pusher the car from within. The car
doesn’t move, why ?
2. Give the magnitude and directions of the net force acting on a rain drop
falling with a constant speed.
3. Why the passengers in a moving car are thrown outwards when it suddenly
takes a turn ?
4. You accelerate your car forward. What is the direction of the frictional force
on a package resting on the ¯oor of the car ?
5. What is the purpose of using shockers in a car ?
6. Why are tyres made of rubber not of steel ?
7. Wheels are made circular. Why ?
8. If a ball is thrown up in a moving train, it comes back to the thrower’s
hands. Why ?
9. Calculate the force acting on a body which changes the momentum of the
body at the rate of 1 kg-m/s2.
10. On a rainy day skidding takes place along a curved path. Why ?
11. Why does a gun recoils when a bullet is being ®red ?
12. Why is it dif®cult to catch a cricket ball than a tennis ball even when both
are moving with the same velocity ?
13. The distance travelled by a moving body is directly proportional to time. Is
any external force acting on it ?
14. Calculate the impulse necessary to stop a 1500 kg car moving at a speed of
25 ms–1.
15. Lubricants are used between the two parts of a machine. Why ?
16. What provides the centripetal force to a car taking a turn on a level road ?
17. A body is acted upon by a number of external forces. Can it remain at
rest ?
18. Bodies of larger mass need greater initial effort to put them in motion.
Why ?
19. An athlete runs a certain distance before taking a long jump. Why ?
20. Action and reaction forces do not balance each other. Why. ?
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21. The wheels of vehicles are provided with mudguards. Why ?
22. China wares are wrapped in straw paper before packing. Why ?
23. Why is it dif®cult to walk on a sand ?
24. The outer edge of a curved road is generally raised over the inner edge.
Why ?
25. Explain why the water doesn’t fall even at the top of the circle when the
bucket full of water is upside down rotating in a vertical circle ?
26. Why does a speedy motor cyclist bends towards the centre of a circular path
while taking a turn on it ?
27. An impulse is applied to a moving object with a force at an angle of 20°
w.r.t. velocity vector, what is the angle between the impulse vector and
change in momentum vector ?
2 Marks Questions
28. A man getting out of a moving bus runs in the same direction for a certain
distance. Comment.
29. If the net force acting upon the particle is zero, show that its linear
momentum remains constant.
30. A force of 36 dynes is inclined to the horizontal at an angle of 60°. Find the
acceleration in a mass of 18 g that moves in a horizontal direction.
31. The motion of a particle of mass m is described by h = ut + 1/2 gt2 . Find
the force acting on particle. (F = mg)
32. A particle of mass 0.3 kg is subjected to a force of F = – kx with k = 15
Nm–1 . What will be its initial acceleration if it is released from a point
20 cm away from the origin ?
33. A 50 g bullet is ®red from a 10 kg gun with a speed of 500 ms–1. What is
the speed of the recoil of the gun.
34. Smooth block is released at rest on a 45° incline and then slides a
distance d. If the time taken of slide on rough incline is n times as large
as that to slide than on a smooth incline. Show that coef®cient of friction.
=

.

35. A spring balance is attached to the ceiling of a lift. When the lift is at rest
spring balance reads 49 N of a body hang on it. If the lift moves :
(i)
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(ii)

upward, with an acceleration of 5 ms–2

(iii) with a constant velocity.
What will be the reading of the balance in each case ?
36. It is easier to pull a roller than to push it. Why ? (using vector diagram)
37. A horse cannot pull a cart and run in empty space. Why ? (using diagram)
38. A bob of mass 0.1 kg hung from the ceiling of room by a string 2 m long
is oscillating. At its mean position the speed of a bob is 1 ms –1. What is the
trajectory of the oscillating bob if the string is cut when the bob is
(i)

At the mean position

(ii)

At its extreme position.

39. De®ne force of friction. How does ball bearing reduce friction ?
40. De®ne angle of friction and angle of repose.
41. A block placed on a rough horizontal surface is pulled by a horizontal force
F. Let f be the force applied by the rough surface on the block. Plot a graph
of f versus F.
42. A mass of 2 kg is suspended with thread AB. Thread CD of the same type
is attached.To the other end of 2 kg mass.
(i) Lower end of the lower thread is pulled gradually, hander and hander
is the downward direction so as to apply force on AB. Which of the
thread will break & why ?

(ii) If the lower thread is pulled with a jerk, what happens ?
43. A block of mass M is held against a rough vertical wall by pressing it with a
®nger. If the coef®cient of friction between the block and the wall is  and
the acceleration due to gravity is g, calculate the minimum force required
to be applied by the ®nger to held the block against the wall ?
3 Marks Questions & Numericals
44. A block of mass 500 g is at rest on a horizontal table. What steady force is
required to give the block a velocity of 200 cms –1 in 4 s ?
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45. A force of 98 N is just required to move a mass of 45 kg on a rough horizontal
surface. Find the coef®cient of friction and angle of friction ?
46. Calculate the force required to move a train of 2000 quintal up on an incline
plane of 1 in 50 with an acceleration of 2 ms –2. The force of friction per
quintal is 0.5 N.
47. A force of 100 N gives a mass m1, an acceleration of 10 ms–2 and of 20
ms–2 to a mass m2. What acceleration must be given to it if both the masses
are tied together ?
48. The pulley arrangement of ®g. are identical. The mass of the rope is
negligible. In (a) mass m is lifted up by attaching a mass (2 m) to the other
end of the rope. In (b), m is lifted up by pulling the other end of the rope
with a constant downward force F = 2 mg. In which case, the acceleration
of m is more ?

49. Fig. shows the position-time graph of a particle of mass 4 kg. What is the

(a) Force on the particle for t < 0, t > 4s, 0 < t < 4s ?
(b) Impulse at t = 0 and t = 4s ?
(Consider one dimensional motion only)
50. What is the accleration of the block and trolly system as the ®g., if the
coef®cient of kinetic friction between the trolly and the surface is 0.04 ?
Also Calculate friction in the string.
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Take g = 10 m/s2, mass of the string is negligible.

51. Three blocks of masses m1 = 10 kg, m2 = 20 kg are connected by strings
on smooth horizontal surface and pulled by a force of 60 N. Find the
acceleration of the system and frictions in the string.

52. The rear side of a truck is open and a box of 40 kg mass is placed 5m away
from the open end. The coef®cient of friction between the box and the
surface below it is 0.15 on a straight road, the truck starts from rest and
accelerates with 2 m/s2. At what distance from the starting point does the
box fall off the truck ? (ignore the size of the box)
53. A block slides down as incline of 30° with the horizontal. Starting from rest,
it covers 8 m in the ®rst 2 seconds. Find the coef®cient of static friction.
54. A helicopter of mass 2000 kg rises with a vertical acceleration of 15 m/s2.
The total mass of the crew and passengers is 500 kg. Give the magnitude
and direction of the :
(i) Force on the ¯oor of the helicopter by the crew and passenger.
(ii) Action of the rotor of the helicopter on the surrounding air
(iii) Force on the helicopter due to the surrounding air (g =10 m/s2)
55. A rectangular box lies on a rough inclined surface. The coef®cient of friction
between the surface and the box is (). Let the mass of the box be m.
(a) At what angle of inclination  of the plane to the horizontal will the
box just start to slide down the plane ?
(b) What is the force acting on the box down the plane, if the angle of
inclination of the plane is increased to  > .
(c) What is the force needed to be applied upwards along the plane to
make the box either remain stationary or just move up with uniform
speed ?
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(d) What is the force needed to be applied upwards along the plane to
make the box move up the plane with acceleration a ?
56. Two masses of 5 kg and 3 kg are suspended with help of mass less
inextensible string as shown. Calculate T1 and T2 when system is going
upwards with acceleration m/s2. (Use g = 9.8 m/s2)

57. There are few forces acting at a Point P produced by strings as shawn,
which is at rest, Find the forces F1 & F2

58. A hunter has a maching gun that can ®re 50g bullets with a velocity of
150 ms–1 . A 60 kg tiger springs at him with a velocity of 10 ms –1. How
many bullets must the hunter ®re into the target so as to stop him in his
track ?
59. Two blocks of mass 2 kg and 5 kg are connected by an ideal string passing
over a pulley. The block of mass 2 kg is free to slide on a surface inclined at
an angle of 30° with the horizontal whereas 5 kg block hangs freely. Find
the acceleration of the system and the tension in the string.
60. Show that Newton’s second law of motion is the real law of motion.
5 Marks Questions
61. De®ne the principle of conservation of linear momentum. Deduce the law
of conservation of linear momentum from Newton’s third law of motion.
62. Why circular roads are banked ? Derive an expression for angle of banking
for safe circular turn. Consider that coef®cient of friction between the tyre
and road is .
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63. Obtain an expression for minimum velocity of projection of a body at the
lowest point for looping a vertical loop.
64. Show that the area under the force-time graph gives the magnitude of the
impulse of the given force for the following case when (i) force is constant
(ii) variable force.
65. Derive an expression for acceleration of a body down a rough inclined
plane ? (Sliding only)
66. With the help of suitable example, explain the terms static friction, limiting
friction and kinetic friction. Show that static friction is a self adjusting
force. Also plot the graph showing the variation between applied force F
and force of friction f.
Unit-III (LAWS OF MOTION AND FRICTION)
Solutions
1. For motion, there should be external force.
2. as

= 0 so

3. Due to inertia of direction.
4. The package in the accelerated car (a non inertial frame) experiences a
Pseudo force in a direction opposite to that of the motion of the car. The
frictional force on the package which acts opposite to this pseudo force is
thus in the same direction (forward) as that of the car.
5. To decrease the impact of force by increasing the time for which force acts.
6. Since coef®cient of friction between rubber and road is less than the
coef®cient of friction between sheet and road.
7. Rolling friction is less than sliding friction.
8. Both during its upward and downward motion, the ball continues to move
inertia of motion with the same horizontal velocity as the train. In this
period, the ball covers the same horizontal distance as the train and so it
comes back to the thrower’s hand.
9. As F = rate change of momentum
F = 1kg-m/s2 = 1N
10. As the friction between the tyres and road reduces on a rainy day.
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11. To conserve momentum.
12. Being heavier, cricket ball has higher rate of change of momentum during
motion so more force sumed.
13. As s  t, so acceleration a = 0, therefore, no external force is acting on the
body.
14. Use formula I = change in momentum = m(v – u)
(Ans. – 37500 Ns)
15. To reduce friction and so to reduce wear & tear.
16. Force of friction between the tyre and road provides centripetal force.
17. Yes, if the external forces acting on the body can be represented in magnitude
and direction by the sides of a closed polygon taken in the same order.
18. As F = ma so for given a, more force will be required to put a large mass in
motion.
19. So that inertia of motion may help him in his muscular efforts to take a
longer jump.
20. As they acts on different bodies.
21. When the wheel rotates at a high speed, the mud sticking to the wheel ¯ies
off tangentially, this is due to inertia of direction. If order that the ¯ying
mud does not spiral the clothes of passer by the wheels are provided with
mudguards .
22. The straw paper between the China ware increases the Time of experiencing
the jerk during transportation. Hence impact of force reduces on China
wares.
23. Less reaction force.
24. In addition to the frictional force, a component of reaction force also
provides centripetal force.
25. Weight of the water and bucket is used up in providing the necessary
centripetal force at the top of the circle.
26. So that in addition of the frictional force, the horijontal component of the
normal reaction also provides the necessary centripetal forces.
27. Impulse and change in momentum are along the same direction. Therefore
angle between these two vectors is zero.
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28. Due to inertia of motion.
F 

29. As
when

F = 0,

30.

= 0 so P = constant

F = 36 dyne at an angle of 60°
Fx = F cos 60° = 18 dyne
Fx = max
So

ax =

= 1 cm/s2

31. h =
®nd a by differentiating h twice w.r.t.
a=g
as

F = ma so F = mg (answer)

32. As F = ma so F = – kx = ma
a=
for x = 20 cm,  a = – 10 m/s2
33. Initial momentum = 0
using conservation of linear momentum
mv + MV = 0
V=
 

V = 2 5 m/s

34. When there is no friction, the block slides down the inclined plane with
acceleration.
a = g sin 
when there is friction, the downward acceleration of the block is
a´ = g (sin  –  cos )
As the block slides a distance d in each case so
d=
=

=
=

= n2
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= n2

or
Solving, we get (Using  = 45°)

35. (i)

R = m (g – a)

weight

= 49 N

so

m=

= 5 kg

R = 5 (9 8 – 5)
R = 24N
(ii)

R = m (g + a)
R = 5 (9 8 + 5)
R = 74 N

(iii) as a = 0 so R = mg = 49N
38. (i) Parabolic, (ii) vertically downwards
41.

Uuto point A, f = F (50 Long as block is stationary)
beyond A, when F increases, block starts moving f remains constant.
42. (i) Thread AB breaks down
(ii) CD will break.
43.

For the block not to fall f = Mg
f = R = F so

But

F = Mg
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F=
44. Use

.

F = ma
a=

= 50 cm/s2

=

F = 500 × 50 = 25,000 dyne.
45. F = 98 N, R = 45 × 9 8 = 441 N
2 =

= 0.22

Angle of friction  = tan–1  = tan–1 0 22 = 12°24
46.

Force of friction = 0 5 N per quintal
f = 0 5 × 2000 = 1000 N
m = 2000 quintals = 2000 × 100 kg
sin  =

, a = 2 m/s2

In moving up an inclined plane, force required against gravity
= mg sin  = 39200 N
And force required to produce acceleration = ma
= 2000 × 100 × 2 = 40,0000 N
Total force required = 1000 + 39,200 + 40,0000
= 440200 N.
47. Suppose, a = acceleration produced if m1 and m2 are tied together,
F = 100 N
Let a1 and a2 be the acceleration produced in m1 and m2, respectively.
 

a1 = 10 ms–2, a2 = 20 ms–2 (given)
Again m1 =

and m2 =

 

m1 =

= 10 ms–2

and

m2 =

= 5 ms–2

 
So,

m1 + m2 = 10 + 5 = 15
a=

=

=

= 6.67 ms–2
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48. Case (a) :

a=

Case (b) : FBD of mass m

ma = T – mg
ma = 2mg – mg


  

ma = mg

So in case (b) acceleration of m is more.
49. (a) For t < 0. No force as Particles is at rest.
For t > 4s, No force again particle comes at rest.
For 0 < t < 4s, as slope of OA is constant so velocity constant
i.e., a = 0, so force must be zero.
(b) Impulse at t = 0
Impulse = change in momentum
I = m(v – u) = 4(0 – 0 75) = 3 kg ms–1
Impulse at t = 4s
I = m (v – u) = 4 (0 – 0.75) = – 3 kg ms–1
50. Free body diagram of the block
30 – T = 3a

Free body diagram of the trolley
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...(i)

T – fk = 20 a

...(ii)

fk = k N = 0 04 × 20 × 10 = 8 N

where
Solving (i) & (ii),

a = 0 96 m/s2 and T = 27 2 N
51. All the blocks more with common acceleration a under the force F = 60 N.
F = (m1 + m2 + m3)a
= 1 m/s2

a=

To determine, T1 Free body diagram of mass m1.

T1 = m1a = 10 × 1 = 10 N
To determine, T2 – Free body diagram of m3.

F – T2 = m3a
Solving, we get

T2 = 30 N

52. Force on the box due to accelerated motion of the truck
F = ma = 40 × 2 = 80 N
(in forward direction)
Reaction on the box,

F´ = F = 80 N

(in backward direction)

Force of limiting friction, f = R = 0 15 × 40 × 10 = 60 N
Net force on the box in backward direction is P = F´ – f
= 80 – 60 = 20 N
Backward acceleration in the box = a =

=

= 0 5 ms–1

t = time taken by the box to travel s = 5 m and falls off the truck, then from
Newton's Law Of Motion And Friction
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s=
5=
t = 4 47s
If the truck travels a distance x during this time
then

x = 0 × 4 34 +
x = 19 98 m

53. Use

s=
a=

as u = 0

=
Putting the value and solving, =

0 11

54. (a) Force on the ¯oor of the helicopter by the crew and passengers
= apparent weight of crew and passengers
= 500 (10 + 15)
= 12500 N
(b) Action of rotor of helicopter on surrounding air is Obviously vertically
downwards, because helicopter rises on account of reaction of this
force. Thus force of action
= (2000 + 500) (10 + 15)
= 2500 × 25
= 62,500 N
(c) Force on the helicopter due to surrounding air is obviously a reaction.
As action and reaction are equal and opposite, therefore
Force of reaction F´ = 62,500 vertically upwards.
55. (a) When the box just starts sliding
 = tan 
or

 = tan–1 

(b) Force acting on the box down the plane
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= mg (sin  –  cos )

(c) Force needed mg (sin  +  cos )
(d) Force needed = mg (sin  +  cos ) + ma.
56. According Newton’s second law of motion
(i)

T1 – (m1 + m2)g = (m1 + m2)a
T1 = (m1 + m2)(a + g)
= (5 + 3) (2 + 9 8)
T1 = 94 4 N

(ii)

T2 – m2g = m2a
T2 = m2 (a + g)
T2 = 3(2 + 9 8)
T2 = 35 4 N

57. Using Resolution of forces 1N and 2N and then applying laws of vector
addition.
Calculate for F1 & F2.
F1 =

, F2 =

58. Given m = mass of bullet = 50 gm = 0.50 kg
M = mass of tiger = 60 kg
v = Velocity of bullet = 150 m/s
V = Velocity of tiger = – 10m/s
( It is coming from opposite direction n = no. of bullets ®red per second
at the tiger so as to stop it.)
Pi = 0, before ®ring

...(i)

Pf = n(mv) + MV

...(ii)

From the law of conservation of momentum,
Pi = pf
Newton's Law Of Motion And Friction
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0 = n(mv) + MV

 

n=
=

= 80.

59.

Let a be the acceleration of the system and T be the Tension in the string.
Equations of motions for 5 kg and 2 kg blocks are
5g – T = 5a

...(1)

T – 2g sin  – f = 2a

...(2)

where

f = force of limiting friction
= R =  mg cos  = 0 3 × 2g × cos 30°

Solving (1) & (2),
a = 4 87 m/s2
T = 24 65 N.
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4.1 Introduction
Work is said to be done when a force applied on the body displaces the body
through a certain distance in the direction of force.

4.2 Work Done by a Constant Force
Let a constant force F be applied on the body such that it makes an angle
 with the horizontal and body is displaced through a distance s.
Then work done by the force in displacing the body through a distance s is
given by
W = (F cos ) s = Fs cos  W = (F cos ) s = Fs cos 
W=

4.3 Nature of Work Done
Positive work
Negative work
Positive work means that force (or its Negative work means that force (or its
component) is parallel to displacement component) is opposite to displacement
0º  < 90º
i.e., 90º <  180º

The positive work sigmnes that the external The negative work sigmnes that the
external force favours the motion
force opposes the motion of the body.
of the body.
Work, Energy And Power

89

4.4 Work Done by aVariable Force
When the magnitude and direction of a force varies with position, the work
done by such a force for an infinite simal displacement is given by
dW =

.

The total work done in going from A to B is W =

.

Area under force displacement curve with proper algebraic sign represents
work done by the force.

4.5 Work Depends on Frame of Reference
With change of frame of reference (inertial) force does not change while
displacement may change. So the work done by a force will be different in
different frames.
Examples : If a person is pushing a box inside a moving train, the work done
in the frame of train will
where

while in the frame of earth will be

is the displacement of the train relative to the ground.

4.6 Energy
The energy of a body is de®ned as its capacity for doing work.
(1) It is a scalar quantity.
(2) Dimension : [ML2T2] it is same as that of work or torque.
(3) Units : Joule [S.I.], erg [C.G.S.]
Practical units : electron volt (eV), Kilowatt hour (KWh), Calories (Cal)
Relation between different units :
1 Joule = 107 erg
1 eV = 1.6 × 10–19 Joule
1 KWh = 3.6 × 106 Joule
1 Calorie = 4.18 Joule
(4) Mass energy equivalence : The relation between the mass of a particle
m and its equivalent energy is given as E = mc2 where c = velocity of
light in vacuum.
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4.7 Kinetic Energy
The energy possessed by a body by virtue of its motion is called kinetic
energy.
Let m = mass of the body, v = velocity of the body then K.E. =

.

(1) Kinetic energy depends on frame of reference : The kinetic energy
of a person of mass m, sitting in a train moving with speed v, is zero in
the frame of train but

in the frame of the earth.

(2) Work-energy theorem : It states that work done by a force acting on a
body is equal to the change produced in the kinetic energy of the body.
This theorem is valid for a system in presence of all types of forces
(external or internal, conservative or non-conservative).
(3) Relation of kinetic energy with linear momentum : As we know
Momentum P =
(4) Various graphs of kinetic energy

4.8 Potential Energy

4.9 Potential Energy
Potential energy is de®ned only for conservative forces. In the space occupied
by conservative forces every point is associated with certain energy which is
called the energy of position or potential energy. Potential energy generally
Work, Energy And Power
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are of three types : Elastic potential energy and Gravitational potential energy
etc.
(1) Change in potential energy : Change in potential energy between any
two points is de®ned in terms of the work done by the force in displacing
the particle between these two points without any change in kinetic
energy.
U2 – U1 =

...(1)

(2) Potential energy curve : A graph plotted between the potential energy of
a particle and its displacement from the centre of force is called potential
energy curve. Negative gradient of the potential energy gives force.
= F
(5) Types of equilibrium : If net force acting on a particle is zero, it is said
to be in equilibrium.
For equilibrium,
types :

= 0, but the equilibrium of particle can be of three

Stable

Unstable

When a particle is displaced
slightly from a position, then
a force acting on it brings it
back to the initial position,
it is said to be in stable
equilibrium position.

When a particle is displaced
slightly from a position, then
a force acting on it tries to
displace the particle further
away from the equilibrium
position, it is said to be in
unstable equilibrium.

Neutral
When a particle is slightly
displaced from a position
then it does not experience
any force acting on it and
continues to be in equilibrium in the displaced
position, it is said to be in
neutral equilibrium.

Potential energy is minimum. Potential energy is maximum. Potential energy is constant.

i.e., rate of change of
positive.

is i.e., rate of change of
is negative.

i.e., rate of change of
is zero.
Example : A marble placed E x a m p l e : A m a r b l e Example : A marble placed
at the bottom of a hemi- balanced on top of a hemi- on horizontal table.
spherical bowl.
spherical bowl.
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4.10 Elastic Potential Energy
(1) Restoring force and spring constant : When a spring is stretched or
compressed from its normal position (x = 0) by a small distance x, a
restoring froce is produced in the spring to bring it to the normal position.
According to Hooke’s law this restoring force is proportional to the
displacement x and its direction is always opposite to the displacement.

i.e.,



or

=

...(i)

where k is called spring constant.
(2) Expression for elastic potential energy :
Elastic potential energy

U=

Note :
 If spring is stretched from initial position x1 to ®nal position x2 then
work done = Increment in elastic potential energy
=
(3) Energy graph for a spring : It mean kinetic energy changes parabolically
w.r.t. position but total energy remain always constant irrespective to
position of the mass.

4.11 Law of Conservation of Energy
(1) Law of conservation of energy : For an isolated system or body in
presence of conservative forces the sum of kinetic and potential energies
at any point remains constant throughout the motion. It does not depends
upon time. This is known as the law of conservation of mechanical energy.
(2) Law of conservation of total energy : If the forces are conservative
and non-conservative both, it is not the mechanical energy alone which
Work, Energy And Power
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is conserved, but it is the total energy, may be heat, light, sound or
mechanical etc., which is conserved.

4.15 Power
Power of a body is de®ned as the rate at which the body can do the work.
Average power (Pav) =
Instantaneous power (Pinst.) =
[As dW =
Pinst =
i.e., power is equal to the scalar product of force with velocity.
(1) Dimension : [P] = [ML2T–3]
(2) Units : Watt or Joule/sec [S.I.]
Practical Units : Kilowatt (kW), Mega watt (MW) and Horse power
(hp)
Relations between different units : 1 watt = 1 Joule/sec = 107 erg/sec
1hp = 746 Watt
(3) The slope of work time curve gives the instantaneous power. As
P = dW/dt = tan 
(4) Area under power time curve gives the work done as P =


W =



W = Area under P – t curve

4.12 Collision
Collision is an isolated event in which a strong force acts between two or
more bodies for a short time as a result of which the energy and momentum of
the interacting particle change.
In collision particles may or may not come in real touch.
(3) Types of collision : (i) On the basis of conservation of kinetic energy.
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Perfectly
Elastic collision
If in a collision, kinetic
energy after collision is
equal to kinetic energy
b e f or e co l l i s i o n , t h e
collision is said to be
perfectly elastic.

Inelastic collision
If in a collision kinetic
energy after collision
is not equal to kinetic
energy before collision,
the collision is said to
inelastic.

Perfectly inelastic
collision
If in a collision two bodies
stick together or move
with same velocity after
the collision, the collision
is said to be perfectly
inelastic.

Coef®cient of restitution Coef®cient of restitution Coef®cient of restitution
e=1
0<e<1
e=0
Her e ki ne t ic e n ergy T he t e r m ‘ pe r f e c t l y
appears in other forms. i n e l a s t i c ’ d o e s n o t
In some cases (KE)®nal < necessarily mean that all
(KE)initial such as when the initial kinetic energy is
initial KE is converted lost, it implies that the loss
into internal energy of the in kinetic energy is as large
(KE)®nal = (KE)initial
product (as heat, elastic as it can be. (Consistent
or excitation) while in with momentum conserother cases (KE) final > vation).
(KE)initial such as when
internal energy stored in
the colliding particles is
released.
Examples : (1) Collision
between atomic particles
(2) Bouncing of ball with
same velocity after the
collision with earth.

Examples : (1) Collision Example : Colli sion
between two billiard balls. between a bullet and a
(2) Collision between two block of wood into which
it is ®red. When the bullet
automobile on a road.
In fact all majority of remains embeded in the
collision belong to this block.
category.

4.13 Perfectly Elastic Head on Collision
Let two bodies of masses m1 and m2
moving initial velocities u1 and u2 in the
same direction they collide such that after
collision their ®nal velocities are v1 and
v2 respectively.
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According to law of conservation of momentum and conservation of kinetic
energy.
Note :


The ratio of relative velocity of separation and relative velocity of
approach is de®ned as coef®cient of restitution.
e =



For perfectly elastic collision e = 1




or v2 – v1 = e (u1 – u2).

v2 – v1 = u1 – u2 [As shown in eq. (vi)]

For perfectly inelastic collision e = 0


v2 – v1 = 0 or v2 = v1

It means that two body stick together and move with same velocity.


For inelastic collision 0 < e < 1


v2 – v1 = (u1 – u2)

In short we can say that e is the degree of elasticity of collision and it is
dimension less quantity.



v1 =

...(vii)

v2 =

...(viii)

When two bodies of equal masses undergo head on elastic collision,
their velocities get interchanged.

(2) Kinetic energy transfer during head on elastic collision : Fractional
decrease in kinetic energy
=

...(iv)

Note :


Greater the difference in masses less will be transfer of kinetic energy
and vice versa.



Transfer of kinetic energy in head on elastic collision (when target is at
rest) is maximum when the masses of particles are equal.
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2.14 Motion in Vertical Circle
This is an example of non-uniform circular motion. In this motion body is
under the in¯uence of gravity of earth.
(1) Velocity at any point on vertical
loop : If u is the initial velocity imparted
to body at lowest point then, velocity of
body at height h is given by

where l is the length of the string.
(2) Tension at any point on vertical loop : Tension at general point P,
T=
(3) Various conditions for vertical motion :
Velocity at lowest

Condition

point
Tension in the string will not be zero at any of the point and
body will continue the circular motion.
Tension at highest point C will be zero and body will just
complete the circle.
Particle will not follow circular motion. Tension in string
become zero somewhere between points B and C whereas
velocity remain positive. Particle leaves circular path and
follow parabolic trajectory.
Both velocity and tension in the string becomes zero between
A and B and particle will oscillate along semi-circular path.
Velocity of particle becomes zero between A and B but
tension will not be zero and the particle will oscillate about
the point A.
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(6) Various quantities for a critical condition in a vertical loop at
different positions :

VERY SHORT ANSWER QUESTIONS (1 MARK)
1. De®ne the conservative and non-conservative forces. Give examples of
each.
2. A light body and a heavy body have same linear momentum. Which one has
greater K.E ?
3. The momentum of the body is doubled, what % does its K.E change ?
4. A body is moving along a circular path. How much work is done by the
centripetal force ?
5. Which spring has greater value of spring constant – a hard spring or a delicate
spring ?
6. Two bodies stick together after collision. What type of collision is in between
these two bodies ?
7. State the two conditions under which a force does no work ?
8. How will the momentum of a body changes if its K.E. is doubled ?
9. K.E. of a body is increased by 300 %. Find the % increase in its momentum ?
10. A light and a heavy body have same K.E., which of the two have more
momentum and why ?
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11. Does the P.E. of a spring decreases or increases when it is compressed or
stretched ?
12. Name a process in which momentum changes but K.E. does not.
13. What happens to the P.E. of a bubble when it rises in water ?
14. A body is moving at constant speed over a frictionless surface. What is the
work done by the weight of the body ?
15. De®ne spring constant of a spring.

SHORT ANSWER QUESTIONS (2 MARKS)
16. How much work is done by a coolie walking on a horizontal platform with
a load on his head ? Explain.
17. Mountain roads rarely go straight up the slope, but wind up gradually. Why
?
18. A truck and a car moving with the same K.E. on a straight road. Their engines
are simultaneously switched off which one will stop at a lesser distance ?
19. Is it necessary that work done in the motion of a body over a closed loop is
zero for every force in nature ? Why?
20. Derive an expression for K.E. of a body of mass ‘m’ moving with velocity
‘v’ by calculus method.
21. How high must a body be lifted to gain an amount of P.E. equal to the K.E. it
has when moving at speed 20 ms–1. (The value of acceleration due to gravity
at a place is 9.8 ms–2).
22. Give an example in which a force does work on a body but fails to change
its K.E.
23. A bob is pulled sideway so that string becomes parallel to horizontal and
released. Length of the pendulum is 2 m. If due to air resistance loss of energy
is 10%, what is the speed with which the bob arrived at the lowest point.
24. Two springs A and B are identical except that A is harder than B (K A > KB)
if these are stretched by the equal force. In which spring will more work be
done ?
25. Find the work done if a particle moves from position r1 =
a position

to

under the effect of force

26. Spring A and B are identical except that A is stiffer than B, i.e., force constant
kA > kB. In which spring is more work expended if they are stretched by the
same amount ?
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27. A ball at rest is dropped from a height of 12 m. It loses 25% of its kinetic
energy in striking the ground, ®nd the height to which it bounces. How do
you account for the loss in kinetic energy ?
28. State and prove work energy theorem.
29. Which of the two kilowatt hour or electron volt is a bigger unit of energy
and by what factor ?
30. A spring of force constant K is cut into two equal pieces. Calculate force
constant of each part.

SHORT ANSWER QUESTIONS (3 MARKS)
31. A elastic spring is compressed by an amount x. Show that its P.E. is 1/2 kx2
where k is the spring constant.
32. A car of mass 2000 kg is lifted up a distance of 30 m by a crane in 1 min. A
second crane does the same job in 2 min. Do the cranes consume the same
or different amounts of fuel ? What is the power supplied by each crane ?
Neglect Power dissipation against friction.
33. Prove that bodies of identical masses exchange their velocities after head-on
elastic collision.
34. Answer the following :
(a) The casing of a rocket in ¯ight burns up due to friction. At whose expense
is the heat energy required for burning obtained ? The rocket or the
atmosphere or both ?
(b) Comets move around the sun in highly elliptical orbits. The gravitational
force on the comet due to the sun is not normal to the comet’s velocity in
general. Yet the work done by the gravitational force over every complete
orbit of the comet is zero. Why ?
35. De®ne elastic and inelastic collision. A lighter body collides with a much
more massive body at rest. Prove that the direction of lighter body is reversed
and massive body remains at rest.
36. 20 J work is required to stretch a spring through 0.1 m. Find the force constant
of the spring. If the spring is further stretched through 0.1 m. Calculate work
done.
37. A body of mass M at rest is struck by a moving body of mass m. Prove that
fraction of the initial K.E. of the mass m transferred to the struck body is
4 m M/(m + M)2 in an elastic collision.
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38. A pump on the ground ¯oor of a building can pump up water to ®ll a tank
of volume 30 m3 in 15 min. If the tank is 40 m above the ground, how
much electric power is consumed by the pump. The ef®ciency of the pump
is 30%.
39. Show that in an elastic one dimensional collision the relative velocity of
approach before collision is equal to the relative velocity of separation after
collision.
40. A ball bounces to 80% of its original height. Calculate the mechanical energy
lost in each bounce.

LONG ANSWER QUESTIONS (5 MARKS)
41. Show that at any instant of time during the motion total mechanical energy
of a freely falling body remains constant. Show graphically the variation of
K.E. and P.E. during the motion.
42. De®ne spring constant, write the characteristics of the force during the
elongation of a spring. Derive the relation for the P.E. stored when it is
elongated by X. Draw the graphs to show the variation of P.E. and force with
elongation.
43. How does a perfectly inelastic collision differ from perfectly elastic collision
? Two particles of mass m1 and m2 having velocities U1 and U2 respectively
make a head on collision. Derive the relation for their ®nal velocities. Discuss
the following special cases.
(i) m1 = m2
(ii) m1 >> m2 and U2 = 0
(iii) m1 << m2 and U1 = 0

NUMERICALS
44. A body is moving along z-axis of a coordinate system under the effect of a
Find the work done by the force in moving
constant force F =
the body a distance of 2 m along z-axis.
45. Water is pumped out of a well 10 m deep by means of a pump rated 10 KW.
Find the ef®ciency of the motor if 4200 kg of water is pumped out every
minute. Take g = 10 m/s2.
46. A railway carriage of mass 9000 kg moving with a speed of 36 km h–1 collides
with a stationary carriage of same mass. After the collision, the carriages get
coupled and move together. What is their common speed after collision ?
What type of collision is this ?
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47. In lifting a 10 kg weight to a height of 2m, 230 J energy is spent. Calculate
the acceleration with which it was raised ?
48. A bullet of mass 0.02 kg is moving with a speed of 10 ms–1. It can penetrate
10 cm of a wooden block, and comes to rest. If the thickness of the target
would be 6 cm only, ®nd the K.E. of the bullet when it comes out.
49. A man pulls a lawn roller through a distance of 20 m with a force of 20 kg
weight. If he applies the force at an angle of 60º with the ground, calculate
the power developed if he takes 1 min in doing so.
50. A body of mass 0.3 kg is taken up an inclined plane to length 10 m and height
5 m and then allowed to slide down to the bottom again. The coef®cient of
friction between the body and the plane is 0.15. What is the
(i) work done by the gravitational force over the round trip.
(ii) work done by the applied force over the upward journey.
(iii) work done by frictional force over the round trip.
(iv) kinetic energy of the body at the end of the trip.
How is the answer to (iv) related to the ®rst three answer ?
51. Two identical 5 kg blocks are moving with same speed of 2 ms–1 towards each
other along a frictionless horizontal surface. The two blocks collide, stick
together and come to rest. Consider the two blocks as a system. Calculate
work done by (i) external forces and (i) Internal forces.
52. A truck of mass 1000 kg accelerates uniformly from rest to a velocity of
15 ms–1 in 5 seconds. Calculate (i) its acceleration, (ii) its gain in K.E.,
(iii) average power of the engine during this period, neglect friction.
53. An elevator which can carry a maximum load of 1800 kg (elevator +
passengers) is moving up with a constant speed of 2 ms–1. The frictional force
opposing the motion is 4000 N. Determine the minimum power delivered by
the motor to the elevator in watts as well as in horse power.
54. To simulate car accidents, auto manufacturers study the collisions of moving
cars with mounted springs of different spring constants. Consider a typical
simulation with a car of mass 1000 kg moving with a speed 18.0 kmh–1 on
a smooth road and colliding with a horizontally mounted spring of spring
constant 6.25 × 10–3 Nm–1. What is the maximum compression of the spring.
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ANSWERS
1. Conservative force : e.g., Gravitational force, electrostatic force.
Non-Conservative force : e.g., forces of friction, viscosity.
2. Lighter body has more K.E. as K.E. =
3. K.E. =


and for constant p, K.E. 

when p is doubled K.E. becomes 4 times.
% Increase in K.E. =
= 3 × 100 = 300%.

4. W = FS cos 90º = 0.
5. Hard spring.
6. Inelastic collision.
7. (i) Displacement is zero or it is perpendicular to force.
(ii) Conservative force moves a body over a closed path.
8. Momentum becomes
9. K.E. =

times.

so p =
Increase in K.E. = 300% of k = 3k
Final K.E., k = k + 3k = 4k
Final momentum, p =
= 2p

% Increase in momentum =
10. Heavier body.
11. Increases because W.D. on it when it is compressed or stretched.
12. Uniform circular motion.
13. Decreases.
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14. W = 0.
15. It is the restoring force set up in a string per unit extension.
16. W = 0 as his displacement is along the horizontal direction and in order to
balance the load on his head, he applies a force on it in the upward direction
equal to its weight. Thus angle between force and displacement is zero.
17. If roads go straight up then angle of slope  would be large so frictional force
f = mg cos  would be less and the vehicles may slip. Also greater power
would be required.
18. By Work - Energy Theorem,
Loss in K.E.

= W.D. against the force × distance of friction
K.E. =  mg S

or

S

For constant K.E.,

 Truck will stop in a lesser distance.
19. No. W.D. is zero only in case of a conservative force.
21.

mgh =
so

h = 20.2 m

22. When a body is pulled on a rough, horizontal surface with constant velocity.
Work is done on the body but K.E. remains unchanged.
23.

= 90% of mgh


v = 6 m/s

24. F = Kx so x =
For same F,

WA =

and

WB =


As KA > KB so WA < WB.
25.
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=


W =

26.

= 46 J.

W =


=

for same x

As KA > KB so WA > WB.
27. If ball bounces to height h, then
mgh = 75% of mgh


h = 0 75 h = 9 m.

29. kwh is a bigger unit of energy.

30. Force constant of each half becomes twice the force constant of the original
spring.
32. t1 = 1 min = 60 s, t2 = 2 min = 120 s
W = Fs = mgs = 5 88 × 105 J
As both cranes do same amount of work so both consume same amount of
fuel.
P1 =


and P1 =
P1 = 9800 W & P2 = 4900 W.

36. P.E. of spring when stretched through a distance 0 1 m,
U = W.D. =
or

K = 4000 N/m

when spring is further stretched through 0 1 m, then P.E. will be :
U =


W.D. = U – U = 80 – 20 = 60 J.
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38.

30% of Power =
=


P = 43 6 KW.

40. Let Initial P.E. = mgh
P.E. after ®rst bounce = mg × 80% of h
= 0 80 mgh
P.E. lost in each bounce = 0 20 mgh
 Fraction of P.E. lost in each bounce
=

= 0 20

=

44.

W =
45.

Input power = 10 KW
Output power =


Ef®ciency =

46. m1 = 9000 kg, u1 = 36 km/h = 10 m/s
m2 = 9000 kg, u2 = 0, v = v1 = v2 = ?
By conservation of momentum :
m1u1 + m2u2


=(m1 + m2) v
v = 5 m/s

Total K.E. before collision =
= 45000 J
Total K.E. after collision =
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= 7 KW

As total K.E. after collision < Total K.E. before collision
 Collision is inelastic.
47.

W = mgh + mah = m (g + a) h


a = 1 5 m/s2.

48. For x = 10 cm = 0 1 m, Fx =


F = 10 N

For x = 6 cm = 0 06 m, Fx =
or

Fx =

or

Final K.E. =
= 1–0 6
= 0 4J

49.
50.

sin  =


  

 = 30º.

(i) W = FS = – mg sin q × h = – 14 7 J is the W.D. by gravitational force in
moving the body up the inclined plane.
W = FS = + mg sin  × h = 14 7 J is the W.D. by gravitational force in
moving the body down the inclined plane.
 Total W.D. round the trip, W1 = W + W = 0.
(ii) Force needed to move the body up the inclined plane,
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F = mg sin  + fk
= mg sin  + k R
= mg sin  + k mg cos 
 W.D. by force over the upward journey is
W2 = F × l = mg (sin  + k cos ) l
= 18 5 J
(iii) W.D. by frictional force over the round trip,
W3 = – fk (l + l) = – 2fk l
= – 2k mg cos  l = – 7 6 J
(iv) K.E. of the body at the end of round trip
= W.D. by net force in moving the body down
the inclined plane
= (mg sin  – k mg cos ) l
= 10 9 J


K.E. of body = net W.D. on the body.

51. Here no external forces are acting on the system so :
= 0  Wext. = 0
According to work-energy theorem :
Total W.D. = Change in K.E.
or

Wext. + Wint. = Final K.E. – Initial K.E.
0 + Wint.

=
Wint. = – mu2 = – 20 J

or
52. (i)
(ii) Gain in K.E. =
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(iii)
53. Downward force on the elevator is :
F = mg + f = 22000 N
 Power supplied by motor to balance this force is :
P = Fv = 44000 W
=

= 59 hp.

54. At maximum compression xm, the K.E. of the car is converted entirely into
the P.E. of the spring.

or

=
xm = 2 m.
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5.1 Introduction
Rigid body : A rigid body is a body that can rotate with all the parts locked
together and without any change in its shape.

5.2 Centre of Mass
Centre of mass of a system is a point that moves as though all the mass were
concentrated there and all external forces were applied there.
(1) Position vector of centre of mass for n particle system : If a system
consists of n particles of masses m1, m2, m3 ........ mn, whose positions
vectors are
of mass

respectively then position vector of centre

If two masses are equal i.e., m1 = m2, then position vector of centre of
mass
(2) Important points about centre of mass
(i) The position of centre of mass is independent of the co-ordinate
system chosen.
(ii) The position of centre of mass depends upon the shape of the body
and distribution of mass.
(iii) In symmetrical bodies in which the distribution of mass is
homogenous, the centre of mass coincides with the geometrical
centre or centre of symmetry of the body. Centre of mass of cone
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or pyramid lies on the axis of the cone at point distance
the vertex where h is the height of cone.

from

(iv) The centre of mass changes its position only under the translatory
motion. There is no effect of rotatory motion on centre of mass of
the body.
(v) If the origin is at the centre of mass, then the sum of the moments
of the masses of the system about the centre of mass is zero i.e.,
.
(vi) If a system of particles of masses m1, m2, m3, ...... move with velocity
v1, v2, v3, ......... then the velocity of centre of mass

(vii) If a system of particles of masses m1, m2, m3, ...... move with
accelerations a1, a2, a3, .......... then the acceleration of centre of
mass

(viii) If

is a position vector of centre of mass of a system then velocity

of centre of mass

=

.

(ix) Acceleration of centre of mass

(x) Force on a rigid body

=

.

.

(xi) For an isolated system external force on the body is zero
=

= constant.
i.e., centre of mass of an isolated system moves with uniform velocity
along a straight-line path.
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111

5.6 Equations of Linear Motion and Rotational Motion
Rotational Motion
If angular acceleration is 0,  = constant and  = t
If angular acceleration  = constant then
(i)
(ii)
(iii) 2 = 1 + t
(iv)
(v)
(vi)
If acceleration is not constant, the above equation will not be applicable. In this case
(i)
(ii)
(iii) d = d

5.7 Moment of Inertia
Moment of inertia plays the same role in rotational motion as mass plays in
linear motion. It is the property of a body due to which it opposes any change
in its state of rest or of uniform rotation.
(1) Moment of inertia of a particle I = mr2; where r is the perpendicular
distance of particle from rotational axis.
(2) Moment of inertia of a body made up of number of particles (discrete
distribution)
I =
(3) Moment of inertia of a continuous distribution of mass, dI = dmr2 i.e.,
I =
(4) Dimension : [ML2T0]
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(5) S.I. unit : kgm2.
(6) Moment of inertia depends on mass, distribution of mass and on the
position of axis of rotation.
(7) Moment of inertia is a tensor quantity.

5.8 Radius of Gyration
Radius of gyration of a body about a given axis is the perpendicular distance
of a point from the axis, where if whole mass of the body were concentrated,
the body shall have the same moment of inertia as it has with the actual
distribution of mass.
When square of radius of gyration is multiplied with the mass of the body
gives the moment of inertia of the body about the given axis.
I = Mk2 or k =
Here k is called radius of gyration.
k =
Note :


For a given body inertia is constant whereas moment of inertia is variable.

5.9 Theorem of Parallel Axes
Moment of inertia of a body about a given axis
I is equal to the sum of moment of inertia of the
body about an axis parallel to given axis and
passing through centre of mass of the body Ig
and Ma2 where M is the mass of the body and
a is the perpendicular distance between the
two axes.
I = Ig + Ma2

5.10 Theorem of Perpendicular Axes
According to this theorem the sum of moment
of inertia of a plane lamina about two mutually
perpendicular axes lying in its plane is equal to
its moment of inertia about an axis perpendicular
to the plane of lamina and passing through the
point of intersection of ®rst two axis.
Iz = Ix + Iy
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113

Note :
 In case of symmetrical two-dimensional bodies as moment of inertia for
all axes passing through the centre of mass and in the plane of body will
be same so the two axes in the plane of body need not be perpendicular
to each other.

5.12 Analogy between Translatory Motion and Rotational
Motion
Translatory motion

Rotatory motion

Mass

(m)

Moment of Inertia

(I)

Linear

P = mv

Angular

L = l

Momentum

P=

Momentum

L=

Force

F = ma

Torque

 = I

Kinetic energy

E=

E=

E=

E=

5.13 Moment of Inertia of Some Standard Bodies and Different
Axes
Body

Axis of Rotation

Figure

Moment

K

K2/R2

R

1

of inertia
Ring

About an axis

(Cylindrical Passing through
Shell)

C.G. and
perpendicular to
its plane

Ring
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About its diameter
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MR2

Ring

About a tangential
axis in its own plane

Ring

About a tangential
axis perpendicular
to its own plane
2MR2

2

Disc (Solid About an axis
cylinder) Passing through
C.G. and
perpendicular to
its plane
Disc

About its diameter

Disc

About a tangential
axis in its own
plane

Disc

About a tangential
axis perpendicular
to its own plane
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Solid Sphere About its diametric
axis

Solid Sphere About a tangential
axis

Spherical
Shell

About its diametric
axis

Spherical
Shell

About a tangential
axis

Long thin rod About on axis
passing through
its centre of mass
and perpendicular
to the rod
Long thin rod About an axis
passing through
its edge and
perpendicular to
the rod
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5.14 Torque
If the particle rotating in xy plane about the origin
under the effect of force

and at any instant the

position vector of the particle is

then,

Torque
 = rF sin 
[where  is the angle between the direction of

(1) Torque is an axial vector i.e., its direction is always perpendicular to the
in accordance with right hand screw
plane containing vector
rule. For a given ®gure the sense of rotation is anti-clockwise so the
direction of torque is perpendicular to the plane, outward through the
axis of rotation.
i.e., Torque = Force × Perpendicular distance of line of action of force
from the axis of rotation.
Torque is also called as moment of force and d is called moment or lever
arm.
(2) Unit : Newton-metre (M.K.S.) and Dyne-cm (C.G.S.)
(3) Dimension : [ML2T–2].
(4) A body is said to be in rotational equilibrium if resultant torque acting
on it is zero i.e.,
(5) Torque is the cause of rotatory motion and in rotational motion it plays
same role as force palys in translatory motion i.e., torque is rotational
analogue of force. This all is evident from the following correspondences
between rotatory and translatory motion.
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Rotatory Motion

Translatory Motion

5.15 Couple
A couple is de®ned as combination of two equal but oppositely directed force
not acting along the same line. The effect of couple is known by its moment
of couple or torque by a couple

5.17 Angular Momentum
The moment of linear momentum of a body with respect to any axis of
rotation is known as angular momentum. If
particle and
momentum.

is the linear momentum of

its position vector from the point of rotation then angular
=
=

Angular momentum is an axial vector i.e., always directed perpendicular to
the plane of rotation and along the axis of rotation.
(1) S.I. Unit : kgm2 s–1 or J-sec.
(2) Dimension : [ML2T–2] and it is similar to Planck’s constant (h).
(3) Angular momentum = (Linear momentum) × (Perpendicular distance of
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line of action of force from the axis of rotation)
(4) In vector form
(5) From

.


[Rotational analogue of Newton’s second law]
(6) If a large torque acts on a particle for a small time then ‘angular impulse’
of torque is given by
 Angular impulse = Change in angular momentum

5.18 Law of Conservation of Angular Momentum
If the net external torque on a particle (or system) is zero then =
i.e.,
=
Angular momentum of a system (may be particle or body) remains constant
if resultant torque acting on it zero.
As L = I so if

= 0 then I = constant.

5.20 Slipping, Spinning and Rolling
(1) Slipping : When the body slides on a surface without rotation then its
motion is called slipping motion.
In this condition friction between the body and surface F = 0.
Body possess only translatory kinetic energy KT =
(2) Spinning : When the body rotates in such a manner that its axis of
rotation does not move then its motion is called spinning motion. In this
condition axis of rotation of a body is ®xed.
In spinning, body possess only rotatory kinetic energy K R =
(3) Rolling : If in case of rotational motion of a body about a ®xed axis, the
axis of rotation also moves, the motion is called combined translatory
and rotatory.
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Example :
(i) Motion of a wheel of cycle on a road.
(ii) Motion of football rolling on a surface.
In this condition friction between the body and surface F  0. Body possesses
both translational and rotational kinetic energy.
Net kinetic energy = (Translatory + Rotatory) kinetic energy.

5.21 Rolling Without Slipping
In case of combined translatory and rotatory motion if the object rolls across
a surface in such a way that there is no relative motion of object and surface
at the point of contact, the motion is called rolling without slipping.
Friction is responsible for this type of motion but work done or dissipation
of energy against friction is zero as there is no relative motion between body
and surface at the point of contact.
Rolling motion of a body may be treated as a pure rotation about an axis
through point of contact with same angular velocity . [v = R]
Linear velocity of different points in rolling : In case of rolling, all points
of a rigid body have same angular speed but different linear speed. Let A, B,
C and D are four points then their velocities are shown in the following
®gure.

5.22 Rolling on an Inclined Plane
When a body of mass m and radius R rolls down on inclined plane of height
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‘h’ and angle of inclination , it loses potential energy. However it acquires
both linear and angular speeds and hence, gain kinetic energy of translation
and that of rotation.

(1) Velocity at the lowest point : v =

(2) Acceleration in motion : From equation v2 = u2 + 2as.
By substituting u = 0, s =

and v =

, we get a =

.

(3) Time of descent : From equation v = u + at
By substituting u = 0 and value of v and a from above expressions

.

ROTATIONAL MOTION (1 MARK)
1. About which axis a uniform cube will have minimum moment of inertia ?
2. State the priciple of moments of rotational equilibrium.
3. Find the moment of inertia of a disc of radius R and mass m about an axis in
its plane at a distance R/2 from its centre.
4. Can the couple acting on a rigid body produce translator motion ?
5. Which component of linear momentum does not contribute to angular
momentum ?
6. A system is in stable equilibrium. What can we say about its potential
energy ?
7. Is radius of gyration a constant quantity ?
8. Two solid spheres of the same mass are made of metals of different densities.
Which of them has a large moment of inertia about the diameter ?
Rotational Motion
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9. The moment of inertia of two rotating bodies A and B are I A and IB (IA >
IB) and their angular momenta are equal. Which one has a greater kinetic
energy ?
10. A particle moves on a circular path with decreasing speed. What happens to
its angular momentum ?
11. What is the value of instantaneous speed of the point of contact during pure
rolling ?
12. Which physical quantity is conserved when a planet revolves around the
sun ?
13. What is the value of torque on the planet due to the gravitational force of
sun ?
14. If no external torque acts on a body, will its angular velocity be constant ?
15. Why there are two propellers in a helicopter ?
16. A child sits stationary at one end of a long trolley moving uniformly with
speed V on a smooth horizontal ¯oor. If the child gets up and runs about on
the trolley in any manner, then what is the effect of the speed of the centre
of mass of the (trolley + child) system ?

Rotational motion (2 marks)
17. Show that in the absence of any external force, the velocity of the centre of
mass remains constant.
18. State the factors on which the position of centre of mass of a rigid body
depends.
19. What is the turning effect of force called for ? On what factors does it
depend ?
20. State the factors on which the moment of inertia of a body depends.
21. On what factors does radius of gyration of body depend ?
22. Why the speed of whirl wind in a Tarnado is alarmingly high ?
23. Can a body be in equilibrium while in motion ? If yes, give an example.
24. There is a stick half of which is wooden and half is of steel. (i) it is pivoted
at the wooden end and a force is applied at the steel end at right angle to its
length (ii) it is pivoted at the steel end and the same force is applied at the
wooden end. In which case is the angular acceleration more and why ?
25.If earth contracts to half of its present radius what would be the length of the
day at equator ?
26. An internal force can not change the state of motion of centre of mass of a
body. How does the internal force of the brakes bring a vehicle to rest ?
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27. When does a rigid body said to be in equilibrium ? State the necessary
condition for a body to be in equilibrium.
28. How will you distinguish between a hard boiled egg and a raw egg by spinning
it on a table top ?
29. Equal torques are applied on a cylinder and a sphere. Both have same mass
and radius. Cylinder rotates about its axis and sphere rotates about one of its
diameter. Which will acquire greater speed and why ?
30. In which condition a body lying in gravitational field is in stable
equilibrium ?
31. Give the physical signi®cance of moment of inertia. Explain the need of ¯y
wheel in Engine.

Rotational motion (3 marks)
32. Derive the three equation of rotational motion
(i)  = 0 + at

(ii)

(iii)
Under constant angular acceleration. Here symbols have usual meaning.
33. Obtain an expression for the work done by a torque. Hence write the
expression for power.
34. Prove that the rate of change of angular momentum of a system of particles
about a reference point is equal to the net torque acting on the system.
35. Three mass point m1, m2, m3 are located at the vertices of equilateral  of
side ‘a’. What is the moment of inertia of system about an axis along the
altitude of  passing through m1 ?
36. Show that moment of a couple does not depend on the point about which
moment is calculated.
37. A disc rotating about its axis with angular speed 0 is placed lightly (without
any linear push) on a perfectly frictionless table. The radius of the disc is R.
What are the linear velocities of the points A, B and C on the disc shown in
®gure. Will the disc roll ?
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38. A uniform circular disc of radius R is rolling on a horizontal surface.
Determine the tangential velocity (i) at the upper most point (ii) at the centre
of mass and (iii) at the point of contact.
39. Explain if the ice on the polar caps of the earth melts, how will it affect the
duration of the day ?
40. A solid cylinder rolls down an inclined plane. Its mass is 2 kg and radius
0.1 m. If the height of the include plane is 4 m, what is rotational K.E. when
it reaches the foot of the plane ?
41. Find the torque of a force 7i – 3j– 5k about the origin which acts on a particle
whose position vector is i + j– k.

Numericals
42. Three masses 3 kg, 4 kg and 5 kg are located at the corners of an equilateral
triangle of side 1 m. Locate the centre of mass of the system.
43. Two particles mass 100 g and 300 g at a given time have velocities 10i – 7j
– 3k and 7i – 9j + 6k ms–1 respectively. Determine velocity of COM.
44. From a uniform disc of radius R, a circular disc of radius R/2 is cut out. The
centre of the hole is at R/2 from the centre of original disc. Locate the centre
of gravity of the resultant ¯at body.
45. The angular speed of a motor wheel is increased from 1200 rpm to 3120 rpm
in 16 seconds, (i) What is its angular acceleration (assume the acceleration
to be uniform) (ii) How many revolutions does the wheel make during this
time ?
46. A metre stick is balanced on a knife edge at its centre. When two coins, each
of mass 5 g are put one on top of the other at the 12.0 cm mark, the stick is
found to be balanced at 45.0 cm, what is the mass of the meter stick ?
47. A solid sphere is rolling on a frictionless plane surface about its axis of
symmetry. Find ratio of its rotational energy to its total energy.
48. Calculate the ratio of radii of gyration of a circular ring and a disc of the same
radius with respect to the axis passing through their centres and perpendicular
to their planes.
49. Two discs of moments of inertia I1 and I2 about their respective axes (normal
to the disc and passing through the centre), and rotating with angular speed
1 and 2 are brought into contact face to face with their axes of rotation
coincident, (i) What is the angular speed of the two-disc system ? (ii) Show
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that the kinetic energy of the combined system is less than the sum of the
initial kinetic energies of the two discs. How do you account for this loss in
energy ? Take 1 2.
50. In the HCl molecule, the separating between the nuclei of the two atoms is
about 1.27 A (1A = 10–10 m). Find the approximate location of the CM of
the molecule, given that the chlorine atom is about 35.5 times as massive as
a hydrogen atom and nearly all the mass of an atom is concentrated in all its
nucleus.
51. A child stands at the centre of turn table with his two arms out stretched.
The turn table is set rotating with an angular speed of 40 rpm. How much is
the angular speed of the child if he folds his hands back and thereby reduces
his moment of inertia to 2/3 times the initial value ? Assume that the turn
table rotates without friction. (ii) Show that the child’s new kinetic energy
of rotation is more than the initial kinetic energy of rotation.
How do you account for this increase in kinetic energy ?
52. To maintain a rotor at a uniform angular speed of 200 rad s–1, an engine needs
to transmit a torque of 180 Nm. What is the power required by the engine ?
Assume that the engine is 100% ef®cient.
53. 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 and back wheel.

ROTATIONAL MOTION (5 MARKS)
54. Prove that the angular momentum of a particle is twice the product of its mass
and areal velocity. How does it lead to the Kepler’s second law of planetary
motion ?
55. Prove the result that the velocity V of translation of a rolling body (like a
ring, disc, cylinder or sphere) at the bottom of an inclined plane of a height
h is given by v2 =

.

where K = Radius of gyration of body about its symmetry axis, and R is
radius of body. The body starts from rest at the top of the plane.
56. (i) Establish the relation between torque and angular acceleration.
Hence de®ne moment of inertia.
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(ii) Can a body in translatory motion have angular momentum ? Explain ?
(iii) Establish the relation between angular momentum and moment of inertia
for a rigid body.
(iv) Why is it more dif®cult to revolve a stone by tying it to a longer string
than by tying it to a shorter string ?
(v) State the law of conservation of angular momentum and illustrate it with
the example of planetary motion.
(vi) A cat is able to land on its feet after a fall. Why ?
57. State the theorem of :
(i) perpendicular axis (ii) parallel axis.
Find the moment of inertia of a rod of mass M and length L about and
axis perpendicular to it through one end. Given the moment of inertia
about an axis perpendicular to rod and through COM is

ANSWERS (ROTATIONAL MOTION) 1 MARK
1. It will be about an axis passing through the centre of the cube and connecting
the opposite corners.
2.
3.
4. No. It can produce only rotatory motion.
5. Radial Component.
6. P.E. is minimum.
7. No, it changes with the position of axis of rotation.
8. Sphere of small density will have large moment of inertia.
9.
10. as

i.e., magnitude

11. Zero.
12. Angular momentum of planet.
13. Zero.
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decreases but direction remains constant.

14. No.
15. Due to conservation of angular momentum.
16. No change in speed of system as no external force is working.

ANSWERS (2 MARKS)
18. (i) Shape of body
(ii) mass distribution
19. Torque
Factors
(i) Magnitude of force
(ii) Perpendicular distance of force vector from axis of rotation.
20. (i) Mass of body
(ii) Size and shape of body
(iii) Mass distribution w.r.t. axis of rotation
(iv) Position and orientation of rotational axis
21. Mass distribution.
22. In this, air from nearly regions get concentrated in a small space, so I 
considerably. Since I.W = constant so W so high.
23. Yes, if body has no linear and angular acceleration. Hence a body in uniform
straight line motion will be in equilibrium.
24.

I (®rst case) > I (Second case)
 
 

25.

 = I
 (®rst case) <  (second case)
I1 =

 I2 =

L = I11 = I22
or

=

or

T2 =
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26. In this case the force which bring the vehicle to rest is friction, and it is an
external force.
27. For translation equilibrium
= 0
For rotational equilibrium
= 0
28. For same external torque, angular acceleration of raw egg will be small than
that of Hard boiled egg.
 = I ,  =

29.
 in cylinder,

C =

 in sphere,

S =
=

30. When vertical line through centre of gravity passes through the base of the
body.
31. It plays the same role in rotatory motion as the mass does in translatory
motion.

ANSWERS (3 MARKS)
35.

I =
= m1 × 0 + m2 × (BD)2 + m3 × (DC)2
=
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I =
37. For A VA = R0 in forward direction
For B = VB = R0 in backward direction
For CVC =

in forward direction disc will not roll.

41.

ANSWERS (NUMERICALS)
42. (x, y) = (0.54 m, 0.36 m)
.

43. Velocity of COM =

44. COM of resulting portion lies at R/6 from the centre of the original disc in
a direction opposite to the centre of the cut out portion.
45.  = 4 rad s–1
n = 576
46. m = 66 0 gm.
47.

Rot. K.E. =

=
Total energy = Translational K.E. + Rot. K.E.
=



=

48. 2 : 1
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49. (i) Let w be the angular speed of the two-disc system. Then by conservation
of angular momentum.
(I1 + I2)  = I11 + I22
 =

or

(ii) Initial K.E. of the two discs.
K1 =
Final K.E. of the two disc system.
K2 =
=
Loss in K.E.
=
= a positive quantity [ 1  2]

=

Hence there is a loss of rotational K.E. which appears as heat.
When the two discs are brought together, work is done against friction between
the two discs.
50. As shown in Fig. suppose the H nucleus is located at the origin. Then
x1 = 0, x2 = 1.27 Å, m1 = 1, m2 = 35.5
The position of the CM of HCl molecule is
x =
= 1.239 Å
Thus the CM of HCl is located on the line joining H and Cl nuclei at a distance
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of 1.235 Å from the H nucleus.

51. Here 1 = 40 rpm, I2 =
By the principle of conservation of angular momentum,
I1 1 = I2 2 or I1 × 40 =

or 2 = 100 rpm.

(ii) Initial kinetic energy of rotation
=

(40)2 = 800 I1

New kinetic energy of rotation
=
=
Thus the child’s new kinetic energy of rotation is 2.5 times its initial kinetic
energy of rotation. This increase in kinetic energy is due to the internal energy
of the child which he uses in folding his hands back from the out stretched
position.
52. Here  = 200 rad s–1,  = 180 Nm
 Power, P =  = 180 × 200 = 36,000 W = 36 kW.
53.

For translation equilibrium of car
NF + NB = W = 1800 × 9 8 = 17640 N
For rotational equilibrium of car
1 05 NF = 0 75 NB
Rotational Motion
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1 05 NF = 0 75 (17640 – NF)
1 8 NF = 13230
NF = 13230/1 8 = 7350 N
NB = 17640 – 7350 = 10290 N
Force on each front wheel=
Force on each back wheel=

= 3675 N
= 5145 N

ANSWERS (5 MARKS)
56. (ii) Yes, a body in translatory motion shall have angular momentum unless
®xed point about which angular momentum is taken lies on the line of
motion of body


= rp sin 
= 0 only when  = 0º or 180º

(iv)

MI of stone I = ml2 (l  length of string)
 = I
 =
if l is large  is very small
more dif®cult to revolve.
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6.1 Newton’s Law of Gravitation
Newton’s law of gravitation states that every body in this universe attracts
every other body with a force, which is directly proportional to the product
of their masses and inversely proportional to the square of the distance
between their centres. The direction of the force is along the line joining the
particles.
Thus the magnitude of the gravitational force F that two particles of masses
m1 and m2 separated by a distance r exert on each other is given by
or
Also clear that

F =
Which is Newton’s third law of motion.

Here G is constant of proportionality which is called ‘Universal gravitational
constant’.
(i) The value of G is 6.67 × 10–11 N-m 2 kg–2 in S.I and 6.67 × 10–8
dyne– cm2g–2 in C.G.S. system.
(ii) Dimensional formula [M–1L3T–2].
(iii) The value of G does not depend upon the nature and size of the bodies.
(iv) It does not depend upon the nature of the medium between the two bodies.

6.2 Acceleration Due to Gravity
The force of attraction exerted by the earth on a body is called gravitational
pull or gravity.
The acceleration produced in the motion of a body under the effect of gravity
is called acceleration due to gravity, it is denoted by g.
If M = mass of the earth and R = radius of the earth and g is the acceleration
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due to gravity, then


g =

(i) Its value depends upon the mass radius and density of planet and it is
independent of mass, shape and density of the body placed on the surface
of the planet.
(ii) Acceleration due to gravity is a vector quantity and its direction is always
towards the centre of the planet.
(iii) Dimension [g] = [LT–2]
(iv) It’s average value is taken to be 9.8 m/s2 or 981 cm/sec2, on the surface
of the earth at mean sea level.

6.3 Variation in g with Height
Acceleration due to gravity at height h from the surface of the earth
g =

Also

g =
=

(i) If h << R

[As r = R + h]

g =

(ii) If h << R. Percentage decrease

.

6.4 Variation in g with Depth
Acceleration due to gravity at depth d from the surface of the earth
g =
alsog

=

(i) The value of g decreases on going below the surface of the earth.
(ii) The acceleration due to gravity at the centre of earth becomes zero.
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(iii) Percentage decrease

.

(iv) The rate of decrease of gravity outside the earth (if h << R) is double to
that of inside the earth.

6.5 Gravitational Field
The space surrounding a material body in which gravitational force of
attraction can be experienced is called its gravitational ®eld.
Gravitational Field intensity : The intensity of the gravitational ®eld of a
material body at any point in its ®eld is de®ned as the force experienced by
a unit mass (test mass) placed at that point. If a test mass m at a point in a
gravitational ®eld experiences a force

6.6 Gravitational Potential
At a point in a gravitational ®eld potential V is de®ned as negative of work
done per unit mass in shifting a test mass from some reference point (usually
at in®nity) to the given point.
Negative sign indicates that the direction of intensity is in the direction where
the potential decreases.
Gravitational potential V =

6.7 Gravitational Potential Energy
The gravitational potential energy of a body at a point is de®ned as the
amount of work done in bringing the body from in®nity to that point against
the gravitational force.
W =
This work done is stored inside the body as its gravitational potential
energy




U =

If r =  then it becomes zero (maximum).

6.8 Escape Velocity
The minimum velocity with which a body must be projected up so as to
enable it to just overcome the gravitational pull, is known as escape velocity.
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If ve is the required escape velocity, then

(i) Escape velocity is independent of the mass and direction of projection
of the body.
(ii) For the earth,

ve = 11.2 km/sec

(iii) A planet will have atmosphere if the velocity of molecule in its atmosphere
is lesser than escape velocity. This is why earth has atmosphere while
moon has no atmosphere.

6.9 Kepler’s laws of Planetary Motion
(1) The law of Orbits : Every planet moves around the sun in an elliptical
orbit with sun at one of the foci.
(2) The law of Area : The line joining the sun to the planet sweeps out equal
areas in equal interval of time. i.e., areal velocity is constant. According
to this law planet will move slowly when it is farthest from sun and more
rapidly when it is nearest to sun. It is similar to law of conservation of
angular momentum.
Areal velocity

=

(3) The law of periods : The square of period of revolution (T) of any planet
around sun is directly proportional to the cube of the semi-major axis of
the orbit.
T2  a3 or T2 

where a = semi-major axis
r1 = Shortest distance of planet from sun (perigee).
r2 = Largest distance of planet from sun (apogee).
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Kepler’s laws are valid for satellites also.

6.10 Orbital Velocity of Satellite


v =

[r = R + h]

(i) Orbital velocity is independent of the mass of the orbiting body.
(ii) Orbital velocity depends on the mass of planet and radius of orbit.
(iii) Orbital velocity of the satellite when it revolves very close to the surface
of the planet.
v =

6.11 Time Period of Satellite
T=

=

[As r = R + h]

(i) Time period is independent of the mass of orbiting body
(ii) T2  r3 (Kepler’s third law)
(iii) Time period of nearby satellite, T =
For earth

T = 84.6 minute  1.4 hr.

6.12 Height of Satellite
h =

6.13 Geostationary Satellite
The satellite which appears stationary relative to earth is called geostationary
or geosynchronous satellite, communication satellite.
A geostationary satellite always stays over the same place above the earth.
The orbit of a geostationary satellite is known as the parking orbit.
(i) It should revolve in an orbit concentric and coplanar with the equatorial
plane.
(ii) It sense of rotation should be same as that of earth.
(iii) Its period of revolution around the earth should be same as that of earth.
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(iv) Height of geostationary satellite from the surface of earth h = 6R = 36000
km.
(v) Orbital velocity v = 3.08 km/sec.
(vi) Angular momentum of satellite depend on both the mass of orbiting and
planet as well as the radius of orbit.

6.14 Energy of Satellite
(1) Potential energy : U = mV =
(2) Kinetic energy : K =
(3) Total energy : E = U + K =
(4) Energy graph for a satellite

(5) Binding Energy : The energy required to remove the satellite its orbit
to in®nity is called Binding Energy of the system, i.e.,
Binding Energy (B.E.) =

6.15 Weightlessness
The state of weightlessness (zero weight) can be observed in the following
situations.
(1) When objects fall freely under gravity
(2) When a satellite revolves in its orbit around the earth
(3) When bodies are at null points in outer space. The zero gravity region
is called null point.
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VERY SHORT ANSWER TYPE QUESTIONS (1 MARK)
1. The mass of moon is nearly 10% of the mass of the earth. What will be the
gravitational force of the earth on the moon, in comparison to the gravitational
force of the moon on the earth ?
2. Why does one feel giddy while moving on a merry go round ?
3. Name two factors which determine whether a planet would have atmosphere
or not.
4. The force of gravity due to earth on a body is proportional to its mass, then
why does a heavy body not fall faster than a lighter body ?
5. The force of attraction due to a hollow spherical shell of uniform density on a
point mass situated inside is zero, so can a body be shielded from gravitational
in¯uence ?
6. The gravitational force between two bodies in 1 N if the distance between
them is doubled, what will be the force between them ?
7. A body of mass 5 kg is taken to the centre of the earth. What will be its
(i) mass, (ii) weight there.
8. Why is gravitational potential energy negative ?
9. A satellite revolves close to the surface of a planet. How is its orbital velocity
related with escape velocity of that planet.
10. Two satellites A and B are orbiting around the earth in circular orbits of the
same radius the mass of A is 16 times that of B. What is the ratio of the period
of revolution of B to that of A ?
11. Identify the position of sun in the following diagram if the linear speed of
the planet is greater at C than at D.

12. A satellite does not require any fuel to orbit the earth. Why ?
13. A satellite of small mass burns during its descent and not during ascent.
Why ?
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14. Is it possible to place an arti®cial satellite in an orbit so that it is always
visible over New Delhi ?
15. If the density of a planet is doubled without any change in its radius, how
does ‘g’ change on the planet.
16. Why is the weight of a body at the poles more than the weight at the
equator ? Explain.
17. Why an astronaut in an orbiting space craft is not zero gravity although he
is in weight lessness ?
18. Write one important use of (i) geostationary satellite, (ii) polar satellite.
19. A binary star system consists of two stars A and B which have time periods TA
and TB, radius RA and RB and masses mA and mB which of the three quantities
are same for the stars. Justify.
20. The time period of the satellite of the earth is 5 hr. If the separation between
earth and satellite is increased to 4 times the previous value, then what will
be the new time period of satellite.
21. Why does the earth impart the same acceleration to every bodies ?
22. If suddenly the gravitational force of attraction between earth and satellite
become zero, what would happen to the satellite ?

Short Answer Type Questions (2 Marks)
23. If the radius of the earth were to decreases by 1%, keeping its mass same,
how will the acceleration due to gravity change ?
24. Which of the following symptoms is likely to af¯ict an astronaut in space
(a) swollen feet, (b) swollen face, (c) headache, (d) orientation problem.
25. A satellite is moving round the earth with velocity v0 what should be the
minimum percentage increase in its velocity so that the satellite escapes.
26. The radii of two planets are R and 2R respectively and their densities  and
/2 respectively. What is the ratio of acceleration due to gravity at their
surfaces ?
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27. If earth has a mass 9 times and radius 4 times than that of a planet ‘P’.
Calculate the escape velocity at the planet ‘P’ if its value on earth is
11.2 kms–1.
28. At what height from the surface of the earth will the value of ‘g’ be reduced
by 36% of its value at the surface of earth.
29. At what depth is the value of ‘g’ same as at a height of 40 km from the surface
of earth.
30. The mean orbital radius of the earth around the sun is 1.5 × 108 km. Calculate
mass of the sun if G = 6.67 × 10–11 N m2/kg–2 ?
31. Draw graphs showing the variation of acceleration due to gravity with
(i) height above earth is surface (ii) depth below the earth’s surface.
32. A rocket is ®red from the earth towards the sun. At what point on its path is
the gravitational force on the rocket zero ? Mass of sun = 2 × 1030 kg, mass
of the earth = 6 × 1024 kg. Neglect the effect of other planets etc. Orbital
radius = 1.5 × 1011 m.
33. If the earth is one half its present distance from the sun. How many days will
be presents one year on the surface of earth will change ?
34. 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 ?
35. Why the space rockets are generally launched west to east ?
36. Explain why a tennis ball bounces higher on hills than in plane ?
37. The gravitational force on the earth due to the sun is greater than moon.
However tidal effect due to the moon’s pull is greater than the tidal effect
due to sun. Why ?
38. The mass of moon is

(where M is mass of earth). Find the distance of

the point where the gravitational ®eld due to earth and moon cancel each
other. Given distance of moon from earth is 60 R, where R is radius of earth.
39. The ®gure shows elliptical orbit of a planet m about the sun S. The shaded
area of SCD is twice the shaded area SAB. If t1 is the time for the planet to
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move from D to C and t2, is time to move from A to B, what is the relation
between t1 and t2 ?

40. Calculate the energy required to move a body of mass m from an orbit of
radius 2R to 3R.
41. A man can jump 1.5 m high on earth. Calculate the height he may be able
to jump on a planet whose density is one quarter that of the earth and whose
radius is one third of the earth.

Short Answer Type Questions (3 Marks)
42. De®ne gravitational potential at a point in the gravitational ®eld. Obtain a
relation for it. What is the position at which it is (i) maximum (ii) minimum.
43. Find the potential energy of a system of four particles, each of mass m, placed
at the vertices of a square of side. Also obtain the potential at the centre of
the square.
44. Three mass points each of mass m are placed at the vertices of an equilateral
triangle of side I. What is the gravitational ®eld and potential at the centroid
of the triangle due to the three masses.
45. Brie¯y explain the principle of launching an arti®cial satellite. Explain the
use of multistage rockets in launching a satellite.
46. In a two stage launch of a satellite, the ®rst stage brings the satellite to a height
of 150 km and the 2nd stage gives it the necessary critical speed to put it in a
circular orbit. Which stage requires more expenditure of fuel ? Given mass
of earth = 6.0 × 1024 kg, radius of earth = 6400 km.
47. The escape velocity of a projectile on earth’s surface is 11.2 kms –1. A body is
projected out with thrice this speed. What is the speed of the body far away
from the earth ? Ignore the presence of the sun and other planets.
48. A satellite orbits the earth at a height ‘R’ from the surface. How much
energy must be expended to rocket the satellite out of earth’s gravitational
in¯uence ?
49. De®ne gravitational potential. Give its SI units.
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50. What do you mean by gravitational potential energy of a body ? Obtain an
expression for it for a body of mass m lying at distance r from the centre of
the earth.
51. What is the minimum energy required to launch a satellite of mass m kg from
the earth’s surface of radius R in a circular orbit at an altitude of 2R ?

Long Answer Type Questions (5 Marks)
52. What is acceleration due to gravity ?
Obtain relations to show how the value of ‘g’ changes with (i) altitude,
(ii) depth.
53. De®ne escape velocity obtain an expression for escape velocity of a body
from the surface of earth ? Does the escape velocity depend on (i) location
from where it is projected (ii) the height of the location from where the body
is launched.
54. State Kepler’s three laws of planetary motion. Prove the second and third
law. Name the physical quantities which remain constant during the planetary
motion.
55. Derive expression for the orbital velocity of a satellite and its time period.
What is a geostationary satellite.Obtain the expression for the height of the
geostationary satellite.
56. State and derive Kepler’s law of periods (or harmonic law) for circular orbits.
57. A black hole is a body from whose surface nothing may ever escape. What
is the condition for a uniform spherical mass M to be a black hole ? What
should be the radius of such a black hole if its mass is the same as that of the
earth ?

Numericals
58. The mass of planet Jupiter is 1.9 × 10 27 kg and that of the sun is 1.99 × 1030
kg. The mean distance of Jupiter from the Sun is 7.8 × 1011 m. Calculate
gravitational force which sun exerts on Jupiter, and the speed of Jupiter.
59. A mass ‘M’ is broken into two parts of masses m1 and m2. How are m1 and
m2 related so that force of gravitational attraction between the two parts is
maximum.
60. If the radius of earth shrinks by 2%, mass remaining constant. How would
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the value of acceleration due to gravity change ?
61. A body released at the distance r (r > R) from the centre of the earth. What
is the velocity of the body when it strikes the surface of the earth ?
62. How far away from the surface of earth does the acceleration due to gravity
become 4% of its value on the surface of earth ? Radius of earth = 6400 km.
63. The gravitational ®eld intensity at a point 10,000 km from the centre of the
earth is 4.8 N kg–1. Calculate gravitational potential at that point.
64. A geostationary satellite orbits the earth at a height of nearly 36000 km.
What is the potential due to earth’s gravity at the site of this satellite (take
the potential energy at  to be zero). Mass of earth is 6 × 10 24 kg, radius of
earth is 6400 km.
65. Jupiter has a mass 318 times that of the earth, and its radius is 11.2 times the
earth’s radius. Estimate the escape velocity of a body from Jupiter’s surface,
given that the escape velocity from the earth’s surface is 11.2 km s–1.
66. The distance of Neptune and Saturn from the sun is nearly 1013 m and 1012
m respectively. Assuming that they move in circular orbits, then what will
be the ratio of their periods.
67. Let the speed of the planet at perihelion P in ®g be vp and Sun planet distance
SP be rp. Relate (rA, vA) to the corresponding quantities at the aphelion
(rA, vA). Will the planet take equal times to traverse BAC and CPB ?

Answers For Very Short Questions (1 Mark)
1. Both forces will be equal in magnitude as gravitational force is a mutual
force between the two bodies.
2. When moving in a merry go round, our weight appears to decrease when we
move down and increases when we move up, this change in weight makes
us feel giddy.
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3. (i) Value of acceleration due to gravity
(ii) Surface temperature of planet.
, F  m but g =

4.  F =

and does not depend on ‘m’ hence they

bodies fall with same ‘g’.
5. No, the gravitational force is independent of intervening medium.
6. F = 1 F =
7. Mass does not change, weight at centre of earth will be 0 because g = 0.
8. Because it arises due to attractive force of gravitation.
9. ve =
10. T =

v0,  ve =
and v =

and v0 =

when r = R.

T is independent of mass,

= 1 : 1  TA = TB.

11. Sun should be at B as speed of planet is greater when it is closer to sun.
12. The gravitational force between satellite and earth provides the necessary
centripetal force for the satellite to orbit the earth.
13. The speed of satellite during descent is much larger than during ascent, and
so heat produced is large.
14. No, A satellite will be always visible only if it revolves in the equatorial
plane, but New Delhi does not lie in the region of equitorial plane.
15. ‘g’ gets doubled as g  (density).
16. As g = GM/R2 and the value of R at the poles is less than that the equator, so
g at poles is greater than that g at the equator. Now, gp > ge, hence mgp > ge
i.e., the weight of a body at the poles is more than the weight at the equator.
17. The astronaut is in the gravitational ®eld of the earth and experiences gravity.
However, the gravity is used in providing necessary centripetal force, so is
in a state of free fall towards the earth.
18. Geostationary satellite are used for tele communication and polar satellite
for remote sensing.
19. Angular velocity of binary stars are same is A= B,
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 TA = TB
20.
21. The force of gravitation exerted by the earth on a body of mass m is
F =
Acceleration imparted to the body, g =
Clearly, g does not depend on m. Hence the earth imparts same acceleration
to all bodies.
22. The satellite will move tangentially to the original orbit with a velocity with
which it was revolving.

Short Answers (2 Marks)
23. g =

if R decreases by 1% it becomes

g =
 g increases by 0.02

therefore increases by 2%.

24. (b), (c) and (d) are affected in space.
25. The maximum orbital velocity of a satellite orbiting near its surface is
v0 =
For the satellite to escape gravitational pull the velocity must become ve
But ve =
This means that it has to increases 0.414 in 1 or 41.4%.
 The minimum increment is required, as the velocity of satellite is maximum
when it is near the earth.
146

Physics Class XI

26. Here
g =
or


g  R
=

ve =

27.

.

, vp =

Mp =


vp =
=
= 7.47 km/sec.

28.

g = 64% of g =
g =


=
h =

29.

gd = gh
=
d = 2h = 2 × 40 = 80 km.
Gravitation

147

30. R = 1.5 × 108 km = 1.5 × 1011 m
T = 365 days = 365 × 24 × 3600 s
Centripetal force

=gravitational force
=
Ms =
=
Ms = 2.01 × 1030 g.

31. g 

for r > 0 above surface of earth i.e., AB

g  (R – d) for r < 0 below surface of earth i.e., AC
g is max. for r = 0 on surface.
32. Given Ms = 2 × 1030 kg,
Me = 6 × 1024 kg, r = 1.5 × 1011 m
Let m be the mass of the rocket. Let at distance x from the earth, the
gravitational force on the rocket be zero.
Then at this distance, Gravitational pull of the earth on the rocket
= Gravitational pull of the sun on the rocket.
i.e.,

=

or

=

or
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or

=

578.35 x = r = 1.5 × 1011

or
or

x =

33. T1 = 365 days; r1 = r, T2 = ?, r2 = r/2
=

or

T2 =

Therefore decrease in number of days in one year will be
=365 – 129 = 236 days.
34. Here mg = 63 N, h = R/2
As

=

gh


=
mgh =

35. Since the earth revolves from west to east, so when the rocket is launched
from west to east the relative velocity of the rocket increases which helps it
to rise without much consumption of fuel.
36. The value of ‘g’ on hills is less than at the plane, so the weight of tennis ball
on the hills is lesser force than at planes that is why the earth attract the ball
on hills with lesser force than at planes. Hence the ball bounces higher.
37. The tidal effect depends inversely on the cube of the distance, while
gravitational force depends on the square of the distance.
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38.

Gravitational ®eld at C due to earth
= Gravitational ®eld at C due to earth moon
=
81x2 = (60 R – x)2
9x = 60 R – x
x = 6 R.
39. According to Kepler’s IInd law, area velocity for the palnet is constant


=



=
t1 = 2t2.

40. Gravitational P.E. of mass m in orbit of radius R = U =


Ui =
Uf =
U = Uf – Ui =
=

41.
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g =
The gain in P.E. at the highest point will be same in both cases. Hence
mgh = mgh
g =

=

=
= 18 m.

Answers For 3 Marks Questions
44.

E1 =
E2 =
E3 =

From  ODB,

cos 30º =
OB =

Gravitational ®eld at O due to m at A, B and C is say
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E =
=
=
is equal and opposite to


net gravitational ®eld = zero

As gravitational potential is scalar
V

=V1 + V2 + V3
=

V

=

.

46. Work done on satellite in ®rst stage = W1 = PE at 150 km – PE at the surface
W1

=
=

Work done on satellite in 2nd stage = W2
= energy required to give orbital velocity v0
=
=
W2 > W1, so second stage requires more energy.
47. Ve = 11.2 kms–1, velocity of projection = v = 3ve Let m be the mass of projectile
and v0 the velocity after it escapes gravitational pull.
By law of conservation of energy
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=
v0

=
=
=31.68 km s–1.

48. The energy required to pull the satellite from earth in¯uence should be equal
to the total energy with which it is revolving around the earth.
The K.E. of satellite

=

The P.E. of satellite

=



, v=

T.E. =

 Energy required will be

51. E1 =

.

=

If v is velocity of the satellite at distance 2R, than total energy
E2

=K.E. + P.E.
=

Orbital velocity of satellite, v =
So,

or v2 =

=
E2

=

Minimum energy required to launch the satellite is
=E2 – E1 =
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Answers For Numericals
58.

F =
=
F = 4.1 × 1023 N


F =
v =

v =
v = 1.3 × 104 ms–1.
59. Let m1 = m then m2 = M – m
Force between them when they are separated by distance ‘r’
F =
For F to be maximum, differentiate F w.r.t. m and equate to zero
=
M = 2m; m =


m1 = m2 =

60.

g =
Taking logarithm

log g = log G + 2 log m – 2 log R

Differentiating it
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= 0+0–2

=

=
61.

Total Energy of the body = KE + PE =
Let v be velocity acquired by body on reaching the surface of earth.
Total Energy on the surface =
According to law of conservatives of energy
=
v2 =


=
v =

62. g = 4% of g =

=
=

63.

h = 4R = 4 × 6400 = 25,600 km.
Gravitational intensity =
Gravitational potential V =
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= –R

or

V = –E×R

or

V = – 4.8 × 10,000 × 103 = – 4.8 × 107 J kg–1.

64.

U = Potential at height h =
U =

65. Escape velocity from the earth’s surface is
ve =
Escape velocity from Jupiter’s surface will be
ve =
But M = 318 M, R = 11.2 R


ve =
=ve×

66. By Kepler’s IIIrd law
=

=
=
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.

67. The magnitude of angular momentum at P is L p = mprpvp
Similarly magnitude of angular momentum at A is LA = mArAvA
From conservation of angular momentum
mprpvp

=mAvArA
=



rA > rp,  vp > vA

area bound by SB and SC (SBAC > SBPC)
 By 2nd law equal areas are swept in equal intervals of time. Time taken to
transverse BAC > time taken to transverse CPB.
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7.1 Interatomic Forces
The forces between the atoms due to electrostatic interaction between the
charges of the atoms are called interatomic forces.
(1) When two atoms are brought close to each other to a distance of the order
of 10–10 m, attractive interatomic force is produced between two atoms.
(2) This attractive force increases continuously with decrease in r and
becomes maximum for one value of r called critical distance, represented
by x (as shown in the ®gure).
(3) When the distance between the two atoms becomes r0, the interatomic
force will be zero. This distance r0 is called normal or equilibrium
distance.

(4) When the distance between the two atoms further decreased,
the interatomic force becomes repulsive in nature and increases very
rapidly.
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(5) The potential energy U is related with the interatomic force F by the
following relation.
F =
When the distance between the two atoms becomes r0, the potential energy of
the system of two atoms becomes minimum (i.e., attains maximum negative
value hence the two atoms at separation r0 will be in a state of equilibrium.

7.2 Intermolecular Forces
The forces between the molecules due to electrostatic interaction between
the charges of the molecules are called intermolecular forces. These forces
are also called Vander Waal forces and are quite weak as compared to interatomic forces.

7.3 Solids
A solid is that state of matter in which its constituent atoms or molecules
are held strongly at the position of minimum potential energy and it has a
de®nite shape and volume.

7.4 Elastic Property of Matter
(1) Elasticity : The property of matter by virtue of which a body tends to
regain its original shape and size after the removal of deforming force
is called elasticity.
(2) Plasticity : The property of matter by virtue of which it does not regain
its original shape and size after the removal of deforming force is called
plasticity.
(3) Perfectly elastic body : If on the removal of deforming forces the body
regain its original con®guration completely it is said to be perfectly
elastic.
A quartz ®bre and phosphor is the nearest approach to the perfectly elastic
body.
(4) Perfectly plastic body : If the body does not have any tendency to
recover its original con®guration on the removal of deforming force, it
is said to be perfectly plastic.
Paraf®n wax, wet clay are the nearest approch to the perfectly plastic
body. Practically there is no material which is either perfectly elastic or
perfectly plastic.
(5) Reason of elasticity : On applying the deforming forces, restoring forces
are developed.When the deforming force is removed, these restoring
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forces bring the molecules of the solid to their respective equilibrium
position (r = r0) and hence the body regains its original form.
(6) Elastic limit : The maximum deforming force upto which a body retains
its property of elasticity is called elastic limit of the material of body.
Elastic limit is the property of a body whereas elasticity is the property
of material of the body.
(7) Elastic fatigue : The temporary loss of elastic properties because of the
action of repeated alternating deforming force is called elastic fatigue.
It is due to this reason :
(i) Bridges are declared unsafe after a long time of their use.
(ii) Spring balances show wrong readings after they have been used for
a long time.
(iii) We are able to break the wire by repeated bending.
(8) Ealstic after effect : The time delay in which the substance regains its
original condition after the removal of deforming force is called elastic
after effect. It is negligible for perfectly elastic substance, like quartz,
phosphor bronze and large for glass ®bre.

7.5 Stress
The internal restoring force acting per unit area of cross section of the
deformed body is called stress.
Stress =
Unit : N/m2 (S.I.), dyne/cm2 (C.G.S.)
Stress developed in a body depends upon how the external forces are applied
over it.
On this basis there are two types of stresses : Normal and Shear or tangential
stress
(1) Normal stress : Here the force is applied normal to the surface.
It is again of two types : Longitudinal and Bulk or volume stress.
(i) Longitudinal stress
(a) Deforming force is applied parallel to the length and causes increase
in length.
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(b) Area taken for calculation of stress is area of cross section.
(c) Longitudinal stress produced due to increase in length of a body
under a deforming force is called tensile stress.
(d) Longitudinal stress produced due to decrease in length of a body
under a deforming force is called compressional stress.
(ii) Bulk or Volume stress
(a) It occurs in solids, liquids or gases.
(b) Deforming force is applied normal to surface at all points.
(c) It is equal to change in pressure because change in pressure is
responsible for change in volume.
(2) Shear or tangential stress : It comes in picture when successive layers
of solid move on each other i.e., when there is a relative displacement
between various layers of solid.
(i) Here deforming force is applied tangential to one of the faces.
(ii) Area for calculation is the area of the face on which force is applied.
(iii) It produces change in shape, volume remaining the same.

7.6 Strain
The ratio of change in con®guration to the original con®guration is called
strain. It has no dimensions and units. Strain are of three types :

(1) Linear strain : Linear strain =
Linear strain in the direction of deforming force is called longitudinal
strain and in a direction perpendicular to force is called lateral strain.
(2) Volumetric strain : Volumetric strain =
(3) Shearing strain : It is de®ned as angle in radians through which a plane
perpendicular to the ®xed surface of the cubical body gets turned under
the effect of tangential force.
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 =


When a beam is bent both compression strain as well as an extension
strain is produced.

7.7 Stress-strain Curve
(1) When the strain is small (region OP) stress is proportional to strain. This
is the region where the so called Hooke’s law is obeyed. The point P is
called limit of proportionality and slope of line OP gives the Young’s
modulus Y of the material of the wire. Y = tan 

(2) Point E known as elastic limit or yield-point.
(3) Between EA, the strain increases much more.
(4) The region EABC represents the plastic behaviour of the material of
wire.
(5) Stress-strain curve for different materials, are shown in following ®gure.
Brittle material

Ductile material

The plastic region between
E and C is small for brittle
material and it will break
soon after the elastic limit
is crossed.

The material on this type
have a good plastic range
and such materials can
be easily changed into
different shapes and can
be drawn into thin wires.
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Elastomers

For ealstomers the strain
produced is much larger
than the stress applied.
Such materials have no
plastic range and the
breaking point lies very
close to elastic limit.
Example : rubber.

7.8 Hooke’s law and Modulus of Elasticity
According to this law, within the elastic limit, stress is proportional to the
strain.
i.e.,

stress  strain or  =

= constant = E

The constant E is called modulus of elasticity.
(1) It’s value depends upon the nature of material of the body and the manner
in which the body is deformed.
(2) It’s value depends upon the temperature of the body.
(3) It’s value is independent of the dimensions of the body.
There are three modulii of elasticity namely Young’s modulus (Y), Bulk
modulus (K) and modulus of rigidity () corresponding to three types of
the strain.

7.9 Young’s Modulus (Y)
It is de®ned as the ratio of normal stress to longitudinal strain within limit
of proportionality.

Thermal stress : If a rod is ®xed between two rigid supports, due to change
in temperature its length will change and so it will exert a normal stress. This
stress is called thermal stress. Thermal stress = Y Force produced in
the body = YA 

7.10 Work Done in Stretching a Wire
In stretching a wire work is done against internal restoring forces. This work
is stored in the wire as elastic potential energy or strain energy.


 Energy stroed in wire

(l = change in length)

Energy stored in per unit volume of wire
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7.11 Breaking of Wire
When the wire is loaded beyond the elastic limit, then strain increases much
more rapidly. The maximum stress corresponding to B (see stress-strain
curve) after which the wire begin to ¯ow and breaks, is called breaking stress
or tensile strength and the force by application of which the wire breaks is
called the breaking force.
(i) Breaking force depends upon the area of cross-section of the wire.
(ii) Breaking stress is a constant for a given material.
(iii) Breaking force is independent of the length of wire.
(iv) Breaking force r2.
(v) Length of wire if it breaks by its own weight
L =

7.12 Bulk Modulus
The ratio of normal stress to the volumetric strain within the elastic limits is
called as Bulk modulus.
This is denoted by K.
K =
K =
where p = increase in pressure; V = original volume; V = change in volume
The reciprocal of bulk modulus is called compressibility
C = compressibility =
S.I. unit of compressibility is N–1m2 and C.G.S. unit is dyne–1 cm2.
Gases have two bulk modulii, namely isothermal elasticity E and adiabatic
elasticity E.

7.13 Modulus of Rigidity
Within limits of proportionality, the ratio of tangential stress to the shearing
strain is called modulus of rigidity of the material of the body and is denoted
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by , i.e.,


=

Only solids can exhibit a shearing as these have de®nite shape.

7.14 Poisson’s Ratio
Lateral strain : The ratio of change in radius to the original radius is called
lateral strain.
Longitudinal strain : The ratio of change in length to the original length is
called longitudinal strain. The ratio of lateral strain to longitudinal strain is
called Poisson’s ratio ().
i.e.,

 =

7.15 Factors Affecting Elasticity
(1) Hammering and rolling : This result is increase in the elaticity of
material.
(2) Annealing : Annealing results is decrease in the ealsticity of material.
(3) Temperature : Elasticity decreases with rise in temperature but
the elasticity of invar steel (alloy) does not change with change of
temperature.
(4) Impurities : The type of effect depends upon the nature of impurities
present in the material.

7.16 Practical Applications of Elasticity
(i) The thickness of the metallic rope used in the crane is decided from the
knowledge of elasticity.
(ii) Maximum height of a mountain on earth can be estimated.
(iii) A hollow shaft is stronger than a solid shaft made of same mass, length
and material.

7.17 Intermolecular Force
The force of attraction or repulsion acting between the molecules are known
as intermolecular force. The nature of intermolecular force is electromagnetic.
The intermolecular forces of attraction may be classi®ed into two types.
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Cohessive force

Adhesive force

The force of attraction between molecules The force of attraction between the moleof same substance is called the force of cules of the different substances is called
cohesion. This force is lesser in liquids the force of adhesion.
and least in gases.

7.18 Surface Tension
The property of a liquid due to which its free surface tries to have minimum
surface area is called surface tension. A small liquid drop has spherical shape
due to surface tension. Surface tension of a liquid is measured by the force
acting per unit length on either side of an imaginary line drawn on the free
surface of liquid, then T = (F/L).
(1) It depends only on the nature of liquid and is independent of the area of
surface or length of line considered.
(2) It is a scalar as it has a unique direction which is not to be speci®ed.
(3) Dimension : [MT–2]. (Similar to force constant)
(4) Units : N/m (S.I.) and Dyne/cm [C.G.S.]

7.19 Factors Affecting Surface Tension
(1) Temperature : The surface tension of liquid decreases with rise of
temperature
Tt = T0 (1 –  t)
where Tt, T0 are the surface tensions at t0C and 00C respectively and 
is the temperature coef®cient of surface tension.
(2) Impurities : A highly soluble substance like sodium chloride when
dissolved in water, increases the surface tension of water. But the springly
soluble substances like phenol when dissolved in water, decreases the
surface tension of water.

7.20 Surface Energy
The potential energy of surface molecules per unit area of the surface is
called surface energy.
Unit : Joule/m2 (S.I.) erg/cm2 (C.G.S.)
Dimension : [MT–2]
 W = T × A [A = Total increases in area of the ®lm from both the sides]
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i.e., surface tension may be de®ned as the amount of work done in increasing
the area of the liquid surface by unity against the force of surface tension at
constant temperature.

7.21 Splitting of Bigger Drop
When a drop of radius R splits into n smaller drops, (each of radius r) then
surface area of liquid increases.
R3 = nr3
Work done = T × A = T [Total ®nal surface area of n drops
– surface area of big drop] = T[nr2 – 4R2].

7.22 Excess Pressure
Excess pressure in different cases is given in the following table :
Plane surface

Concave surface

Convex surface

Drop

Bubble air

Bubble in liquid
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7.23 Shape of Liquid Meniscus
The curved surface of the liquid is called meniscus of the liquid.
If Fc =

Fc <

Fc >

tan  =  = 90º i.e.,
the resultant force acts
vertically downwards.
Hence the liquid meniscus
must be horizontal.

tan a = positive  
is acute angle i.e., the
resultant force directed
outside the liquid. Hence
the liquid meniscus must
be concave upward.

tan  = negative  
is obtuse angle i.e., the
resultant force directed
inside the liquid. Hence
the liquid meniscus must
be convex upward.

Example : Pure water Example : Water in glass Example : Mercury in
in silver coated capillary
glass capillary tube.
capillary tube.
tube.

7.24 Angle of Contact
Angle of contact between a liquid and a solid is de®ned as the angle enclosed
between the tangents to the liquid surface and the solid surface inside the
liquid, both the tangents being drawn at the point of contact of the liquid with
the solid.
 < 90º; Fa >

 < 90º; Fa >

 < 90º; Fa >

concave meniscus.
Liquid wets the
solid surface.

plane meniscus.
Liquid does not wet the
solid surface.

convex meniscus, wet
the solid surface.
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(i) Its value lies between 0º and 180º.
 = 0º for pure water and glass,  = 90º for water and silver.
(ii) On increasing the temperature, angle of contact decreases.
(iii) Soluble impurities increases the angle of contact.
(iv) Partially soluble impurities decreases the angle of contact.

7.25 Capillarity
If a tube of very narrow bore (called capillary) is dipped in a liquid, it is
found that the liquid in the capillary either ascends or descends relative to the
surrounding liquid. This phenomenon is called capillarity.
The cause of capillarity is the difference in pressures on two sides curved
surface of liquid.

7.26 Ascent Formula
When one end of capillary tube of radius r is immersed into a liquid of
density d which wets the sides of the capillary and R = radius of curvature of
liquid meniscus.
T = surface tension of liquid
P = atmospheric pressure


h =

Important points
(i) The capillary rise depends on the nature of liquid and solid both i.e., on
T. d,  and R.
(ii) Capillary action for various liquid-solid pair.
Meniscus

Angle of contact

Level

Concave

 < 90º

Rises

Plane

= 90º

No rise no fall

Convex

> 90º

Fall

7.27 Pressure
The normal force exerted by liquid at rest on a given surface in contact with
it is called thrust of liquid on that surface.
If F be the normal force acting on a surface of area A in contact with liquid, then
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pressure exerted by liquid on this surface is P = F/A
(1) Units : N/m2 or Pascal (S.I.) and Dyne/cm2 (C.G.S.)
(2) Dimension : [P] =
(3) Pressure is a tensor quantity.
(4) Atmospheric pressure : atm = 1.01 × 105 Pa = 1.01bar = 1 torr.
(5) If P0 is the atmospheric pressure then for a point at depth h below the
surface of a liquid of density , hydrostatic pressure P is given by P =
P0 + hg.
(6) Gauge pressure : The pressure difference between hydrostatic pressure
P and atmospheric pressure P0 is called gauge pressure. P – P0 + hg.

7.28 Pascal’s Law
The increase in pressure at one point of the enclosed liquid in equilibrium
of rest is transmitted equally to all other points of the liquid and also to the
walls of the container, provided the effect of gravity is neglected.
Example : Hydraulic lift, hydraulic press and hydraulic brakes.

7.29 Archimedes Principle
When a body is immersed partly or wholly in a ¯uid, in rest it is buoyed
up with a force equal to the weight of the ¯uid displaced by the body. This
principle is called Archimedes principle. Apparent weight of the body of
density () when immersed in a liquid of density ().
Apparent weight = Actual weight – Upthrust
= W – Fup = Vg – Vg = V( – )g
=



Wapp =

(1) Relative density of a body (R.D.)
=
=
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(2) If the loss of weight of a body in water is ‘a’ while in liquid is ‘b’


=
=
=

7.30 Streamline, Laminar and Turbulent Flow
(1) Stream line ¯ow : Stream line ¯ow of a liquid is that ¯ow in which each
element of the liquid passing through a point travels along the same path
and with the same velocity as the preceding element passes through that
point.
The two streamlines cannot cross each other and the greater is the
crowding of streamlines at a place, the greater is the velocity of liquid
particles at that place.
(2) Laminar ¯ow : If a liquid is ¯owing a horizontal surface with a steady
¯ow and moves in the form of layers of different velocities which do
not mix with each other, then the ¯ow of liquid is called laminar ¯ow.
In this ¯ow the velocity of liquid ¯ow is always less than the critical
velocity of the liquid.
(3) Turbulent ¯ow : When a liquid moves with a velocity greater than its
critical velocity, the motion of the particles of liquid becomes disordered
or irregular. Such a ¯ow is called a turbulent ¯ow.

7.31 Critical Velocity
The critical velocity is that velocity of liquid ¯ow upto which its ¯ow is
streamlined and above which its ¯ow becomes turbulent.

7.32 Equation of Continuity
The equation of continuity is derived from the principle of conservation of
mass.
For an incompressible, streamlined and non-viscous liquid product of area
of cross section of tube and velocity of liquid remains constant.
i.e.,

a1v1 = a2v2
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or

av = constant; or

When water falls from a tap, the velocity of falling water under the action of
gravity will increase with distance from the tap (i.e., v2 > v1). So in accordance
with continuity equation the cross section of the water stream will decrease (i.e.,
A2 < A1), i.e., the falling stream of water becomes narrower.

7.33 Energy of a Flowing Fluid
Pressure Energy
It is the energy possessed
by a liquid by virtue of its
pressure. It is the measure
of work done in pushing
the liquid against pressure
without imparting any
velocity to it.

Potential energy

Kinetic energy

It is the energy possessed It is the energy possessed
by liquid by virtue of its by a liquid by virtue of its
height or position above motion or velocity.
the surface of earth or any
reference level taken as
zero level.

Pressure energy of the Potential energy of the Kinetic energy of the
li qui d mgh Poten tial
liquid PV
Kinetic
energy per unit mass of liquid
energy per unit mass of
Pressure energy per unit the liquid gh
mass of the liquid

the liquid
Potential energy per unit Kinetic energy per unit
Pressure energy per unit volume of the liquid pgh volume of the liquid
volume of the liquid P

7.34 Bernoulli’s Theorem
According to this theorem the total energy (pressure energy, potential energy
and kinetic energy) per unit volume or mass of an incompressible and non-viscous
¯uid in steady ¯ow through a pipe remains constant throughout the ¯ow.
= constant
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(i) Bernoulli’s theorem for unit mass of :
= constant
(ii) Dividing above equation by g, we get
= constant
Here

is called pressure head, h is called gravitational head and

is called velocity head.

7.35 Applications of Bernoulli’s Theorem
(i) Attraction between two closely parallel moving boats.
(ii) Working of an aeroplane : ‘dynamic lift’
(= pressure difference × area of wing)
(iii) Action of atomiser :
(iv) Blowing off roofs by wind storms
(v) Magnus effect : When a spinning ball is
thrown, it deviates from its usual path in
¯ight. This effect is called Magnus effect.
(vi) Venturimeter : It is a device used for measuring the rate of ¯ow of liquid
through pipes.
Rate of ¯ow of liquid V =

7.36 Velocity of Efflux
Velocity of ef¯ux from a hole made at a depth h below the free surface of
the liquid (of depth H) is given by
Which is same as the ®nal speed of a free falling object from rest through a
height h. This result is known as Torricelli’s theorem.

7.37 Viscosity and Newton’s law of Viscous Force
The property of a ¯uid due to which it opposes the relative motion between
its different layers is called viscosity (or ¯uid friction or internal friction) and
the force between the layers opposing the relative motion is called viscous
force.
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Viscous force F is proportional to the area of the plane A and the velocity
gradient
i.e.,

in a direction normal to the layer,
F =

Where  is a constant called the coef®cient of viscosity. Negative sign is
employed because viscous force acts in a direction opposite to the ¯ow of
liquid.
(1) Units : dyne-s-cm–2 or Poise (C.G.S. system);
Newton-s-m–2 or Poiseuille or decapoise (S.I. system)
1 Poiseuille = 1 decapoise = 10 Poise
(2) Dimension : [ML–1T–1]
(3) With increase in pressure, the viscosity of liquids (except water) increases
while that of gases is independent of pressure. The viscosity of water
decreases with increase in pressure.
(4) Solid friction is independent of the area of surfaces in contact and the
relative velocity between them.
(5) Viscosity represents transport of momentum, while diffusion and
conduction represents transport of mass and energy respectively.
(6) The viscosity of gases increases with increase of temperature.
(7) The viscosity of liquid decreases with increase of temperature.

7.38 Stoke’s Law and Terminal Velocity
Stokes established that if a sphere of radius r moves with velocity v through
a ¯uid of viscosity , the viscous force opposing the motion of the sphere is
F = 6rv (stokes law)
If a spherical body of radius r is dropped in a viscous ¯uid, it is ®rst
accelerated and then it’s acceleration becomes zero and it attains a constant
velocity called terminal velocity.
Terminal velocity v =
(i) If  >  then body will attain constant velocity in downward direction.
(ii) If  <  then body will attain constant velocity in upward direction.
Example : Air bubble in a liquid and clouds in sky.
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(iii) Terminal velocity graph :

7.39 Poiseuille’s Formula
Poiseuille studied the stream–line ¯ow of liquid in capillary tubes. He found
that if a pressure difference (P) is maintained across the two ends of a capillary
tube of length ‘l’ and radius r, then the volume of liquid coming out of the
tube per second is
(Poiseuille's equation)

This equation also can be written as, V =

where R =

R is called as liquid resistance.

3.40 Stefan’s Law
According to it the radiant energy emitted by a perfectly black body per unit
area per sec (i.e., emissive power of black body) is directly proportional to
the fourth power of its absolute temperature.
i.e.,

E  T4 or E =  T4

where  = Stefan’s constant having dimension [MT–3–4] and value
5.67 × 10–8 W/m2K4.
(i) If e is the emissivity of the body then E = e T4
(ii) If Q is the total energy radiated by the body then Q = AtesT4
(iii) If a body at temperature T is surrounded by a body at temperature
T0, then E = e  (T4 – T04).
Nature of thermal Radiation


Radiation emitted by a black body is a mixture of waves of different
wavelengths and only a small range of wavelength has signi®cant
contribution in the total radiation.
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A body is heated at different temperature and Energy of radiation is
plotted against wavelength is plotted for different temperature we get
following curves.



These curves show
(i) Energy is not uniformly distributed in the radiation spectrum of
black body.
(ii) At a given temperature the intensity of radiations increases with
increase in wavelength, becomes maximum at particular wavelength
and further increase in wavelength leads to decrease in intensity of
heat radiation.
(iii) Increase in temperature causes increase in energy emission for all
wavelengths.
(iv) Increase in temperature causes decrease in  m, where  m is
wavelength corresponding to highest intensity. This wavelength
m is inversely preoperational to the absolute temperature of the
emitter. m T = b
where b is a constant and this equation is known as Wein’s
displacement law. b = 0.2896 × 10–2 mk for black body and is known
as Wien’s constant.

Very Short Answer Questions (1 Mark)
1. Why do spring balances show wrong readings after they have been used for
a long time ?
2. Why do we prefer steel to copper in the manufacture of spring ?
3. Draw stress-strain curve for elastomers (elastic tissue of Aorta)
4. How are we able to break a wire by repeated bending ?
5. What is the value of bulk modulus for an incompressible liquid ?
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6. De®ne Poisson’s ratio ? Does it have any unit ?
7. What is elastic fatigue ?
8. Why is it easier to swim in sea water than in the river water ?
9. Railway tracks are laid on large sized wooden sleepers. Why ?
10. The dams of water reservoir are made thick near the bottom. Why ?
11. Why is it dif®cult to stop bleeding from a cut in human body at high
altitude ?
12. The blood pressure in human is greater at the feet than at the brain. Why ?
13. De®ne coef®cient of viscosity and write its SI unit.
14. Why machine parts get jammed in winter ?
15. Why do the clouds ¯oat in the sky ?
16. Antiseptics have low surface tension. Why ?
17. What will be the effect of increasing temperature on (i) angle of contact (ii)
surface tension ?
18. For solids with elastic modulus of rigidity, the shearing force is proportional
to shear strain. On what factor does it depend in case of ¯uids ?
19. How does rise in temperature effect (i) viscosity of gases (ii) viscosity of
liquids ?
20. Explain why detergents should have small angle of contact ?
21. Write the dimensions of coef®cient of viscosity and surface tension.
22. Obtain a relation between SI unit and cgs unit of coef®cient of viscosity.
23. Explain, how the use of parachute helps a person jumping from an aeroplane.
24. Why two ships moving in parallel directions close to each other get
attracted ?
25. Why the molecules of a liquid lying near the free surface possess extra
energy ?
26. Why is it easier to wash clothes in hot water soap solution ?
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27. Why does mercury not wet glass ?
28. Why ends of a glass tube become rounded on heating ?
29. What makes rain coats water proof ?
30. What happens when a capillary tube of insuf®cient length is dipped in a
liquid ?
31. Does it matter if one uses gauge pressure instead of absolute pressure in
applying Bernoulli’s equation ?
32. State Wein’s displacement law for black body radiation.
33. State Stefan Boltzmann law.
34. Name two physical changes that occur on heating a body.
35. Distinguish between heat and temperature.
36. Which thermometer is more sensitive a mercury or gas thermometer ?
37. Metal disc has a hole in it. What happens to the size of the hole when disc
is heated ?
38. Name a substance that contracts on heating.
39. A gas is free to expand what will be its speci®c heat ?
40. Is the bulb of a thermometer made of diathermic or adiabatic wall ?
41. What is the absorptive power of a perfectly black body ?
42. At what temperature does a body stop radiating ?
43. If Kelvin temperature of an ideal black body is doubled, what will be the
effect on energy radiated by it ?
44. In which method of heat transfer does gravity not play any part ?
45. Give a plot of Fahrenheit temperature versus Celsius temperature.
46. Why birds are often seen to swell their feather in winter ?
47. A brass disc ®ts snugly in a hole in a steel plate. Should we heat or cool the
system to loosen the disc from the hole.
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Short Answer Type Questions (2 Marks)
48. State Hooke’s law. Deduce expression for young’s modulus of material of a
wire of length ‘l’, radius of cross-section ‘r’ loaded with a body of mass M
producing an extension l in it.
49. A wire of length l area of crossection A and young’s modulus Y is stretched
by an amount x. What is the work done ?
50. Prove that the elastic potential energy per unit volume is equal to
× strain.

stress

51. De®ne the term bulk modulus. Give its SI unit. Give the relation between
bulk modulus and compressibility.
52. De®ne shear modulus. With the help of a diagram explain how shear modulus
can be calculated.
53. Which is more elastic steel or rubber. Explain.
54. Two wires P and Q of same diameter are loaded as shown in the ®gure. The
length of wire P is L m and its young’s modulus is Y N/m2 while length of
wire a is twice that of P and its material has young’s modulus half that of P.
Compute the ratio of their elongation.

55. In case of emergency, a vaccum brake is used to stop the train. How does
this brake works ?
56. De®ne surface tension and surface energy. Obtain a relation between them.
57. State and prove Torricelli’s theorem for velocity of ef¯ux.
58. Using dimensional method obtain, Stoke’s law expression for viscous force
F = 6  a v.
59. The ®g (a) & (b) refer to the steady ¯ow of a non-viscous liquid which of
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the two ®gures is incorrect ? Why ?

60. The ®g. below shows a thin liquid supporting a small weight 4.5 × 10 –2 N.
What is the weight supported by a ®lm of same liquid at the same temperature
in ®g. (b) & (c). Explain your answer.

61. Two soap bubbles of different diameter are in contact with a certain portion
common to both the bubbles. What will be the shape of the common boundary
as seen from inside the smaller bubble ? Support your answer with a neat
diagram and justify your answer.
62. During blood transfusion the needle is inserted in a vein where gauge pressure
is pg and atmospheric pressure is p. At what height must the blood container
be placed so that blood may just enter the vein. Given density of blood is p.
63. Why we cannot remove a ®lter paper from a funnel by blowing air into narrow
end.
64. On a hot day, a car is left in sunlight with all windows closed. Explain why
it is considerably warmer than outside, after some time ?
65. A capillary tube is dipped ®rst in cold water and then in hot water. Comment
on the capillary rise in the second case.
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66. If a drop of water falls on a very hot iron, it does not evaporate for a long
time. Why ?
67. The earth without its atmosphere would be inhospitably cold. Why ?
68. The coolant used in chemical or in a nuclear plant should have high speci®c
heat. Why ?
69. A sphere, a cube and a disc made of same material and of equal masses
heated to same temperature of 200ºC. These bodies are then kept at same
lower temperature in the surrounding, which of these will cool (i) fastest,
(ii) slowest, explain.
70. (a) Why pendulum clocks generally go faster in winter and slow in summer.
(b) Why the brake drums of a car are heated when it moves down a hill at
constant speed.
71. The plots of intensity versus wavelength for three black bodies at temperature
T1, T2 and T3 respectively are shown.

Arrange the temperature in decreasing order. Justify your answer.
72. The triple point of water is a standard ®xed point in modern thermometry.
Why ? Why melting point of ice or boiling point of water not used as standard
®xed points.

Short Answer Type Questions (3 Marks)
73. The knowledge of elasticity useful in selecting metal ropes show its use,
in cranes for lifting heavy loads, when rope of steel is used (Elastic limit
30 × 107 Nm–2) if load of 105 kg is to be lifted.
What should be the radius of steel rope ? What should we do to increase
¯exibility of such wire ?
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74. Stress-strain curve for two wires of material A and B are as shown in Fig.

(a) which material in more ductile ?
(b) which material has greater value of young modulus ?
(c) which of the two is stronger material ?
(d) which material is more brittle ?
75. State Pascal’s law for ¯uids with the help of a neat labelled diagram explain
the principle and working of hydraulic brakes.
76. A manometer reads the pressure of a gas in an enclosure as shown in the
®g. (a) when some of the gas is removed by a pump, the manometer reads
as in ®g (b). The liquid used in manometer is mercury and the atmospheric
pressure is 76 cm of mercury, (i) Give absolute and gauge pressure of the
gas in the enclosure for cases (a) and (b).

77. How would the levels change in (b) if 13.6 cm of H2O (immensible with
mercury) are poured into the right limb of the manometer in the above
numerical.
78. De®ne Capillarity and angle of contact. Derive an expression for the ascent
of a liquid in a capillary tube.
79. The terminal velocity of a tiny droplet is v. N number of such identical
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droplets combine together forming a bigger drop. Find the terminal velocity
of the bigger drop.
80. Two spherical soap bubble coalesce. If v be the change in volume of the
contained air, A is the change in total surface area then show that 3PV + 4AT
= 0 where T is the surface tension and P is atmospheric pressure.
81. Give the principle of working of venturimeter. Obtain an expression for
volume of liquid ¯owing through the tube per second.
82. A big size balloon of mass M is held stationary in air with the help of a
small block of mass M/2 tied to it by light string such that both ¯oat in mid
air. Describe the motion of the balloon and the block when the string is cut.
Support your answer with calculations.
83. Two vessels have the same base area but different shapes. The ®rst vessels
takes twice the volume of water that the second vessel requires to ®ll upto
a particular common height. Is the force exerted by the water on the base of
the vessel the same ? Why do the vessels ®lled to same height give different
reading on weighing scale.
84. A liquid drop of diameter D breaks up into 27 tiny drops. Find the resulting
change in energy. Take surface tension of liquid as .
85. De®ne the coef®cients of linear expansion. Deduce relation between it and
coef®cient of super®cial expansion and volume expansion.
86. Describe the different types of thermometers commonly used. Used the
relation between temperature on different scales. Give four reasons for using
mercury in a thermometer.
87. Two rods of different metals of coef®cient of linear expansion 1 and 2 and
initial length l1 and l2 respectively are heated to the same temperature. Find
relation in 1, 2, l1 and l2 such that difference between their lengths remain
constant.
88. Explain why :
(a) a body with large re¯ectivity is a poor emitter.
(b) a brass tumbler feels much colder than a wooden tray on a chilly day.
89. Draw a graph to show the anomalous behaviour of water. Explain its
importance for sustaining life under water.
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90. A brass wire 1.8 m long at 27ºC is held taut with little tension between
two rigid supports. If the wire is cooled to a temperature of – 39ºC, what
is the tension developed in the wire, if its diameter is 2.0 mm ? Coef®cient
of linear expansion of brass = 2.0 × 10–50C–1, Young’s modulus of brass =
0.91 × 1011 Pa.
91. De®ne (i) Speci®c heat capacity (ii) Heat capacity (iii) Molar speci®c heat
capacity at constant pressure and at constant volume and write their units.
92. What is latent heat ? Give its units. With the help of a suitable graph, explain
the terms latent heat of fusion and latent heat of vaporisation.
93. What is the effect of pressure on melting point of a substance ? What is
regelation. Give a practical application of it.
94. What is the effect of pressure on the boiling point of a liquid. Describe a
simple experiment to demonstrate the boiling of H2O at a temperature much
lower than 100ºC. Give a practical application of this phenomenon.
95. State and explains the three modes of transfer of heat. Explains how the loss
of heat due to these three modes is minimised in a thermos ¯ask.
96. De®ne coef®cient of thermal conductivity. Two metal slabs of same area of
cross-section, thickness d1 and d2 having thermal conductivities K 1 and K2
respectively are kept in contact. Deduce expression for equivalent thermal
conductivity.

Long Answer Type Questions (5 Marks)
97. Draw and discuss stress versus strain graph, explaining clearly the terms
elastic limit, permanent set, proportionality limit, elastic hysteresis, tensible
strength.
98. Show that there is always an excess pressure on the concave side of the
meniscus of a liquid. Obtain an expression for the excess pressure inside
(i) a liquid drop (ii) soap bubble (iii) air bubble inside a liquid.
99. State and prove Bernoullis theorem. Give its limitation. Name any two
application of the principle.
100. De®ne terminal velocity. Obtain an expression for terminal velocity of
a sphere falling through a viscous liquid. Use the formula to explain the
observed rise of air bubbles in a liquid.
101. On what factors does the rate of heat conduction in a metallic rod in the steady
state depend. Write the necessary expression and hence de®ne the coef®cient
of thermal conductivity. Write its unit and dimensions.
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102. Show graphically how the energy emitted from a hot body varies with the
wavelength of radiation. Give some of salient points of the graph.
103. What is meant by a block body. Explain how a black body may be achieved
in practice. State and explain Stefan’s law ?
104. State and prove Pascal’s law of transmission of ¯uid pressure. Explain how
is Pascal’s law applied in a hydraulic lift.
105. Discuss energy distribution of black body radiation spectrum and explain
Wein’s displacement law of radiation and Stefan’s law of heat radiation.

NUMERICALS
106. An aluminium wire 1 m in length and radius 1 mm is loaded with a mass
of 40 kg hanging vertically. Young’s modulus of Al is 7.0 × 1010 N/m2.
Calculate (a) tensile stress (b) change in length (c) tensile strain and (d) the
force constant of such a wire.
107. The average depth of ocean is 2500 m. Calculate the fractional compression
of water at the bottom of ocean, given that the bulk modulus of water
is 2.3 × 109 N/m2.
108. A force of 5 × 103 N is applied tangentially to the upper face of a cubical
block of steel of side 30 cm. Find the displacement of the upper face relative
to the lower one, and the angle of shear. The shear modulus of steel is
8.3 × 1010 pa.
109. How much should the pressure on one litre of water be changed to compress
it by 0.10%.
110. Calculate the pressure at a depth of 10 m in an Ocean. The density of sea
water is 1030 kg/m3. The atmospheric pressure is 1.01 × 105 pa.
111. In a hydraulic lift air exerts a force F on a small piston of radius 5 cm. The
pressure is transmitted to the second piston of radius 15 cm. If a car of mass
1350 kg is to be lifted, calculate force F that is to be applied.
112. How much pressure will a man of weight 80 kg f exert on the ground when
(i) he is lying and (2) he is standing on his feet. Given area of the body of
the man is 0.6 m2 and that of his feet is 80 cm2.
113. The manual of a car instructs the owner to in¯ate the tyres to a pressure of
200 k pa. (a) What is the recommended gauge pressure ? (b) What is the
recommended absolute pressure (c) if, after the required in¯ation of the tyres,
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the car is driven to a mountain peak where the atmospheric pressure is 10%
below that at sea level, what will the tyre gauge read ?
114. Calculate excess pressure in an air bubble of radius 6 mm. Surface tension
of liquid is 0.58 N/m.
115. Terminal velocity of a copper ball of radius 2 mm through a tank of oil at
20ºC is 6.0 cm/s. Compare coef®cient of viscosity of oil. Given pcu = 8.9 ×
103 kg/m3, oil = 1.5 × 103 kg/m3.
116. Calculate the velocity with which a liquid emerges from a small hole in the
side of a tank of large cross-sectional area if the hole is 0.2 m below the
surface liquid (g = 10 ms–2).
117. A soap bubble of radius 1 cm expands into a bubble of radius 2 cm. Calculate
the increase in surface energy if the surface tension for soap is 25 dyne/cm.
118. A glass plate of 0.2 m2 in area is pulled with a velocity of 0.1 m/s over a larger
glass plate that is at rest. What force is necessary to pull the upper plate if
the space between them is 0.003 m and is ®lled with oil of  0.01 Ns/m2.
119. The area of cross-section of a water pipe entering the basement of a house is
4 × 10–4 m2. The pressure of water at this point is 3 × 10 5 N/m2, and speed
of water is 2 m/s. The pipe tapers to an area of cross section of 2 × 10–4 m2,
when it reaches the second ¯oor 8 m above the basement. Calculate the speed
and pressure of water ¯ow at the second ¯oor.
120. A large bottle is ®tted with a siphon made of capillary glass tubing. Compare
the times taken to empty the bottle when it is ®lled (i) with water (ii) with
petrol of density 0.8 cgs units. The viscosity of water and petrol are 0.01 and
0.02 cgs units respectively.
121. The breaking stress for a metal is 7.8 × 10 9 Nm–2. Calculate the maximum
length of the wire made of this metal which may be suspended without
breaking. The density of the metal = 7.8 × 10–3 kg m–3. Take g = 10 N kg–1.
122. Two stars radiate maximum energy at wavelength, 3.6 × 10–7 m and
4.8 × 10–7 n respectively. What is the ratio of their temperatures ?
123. Find the temperature of 149ºF on kelvin scale.
124. A metal piece of 50 g speci®c heat 0.6 cal/gºC initially at 120ºC is dropped
in 1.6 kg of water at 25ºC. Find the ®nal temperature or mixture.
125. A iron ring of diameter 5.231 m is to be ®xed on a wooden rim of diameter
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5.243 m both initially at 27ºC. To what temperature should the iron ring
be heated so as to ®t the rim (Coef®cient of linear expansion of iron is
1.2 × 105 k–1 ?
126. 100 g of ice at 0ºC is mixed with 100 g of water at 80ºC. The resulting
temperature is 6ºC. Calculate heat of fusion of ice.
127. Calculate heat required to convert 3 kg of water at 0ºC to steam at 100ºC.
Given speci®c heat capacity of H2O = 4186 J kg–1k–1 and latent heat of steam
= 2.256 × 106 J/kg.
128. Calculate the stress developed inside a tooth cavity that ®lled with copper.
When hot tea at temperature 57ºC is drunk. You can take body (tooth)
temperature to be 37ºC and  = 1.7 × 10–5/ºC bulk modules for copper = 140
× 109 Nm–2.
129. A body at temperature 94ºC cools to 86ºC in 2 min. What time will it take
to cool from 82ºC to 78°C. The temperature of surrounding is 20ºC.
130. A body re-emits all the radiation it receives. Find surface temperature of
the body. Energy received per unit area per unit time is 2.835 watt/m2 and
 = 5.67 × 10–8 W m–2 k–4.

ANSWERS
VERY SHORT ANSWERS (1 MARK)
1. This is due to elastic fatigue.
2. Because steel is more elastic than copper as its Young’s modulus is more
than that of copper.
4. Repeated bending of wire decreases elastic strength and therefore it can be
broken easily.
5. K =
6. Poisson’s ratio is the ratio of lateral strain to the longitudinal strain. It has no
units.
7. It is the loss in strength of a material caused due to repeated alternating strains
to which the material is subjected.
8. The density of sea water is more than the density of river water, hence sea
water gives more up thrust for the same volume of water displaced.
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9. This spreads force due to the weight of the train on a larger area and hence
reduces the pressure considerably and in turn prevents yielding of the ground
under the weight of the train.
10. Pressure exerted by liquid column = hpg so as ‘h’ increases p increases so
to with stand high pressure dams are made thick near the bottom.
11. The atmospheric pressure is low at high altitudes. Due to greater pressure
difference in blood pressure and the atmospheric pressure, it is dif®cult to
stop bleeding from a cut in the body.
12. The height of blood column is quite large at feet than at the brain, hence
blood pressure at feet is greater.
14. In winter i.e., at low temperature the viscosity of lubricants increases.
15. Due to zero terminal velocity.
16. They have to spread over a large area.
17. Angle of contact increases with increase of temperature while surface tension
generally decreases with increase of temperature.
18. Rate of Shear Strain.
19. Viscosity of gases increases while viscosity of liquid decreases.
20. Detergents should have small angle of contact so that they have low surface
tension and greater ability to wet a surface. Further as

is

small cos  will be large so h i.e., penetration will be high.
21. [] = [M1L–1T–1]
[T] = [M1L–2L0]
22.

c.g.s unit of  = poise
S.I. Unit of  = poiseuille or deca poise
1 poise = 1 g cm–1 s–2 = 10–1 kg m–1 s–1
= 0.1 poiseuille

23. Viscous force on the parachute is large as F = 6 r v, F  r, so its terminal
velocity becomes small so the person hits the ground with this small velocity
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and does not get injured.
24. According to Bernoulli’s theorem for horizontal ¯ow
As speed of water between the ships is more than outside them pressure
between them gets reduced & pressure outside is more so the excess pressure
pushes the ships close to each other therefore they get attracted.
25. The molecules in a liquid surface have a net downward force (cohesion) on
them, so work done in bringing them from within the body of liquid to the
surface increases surface energy.
26. Hot water soap solution has small surface tension therefore can remove the
dirt from clothes by wetting them effectively.
27. Mercury does not wet glass because of larger cohesive force between Hg-Hg
molecules than the adhesive forces between mercury-glass molecules.
28. When glass is heated, it melts. The surface of this liquid tends to have a
minimum area. For a given volume, the surface area is minimum for a sphere.
This is why the ends of a glass tube become rounded on heating.
29. The angle of contact between water and the material of the rain coat is obtuse.
So the rain water does not wet the rain coat.
30. When a capillary tube of insuf®cient length is dipped in a liquid, the radius of
curvature of the meniscus increase so that hr = constant. That is pressure on
concave side becomes equal to pressure exerted by liquid column so liquid
does not over¯ow.
31. No. Unless the atmospheric pressures at the two points where Bernoulli’s
equation is applied, are signi®cantly different.
34. Volume and electrical resistance.
36. Gas thermometer is more sensitive as coef®cient of expansion of Gas is more
than mercury.
37. Expansion is always outward, therefore the hole size increased on heating.
38. Ice
39. In®nity
40. The temperature above which molar heat capacity of a solid substance
becomes constant.
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41. One.
42. At oK.
43. E  T4 
 E2 = 16 E1
44. In conduction and radiation.
45.

46. When birds swell their feathers, they trap air in the feather. Air being a poor
conductor prevents loss of heat and keeps the bird warm.
47. The temp, coef®cient of linear expansion for brass is greater than that for
steel. On cooling the disc shrinks to a greater extent than the hole, and hence
brass disc gets lossened.

SHORT ANSWERS (2 MARKS)
49. Restoring force in extension x = F =
Work done in stretching it by dx = dw = F.dx
Work done in stretching it from zero to x = W =
W=

50.

Energy Density =
=
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=
=
53.

Ys =
Yr =
For same force applied to wires made of steel & rubber of same length and
same area of cross section
Is < Ir
=


54. 

Ys > Yr
Ip

=

IQ

=



=
=

55. Steam at high pressure is made to enter the cylinder of vacuum brake. Due
to high velocity, pressure decreases in accordance with Bernoulli’s principle.
Due to this decrease in pressure, the piston gets lifted. Consequently brake
gets lifted.
59. Fig. (a) is correct.
At the constriction, the area of cross section is small so liquid velocity is
large, consequently pressure must be small so height of liquid must be less.
60. The weight supported by (b) and (c) are same as that in (a) and is equal to
4.5 × 10–2 N.
The weight supported = 2  l, where  is surface tension and l is the length
which is same in all the three cases, hence weight supported is same.
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61.

When seen from inside the smaller bubble the common surface will appear
2T concave as (1) the pressure (excess) =

will be greater for concave

surface & as R is small for the smaller bubble, the pressure will be greater.
62.

Pg = pgh
h =

63.

When air is blown into the narrow end its velocity in the region between
®lter paper and glass increases. This decreases the pressure. The ®lter paper
gets more ®rmly held with the wall of the tunnel.
64. Glass transmits 50% of heat radiation coming from a hot source like sun but
does not allow the radiation from moderately hot bodies to pass through it.
65. We know that h =
Surface tension of hot water is less than the surface tension of cold water.
Moreover, due to thermal expansion the radius of the capillary tube will
increase in hot water. Due to both reasons, the height of capillary rise will
be less in hot water as compared to cold water.
66. A vapour ®lm is formed between water drop and the hot iron. Vapour being
a poor conductor of heat makes the water droplet to evaporate slowly.
67. Due to green house effect, the presence of atmosphere prevents heat radiations
received by earth to go back. In the absence of atmosphere radiation will go
back at night making the temperature very low and inhospitable.
68. So, that it absorbs more heat with comparatively small change in temperature
and extracts large amount of heat.
69. Rate of energy emission is directly proportional to area of surface for a given
mass of material. Surface area of sphere is least and that of disc is largest.
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Therefore cooling of (i) disc is fastest and (ii) sphere is slowest.
70. (a) Time period of pendulum = T =
In winter I becomes shorter so its time period reduces so it goes faster.
In summer I increases resulting in increase in time period so the clock
goes slower.
(b) When the car moves down hill, the decrease in gravitational potential
energy is converted into work against force of friction between brake
shoe and drum which appears as heat.
71. According to wein’s displacement law, mt = Constant
1 < 3 < 2
T1 > T3 > T2
72. The melting point of ice as well as the boiling point of water changes with
change in pressure. The presence of impurities also changes the melting and
boiling points. However the triple point of water has a unique temperature
and is independent of external factors. It is that temperatures at which water,
ice & water vapour co-exist that is 273. 16 K and pressure 0.46 cm of Hg.

ANSWERS FOR SHORT QUESTIONS (3 MARKS)
73. The ultimate stress should not exceed elastic limit of steel (30 × 107 N/m2)
U=
 r = 3.2 cm
So to lift a bad of 104 kg, crane is designed to withstand 105 kg. To impart
¯exibility the rope is made of large number of thin wires braided.
74. (a) Wire with larger plastic region is more ductile material A.
(b) Young’s modulus is
 YA > YB
(c) For given strain, larger stress is required for A than that for B.
A is stronger than B.
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(d) Material with smaller plastic region is more brittle, therefore B is more
brittle than A.
76. (i) In case (a) Pressure head, h = + 20 cm of Hg
Absolute Pressure = P + h = 76 + 20 = 96 cm of Hg.
Gauge Pressure = h = 20 cm of Hg.
In case (b) Pressure Head h = – 18 cm of Hg
Absolute Pressure = 76 – 18 = 58 cm of Hg
Gauge Pressure = h = – 18 cm of Hg
77. as

h1 p 1 g = h2 p2 g
h1 × 13.6 × g = 13.6 × 1 × g
h1 = 1 cm

Therefore as 13.6 cm of H2O is poured in right limb it will displace Hg level
by 1 cm in the left limb, so that difference of levels in the two limbs will
become 19 cm.
79.

v =


=

...(1)

Similarly,

=

...(2)

Divididng 1 by 2,
=

 v =

If N drops coalesce, then
Volume of one big drop = Volume of N droplets
=
R

=N1/3r

 Terminal velocity of bigger drop
=
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from equation (1)

=N2/3 v from equation (2)
80. Let P1 & P2 be the pressures inside the two bubbles, then
P1– P =

 P1 =

P2 – P =

 P2 =

When bubbles coalesce
P1V1 + P2V2 = PV

...(1)

 The pressure inside the new bubble
P =
Substituting for P, P1 & P2 in equation (1)

or
Given change in volume,
...(3)

V =
Change in Area

...(4)
Using equation (3) and (4) in (2), we get
= 3 PV+ 4TA = 0
82. Free block diagram of balloon and block shown below :

When the balloon is held stationary in air, the forces acting on it get balance
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Up thrust = Wt. of Balloon + Tension in string
U = Mg + T
M for the small block of mass

¯oating stationary in air

T =


U =

When the string is cut T = 0, the small block begins to fall freely, the balloon
rises up with an acceleration ‘a’ such that
U – Mg = Ma
= Ma
a =

in the upward direction.

83. (i) As the two vessels have liquid to same height and the vessels have same
base area, the force exerted = pressure × base area will be same as pressure
= h p g.
(ii) Since the volume of water in vessel 1 is greater than in vessel (2) the
weight of water = volume × density × h, so weight of ®rst vessel will be
greater than the water in second vessel.
84.

Radius of larger drop =
Radius of each small drop= r
=

 r=

Initial surface area of large drop
Final surface area of 27 small drop
= 27 × 4r2 =
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= 2D2
= I1 [1+ 1 (t2 – t1)]

87.

= I1 [1+ 2 (t2 – t1)]
Given that the difference in their length remain constant


= I2 – I1

I2 [1+ 2 (t1 – t1)] – I1 [1 + 1 (t2 – t1)] = I2 – I1

90. Here

I22 = I11
I = 1.8 m, t1 = 27ºC, t2 = – 39ºC
r =

= 1.0 mm = 1.0 × 10–3 m

r = 2.0 × 10–5 ºC–1,Y = 0.91 × 1011 Pa
As
 Strain,

I = I  (t2 – t1)
=  (t2 – t1)

Stress = Strain × Young’s modulus =  (t2 – t1) × Y
= 2.0 × 10–5 × (– 39 – 27) × 0.91 × 1011 = 1.2 × 108 Nm–2
[Numerically]
Tension developed in the wire = Stress × Area of cross-section
= Stress × pr2 = 1.2 × 108 × 3.14 × (1.0 × 10–3)2 = 3.77 × 102 N .
96. De®nition of coef®cient of thermal conductivity.
In steady state the heat passing in unit time through the rod remain same that
is

where k is the coef®cient of thermal conductivity
Also

T1 – T2 = (T1 – T) + (T – T2)



=



=
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K =

ANSWERS FOR NUMERICALS
106. (a) Stress =
(b) L =

(c) Strain =
(d) F = Kx = KL, K = Force constant
K=
107. Pressure exerted at the bottom layer by water column of height h is
P = hg = 2500 × 1000 × 10
= 2.5 × 107 N/m–2
= Stress
Bulk modulus

K =
=
= 1.08%

Area A of the upper face = (0.30)2 m2

108.

The displacement x of the upper face relative to the lower one is given by
x =

,  =

= 2 × 10–7 m
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 Angle of shear  is given by
tan  =

 =
=
109.

V = 1 litre = 10–3 m3
= 0.10% =
K =

P=

= 2.2 × 109 × 0.001

P = 2.2 × 106 Nm–2
110. Pressure at a depth of 10 m = hg
= 10 × 1030 × 10 = 1.03 × 105 N/m2
ATM. pressure = 1.01 × 105 pa.
Total pressure at a depth of 10 m= 1.03 × 105 + 1.01 × 105
= 2.04 × 105 pa
111.

=
F1=
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F1 =
= 1470 N.
112. (i) When man is lying P =
(ii) When man is standing then A = 2 × 80 cm2 = 160 × 10–4 m2
P =
113. (a) Pressure Instructed by manual = Pg = 200 K Pa
(b) Absolute Pressure = 101 k Pa + 200 k Pa = 301 k Pa
(c) At mountain Peak Pa is 10% less
Pa = 90 k Pa
If we assume absolute pressure in tyre does not change during driving then
Pg = P – Pa = 301 – 30 = 211 k Pa
So the tyre will read 211 k Pa, pressure.
114. Excess pressure in soap bubble = p =

=

= 387 Nm–2
115.

vt =
 =
= 1.08 kg m–1 s–1

116. From Torricelli theorem, velocity of ef¯ux
 =
=
= 2 m/s
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117. Surface energy per unit area is equal to surface tension.
E = increase in surface area × ST
= 4 (22 – 12) × 2.5
= 4 × 3 × 2.5
= 1.02 × 103 erg
118.

F =
=

119. Since

A1v1 = A2v2
v2 =

Using Bernoulli’s Theorem
P2 =


v2 > v1
h2 > h1
= 3 × 105 +
= 2.16 × 105 N/m2

120. The volume of liquid ¯owing in time t through a capillary tube is given by
V = Qt =
 For Water,

V1 =

For Petrol,

V2 =

But

V1 = V2



=

=
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or
121.

=

=

Breaking stress = Maximum stress that the wire can withstand
= 7.8 × 109 Nm–2
When the wire is suspended vertically, it tends to break under its own weight.
Let its length be I and cross-sectional area A.
Weight of wire = mg = volume × density × g = Alg
Stress =

= Alg/A = lg

For the wire not to break, lg = Breaking stress = 7.8 × 109 Nm–2


l =

=

122. By Wein’s Displacement Law
mT = ’m T’
=
=
123.

=
=
T = 286 k
m1c1 (1 – )

124.



=m2c2 ( – 2)
c2 = 1 cal/gmºC

50 × 0.6 × (120 – ) = 1.6 × 103 × 1 × ( – 25)
 = 26.8ºC

125.

d2 = d1 [1 + t]
5.243 = 5.231 [1 + 1.2 × 10–5 (T – 30)]
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= 1.2 × 10–5 (T – 300)
T = 191 + 300 = 491 k = 218ºC
126.
m1c1 (80 – 6) = m2L + m2c2 (6 – 0)
100 × 1 × 74 = 100 L + 100 × 1 × 6
L = (1 × 74) – 6
= 68 cal/g.
127. Heat required to convert H2O at 0º to H2O at 100º = m1c1t
= 30 × 4186 × 100
= 1255800 J
Heat required to convert H2O at 100ºC to steam at 100ºC is = mL
= 3 × 2.256 × 106
= 6768000 J
Total heat = 8023800 J
128.

Thermal stress = Kx strain =
Now,

=
Thermal stress = KT = 3KT

[ = 3]

= 3 × 140 × 109 × 1.7 × 10–5 × 20
= 1.428 × 108 Nm2
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THERMOMETRY, THERMAL EXPANSION AND
CALORIEMETRY
8.1 Heat
The energy associated with con®guration and random motion of the atoms
and molecules with in a body is called heat.
(1) Units : Joule (S.I.) and calorie (Practical unit)
(2) The ratio of work done (W) to heat produced (Q) is constant.

J is called mechanical equivalent of heat and has value 4.2 J cal.
1 calorie = 4.186 Joule = 4.12 Joule
(3) Heat is a path dependent and is taken to be positive if the system absorbs
it and negative if releases it.

8.2 Temperature
Temperature is de®ned as the degree of hotness or coldness of a body. Heat
¯ows from higher temperature to lower temperature.
Two bodies are said to be in thermal equilibrium when both the bodies are
at the same temperature. Temperature  kinetic energy

8.3 Scales of Temperature
The Kelvin temperature scale is also known as thermodynamic scale. The S.I.
unit of temperature is kelvin and is de®ned as (1/273.16) of the temperature
of the triple point of water. The triple point of water is that point on a P–T
diagram where the three phases of water, the solid, the liquid and the gas,
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can coexist in equilibrium.
To construct a scale of temperature, two ®xed points are taken. First is the
freezing point of water, it is called lower ®xed point. The second is the boiling
point of water, it is called upper ®xed point.
Name of the Symbol for Lower ®xed
scale
each degree point (LFP)

Upper ®xed
point (UFP)

Number of
divisions on the
scale

Celsius

ºC

0ºC

100ºC

100

Fahrenheit

ºF

32ºF

212ºF

180

Reaumer

ºR

0ºR

80ºR

80

Rankine

ºRa

460 Ra

672 Ra

212

Kelvin

K

273.15 K

373.15 K

100

Temperature on one scale can be converted into other scale by using the
following identity.
= Constant for all scales

8.4 Thermal Expansion
When matter as heated, it expands.
(i)

Coef®cient of linear expansion  =

(ii) Coef®cient of super®cial expansion  =
(iii) Coef®cient of volume expansion  =
(iv) The value of  and  depends upon the nature of material. All have
dimension [–1] and unit per ºC.
(v) L = LT, A = AT and V = VT
(vi) Final length

L’ = L + L = L (1 + T)

Final area

A’ = A + A = A (1 + T)
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Final volume

V’ = V + V = V (1 + T)

(vii)  = 2  and  = 3 

8.5 Anomalous Expansion of Water
(1) In case of water, it expands on heating if its temperature is greater than
4ºC. In the range 0ºC to water contracts on heating and expands on
cooling, i.e., negative.

(2) At 4ºC, density of water is maximum while its speci®c volume is
minimum.

8.6 Expansion of Gases
Gases have no de®nite shape, therefore gases have only volume expansion.

8.7 Thermal Capacity and Water Equivalent
(1) Thermal capacity : It is de®ned as the amount of heat required to raise
the temperature of the whole body (mass, m) through 1ºC or 1 K.
Thermal capacity = m c = C =
Dimension : [ML2T–2–1], Unit : call ºC (practical) Joule K (S.I.)
(2) Water Equivalent : Water equivalent of a body is de®ned as the mass of
water which would absorb or evolve the same amount of heat as is done
by the body in rising or falling through the same range of temperature.
It is represented by W.
If m = Mass of the body, c = Speci®c heat of body
 Water equivalent (W) = mc gm

8.8 Specific Heat
(1) Gram speci®c heat : The heat required to raise the temperature of one
gram mass of a body through 1ºC (or 1 K) is called gram speci®c heat
of the material of the body.
speci®c heat, c =
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Units : Calorie/gmºC (Practical), J/kg K(S.I.)
Dimension : [L2T–2

–1]

(2) Molar speci®c heat : Amount of heat required to raise the temperature
of one gram mole of the substance through a unit degree it is represented
by (capital) C.


C =

Units : Cal mol–1 ºC–1 (Practical), J mol–1 K–1 (S.I.)
Dimension : [ML2T–2–1–1]

8.9 Specific Heat of Solids
Speci®c heat of a solid is speci®c heat at constant volume C v.
With rise in temperature, Cv increases and becomes constant = 3R
Dulong and Petit law : Average molar speci®c heat of all metals at room
temperature is constant and is equal to 3R. This statement is known as Dulong
and Petit law.

8.10 Latent Heat
(1) When a substance changes from one state to another state then energy
is either absorbed or liberated. This heat energy is called latent heat.
(2) No change in temperature is involved when the substance changes its
state.
(3) DQ = mL, where L is the latent heat.
(4) Unit : cal/gm or J kg and Dimension : [L2T–2]
(5) Any material has two types of latent heats
(i) Latent heat of fusion : The heat required to change 1 kg of the
material in its solid state to its liquid state, latent heat of fusion (or
latent heat of ice) is LF = Lice  80 cal/g.
Thermodynamics

207

(ii) Latent heat of vaporisation : The heat energy required to change 1
kg of the material in its liquid to 1 kg of the material in its gaseous
state. Latent heat of vaporisation (latent heat of steam) is L v = Lsteam
 540 cal/gm.

8.11 Principle of Caloriemetry
Heat lost = Heat gained
i.e., principle of caloriemetry represents the law of conservation of heat
energy.

8.12 Heating Curve
Thermodynamic Processes
(1) Thermodynamics : It is a branch of science which deals with exchange
of heat energy between bodies and conversion of the heat energy into
mechanical energy and vice versa.
(2) Thermodynamic system : A collection of an extremely large number
of atoms or molecules con®ned with in certain boundaries such that
it has a certain value of pressure, volume and temperature is called a
thermodynamic system. Anything outside the thermodynamic system to
which energy or matter is exchanged is called its surroundings.
Thermodynamic system may be of three types :
(i) Open system : It exchange both energy and matter with the
surrounding.
(ii) Closed system : It exchange only energy (not matter) with the
surroundings.
(iii) Isolated system : It exchange neither energy nor matter with the
surrounding.
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(3) Thermodynamic variables and equation of state : Pressure, volume,
temperature, internal energy and the number of moles are called
thermodynamic variables.
For  moles of an ideal gas, equation of state is PV = RT.
Thermodynamic State Variables :
(i) Intensive variables
(ii) Extensive variables.

8.13 Zeroth Law of Thermodynamics
If systems A and B are each in thermal equilibrium with a third system
separately C, then A and B are in thermal equilibrium with each other.
The zeroth law leads to the concept of temperature.

8.14 Quantities Involved in First Law of Thermodynamics
(1) Heat (Q) : It is the energy that is transferred between a system and its
environment.
(i) Heat is a form of energy so it is a scalar quantity with dimension
[ML2T–2].
(ii) Unit : Joule (S.I.), Calorie (1 calorie = 4.2 Joule)
(iii) Heat is a path dependent quantity.
(iv) Q = mL [For change in state] and Q = mcT [For change in
temperature]
(Q) = CvT [For constant volume] and (Q)p = CpT [For constant
pressure]
(2) Work (W) :
 Work done W =
(i) Like heat, work is also a path dependent, scalar physical quantity
with dimension [ML2T–2]
(ii) W = positive if Vf > Vi i.e., system expands
W = negative if Vf < Vi i.e., system contracts
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(iii) W = area under P – V diagram
It is positive if volume increases (for expansion)
It is negative if volume decreases (for compression)

It is positive if the cycle is clockwise.
It is negative if the cycle is anticlockwise.
(3) Internal energy (U) : Internal energy of a system is the energy due to
molecular motion and molecular con®guration.
The energy due to molecular motion is called internal kinetic energy
Uk and that due to molecular con®guration is called internal potential
energy Up.
i.e., Total internal energy U = Uk + Up
(i) Internal energy of an ideal gas is totally kinetic U = Uk =
(ii) In case of gases whatever be the process
U =
(iii) Change in internal energy does not depends on the path.
U = Uf – Ui
(iv) Change in internal energy in a cyclic process is always zero.

8.15 First Law of Thermodynamics
It is a statement of conservation of energy. According to it Q = U + W
(1) First law introduces the concept of internal energy.
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(2) Sign conventions

(3) Limitation : First law of thermodynamics does not indicate the direction
of heat transfer. It does not tell anything about the conditions, under
which heat can be transformed into work and also it does not indicate
as to why the whole of heat energy cannot be converted into mechanical
work continuously.

8.16 Isothermal Process
In this process, P and V change but T = constant i.e., change in temperature
T = 0.
(1) Condition for isothermal process :
(i) The walls of the container must be perfectly conducting.
(ii) The speed of process should be so slow.
(2) Equation of state : In all isothermal process Boyle’s law is obeyed.
Hence equation of state is PV = constant.
(3) Example of isothermal process :
(i) Melting process [Ice melts at constant temperature 0ºC]
(ii) Boiling process [water boils at constant temperature 100ºC]
(4) Indicator diagram
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Work done W = RT loge

(5)

(6) Heat supplied in isothermal process : Q = W i.e., heat supplied is
used to do work against external surrounding.

8.17 Adiabatic Process
In this process P, V and T changes but Q = 0.
(1) Essential conditions for adiabatic process :
(i) All wallls of the container and the piston must be perfectly insulating.
(ii) The speed of process should be fast.
(2) Example of some adiabatic process :
(i) Sudden bursting of the tube of bicycle tyre.
(ii) Propagation of sound waves in air and other gases.
(3) Energy in adiabatic process : For adiabatic process
Q = 0, U + W = 0
If W = positive then U = negative i.e., adiabatic expansion produce
cooling.
If W = negative then U = positive i.e., adiabatic compression produce
heating.
(4) Equation of state :
PV = constant
It can also be re-written as
TV

–1

and

= constant
= constant

(5) Indicator diagram :
(i) Curve obtained on PV graph are called adiabatic curve.
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(ii) Slope of adiabatic curve
tan  =

(6) Work done :
W =

(7) Free expansion : Free expansion is adiabatic process in which no work
is performed on or by the system. The ®nal and initial energies are equal
in free expansion.

8.18 Reversible and Irreversible Process
(1) Reversible process : A reversible process is one which can be reversed
in such a way that all changes occuring in the direct process are exactly
repeated in the opposite order and inverse sense. The conditions for
reversibility are :
(i) There must be complete absence of dissipative forces. (friction,
viscosity etc.)
(ii) The speed of process should be in®nitely slowly.
(iii) The temperature of the system must not differ appreciably form its
surroundings.
Examples of reversible process are :
(a) All slow isothermal and adiabatic changes are reversible.
Thermodynamics

213

(b) Very slow evaporation or condensation.
(2) Irreversible process : Any process which is not reversible exactly is an
irreversible process. Examples of irreversible processes are :
(i) Sudden expansion or contraction
(ii) Heat transfer between bodies

8.19 Cyclic and Non-cyclic Process
A cyclic process consists of a series of changes which return the system back
to its initial state.
In non-cyclic process the series of changes involved do not return the system
back to its initial state.
(1) In cyclic process change in internal energy is zero and temperature of
system remains constant.
(2) Heat supplied is equal to the work done by the system.
(3) For cyclic process P–V graph is a closed curve and area enclosed by the
closed path represents the work done.
If the cycle is clockwise work done is positive and if the cycle is anticlockwise
work done is negative.
8.20 Graphical Representation of Various Processes

Heat engine is a device which converts heat into work continuously through
a cyclic process.
The essential parts of a heat engine are :
Source : Working substance : Steam, petrol etc.
Sink : ‘‘ef®ciency’’  is given by
 =
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 =

also

A perfect heat engine  = 1. Practically ef®ciency is always less than 1.

8.21 Refrigerator or Heat Pump.
A refrigerator or heat pump is basically a heat engine run in reverse direction.
It essentially consists of three same parts.
The performance of a refrigerator is expressed by means of ‘‘coef®cient of
performance’’  which is de®ned as the ratio of the heat extracted from the cold
body to the work needed to transfer it to the hot body.

i.e.,

=

A perfect refrigerator
W = 0 so that Q1 = Q2 and hence  = 
(1) Carnot refrigerator :
For carnot refrigerator =
coef®cient of performance  =
where T1 = temperature of surrounding, T2 = temperature of cold body
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(2) Relation between coef®cient of performance and ef®ciency of refrigerator
 =

8.22 Second Law of Thermodynamics
(1) Clausius statement : It is impossible for a self acting machine to transfer
heat from a colder body to a hotter one without the aid of an external
agency.
(2) Kelvin’s statement : It is impossible for a body or system to perform
continuous work by cooling it to a temperature lower than the temperature
of the coldest one of its surroundings.
(3) Kelvin-Planck’s statement : It is impossible to design an engine that
extracts heat and fully utilises into work without producing any other
effect.

8.23 Carnot Engine
Carnot designed a theoretical engine. This engine cannot be realised in
actual practice.
(1) Carnot cycle : The working substance of the engine undergoes a cycle
known as Carnot cycle. It consists of the following four strokes.
(i) Isothermal expansion :

(ii) Adiabatic expansion :
(iii) Isothermal compression :
(iv) Adiabatic compression :
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(2) Ef®ciency of Carnot cycle :
=
(i) Ef®ciency of a heat engine depends only on temperatures.
(ii) Ef®ciency of a heat engine is always lesser than unity, i.e., whole of
heat can never be converted into work which is in accordance with
second law.
(3) Carnot theorem : Carnot’s reversible engine working between two given
temperature is considered to be the most ef®cient engine.

TRANSMISSION OF HEAT
8.24 Introduction
The transfer of heat from one body to another may take place by one of the
following modes.
Conduction

Convection

Radiation

Heat ¯ows from hot end to Each particle absorbing
cold end. Particles of the heat is mobile.
medium simply oscillate
but do not leave their place.
Medium is necessary for Medium is necessary for
convection.
conduction.
It is also a slow process.
It is a slow process.

Heat flows without any
intervening medium in the
form of electromagnetic
waves.
Medium is not necessary
for radiation.
It is a very fast process.

Path of heat ¯ow may be Path may be zig-zag or Path is a straight line.
curved.
zig-zag.
Conduction takes place in Convection takes place Radiation takes place in
in ¯uids.
solids.
gaseous and transparent
media.
The temperature of the In this process also the There is no change in
medium increases through temperature of medium the temperature of the
increases.
medium.
which heat ¯ows.

8.25 Conduction
(1) Variable and steady state : If temperature of every cross-section of the
rod goes on increasing, hence rod is said to exist in variable state.
The state of the rod in which no part of rod absorbs heat is called steady
state. (Temperature of every cross-section of the rod remains constant.)
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(2) Isothermal surface : Any surface having its all points at the same
temperature, is called isothermal surface.

(3) Temperature Gradient : The rate of change of temperature with distance
between two isothermal surface is called temperature gradient.
Temperature gradient =
The negative sign show that temperature 0 decreases as the distance x
increases in the direction of heat ¯ow.
(4) Coef®cient of thermal conductivity : If L be the length of the rod, A the
area of cross-section and 1 and 2 are the temperature of its two faces,
then the amount of heat ¯owing from one face to the other face in time
t is given by Q =
Where K is coef®cient of thermal conductivity of material of rod.
(i) Units = Js–1m–1k–1 or Wm–1k–1 (S.I.) CGS unit = cal s–1 cm–1 ºC–1
(ii) Dimension : [MLT–3–1]
(iii) The magnitude of K depends only on nature of the material.
(iv) For perfect conductors, K =  and for perfect insulators, K = 0
(v) The thermal conductivity of pure metals decreases with rise in
temperature but for alloys thermal conductivity increases with
increase of temperature.
(vi) Human body is a bad conductor of heat.

8.26 Combination of Conductors
(1) Series combination : Let n slabs each of cross-sectional area A are
connected in the series Heat current is the same in all the conductors.
i.e.,

= H1 = H2 = H3 ......... = Hn

(i) Equivalent resistance R = R1 + R2 + R3 + ........ Rn
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(ii) If Ks is equivalent conductivity,


Ks =

then

(2) Parallel Combination : Let n slabs each of length/are connected in
parallel then.
(i) Equivalent resistance
(ii) Temperature gradient across each slab will be same.
(iii) Heat current in each slab will be different.


8.27 Convection
Mode of transfer of heat by means of migration of material particles of
medium is called convection. It is of two types.
(1) Natural convection : This arise due to difference of densities at two
places on account of gravity.
(2) Forced convection : If a ¯uid is forced to move then it is called forced
convection. In this case Newton’s law of cooling holds good. According
to which rate of loss of heat from a hot body is directly proportional
to the surface area of body and excess temperature of body over its
surroundings.
i.e.,
where T = Temperature of body and T0 = Temperature of surrounding
(i) Natural convection takes place from bottom to top while forced
convection in any direction.
(ii) Natural convection is not possible in a gravity free region such as
a free falling lift or an orbiting satellite.
Thermodynamics

219

8.28 Radiation
The process of the transfer of heat from one place to another place without
heating the intervening medium is called radiation.
Properties of thermal radiation
(1) Thermal radiations are also called infra-red radiations.
(2) Medium is not required for the propagation of radiations.
(3) Every body whose temperature is above zero Kelvin emits thermal
radiation.
(4) Their speed is equal to that of light.
(5) They follow laws of re¯ection refraction, interference diffraction and
polarisation.

QUESTIONS
1. Why spark is produced when two substances are struck hard against each
other ?
2. What is the speci®c heat of a gas in an isothermal process ?
3. On what factors, does the ef®ciency of Carnot engine depend ?
4. What are two essential features of Carnot’s ideal heat engine ?
5. Plot a graph between internal energy U and Temperature (T) of an ideal gas.
6. Refrigerator transfers heat from cold body to a hot body. Does this violate
the second law of thermodynamics ?
7. Is it possible to increase the temperature of gas without giving it heat ?
8. Can the speci®c heat of a gas be in®nity ?
9. Out of the parameters : temperature, pressure, work and volume, which
parameter does not characterise the thermodynamics state of matter ?
10. Why a gas is cooled when expanded ?
11. Why does air pressure in car tyre increases during driving ?
12. Heat is supplied to a system, but its internal energy does not increase. What
is the process involved ?
13. Under what ideal condition the ef®ciency of a Carnot engine be 100%.
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14. Which thermodynamic variable is de®ned by the ®rst law of thermodynamics ?
15. If coef®cient of performance of a refrigerator a constant quantity ?
16. What is the ef®ciency of carnot engine working between ice point and steam
point ?
17. Heat cannot ¯ow itself from a body at lower temperature to a body at
higher temperature is a statement or consequence of which low of thermodynamics ?
18. What is the speci®c heat of a gas in an adiabatic process ?

SHORT ANSWER TYPE QUESTIONS (2 MARKS)
19. Heat system based on circulation of steam are more ef®cient in warning a
building than those based on circulation of hot water why ?
20. Write two limitation of the ®rst law of thermodynamics.
21. Write the expressions for Cv and Cp of a gas in terms of gas constant R and
 where
 = Cp/Cv
22. No real engine can have an ef®ciency greater that of a carnot engine working
between the same low temperatures. Why ?
23. Why water at the base of a waterfall is slightly warmer than at the top ?
24. When ice melts, the change in internal energy is greater than the heat supplied.
Why ?
25. Give two statements for the second law of thermodynamics.
26. An ideal monatomic gas is taken round the cycle ABCDA as shown. Calculate
the work done during the cycle.
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27. Can a room be cooled by opening the door of refrigerator in a closed
room ?
28. Explain what is meant by isothermal and adiabatic operations.
29. Two bodies at different temperatures T 1 and T2, if brought in thermal contact
do not necessarily settle to the mean temperature (T1 + T2)/2 Explain.

SHORT ANSWER TYPE QUESTIONS (3 MARKS)
30. Obtain an expression for work done in an isothermal process.
31. Identify and name the Thermodynamic processes 1, 2, 3 as shown in ®gure.

32. Two samples of gas initially at the same temperature and pressure are
compressed from volume V to V/2 one sample is compressed isothermally
and the other adiabatically in which case the pressure will be higher ?
Explain ?
33. Explain brie¯y the principle of a heat pump. What is meant by coef®cient of
performance ?
34. (a) Why a gas has two principal speci®c heat capacities ?
(b) Which one is greater and why ?
(c) Of what signi®cance is the difference between these two speci®c heat
capacities and their ratio ?
35. Is it a violation of the second law of thermodynamics to convert
(a) Work completely into heat
(b) Heat completely into work
Why or why not ?
36. State ®rst law of thermodynamics on its basis establish the relation between
two molar speci®c heat for a gas.
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37. Explain brie¯y the working principle of a refrigerator and obtain an expression
for its coef®cient of performance.
38. State zeroth law of thermodynamics. How does it lead to the concept of
temperature ?
39. What is a cyclic process ? Show that the net work done during a cycle process
is numerically equal to the area of the loop representing the cycle.
40. A gas has two speci®c heats i.e., Cp and Cv which one is greater and why ?
41. What is an isothermal process ? Derive an expression for work done during
an isothermal process.

LONG ANSWER TYPE QUESTIONS (5 MARKS)
42. Describe brie¯y carnot engine and obtain an expression for its ef®ciency.
43. De®ne adiabatic process. Derive an expression for work done during adiabatic
process.
44. Why a gas has two principle speci®c heat capacities ? What is the signi®cance
of Cp – Cv and Cp/Cv where symbols have usual meaning.

NUMERICALS
45. When a system is taken from state A to state B along the path ACB, 80 k cal
of heat ¯ows into the system and 30 k cal of work is done.
(a) How much heat ¯ows into the system along path ADB if the work done
is 10 k cal ?
(b) When the system is returned from B to A along the curved path the work
done is 20 k cal. Does the system absorb or liberate heat.
(c) If UA = 0 and UD = 40 k cal, ®nd the heat absorbed in the process AD

46.

mole of helium is contained in a container at S.T.P. How much heat energy
is needed to double the pressure of the gas, keeping the volume constant ?
Heat capacity of gas is 3 J g–1 K–1.
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47. A thermodynamic system is taken from an original state to an intermediate
state by the linear process shown in Fig.
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.

48. What is the coef®cient of performance () of a carnot refrigerator working
between 30ºC and 0ºC ?
49. Calculate the fall in temperature when a gas initially at 72ºC is expanded
suddenly to eight times its original volume. ( = 5/3)
50. Refrigerator is to maintain eatables kept inside at 9ºC. If room temperature
is 36ºC calculate the coef®cient of performance.
51. A perfect carnot engine utilizes an ideal gas the source temperature is 500 K
and sink temperature is 375 K. If the engine takes 600 k cal per cycle from
the source, calculate
(i) The ef®ciency of engine
(ii) Work done per cycle
(iii) Heat rejected to sink per cycle
52. Two carnot engines A and B are operated in series. The ®rst one A receives
heat at 900 K and reject to a reservoir at temperature T K.
The second engine B receives the heat rejected by the ®rst engine and in turn
rejects to a heat reservoir at 400 K calculate the temperature T when
(i) The ef®ciencies of the two engines are equal
(ii) The work output of the two engines are equal
53. Ten mole of hydrogen at NTP is compressed adiabatically so that its
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temperature become 400ºC. How much work is done on the gas ? What is
the increase in the internal energy of the gas
R = 8.4 J mol–1 K–1 = 1.4
54. The temperature T1 and T2 of the two heat reservoirs in an ideal carnot
engine be 1500ºC and 500ºC respectively. Which of these increasing T 1 by
100ºC decreasingT2 by 100ºC would result in a greater improvement in the
ef®ciency of the engine.

SHORT ANSWERS (1 MARK)
1. Work is converted into heat.
2. In®nite.
3.  = 1 – T2/T1. On the temperature of sink and source.
4. (i) Source and sink have in®nite heat capacities.
(ii) Each process of the engine’s cycle is fully reversible.
5.

6. No, External work is done.
7. Yes, it happens during an adiabatic process.
8. Yes.
9. Work.
10. Decrease in internal energy.
11. PV = nRT
V = constant, T = increases. So, P also increases P  T
12. Isothermal expansion.
13. If the temperature of sink is zero kelvin.
14. Internal energy.
15. No. As the inside temperature of the refrigerator decreases, its coef®cient of
performance decreases.
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16.  = 1 – T2/T1 = 1 – 273/373 = 26.8%
17. Second law of thermodynamics.
18. Zero.

SHORT ANSWERS (2 MARKS)
19. Because steam at 100ºC has more heat than water at 100ºC.
20. (i) It does not give the direction of ¯ow of heat.
(ii) It does not explain why heat cannot be spontaneously converted into
work.
21. 



 = Cp/Cv
Cp – Cv = R
Cp = Cv
( – 1)Cv = R; Cv =
Cp =

22. In carnot engine.
(i) There is absolutely no friction between the wall of cylinder and piston.
(ii) Working substance is an ideal gas
In real engine these condition cannot be ful®lled.
23. Potential energy converted into kinetic energy, some part of kinetic energy
is converted into heat.
24. dq = du + dw
du = dq – pdv.
26. PV
27. No, It is a violates seconds law.
28. Adiabatic a Process : Pressure, volume and temperature of the system changes
but there is no exchange of heat.
Isothermal Process : Pressure, volume changes temperature remain constant.
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29. Heat ¯ows from higher temperature to lower temperature until the temperature
become equal.
Two bodies
m1 = mass of ‘A’

m2 = mass of ‘B’

c1 = speci®c heat of A

c2 = speci®c heat of B

Let T1 > T2 Heat will be lost by ‘A’ and gained by ‘B’ According to principle
of caloriemetry,
Heat lost = Heat gained
Let their common temperature attained be ‘T’,
m1c1 (T1 – T) = m2c2 (T – T2)
m1c1T1 – m1c1T = m2c2T – m2c2T2
m1c1T1 + m2c2T2 = (m1c1 + m2c2) T
T =
It is possible only,
If m1 = m2 = m, C1 = C2 = C,
T =
45. (a)

dwADB = + 10 k cal

Internal energy is path independent
duADB = duACB = 50 k cal
dQADB = 50 + 10 = 60 k cal
(b)

dwBA = – 20 k cal
duBA = – duADB
dQBA = duBA + dwBA
= – 50 – 20 = – 70 k cal

(c)

UA = 0, UD = 40 k cal
duAD = 40 k cal
dwADB = 10 k cal
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dwDB = 0 since dV = 0
dQAD = 40 + 10 = 50 k cal
46. n =

Cv = 3 J/gK. M = 4
Cv = MCv = 12 J/mole k, M  Molecular mass
=
T = 2T1 – T1 = 273 k
Q = n Cv T = 1638 J

47. Total work done by the gas from D to E to F.
W = WDE + WEF
= Area of trapezium DEGHD – Area of rectangle EFHG
= Area of triangle DEF
=
=

(600 – 300) Nm–2 × (5.0 – 2.0) m3

= 450 J.
48.
T1V1–1 = T2V2

49.

T2 =
=
50. Here T1 = 273 + 36 = 309 K,
T2 = 273 + 9 = 2832 K.
Coef®cient of performance.
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–1

51. T1 = 500 K, T2 = 375 K
Q1= Heat absorbed = 600 k cal
 = 1 – T2/T1 =
= 25%
(b)

 =
W = Q1 = 0.25 × 600 k cal
= 150 k cal

(c)

w = Q1 – Q2 Q2 = Q1 – W = 600 – 150
= 450 k cal

52.

WA = WB
=
W = Q1 (1 – T2/T1)
=

=
=
=
=
T = 650 K
A = B
=
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T2 = 900 × 400
= 600 k
T1 = 273 k, T2 = 673 k
mass of gas = 10 mole
Wadia =
=
= – 8.4 × 104 J work being done on the gas
du = – dw = 8.4 × 104 J
54.  =
(i) T1 is increased from 1500ºC to 1600ºC
T1 = 1873 k
T2 Remain constant T2 = 773 k
1 =
(ii)

T1 remain constant = 1500ºC
T1 = 1500 + 273 = 1773 k
T2 is decreased by 100 i.e., 400ºC
T2 = 400 + 273 = 673 k
2 =
2 > 1.
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9.1 Kinetic Theory of Gases : Assumption
(1) The molecules of a gas are identical, spherical and perfectly elastic point
masses.
(2) The volume of molecules is negligible in comparison to the volume of gas.
(3) Molecules of a gas moves randomly in all direction.
(4) The speed of gas molecules lie between zero and in®nity.
(5) Their collisions are perfectly elastic.
(6) The number of collisions per unit volume in a gas remains constant.
(7) No attractive or repulsive force acts between gas molecules.

9.2 Pressure of an ideal Gas
P =

Relation between pressure and kinetic energy
 K.E. per unit volume (E) =

9.3 Ideal Gas Equation
The equation which relates the pressure (P), volume (V) and temperature
(T) of the given state of an ideal gas is known as gas equation.
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(1) Universal gas constant (R) : Dimension [ML2T–2–1]
Thus universal gas constant signi®es the work done by (or on) a gas per
mole per kelvin.
S.T.P value : 8.31
(2) Boltzman’s constant (k) : Dimension [ML2T–2–1]
k = 1/38 × 10–23 Joule/kelvin

9.4 Various Speeds of Gas Molecules
(1) Root wean square speed Vrms =
(2) Most probable speed Vmp =
(3) Average speed Vav =


Vrms > Vav > Vmp (remembering trick) (RAM)

9.5 Kinetic Energy of Ideal Gas
Molecules of ideal gases possess only translational motion. So they possess
only translational kinetic energy.
232

Physics Class XI

Here m = mass of each molecule, M = Molecular weight of gas and
NA – Avogadro number = 6.023 × 1023.

9.6 Degree of Freedom
The total number of independent modes (ways) in which a system can possess
energy is called the degree of freedom (f).
The degree of freedom are of three types :
(i) Translational degree of freedom
(ii) Rotational degree of freedom
(iii) Vibrational degree of freedom
General expression for degree of freedom
f = 3N – R, where N = Number of independent particles, R = Number of
independent restriction
(1) Monoatomic gas : It can have 3 degrees of freedom (all translational).
(2) Diatomic gas : A diatomic molecule has 5 degree of freedom : 3
translational and 2 rotational.
(3) Triatomic gas (Non-linear) : It has 6 degrees of freedom : 3 translational
and 3 rotational.
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(4) Tabular display of degree of freedom of different gases



The above degrees of freedom are shown at room temperature. Further
at high temperature the molecule will have an additional degrees of
freedom, due to vibrational motion.

9.7 Law of Equipartition of Energy
For any system in thermal equilibrium, the total energy is equally distributed
among its various degree of freedom. And the energy associated with each
molecule of the system per degree of freedom of the system is

9.8 Mean Free Path
The average distance travelled by a gas molecule is known as mean free path.
Let 1, 2, 3 ......... n be the distance travelled by a gas molecule during n
collisions respectively, then the mean free path of a gas molecule is given
by
=
1 =

where d = Diameter of the molecule, n = Number of molecules

per unit volume.
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9.9 Specific heat or Specific Heat Capacity
(1) Gram speci®c heat : It is de®ned as the amount of heat required to
raise the temperature of unit mass of the substance by unit degree. Gram
.

speci®c heat c =

(2) Molar speci®c heat : It is de®ned as the amount of heat required to raise
the temperature of one gram mole of the substance by a unit degree, it
is represented by capital (C)
C =
C = Mc =

9.10 Specific Heat of Gases
(i) In adiabatic process i.e., Q = 0,


C =

= 0 i.e., C = 0

(ii) In isothermal process i.e., T = 0


C =

i.e., C = 

Speci®c heat of gas can have any positive value ranging from zero to in®nity.
Further it can even be negative. Out of many values of speci®c heat of a gas,
two are of special signi®cance.
(1) Speci®c heat of a gas at constant volume (Cv) : It is de®ned as the
quantity of heat required to raise the temperature of unit mass of gas
through 1 K when its volume is kept constant.
(2) Speci®c heat of a gas at constant pressure (Cp) : It is de®ned as the
quantity of heat required to raise the temperature of unit mass of gas
through 1 K when its pressure is kept constant.

9.11 Mayer’s Formula
Cp – Cv = R
This relation is called Mayer’s formula and shows that Cp > Cv i.e., molar
speci®c heat at constant pressure is greater than that at constant volume.
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9.12 Specific Heat in Terms of Degree of Freedom
Speci®c heat and kinetic energy for different gases
Monoatomic Diatomic Triatomic Triatomic
non-linear linear
Atomicity

A

1

2

3

3

Restriction

B

0

1

3

2

Degree of

f = 3A – B

3

5

6

7

freedom
Molar
speci®c
heat at
constant
volume
Molar
speci®c
heat at
constant
pressure

3R

Cp =
4R

Ratio of Cp
and Cv
Kinetic
energy of
1 mole

3RT

Kinetic
energy of 1
molecule

3kT

Kinetic
energy of
1 gm

3rT

QUESTIONS
VERY SHORT ANSWER TYPE QUESTIONS (1 MARK)
1. Write two conditions when real gases obey the ideal gas equation (PV =
nRT).n  number of mole.
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2. If the number of molecule in a container is doubled. What will be the effect
on the rms speed of the molecules ?
3. Draw the graph between P and 1/V (reciprocal of volume) for a perfect gas
at constant temperature.
4. Name the factors on which the degree of freedom of gas depends.
5. What is the volume of a gas at absolute zero of temperature ?
6. How much volume does one mole of a gas occupy at NTP ?
7. What is an ideal gas ?
8. The absolute temperature of a gas is increased 3 times what is the effect on
the root mean square velocity of the molecules ?
9. What is the Kinetic per unit volume of a gas whose pressure is P ?
10. A container has equal number of molecules of hydrogen and carbon dioxide.
If a ®ne hole is made in the container, then which of the two gases shall leak
out rapidly ?
11. What is the mean translational Kinetic energy of a perfect gas molecule at
temperature ?
12. Why it is not possible to increase the temperature of a gas while keeping its
volume and pressure constant.

SHORT ANSWER TYPE QUESTIONS (2 MARKS)
13. When an automobile travels for a long distance the air pressure in the tyres
increases. Why ?
14. A gas storage tank has a small leak. The pressure in the tank drop more
quickly if the gas is hydrogen than if it is oxygen. Why ?
15. Why the land has a higher temperature than the ocean during the day but a
lower temperature at night.
16. Helium is a mixture of two isotopes having atomic masses 3g/mol and
4g/mol. In a sample of helium gas, which atoms move faster on average ?
17. State Avogadro’s law. Deduce it on the basis of Kinetic theory of gases.
18. Although the velocity of air molecules is nearly 0.5 km/s yet the smell of
scent spreads at a much slower rate why.
19. The root mean square (rms) speed of oxygen molecule at certain temperature
‘T’ is ‘V’. If temperature is doubled and oxygen gas dissociates into atomic
oxygen what is the speed of atomic oxygen ?
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20. Two vessels of the same volume are ®lled with the same gas at the same
temperature. If the pressure of the gas in these vessels be in the ratio 1 : 2
then state
(i) The ratio of the rms speeds of the molecules.
(ii) The ratio of the number of molecules.
21. Why gases at high pressure and low temperature show large deviation from
ideal gas behaviour ?
22. A gas is ®lled in a cylinder ®tted with a piston at a de®nite temperature and
pressure. Why the pressure of the gas decreases when the piston is pulled out.

SHORT ANSWER TYPE QUESTIONS (3 MARKS)
23. On what parameters does the  (mean free path) depends.
24. Equal masses of oxygen and helium gases are supplied equal amount of heat.
Which gas will undergo a greater temperature rise and why ?
25. Why evaporation causes cooling ?
26. Two thermally insulated vessels 1 and 2 are ®lled, with air at temperatures
(T1, T2), volume (V1, V2) at pressure (P1, P2) respectively. If the value
joining the two vessels is opened what is temperature of the vessel at
equilibrium ?
27. A partition divides a container having insulated walls into two compartments
I and II. The same gas ®lls the two compartment. What is the ratio of the
number of molecules in compartments I and II ?

28. Prove that for a perfect gas having n degree of freedom

where Cp and Cv have their usual meaning.
29. The ratio of speci®c heat capacity at constant pressure to the speci®c heat
capacity at constant volume of a diatomic gas decreases with increase in
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temperature. Explain.
30. Isothermal curves for a given mass of gas are shown at two different
temperatures T1 and T2 state whether T1 > T2 or T2 > T1 justify your answer.

31. Three vessels of equal capacity have gases at the same temperature and
pressure. The ®rst vessel contains neon (monatomic) the second contains
chlorine (diatomic) and the third contains uranium hexa¯uoride (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 ?
32. State Grahm’s law of diffusion. How do you obtain this form Kinetic Theory
of gases.

LONG ANSWER TYPE QUESTIONS (5 MARKS)
33. What are the basic assumptions of kinetic theory of gases ? On their basis
derive an expression for the pressure exerted by an ideal gas.
34. What is meant by mean free path of a gas molecule ? Derive an expression
for it.
35. Given that P =

where P is the pressure,  is the density and c is the

rms. Velocity of gas molecules. Deduce Boyle’s law and Charles law of gases
from it.
36. What do you understand by mean speed, root mean square speed and most
probable speed of a gas. The velocities of ten particles in m/s are 0, 2, 3, 4,
4, 4, 5, 5, 6, 9 calculate.
(i) Average speed
(ii) r.m.s. speed
37. What is law of equipartition of energy ? Find the value of  =Cp/Cv for
diatomic and monatomic gas. Where symbol have usual meaning.
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NUMERICALS
38. An air bubble of volume 1.0 cm3 rises from the bottom of a lake 40 m deep
at a temperature of 12ºC. To what volume does it grow when it reaches the
surface which is at a temperature of 35ºC ?
39. A vessel is ®lled with a gas at a pressure of 76 cm of mercury at a certain
temperature. The mass of the gas is increased by 50% by introducing more
gas in the vessel at the same temperature. Find out the resultant pressure of
the gas.
40. One mole of a monoatomic gas is mixed with three moles of a diatomic gas.
What is the molecular speci®c heat of the mixture at constant volume ?
Take R = 8.31/mol–1 K–1.
41. An oxygen cylinder of volume 30 litre has an initial gauge pressure of 15
atmosphere and a temperature of 27ºC. After some oxygen is withdrawn from
the cylinder, the gauge pressure drops to 11 atmosphere and its temperature
drop to17ºC. Estimate the mass of oxygen taken out of the cylinder.
(R = 8.31/mol–1 K–1)
(molecular mass of O2 = 32)
42. At what temperature the rms speed of oxygen atom equal to r.m.s. speed of
helium gas atom at – 10ºC ?
Atomic mass of helium = 4
Atomic mass of oxygen = 32
43. Estimate the total number of molecules inclusive of oxygen, nitrogen, water
vapour and other constituents in a room of capacity 25.0 m3 at a temperature
of 27ºC and 1 atmospheric pressure.
44. 0.014 kg of nitrogen is enclosed in a vessel at a temperature of 27ºC. How
much heat has to be transferred to the gas to double the rms speed of its
molecules.

ANSWERS (1 MARK)
1. (i) Low pressure
2. No effect
3.
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(ii) High temperature.

4. Atomicity and temperature.
5. 0
6. 22.4 litre
7. Gas in which intermolecular forces are absent.
8. increases

times

9. 3P/2
10. Hydrogen (rms speed is greater)
11.
12.
P and V are constant then T is also constant.

ANSWERS (2 MARKS)
13. Work is done against friction. This work done is converted into heat.
Temperature rises. PV = nRT, As volume of tyre is const. P  T.
14. Rate of diffusion of a gas is inversely proportional to the square root of the
density. So hydrogen leaked out more rapidly.
15. Speci®c Heat of water is more than land (earth). Therefore for given heat
change in temp. of land is more than ocean (water).
19.
c’ = 2v
20. (i)
as the temperature is same rms speeds are same.
(ii)
i.e.,
21. When temperature is low and pressure is high the intermolecular forces
become appreciable thus the volume occupied by the molecular is not
negligibly small as composed to volume of gas.
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22. When piston is pulled out the volume of the gas increases, Now losses number
of molecules colliding against the wall of container per unit area decreases.
Hence pressure decreases.

ANSWERS (3 MARKS)
23. (i) diameter of molecule as
(ii) Pressure of gas as
24. Heat supplied to oxygen = Heat supplied to Helium
mc1T1 = mc2T2
=

As

=

, m = molecular mass
As m1 > m2

T1 > T2
25. During evaporation fast moving molecules escape a liquid surface so the
average kinetic energy of the molecules left behind is decreased thus the
temperature of the liquid is lowered.
26.

number of mole = Constant
1 + 2 = 
=
From Boyle’s law, P (V1 + V2) = P1V1 + P2V2

27.

n=

, n’ =

n/n’ =
T  P V [R = constant]

30.

Since PV is greater for the curve at T2 than for the curve T1 therefore
T2 > T1.
31. Three vessels at the same pressure and temperature have same volume and
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contain equal number of molecules.
, Vrms 

Vrms =

rms speed will not same, neon has smallest mass therefore rms speed will be
largest for neon.
38. V1 = 10–6 m3
Pressure on bubble P1 = Water pressure + Atmospheric pressure
= pgh + Patm
= 4.93 × 105 Pa
T1 = 285 k, T2 = 308 k
=
V2 =

.

39. According to kinetic theory of gases,
PV =
At constant temperature,

is constant. As v is also constant, so P  m.

When the mass of the gas increase by 50% pressure also increases by 50%,


Final pressure =

= 114 cm of Hg.

40. For monoatomic gas,

Cv =

R, n = 1 mole

For diatomic gas,

Cv’ =

R, n’ = 3 mole

From conservation of energy, the molecular speci®c heat of the mixture is
Cv’ =
=
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or

× 8.31 = 18.7 J mol–1 K–1.

C’v =

V1 = 30 litre = 30 × 103 cm3 = 3 × 10–2 m3

41.

P1 = 15 × 1.013 × 105 N/m2
T1 = 300 K
1 =

= 18.3

P2 = 11 × 1.013 × 105 N/m2
V2 = 3 × 10–2 m3
T2 = 290 k
2 =

= 13.9

2 – 1 = 18.3 – 13.9 = 4.4
Mass of gas taken out of cylinder
=4.4 × 32 g
=140.8 g
=0.140 kg.
42.

vrms =
Let r.m.s. speed of oxygen is (vrms)1 and of helium is (vrms)2 is equal at
temperature T1 and T2 respectively.
=
= 1
T1 =

43. As Boltzmann’s constant,
kB
Now
244

=

,  R = kB N

PV = nRT = nkB NT
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 The number of molecules in the room
=nN =
=
=6.117 × 1026.
44. Number of mole in 0.014 kg of Nitrogen
n =
Cv =
=

, T2 = 4T1

T = T2 – T1 = 4T1 – T1 = 3T1
= 3 × 300 = 900 K
Q = n cv T =
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10.1 Periodic Motion
A motion, which repeat itself over and over again after a regular interval of
time is called a periodic motion and the ®xed interval of time after which
the motion is repeated is called period of the motion. Examples : Revolution
of earth around the sun (period one year).

10.2 Oscillatory or Vibratory Motion.
The motion in which a body moves to and fro or back and forth repeatedly
about a ®xed point in a de®nite interval of time. Oscillatory motion is also
called as harmonic motion. Example : The motion of the pendulum of a wall
clock.

10.3 Harmonic and Non-harmonic Oscillation.
Harmonic oscillation is that oscillation which can be expressed in terms of
single harmonic function (i.e. sine or cosine function). Example : y = a sin
t or y = a cos t.
Non-harmonic oscillation is that oscillation which can not be expressed in
terms of single harmonic function. Example : y = a sin t + b sin 2 t.

10.4 Some Important Definitions.
(1) Time period : It is the least interval of time after which the periodic
motion of a body repeats itself. S.l. units of time period is second.
(2) Frequency : It is de®ned as the number of periodic motions executed
by body per second. S.l unit of frequency is hertz (Hz).
(3) Angular Frequency :
(4) Displacement: Its deviation from the mean position.
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(5) Phase : It is a physical quantity, which completely express the position
and direction of motion, of the particle at that instant with respect to its
mean position.
Y = a sin  = a sin (t +0) here  = t +0 = phase of vibrating
particle.
(i) Initial phase or epoch : It is the phase of a vibrating particle
at t= 0.
(ii) Same phase: Two vibrating particle are said to be in same phase,
if the phase difference between them is an even multiple of n or
path difference is an even multiple of (/2) or time interval is an
even multiple of (T/2).
(iii) Opposite phase : Opposite phase means the phase difference
between the particle is an odd multiple of or the path difference
is an odd multiple of  or the time interval is an odd multiple of
(T/2).
(iv) Phase difference : If two particles performs S.H.M and their
equation are y1 = a sin (t +1) and y2 = a sin (t +2) then phase
difference  = (t +2) – (t +1) = 2 – 

10.5 Simple Harmonic Motion.
Simple harmonic motion is a special type of periodic motion, in which
Restoring force  Displacement of the particle from mean position.
F = – kx
Where k is known as force constant. Its S.l. unit is Newton/meter and
dimension is [MT–2].

10.6 Displacement in S.H.M.
Simple harmonic motion is de®ned as the projection of uniform circular
motion on any diameter of circle of reference
(i) y = a sin t when at t = 0 the vibrating particle is at mean position.
(ii) y = a cos t when at t = 0 the vibrating particle is at extreme position.
(iii) y = a sin (t ±) when the vibrating particle is  phase leading or
lagging from the mean position.
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10.7 Comparative Study of Displacement, Velocity and Acceleration.
Displacement

y = a sin t

Velocity

v = a cos t



t =

Acceleration

A = – a2 sin t
t = a2 sin (t + )

(i)

All the three quantities displacement, velocity and acceleration show
harmonic variation with time having same period.

(ii) The velocity amplitude is  times the displacement amplitude
(iii) The acceleration amplitude is 2 times the displacement amplitude
(iv) In S.H.M. the velocity is ahead of displacement by a phase angle /2.
(v) In S.H.M. the acceleration is ahead of velocity by a phase angle /2.
(vi) The acceleration is ahead of displacement by a phase angle of 
(vii) Various physical quantities in S.H.M. at different position :
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Physical quantities

Equilibrium position (y = 0)

Extreme Position (y = ± a)

Displacement y = a sin t

Minimum (Zero)

Maximum (a)

Velocity

Maximum (a)

Minimum (Zero)

Acceleration A = – 2y

Minimum (Zero)

Maximum (2a)

10.8 Energy in S.H.M.
A particle executing S.H.M. possesses two types of energy : Potential energy
and Kinetic energy
(1) Potential energy :
when y = ± a; t = /2; t = T/4

(i)
(ii)

when y = 0; t = 0; t = 0

(2) Kinetic energy :
or
(i)

when y = 0; t = 0; t = 0

(ii)

when y = a; t = T/4, t = /2

(3) Total energy : Total mechanical energy
= Kinetic energy + Potential energy

Total energy is not a position function i.e. it always remains constant.
(4) Energy position graph :
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(5) Kinetic energy and potential energy vary periodically double the
frequency of S.H.M.

10.9 Time Period and Frequency of S.H.M.
Time period (T) =
Frequency (n) =

as
=

In general m is called inertia factor and k is called spring factor.
Thus

T = 2

10.10 Differential Equation of S.H.M.
For S.H.M. (linear)

[As

For angular S.H.M.

10.11 Simple Pendulum
Mass of the bob = m
Effective length of simple pendulum = 1; T = 2
(i)

Time period of simple pendulum is independent of amplitude as long
as its motion is simple harmonic.

(ii) Time period of simple pendulum is also independent of mass of the
bob.
(iii) If the length of the pendulum is comparable to the radius of earth
then

If l >> R () 1/l< 1/R so

84.6 minutes

(iv) The time period of simple pendulum whose point of suspension moving
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horizontally with acceleration,
and  = tan–1 (a/g)

a

(v) Second’s Pendulum : It is that simple pendulum whose time period of
vibrations is two seconds.
(vi) Work done in giving an angular displacement  to the pendulum from
its mean position.
W = U = mgl (1 – cos )
(vii) Kinetic energy of the bob at mean position = work done or potential
energy at extreme
(viii) Various graph for simple pendulum.

10.12 Spring Pendulum
A point mass suspended from a mass less spring or placed on a frictionless
horizontal plane attached with spring constitutes a linear harmonic spring
pendulum
Time period

and Frequency
(i) Time of a spring pendulum is independent of acceleration due to gravity.
(ii) If the spring has a mass M and mass m is suspended from it, effective
mass is given by
So that
(iii) If two masses of mass m1 and m2 are connected
by a spring and made to oscillate on horizontal
surface, the reduced mass mr is given by
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So that
(iv) If a spring pendulum, oscillating in a vertical plane is made to oscillate
on a horizontal surface, (or on inclined plane) time period will remain
unchanged.
(v)

If the stretch in a vertically loaded spring is y0 then

Time period does not depends on ‘g’ because along with g, y0 will also
change in such a way that

remains constant.

(vi) Series combination : If n springs of different force constant are
connected in series having force constant k1, k2, k3 ........ respectively
then
(vii) Parallel combination: If the springs are connected in parallel then
keff = k1 + k2 + k3 + ........
(viii) If the spring of force constamt k is divided in to n equal parts then
spring constant of each part will become nk.
(ix) The spring constant k is inversely proportional to the spring length.
As k 
(x)

When a spring of length l is cut in two pieces of length l1 and l2 such
that l1 = nl2.

If the constant of a spring is k then ppring constant of ®rst part
Spring constant of second part k2 = (n + 1 ) k and ratio of spring constant
.
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10.13 Various Formulae of S.H.M. .
S.H.M. of a liquid in U tube :
If a liquid of density contained in
a vertical U tube performs S.H.M. in its
two limbs. Then time period

Where L = Total length of liquid
column, H = Height of undisturbed
liquid in each limb (L = 2h)
S.H.M. of a ¯oating cylinder
If l is the length of cylinder dipping in
liquid then time period

S.H.M. of ball in the neck of an air
chamber
Image

M = mass of the ball
V = volume of air
chamber
A = area of cross
section of neck
E = Bulk modulus
for Air
S.H.M. of a body in a tunnel dug along
any chord of earth

S.H.M. of body in the
tunnel dug along the
diameter of earth

minutes
T = 84.6 minutes
R = radius of the earth
= 6400 km
g = acceleration due
to gravity = 9.8 m/s2
at earth’s surface
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10.14 Free, Damped, Forced and Maintained Oscillation.
(1) Free oscillation
(i)

The oscillation of a particle with fundamental frequency under the
in¯uence of restoring force are de®ned as free oscillations

(ii) The amplitude, frequency and energy of oscillation remains constant
(iii) Frequency of free oscillation is called natural frequency.
(2) Damped oscillation
(i)

The oscillation of a body whose amplitude goes on decreasing with
time are de®ned as damped oscillation.

(ii) Amplitude of oscillation decreases exponentially due to damping
forces like frictional force, viscous force, hystersis etc.
(3) Forced oscillation
(i)

The oscillation in which a body oscillates under the in¯uence of an
external periodic force are known as forced oscillation.

(ii) Resonance: When the frequency of external force is equal to the
natural frequency of the oscillator. Then this state is known as
the state of resonance. And this frequency is known as resonant
frequency.
(4) Maintained oscillation : The oscillation in which the loss of oscillator
is compensated by the supplying energy from an external source are
known as maintained oscillation.

10.15 Wave
A wave is a disturbance which propagates energy and momentum from one
place to the other without the transport of matter.
(1) Necessary properties of the medium for wave propagation :
(i)

Elasticity : So that particles can return to their mean position, after
having been disturbed.

(ii) Inertia : So that particles can store energy and overshoot their mean
position.
254

Physics Class XI

(iii) Minimum friction amongst the particles of the medium.
(iv) Uniform density of the medium.
(2) Mechanical waves : The waves which require medium for their
propagation are called mechanical waves.
Example : Waves on string and spring, waves on water surface, sound
waves, seismic waves.
(3) Non-mechanical waves : The waves which do not require medium for
their propagation are called non-mechanical or electromagnetic waves.
Examples : Light, heat (Infrared), radio waves, -rays. X-rays etc.
(4) Transverse waves : Particles of the medium execute simple harmonic
motion about their mean position in a direction perpendicular to the
direction of propagation of wave motion.
(i)

It travels in the form of crests and troughs.

(ii) A crest is a portion of the medium which is raised temporarily.
(iii) A trough is a portion of the medium which is depressed temporarily.
(iv) Examples of transverse wave motion: Movement of string of a sitar,
waves on the surface of water.
(v) Transverse waves can not be transmitted into liquids and gases.
(5) Longitudinal waves: If the particles of a medium vibrate in the direction
of wave motion the wave is called longitudinal.
(i)

It travels in the form of compression and rarefaction.

(ii)

A compression © is a region of the medium in which particles are
compressed.

(iii) A rarefaction (R) is a region of the medium in which particles are
rare®ed.
(iv) Examples sound waves travel through air in the form of longitudinal
waves.
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(v) These waves can be transmitted through solids, liquids and gases.

10.16 Important Terms
(1) Wavelength :
(i)

It is the length of one wave.

(ii) Distance travelled by the wave in one time period is known as
wavelength.




 = Distance between two consecutive crests or troughs.

(2) Frequency : Number of vibrations completed in one second.
(3) Time period : Time period of vibration of particle is de®ned as the time
taken by the particle to complete one vibration about its mean position.
(4) Relation between frequency and time period :
Time period = 1 /Frequency


 T = 1/n

(5) Relation between velocity, frequency and wavelength : v = n.

10.17 Velocity of Sound (Wave motion)
(1) Speed of transverse wave motion :
(i)

On a stretched string :

, T = Tension in the string;

m = Linear density of string (mass per unit length).
(ii) In a solid body :
the material.)

( = Modulus of rigidity;  = Density of

(2) Speed of longitudinal wave motion :
(i)

In a solid long bar

(ii) In a liquid medium
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(Y = Young’s modulus;  = Density)
(k = Bulk modulus)

(iii) In gases

10.18 Velocity of Sound in Elastic Medium
Velocity of sound in any medium is
(E = Elasticity of the medium;  = Density of the medium)
(1) vsteel > vwater > vair  5000 m/s > 1500 m/s > 330 m/s
(2) Newton’s formula : He assumed that propagation of sound is isothermal
As K = E = P; E = Isothermal elasticity; P = Pressure.
By calculation vair = 279 m/sec.
However the experimental value of sound in air is 332 m/sec
(3) Laplace correction : He modi®ed that propagation of sound in air is
adiabatic process.
(As k = E =  = Adiabatic elasticity)
v = 331.3 m/s (Air = 1.41)
(4) Effect of density :
(5) Effect of pressure : Velocity of sound is independent of the pressure
(when T = constant)
(6) Effect of temperature :
When the temperature change is small then vt = v0 (1 + t)
Value of

(Approx.)

(7) Effect of humidity : With rise in humidity velocity of sound increases.
(8) Sound of any frequency or wavelength travels through a given medium
ith the same velocity.
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(9) Sound of any frequency or wavelength travels through a given medium
with the same velocity.

10.19 Reflection of Mechanical
Medium

Longitudinal

Transverse

Change in

Phase

wave

wave

direction

change change

Re¯ection Compression as
from rigid rarefaction and
end/denser vice-versa
medium

Crest as
crest and
Trough as
trough

Reversed



Re¯ection
from free
end/rarer
medium

Crest as
trough and
trough as
crest

No change

Zero

Compression
as compression
and rarefaction
as rarefaction

Time

Zero

Path
change

Zero

10.20 Progressive Wave
(1) These waves propagate in the forward direction of medium with a ®nite
velocity.
(2) Energy and momentum are transmitted in the direction of propagation
of waves.
(3) In progressive waves, equal changes in pressure and density occurs at
all points of medium.
(4) Various forms of progressive wave function.
(i) y = A sin (t – kx)

Where

y = displacement
A = amplitude





 = angular frequency
n = frequency
k = propagation constant
T = time period





 = wave length
v = wave velocity
t = instantaneous time
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(ii)
(iii)
(iv)
(v)
(a) If the sign between t and x terms is negative the wave is propagating
along positive X-axis and if the sign is positive then the wave moves
in negative X-axis direction.
(b) The Argument of sin or cos function i.e. (t – kx) = Phase.
(c) The coef®cient of t gives angular frequency

(d) The coef®cient of x gives propagation constant or wave number

(e) The ratio of coef®cient of t to that of x gives wave or phase velocity,
i.e.
(f) When a given wave passes from one medium to another its frequency
does not change.
(g) From

n = constant

(5) Some terms related to progressive waves
(i) Wave number

: The number of waves present in unit length.

(ii) Propagation constant (k) :
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and
(iii) Wave velocity (v) :
(iv) Phase and phase difference



(v) Phase difference

Time difference.

(vi) Phase difference

Path difference



Time difference

Path difference.

10.21 Principle of Superposition
If

are the displacements at a particular time at a particular

position, due to individual waves, then the resultant displacement,

Important applications of superposition principle: (a) Stationary waves,
(b) Beats.

10.22 Standing Waves or Stationary Waves
When two sets of progressive wave trains of same type (both longitudinal
or both transverse) having the same amplitude and same time period/frequency/
wavelength travelling with same speed along the same straight line in opposite
directions superimpose, a new set of waves are formed. These are called stationary
waves or standing waves.
Characteristics of standing waves :
(1) The disturbance con®ned to a particular region
(2) There is no forward motion of the disturbance beyond this particular
region.
(3) The total energy is twice the energy of each wave.
(4) Points of zero amplitude are known as nodes.
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The distance between two consecutive nodes is

.

(5) Points of maximum amplitude is known as antinodes. The distance
between two consecutive antinodes is also /2. The distance between a
node and adjoining antinode is /4.
(6) The medium splits up into a number of segments.
(7) All the particles in one segment vibrate in the same phase. Particles in
two consecutive segments differ in phase by 180°.
(8) Twice during each vibration, all the particles of the medium pass
simultaneously through their mean position.

10.23 Comparative Study of Stretched Strings, Open Organ
Pipe and Closed Organ Pipe
S. Parameter

Stretched string

No.

Open organ

Closed organ Pipe

Pipe

(1) Fundamental
frequency or
1st harmonic
(1st mode of
vibration)
(2) Frequency
of 1st
overtone
or 2nd
harmonic
(2nd mode
of vibration)

n2 = 2n1

n2 = 2n1

Missing

(3) Frequency
of 2nd
overtone
or 3rd
harmonic
(3rd mode of
vibration)

n3 = 3n1

n3 = 3n1

n3 = 3n1

(4) Frequency
ratio of
overtones

2:3:4: . . .

2:3:4: . . .

3:5:7: . . .

(5) Frequency
ratio of
harmonics

1:2:3:4: . . .

1:2:3:4: . . .

1:3:5:7: . . .
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(6) Nature of
waves

Transverse
stationary

Longitudinal
stationary

Longitudinal
stationary

(7) General
formula for
wavelength
(8) Position of

x=0,

nodes
(9) Position of

x=

x=

antinodes

(i) Harmonics are the notes/sounds of frequency equal to or an integral
multiple of fundamental frequency (n).
(ii) Overtones are the notes/sounds of frequency twice/thrice/ four times
the fundamental frequency (n).
(iii) In organ pipe an antinode is not formed exactly at the open end rather
it is formed a little distance away from the open end outside it. The
distance of antinode from the open end of the pipe is = 0.6r (where r is
radius of organ pipe). This is known as end correction.

10.2410 Vibration of a String
General formula of frequency
L = Length of string, T = Tension in the string
m = Mass per unit length (linear density), p = mode of vibration
(1) The string will be in resonance with the given body if any of its natural
frequencies concides with the body.
(2) If M is the mass of the string of length L,
So

(r = Radius, = Density)

10.25 Beats
When two sound waves of slightly different frequencies, travelling in a
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medium along the same direction, superimpose on each other, the intensity of the
resultant sound at a particular position rises and falls regularly with time. This
phenomenon is called beats.
(1) Beat period : The time interval between two successive beats (i.e. two
successive maxima of sound) is called beat period.
(2) Beat frequency : The number of beats produced per second is called
beat frequency.
(3) Persistence of hearing : The impression of sound heard by our ears
persist in our mind for 1/10th of a second.
So for the formation of distinct beats, frequencies of two sources of
sound should be nearly equal (difference of frequencies less than 10)
(4) Equation of beats : If two waves of equal amplitudes ‘a’ and slightly
different frequencies n1 and n2 travelling in a medium in the same
direction then equation of beats is given by
y = A sin(n1 – n2)t where A = 2a cos (n1 – n2)t = Amplitude of
resultant wave.
Amplitude of resultant wave.
(5) Beat frequency :
(6) Beat period:

10.26 Doppler Effect
Whenever there is a relative motion between a source of sound and the
listener, the apparent frequency of sound heard by the listener is different
from the actual frequency of sound emitted by the source.
Apparent frequency
Here n = Actual frequency; vL = Velocity of listener; vs = Velocity of source
vm = Velocity of medium and v = Velocity of sound wave
Sign convention: All velocities along the direction S to L are taken as positive
and all velocities along the direction L to S are taken as negative. If the
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medium is stationary vm = 0 then
(1) No Doppler effect takes place (n = n) when relative motion between
source and listener is zero.
(2) Source and listener moves at right angle to the direction of wave
propagation. (n = n)
(i)

If the velocity of source and listener is equal to or greater than the
sound velocity then Doppler effect is not observed.

(ii) Doppler effect does not say about intensity of sound.
(iii) Doppler effect in sound is asymmetric but in light it is symmetric.

QUESTIONS
ONE MARK QUESTIONS
1.

How is the time period effected, if the amplitude of a simple pendulum is
increased?

2.

De®ne force constant of a spring.

3.

At what distance from the mean position, is the kinetic energy in simple
harmonic oscillator equal to potential energy ?

4.

How is the frequency of oscillation related with the frequency of change in
the K.E. and P.E. of the body in S.H.M.?

5.

What is the frequency of total energy of a particle in S.H.M. ?

6.

How is the length of seconds pendulum related with acceleration due gravity
of any planet ?

7.

If the bob of a simple pendulum is made to oscillate in some ¯uid of density
greater than the density of air (density of the bob density of the ¯uid), then
time period of the pendulum increased or decrease.

8.

How is the time period of the pendulum effected when pendulum is taken
to hills or in mines ?

9.

A transverse wave travels along x-axis. The particles of the medium must
move in which direction ?

10. De®ne angular frequency. Give its S.I. unit.
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11. Sound waves from a point source are propagating in all directions. What
will be the ratio of amplitudes at distances of x meter and y meter from the
source ?
12. Does the direction of acceleration at various points during the oscillation of
a simple pendulum remain towards mean position ?
13. What is the time period for the function f(t) = sin t + cos t may represent
the simple harmonic motion ?
14. When is the swinging of simple pendulum considered approximately
SHM ?
15. Can the motion of an arti®cial satellite around the earth be taken as SHM ?
16. What is the phase relationship between displacement, velocity and
acceleration in SHM ?
17. What forces keep the simple pendulum in motion ?
18. How will the time period of a simple pendulum change when its length is
doubled ?
19. What is a harmonic wave function ?
20. If the motion of revolving particle is periodic in nature, give the nature of
motion or projection of the revolving particle along the diameter.
21. In a forced oscillation of a particle, the amplitude is maximum for a frequency
w1 of the force, while the energy is maximum for a frequency w2 of the force.
What is the relation between w1 and w2 ?
22. Which property of the medium are responsible for propagation of waves
through it ?
23. What is the nature of the thermal change in air, when a sound wave propagates
through it ?
24. Why does sound travel faster in iron than in water or air ?
25. When will the motion of a simple pendulum be simple harmonic ?
26. A simple harmonic motion of acceleration ‘a’ and displacement ‘x’ is
represented by a + 42x = 0. What is the time period of S.H.M ?
27. What is the main difference between forced oscillations and resonance ?
28. De®ne amplitude of S.H.M.
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29. What is the condition to be satis®ed by a mathematical relation between time
and displacement to describe a periodic motion ?
30. Why the pitch of an organ pipe on a hot summer day is higher ?
31. Under what conditions does a sudden phase reversal of waves on re¯ection
takes place ?
32. The speed of sound does not depend upon its frequency. Give an example
in support of this statement.
33. If an explosion takes place at the bottom of lake or sea, will the shock waves
in water be longitudinal or transverse ?
34. Frequency is the most fundamental property of wave, why ?
35. How do wave velocity and particle velocity differ from each other ?
36. If any liquid of density higher than the density of water is used in a resonance
tube, how will the frequency change ?
37. Under what condition, the Doppler effect will not be observed, if the source
of sound moves towards the listener ?
38. What physical change occurs when a source of sound moves and the listener
is stationary ?
39. What physical change occurs when a source of sound is stationary and the
listener moves ?
40. If two sound waves of frequencies 480 Hz and 536 Hz superpose, will they
produce beats? Would you hear the beats ?
41. De®ne non dissipative medium.

2 MARKS QUESTIONS
42. Which of the following condition is not suf®cient for simple harmonic motion
and why ?
(i) acceleration and displacement
(ii) restoring force and displacement
43. The formula for time period T for a loaded spring, T =
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Does the time period depend on length of the spring ?
44. Water in a U-tube executes S.H.M. Will the time period for mercury ®lled
up to the same height in the tube be lesser of greater than that in case of
water ?
45. There are two springs, one delicate and another hard or stout one. For which
spring, the frequency of the oscillator will be more ?
46. Time period of a particle in S.H.M. depends on the force constant K and
mass m of the particle

A simple pendulum for small angular

displacement executes S.H.M. approximately. Why then is the time period
of a pendulum independent of the mass of the pendulum ?
47. What is the frequency of oscillation of a simple pendulum mounted in a
cabin that is falling freely ?
48. The maximum acceleration of simple harmonic oscillator is A 0. While the
maximum velocity is v0, calculate amplitude of motion.
49. The velocity of sound in a tube containing air at 27°C and pressure of 76
cm of Hg is 330 ms–1. What will be its velocity, when pressure is increased
to 152 cm of mercury and temperature is kept constant ?
50. Even after the breakup of one prong of tunning fork it produces a round
of same frequency, then what is the use of having a tunning fork with two
prongs ?
51. Why is the sonometer box hollow and provided with holes ?
52. The displacement of particle in S.H.M. may be given by y = a sin (t +)
show that if the time t is increased by 2, the value of y remains the same.
53. The length of simple pendulum executing SHM is increased by 21%. By
what % time period of pendulum increase ?
54. De®ne wave number and angular wave number and give their S.l. units.
55. Why does the sound travel faster in humid air ?
56. Use the formula

to explain, why the speed of sound in air

(a) is independent of pressure
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(b) increase with temperature
57. Differentiate between closed pipe and open pipe at both ends of same length
for frequency of fundamental note and harmonics.
58. Bats can ascertain distances, directions; nature and size of the obstacle
without any eyes, explain how ?
59. In a sound wave, a displacement node is a pressure antinode and vice- versa.
Explain, why ?
60. How does the frequency of a tuning fork change, when the temperature is
increased ?
61. Explain, why can we not hear an echo in a small room ?
62. What do you mean by reverberation? What is reverberation time ?
3 MARKS QUESTIONS
63. Show that for a particle in linear simple harmonic motion, the acceleration
is directly proportional to its displacement of the given instant.
64. Show that for a particle in linear simple harmonic motion, the average kinetic
energy over a period of oscillation, equals the average potential energy over
the same period.
65. Deduce an expression for the velocity of a particle executing S.H.M. when
is the particle velocity (i) Maximum (ii) minimum?
66. Draw (a) displacement time graph of a particle executing SHM with phase
angle  equal to zero (b) velocity time graph and (c) acceleration time graph
of the particle.
67. Show that a linear combination of sine and cosine function like x(t) = a sin
t + b cos t represents a simple harmonic. Also, determine its amplitude
and phase constant.
68. Show that in a S.H.M. the phase difference between displacement and velocity
is /2, and between displacement and acceleration is n.
69. Derive an expression for the time period of the horizontal oscillations of a
massless loaded spring.
70. Show that for small oscillations the motion of a simple pendulum is simple
harmonic. Derive an expression for its time period.
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71. Distinguish with an illustration among free, forced and resonant oscillations.
72. In reference to a wave motion, de®ne the terms
(i) amplitude
(ii) time period
(iii) frequency
(iv) angular frequency
(v) wave length and wave number.
73. What do you understand by phase of a wave? How does the phase change
with time and position.
74. At what time from mean position of a body executive S.H.M. kinetic energy
and potential energy will be equal?

LONG ANSWER QUESTIONS
75. Derive expressions for the kinetic and potential energies of a simple harmonic
oscillator. Hence show that the total energy is conserved in S.H.M. in which
positions of the oscillator, is the energy wholly kinetic or wholly potential ?
76. One end of a U-tube containing mercury is connected to a section pump and
the other end is connected to the atmosphere. A small pressure difference is
maintained between the two columns. Show that when the suction pump is
removed, the liquid in the U-tube executes S.H.M.
77. Discuss the Newton’s formula for velocity of sound in air. What correction
was applied to it by Laplace and why ?
78. What are standing waves? Desire and expression for the standing waves.
Also de®ne the terms node and antinode and obtain their positions.
79. Discuss the formation of harmonics in a stretched string. Show that in case
of a stretched string the ®rst four harmonics are in the ratio 1:2:3:4,
80. Give the differences between progressive and stationary waves.
81. If the pitch of the sound of a source appears to drop by 10% to a moving
person, then determine the velocity of motion of the person. Velocity of
sound = 30 ms–1.
82. Give a qualitative discussion of the different modes of vibration of an open
organ pipe.
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83. Describe the various modes of vibrations of a closed organ pipe.
84. What are beats? How are they produced? Brie¯y discuss one application for
this phenomenon.
85. Show that the speed of sound in air increases by 61 cms –1 for every 1°C rise
of temperature.
NUMERICALS
86. The time period of a body executing S.H.M is 1s. After how much time will
its displacement be

of its amplitude.

87. A particle is moving with SHM in a straight line. When the distance of the
particle from the equilibrium position has values x1 and x2, the corresponding
value of velocities are u1 and u2. Show that the time period of oscillation is
given by

88. Find the period of vibrating particle (SHM), which has acceleration of
45 cm s–2, when displacement from mean position is 5 cm.
89. A 40 gm mass produces on extension of 4 cm in a vertical spring. A mass
of 200 gm is suspended at its bottom and left pulling down. Calculate the
frequency of its vibration.
90. The acceleration due to gravity on the surface of the moon is 1.7 ms–2. What
is the time period of a simple pendulum on the moon, if its time period on
the earth is 3.5 s? [g = 9.8 ms–2]
91. A particle executes simple harmonic motion of amplitude A.
(i) At what distance from the mean position is its kinetic energy equal to
its potential energy?
(ii) At what points is its speed half the maximum speed ?
92. A set of 24 tunning forks is arranged so that each gives 4 beats per second
with the previous one and the last sounds the octave of ®rst. Find frequency
of Ist and last tunning forks.
93. The vertical motion of a huge piston in a machine is approximately S.H.M.
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with a frequency of 0.5 s–1. A block of 10kg is placed on the piston. What is
the maximum amplitude of the piston’s S.H.M. for the block and piston to
remain together ?
94. At what temperature will the speed of sound be double its value at 273°K?
95. 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 spring, when displaced and
released, oscillates with a period of 0.60 s. What is the weight of the body ?
96. If the pitch of the sound of a source appears to drop by 10% to a moving
person, then determine the velocity of motion of the person. Velocity of
sound = 330 ms–1.
97. A body of mass m suspended from a spring executes SHM. Calculate ratio
of K.E. and P.E. of body when it is at a displacement half of its amplitude
from mean position.
98. A string of mass 2.5 kg is under a tension of 200N. The length of the stretched
string is 20m. If a transverse jerk is struck at one end of the string, how long
does the disturbance take to reach the other end ?
99. Which of the following function of time represent (a) periodic and (n) nonperiodic motion? Give the period for each case of periodic motion. [w is any
positive constant].
(i) sin t + cos t
(ii) sin t + sin 2t + sin 4 t
(iii) e–t
(iv) log (t)
100. The equation of a plane progressive wave is given by the equation y = 10
sin 2 (t – 0.005x) where y and x are in cm and t in seconds. Calculate the
amplitude, frequency, wave length and velocity of the wave.
101. A tuning fork arrangement (pair) produces 4 beats s–1 with one fork of
frequency 288 cps. A little was ix placed on the unknown fork and it then
produces 2 beats s–1. What is the frequency of the unknown fork ?
102. A pipe 20 cm long is closed at one end, which harmonic mode of the pipe
is resonantly excited by a 430 Hz source? Will this same source can be in
resonance with the pipe, if both ends are open? Speed of sound = 340 ms –1.
103. The length of a wire between the two ends of a sonometer is 105 cm. Where
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should the two bridges be placed so that the fundamental frequencies of the
three segments are in the ratio of 1 : 3 : 15 ?
104. The transverse displacement of a string (clamped at its two ends) is given
by

where x, y are in m and t is in s. The length of the string is 1.5 m and its mass
is 3.0 10–2 kg. Answer the following.
(a) Does the function represent a travelling or a stationary wave?
(b) Interpret the wave as a superposition of two waves travelling in opposite
directions. What are the wavelength frequency and speed of propagation
of each wave ?
(c) Determine the tension in the string.
105. A wire stretched between two rigid supports vibrates in its fundamental
mode with a frequency 45 Hz. The mass of the wire is 3.5 × 10–2 kg and its
linear density is 4.0  10–2 kg m–1. What is (a) the speed of transverse wave
on the string and (b) the tension in the string ?
106. A steel rod 100 cm long is clamped at its middle. The fundamental frequency
of longitudinal vibrations of the rod as given to be 2.53 kHz. What is the
speed of sound in steel ?
107. A progressive wave of frequency 500 Hz is travelling with velocity 360 m/s.
How far apart are two points 60° out of phase ?
108. An observer moves towards a stationary source of sound with a velocity one
®fth of velocity of sound. What is the % increase in apparent frequency ?

SOLUTIONS
ANSWERS OF ONE MARK QUESTIONS
1.

No effect on time period when amplitude of pendulum is increased or
decreased.

2.

The spring constant of a spring is the change in the force it exerts, divided
by the change in de¯ection of the spring. (K = f/x)

3.

At x = a/
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4.

P.E. or K.E. completes two vibrations in a time during which S.H.M.
completes one vibration or the frequency of R.E. or K.E is double than that
of S.H.M.

5.

The frequency of total energy of particle is S.H.M. is zero because it remains
constant.

6.

Length of the seconds pendulum proportional to (acceleration due to gravity)

7.

Increased

8.

As

9.

In the y-z plane or in plane perpendicular to x-axis.

will increase.

10. It is the angle covered per unit time or it is the quantity obtained by
multiplying frequency by a factor of 2.


 = 2n, S.I. unit is rad s–1.

11. Intensity = amplitude2 
Required ratio = y/x
12. No, the resultant of Tension in the string and weight of bob is not always
towards the mean position.
13. T =2
14. Swinging through small angles.
15. No, it is a circular and periodic motion but not SHM.
16. In SHM, The velocity leads the displacement by a phase 2 radians and
acceleration leads the velocity by a phase /2 radians.
17. The component of weight (mg sin ).
18.

times, as

19. A harmonic wave function is a periodic function whose functional form is
sine or cosine.
20. S.H.M.
21. Both amplitude and energy of the particle can be maximum only in the case
of resonance, for resonance to occur 1 = 2.
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22. Properties of elasticity and inertia.
23. When the sound wave travel through air adiabatic changes take place in the
medium.
24. Sound travel faster in iron or solids because iron or solid is highly elastic as
compared to water (liquids) or air (gases).
25. When the displacement of bob from the mean position is so small that
sin   .
26.

27. The frequency of external periodic force is different from the natural
frequency of the oscillator in case of forced oscillation but in resonance two
frequencies are equal.
28. The maximum displacement of oscillating particle on either side of its mean
position is called its amplitude.
29. A periodic motion repeats after a de®nite time interval T.
So, y(t) = y(t + T) = y(t + 2T) etc.
30. On a hot day, the velocity of sound will be more since (frequency proportional
to velocity) the frequency of sound increases and hence its pitch increases.
31. On re¯ection from a denser medium, a wave suffers a sudden phase reversal.
32. If sounds are produced by different musical instruments simultaneously, then
all these sounds are heard at the same time.
33. Explosion at the bottom of lake or sea create enormous increase in pressure
of medium (water). A shock wave is thus a longitudinal wave travelling at
a speed which is greater than that of ordinary wave.
34. When a wave passes through different media, velocity and wavelength change
but frequency does not change.
35. Wave velocity is constant for a given medium and is given by V = n. But
particle velocity changes harmonically with time and it is maximum at mean
position and zero at extreme position.
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36. The frequency of vibration depends on the length of the air column and not
on re¯ecting media, hence frequency does not change.
37. Doppler effect will not be observed, if the source of sound moves towards
the listener with a velocity greater than the velocity of sound. Same is also
true if listener moves with velocity greater than the velocity of sound towards
the source of sound.
38. Wave length of sound changes.
39. The number of sound waves received by the listener changes.
40. Yes, the sound waves will produce 56 beats every second. But due to
persistence of hearing, we would not be able to hear these beats.
41. A medium in which speed of wave motion is independent of frequency of
wave is called non-dispersive medium. For sound, air is non dispersive
medium.
ANSWERS OF TWO MARKS QUESTIONS
42. Condition (i) is not suf®cient, because direction of acceleration is not
mentioned. In SHM, the acceleration is always in a direction opposite to
that of the displacement.
43. Although length of the spring does not appear in the expression for the time
period, yet the time period depends on the length of the spring. It is because,
force constant of the spring depends on the length of the spring.
44. The time period of the liquid in a U-tube executing S.H.M. does not depend
upon density of the liquid, therefore time period will be same, when the
mercury is ®lled up to the same height in place of water in the U-tube.
45. We have,
So, when a hard spring is loaded with a mass m. The extension I will be
lesser w.r.t. delicate one. So frequency of the oscillation of the hard spring
will be more and if time period is asked it will be lesser.
46. Restoring force in case of simple pendulum is given by
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So force constant itself proportional to m as the value of k is substituted in
the formula, m is cancelled out.
47. The pendulum is in a state of weightlessness i.e. g = 0. The frequency of
pendulum

48. Amax = 2a = A0, Umax = a = v0


 










 










49. At a given temperature, the velocity of sound is independent of pressure, so
velocity of sound in tube will remain 330 ms–1.
50. Two prongs of a tunning fork set each other in resonant vitorations and help
to maintain the vibrations for a longer time.
51. When the stem of the a tunning fork gently pressed against the top of
sonometer box, the air enclosed in box also vibrates and increases the
intensity of sound. The holes bring the inside air incontact with the outside
air and check the effect of elastic fatigue.
52. The displacement at any time t is
y = a sin (t +)
displacement at any time (t + 2/) will be
y = a sin [(t + 2) + ] = [sin {t +) + 2}]
y = a sin (t + )

[

sin (2 + ) = sin ]

Hence, the displacement at time t and (t + 2) are same.
53. When a number of waves travel through the same region at the same time,
each wave travels independently as if all other waves were absent.
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This characteristic of wave is known as independent behaviour of waves.
For example we can distinguish different sounds in a full orchestra.
54. Wave number is the number of waves present in a unit distance of medium.
S.I. unit of k is rad m–1.
Angular wave number or propagation constant is 2. It represents phase
change per unit path difference and denoted by k = 2. S.I. unit of k is
rad m–1.
55. Because the density of water vapour is less than that of the dry air hence
density of air decreases with the increase of water vapours or humidity and
velocity of sound inversely proportional to square root of density.
56. Given,
(a) Let V be the volume of 1 mole of air, then
or
for 1 mole of air PV = RT
or




....(i)

So at constant temperature v is constant as , R and M are constant.
(b) From equation (i) we know that
temperature velocity of sound increases.

so with the increase in

57. (i) In a pipe open at both ends, the frequency of fundamental note produced
is twice as that produced by a closed pipe of same length.
(ii) An open pipe produces all the harmonics, while in a closed pipe, the
even harmonics are absent,
58. Bats emit ultrasonic waves of very small wavelength (high frequencies) and
so high speed. The re¯ected waves from an obstacle in their path give them
idea about the distance, direction, nature and size of the obstacle.
59. At the point, where a compression and a rarefaction meet, the displacement is
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minimum and it is called displacement node. At this point, pressure difference
is maximum i.e. at the same point it is a pressure antinode. On the other
hand, at the mid point of compression or a rarefaction, the displacement
variation is maximum i.e. such a point is pressure node, as pressure variation
is minimum at such point.
60. As the temperature increases, the length of the prong of the tunning fork
increases. This increases the wavelength of the stationary waves set up in
the tunning fork. As frequency,
decreases.

so frequency of the tunning fork

61. For an echo of a simple sound to be heard, the minimum distance between
the speaker and the walls should be 17 m, so in any room having length less
than 17 m, our ears can not distinguish between sound received directly and
sound received after re¯ection.
62. The phenomenon of persistence or prolongation of sound after the source
has stopped emitting sound is called reverberation. The time for which the
sound persists until it becomes inaudible is called the reverberation time.
SOLUTION / HINTS OF NUMERICALS
y = r sin t = r sin

86.
Here



and T = 1s



87. When
When
As

and
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Subtracting (ii) from (i), we get

or  

 =

T=
88. Here y = 5 cm and acceleration a = 45 cm s–2
We know a = 2y
or

rad s–1

and T =
89. Here mg = 40 g = 40 980 dyne ; l = 4 cm.
say k is the force constant of spring, then
mg = kl or k = mg/l
k=

dyne cm–1

when the spring is loaded with mass m = 200 g
v=
= 1.113 s–1.
90. Here on earth, T = 3.5 s; g = 9.8 ms–2
For simple pendulum

....(i)
on moon, g = 1.7 ms–2 and if T is time period
....(ii)

then
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Dividing eqn. (ii) by eqn. (i), we get
or
91. (i)
(ii)
92. Let frequency of Ist tunning fork = x
frequency of IInd tunning fork = x + 4
frequency of IIIrd tunning fork = x + 2 (4)
frequency of IVth tunning fork = x + 3 (4)
Let frequency of 24th tunning fork = x + 23 (4)
octave means, (twice in freq.)
freq. of 24th = 2freq. of Ist = 2x
2x = x + 23 (4)  x = 92
freq. of 24th = 2  92 = 184 H3.
93. Given, v = 0.5 s–1, g = 9.8 ms–1

amax at the extreme position i.e., r = y
amax = 42v2r and amax = g to remain in contact.
or
94. Say v1 in the velocity of sound at T1 = 273°K and v2 = 2v1 at temperature T2
Now
or

T2 = 4 273 = 1092°K.

95. Here m = 50 kg, l = 0.2 m
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Nm–1

we know mg = kl or

T = 0.60 s and M is the mass of the body, then using

kg

T=

Weight of body Mg = 22.34 9.8 = 218.93 N.
96. Apparent freq.
or
v = 330 ms–1
=

v0 = 330 – 297 = 33 m/s.
97.

KE
at
KE =

PE =

98. Given T = 200 N, length of string l = 20 m
total mass of the string = 2.5 kg
mass per unit length of the string
Oscillations Waves

281

kg m–1

ms–1

Now v =

Hence time taken by the transverse wave to reach other end
t=
99. (i) sin t + cos t =
=
It is simple harmonic function with period
(ii) sin t + sin 2t + sin 4t is a periodic but not simple harmonic function.
Its time period is

.

(iii) e–t is exponential function, which never repeat itself. Hence it is nonperiodic function.
(iv) log t is also non-periodic function.
100. Here

y =
y =

....(i)

The equation of a travelling wave is given by
....(ii)

y =
Comparing the equation (i) and (ii), we have






Now

 = 10 cm,  = 200 cm and v = 200 ms–1
v =

101. Unknown freq. = Known freq. I Beat freq.
= 288 ± 4 = 292 or 284 Hz
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On putting wax, freq. decreases, beat freq. is also descrease to 2
unknown freq. = 292 Hz (higher one)
102. The frequency of nth mode of vibration of a pipe closed at one end is given
by
vn =
river v = 340 ms–1, L = 20 cm = 0.2 m; vn = 430 Hz
430 =
Therefore, ®rst mode of vibration of the pipe is excited, for open pipe since
n must be an integer, the same source can not be in resonance with the pipe
with both ends open.
103. Total length of the wire, L = 105 cm
v1 : v2 : v3 = 1 : 3 : 15
Let L1, L2 and L3 be the length of the three parts. As v 
L1 : L2 : L3 =
Sum of the ratios = 15 + 5 + 1 = 21
L1 =
L3 =

cm; L2 =

cm;

cm

Hence the bridges should be placed at 75 cm and (75 + 25) = 100 cm from
one end.
104.

....(i)
(a) The displacement which involves harmonic functions of x and t separately
represents a stationary wave and the displacement, which is harmonic
function of the form (vt ± x), represents a travelling wave. Hence, the
equation given above represents a stationary wave.
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(b) When a wave pulse

travelling along x-axis is

superimposed by the re¯ected pulse.
from the other end, a stationary wave is formed and
is given by
....(ii)

y=
Comparing the eqs. (i) and (ii), we have
or = 3m
= 120 or v = 60 = 60 3 = 180 ms–1
Now frequency  =

Hz

(c) Velocity of transverse wave in a string is given by

Here

m=

Also

v = 180 ms–1

kgm–1

T = v2 m = (180)2  2  10–2 = 648N.
105. Frequency of fundamental mode, v = 45Hz
Mass of wire M = 3.5  10–2 kg; mass per unit length, m = 4.0  10–2 kgm1
Length of wire L =
(a) For fundamental mode L =

or  = 2L = 0.875  2 = 1.75 m

velocity v = v = 45  1.75 = 78.75 ms–1
(b) The velocity of transverse wave
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v=
106. Given : u = 2.53 kHz = 2.53  103 Hz
(L) Length of steel rod = 100 cm = 1 m.
when the steel rod clamped at its middle executes longitudinal vibrations of
its fundamental frequency, then
L=

or  = 2L = 2  1 = 2 m

The speed of sound in steel
v = n = 2.53  103  2 = 5.06  103 ms–1.
107. 



 = 60° = 60
v=



As 

=



x =



rad.
m

= 0.12 m.
108. v0 =
Apparent freq.

=

=

% change =
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UNIT
1.

1 UNIT AND MEASUREMENT

Ajay and Rahul were playing in the garden on a sunny day. It was very hot
so after playing for some time they sat under a tree. While relaxing they
wondered how tall the tree would be? After some time Rahul’s sister also
joined them. Rahul asked her sister to guess the height of the tree. His sister
said that she can measure the height of the tree. She measured it using an
indirect method.
(a) What are the values displayed by Rahul & Ajay?
(b) What values are displayed by Rahul’s sister?
(c) Explain the Triangulation method to measure the height of an accessible
object.

2.

Veena called a scrap dealer to dispose off old newspaper. The scrap dealer
started weighing the newspaper using a spring balance. Veena’s daughter
who was sitting over there stopped the scrap dealer & asked him to show the
spring balance. She noticed that the pointer was slightly below zero mark.
She asked him to adjust zero ®rst of the spring balance.
(a) What are the values displayed by Veena’s daughter ?
(b) A faulty spring balance with least count 100 gm has its pointer two
marks below. What will be the correct weight of the body whose weight
is measured as 2 kg 700 g by this spring balance.
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UNIT
3.

2-KINEMATICS

A metro station is coming up in Rita’s colony. The station will be built over the
colony park . The RWA agrees to give up the park for need of convenient mode
of commuting. Rita urges her neighbours to plant more trees to compensate
for this loss.
(a) Mention any two values which are re¯ected in Rita’s behavior ?
(b) A metro train starts from a station with an acceleration of 2 m/ s2 for
8 seconds. It then runs for 12 seconds with the speed acquired. Finally
it retards at uniform rate of 4 m/s2 and stops. Find the total distance
travelled ?

4.

Mohan a student of class XI was returning from his school. He observed
that a speedy car hit a person just outside his house. The car driver did not
bother to stop the car and to take care the injured man. Mohan noted the
car number and informed the police and immediately rushed to the nearby
hospital which was 10 km away via the shortest route which remains most
of the time overcrowded, Therefore victim had to be taken via a longer route
of 15 km within 20 minutes and ®nally victim was saved.
(a) What values are shown by Mohan ?
(b) If you have met with any such type of situation what action would have
been taken by you to help the needy person?
(c) Calculate the average speed and average velocity of the police van in
going from accident place to Hospital.

UNIT
5.

3 LAWS OF MOTION

A shooting competition was held in the school. Rohan who was very fond of
this sport started practicing in his school. During his initial attempts he was
unable to hit the target though he aimed the target to the best of his skills.
He did not give up. He went to his instructor who advised him ®rstly to
hold the gun tightly to his shoulder and then aim it a little above the target.
Rohan followed his mentor’s instructions and by practicing a lot, he became
successful and got the ®rst prize in the event.
Value Based Question
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(a) What values are displayed by Rohan ?
(b) Explain why the gun should be aimed a little above the target ?
(c) Why does instructor advised Rohan to hold the gun ®rmly to his
shoulder ?
6.

During the Olympics, Shashank and his friends were watching and enjoying
the cycling event on TV. As the race progressed Shashank was surprised to
observe that during the circular turn on the track all the cyclist bent inwards.
Next day he asked his Physics teacher who explained him the reason. He
shared this amazing information with his friends.
(a) What values does Shashank possess ?
(b) Explain what his teacher might have given the reason to Shashank ?
(c) A cyclist speeding at 18 km/hr on a level road takes a sharp circular
turn of radius 3m without reducing the speed. The coef®cient of static
friction between the tyres and the road is 0.1. Will the cyclist slip while
taking the turn ?

UNIT
7.

4 WORK ENERGY AND POWER

On the day of annual inter-house meet of a school, a tug of war between
the teams of two houses ASHOKA and SHIVAJI, was organized. Team
of Ashoka house won the event. During the event some players of Shivaji
team got injured on being dragged on the ground by the team Ashoka. A few
spectators started laughing on the players. Ryan, captain of the team Ashoka
came forward and asked them not to make mockery of others and called the
doctor of the school on the ground. Doctor treated the injured players.
(a) What values are shown by Ryan, captain of the Ashoka team ?
(b) What type of work is done by the Ashoka & Shivaji team ?
(c) Give two examples of daily life in which work done is (i) positive
(ii) negative.

8.

While returning from the school, on their way to home, Sohan and Mohan,
two brothers saw a speedy truck coming from the wrong side and collided
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head on with the car. The car was dragged backward and stopped after hitting
the pavement. The injured car driver got trapped on the seat and needed
medical as well as physical help but no one came forward to rescue him.
Sohan immediately call the police and ambulance while Mohan initiated to
break open the door to pull the driver out. The life of the driver was saved
due to timely medical help provided to him.
(a) Comment on the behaviour of two brothers in respect of the values they
possess.
(b) A massive body collides against a light stationary body. What are the
velocities of two bodies after collision ?

UNIT

5 SYSTEM OF PARTICLES AND
ROTATIONAL MOTION

9.

Rajeev a student of class XI. He had two identical spheres one hollow and
other solid. He told his younger brother Ram that he had the ability to spin
these two spheres with different speeds while I would impart same energy
to both. Ram asked him the reason. He told that it is a pure magic. Reema,
Rajeev’s sister told Ram that it is not a magic, she could also do the same .
(a) How can two identical spheres, one hollow and other solid spin with
different speeds ?
(b) What values are shown by Reema ?

10. Mohit was watching a program on the topic “Tornado” on the discovery
channel. He came to know that the speed of inner layers of the whirling
wind in a tornado is alarmingly high. He wanted to know the reason behind
it. Next day he asked his physics teacher who explained him the concept.
(a) Name the value displayed by Mohit.
(b) What value were displayed by his teacher ?
(c) Name the principle involved in this phenomenon.
(d) Gravitation
11. Rahul’s younger brother Robin was reading science ®ction stories. In one of
Value Based Question
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the stories Robin read that there is a sister planet to the earth in the same orbit
as the earth but 180° ahead of the earth. Therefore we cannot see this sister
of the earth as it is always behind the sun. Robin was eager to know, how he
could see the sister planet of the earth. He asked Rahul to ®nd the solution
of this problem Rahul told Robin that he could see the sister planet of earth
if he sat in a rocket and move his rocket in its orbit with speed larger than
the speed of earth. Robin was satis®ed with the explanation. Now answer
the following questions
(a) What is the attitude of Robin ?
(b) Can one see the sister planet by ®ring the rocket to slow down in its
orbit ?
(c) What values are displayed by Rahul ?
12. Shweta and Richa are good friends and living in a city near the equator.
Shweta went to a country located near north pole of the earth with her parents.
Her friend Richa requested to bring a gold necklace as gold was cheaper in
that country. Shweta purchased the necklace. Speci®cation about rate, size,
weight, year of manufacturing was mentioned on the necklace box. Richa
gave that necklace to a lab where all the speci®cations were checked. Richa
told Shweta that she was cheated. However Shweta explained that weight
of the body at equator is less than at poles. Shweta asked Richa to return the
necklace to her because she was not interested to spoil her friendship with
Richa.
(a) Why weight of the necklace less at equator than poles ?
(b) What values displayed by Shweta ?

UNIT

7

PROPERTIES OF BULK MATTER

13. Raju is a class XI student of science. He was going to Udaipur with his
mother the train was late and ‘ her mother was getting impatient .Suddenly
the arrival of train was announced & his mother rushed near the railway line
on the edge of platform to board the coming train. Raju stopped his mother
from standing near the railway line.
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(a) What are the values displayed by Raju ?
(b) Why did he stop his mother ?
(c) At what speed will the velocity head of a stream of water be equal to
4.9 m ?
14. Rajesh was arranging his table, when he suddenly dropped a bottle of ink &
the ink got scattered on the ¯oor. His mother rushed for a piece of cloth to
clean the ¯oor jaya, rajesh’s younger sister quickly brought a blotting paper
& spread it on the ink. In just few seconds the ink was absorbed by blotting
paper.
A. What are the values displayed by Jaya ?
B.

Why wet ink is absorbed by blotting paper ?

15. Ram has two gases in different container at same initial; Temperature T 0,
Pressure P0 and Volume V0. He expanded these two gases to the same volume,
one adiabatically and other isothermally .He told his friend that in both the
cases the ®nal pressure, work done in expanding and temperature will be
same. His friend told him that these parameters are not same and gave a
correct explanation for this.
A. What values are shown by Ram and his friend?
B.

What is the correct answer of it?

16. Class XI students went for a picnic. After some time they decided to have
coffee Ram took out his coffee ¯ask and before pouring in cups and he shook
the ¯ask vigorously. His friend shyam him the reason for shaking the ¯ask.
Ram said that by shaking he is adding heat to coffee and thereby increasing
its temperature.
(a) What values are shown by Ram ?
(b) What values are shown by Shayam ?
(c) Give the reason why temperature increases on shaking?

Value Based Question

291

UNIT

9 KINETIC THEORY OF GAS

17. In a laboratory scientist James was working on an experiment to measure
speci®c heat of gas while measuring speci®c heat of gases such as Cl 2, C2H6.
He observed that experimental values were greater than the predicted values
as given in NCERT physics class 11.
Table
Predicted values of speci®c heat capacities of gases
(ignoring vibrational modes).
C1
(J mol–1
K–1)

Cr
(J mol–1
K–1)

Cr – C1
(J mol–1K–1)

y

Monatomic

12.5

20.8

8.31

1.67

Diatomic

20.8

29.1

8.31

1.40

Triatomic

24.93

33.24

8.31

1.33

Nature of Gas

There was some error regarding degree of freedom of different mode of gas.
He could not ®nd the error. Then his friend Advin helped him by suggesting
him to include vibrational mode of motion in the calculation.
(a) What values were displayed by Advin?
(b) What is the effect of addition of vibrational mode?
18. Mahesh and his family were sitting in their home on a holiday, suddenly they
heard some leakage sound from kitchen. Vipin, Mahesh’s son said that it
may be leakage of gas from cylinder but Mahesh did lot agree with vipin as
there was no smell at all. But vipin was ®rm on his statement and he told his
father that he should check the cylinder. Mahesh went to kitchen and found
that Vipin was right. He took preventive steps for leakage and appreciated
Vipin.
(a) What values were displayed by Vipin ?
(b) What values were displayed by Mahesh ?
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UNIT

10

OSCILLATION AND WAVE

19. Viresh was playing with pen cap during recess in school. He blew into pen
cap and suddenly he heared a wistle sound from the cap. He told about this
sound to his friend Krishna. He also did same with his pen cap of different
length, same sound was produced but of different frequency. They could not
understand the reason behind the sound. They went to their physics teacher.
He told that sound is developed due to formation of standing wave in cap.
(a) What values were displayed by Physics teacher ?
(b) What is the reason of different pitch in caps ?
(c) What is standing wave ?
20. A under of®cer Ramesh was training the children for march-past. On their
way they come across a bridge. Then Ramesh stopped the children from
marching on the bridge.
(a) Comment upon the values of Ramesh.
(b) Also explain what is meant by Resonance.
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Subject : Physics
Class : XI
Time : 3Hrs.]

[M. M. : 70

General Instructions :
(i) There are 26 questions in all. All questions are compulsory.
(ii) This question paper has ®ve sections : Section A, B, C, D and E.
(iii) Section ‘A’ contains 5 questions of one mark each, section ‘B’ contains 5
questions of two marks each, section ‘C’ contains 12 questions of three
marks each, section ‘D’ contains 1 value based question of four marks
and section ‘E’ contains 3 questions of ®ve marks each.
(iv) There is no overall choice. However an internal choice has been provided
in one question of two marks, one question of three marks and all the
three questions of ®ve marks each. You have to attempt only one choice
of these questions.

SECTION : ‘A’
1. Write the two physical quantities whose dimensions are same.

1

2. We place handles at maximum distance from the hinge in a door. Give reason.
1
3. Which is more elastic: rubber or steel?

1

4. Birds swell their feathers in winter. Why ?

1
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5. In an open organ pipe, third harmonic is 450 Hz. What is the frequency of
®fth harmonic?
1

SECTION : ‘B’
6. A physical quantity X is given by :
X=
The percentage errors in P, Q, R and S are 1%, 2%, 4% and 2%. Calculate
the percentage error in X.
2
7. State law of parallelogram of vector addition. Show that the magnitude
of resultant
=

of two vectors

and

inclined at an angle  is

.

2
OR

For what value of m, the vector

=

is perpendicular to

=
8. The moment of inertia of two rotating bodies A and B are IA and IB (IA > IB)
and their angular momentum are equal. Which of them has greater kinetic
energy ?
2
9. A steel wire of length 4 m and diameter 5 mm is stretched by 5 kg-wt. Find
the increase in its length, if the Young’s Modulus of steel wire is 2.4 × 1012
dyne-cm–2.
2
10. The frequencies of two tunning forks A and B are 250 Hz and 255 Hz
respectively. Both are sounded together. How many beats will be heared in
5s?
2

SECTION : ‘C’
11. The time of oscillation t of a small drop of liquid under surface tension depends
upon the density , radius r and surface tension . Show dimensionally
that :
3
t=
12. The spring constant of the spring shown in ®g. is 250 N/m. Find the maximum
Sample Paper (Solved)
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compression of the spring.

3

13. A train runs along an unbanked circular track of radius 30 m at a speed of
54 km/h. The mass of the train is 106 kg. What is the centripetal force required
for this purpose ? What is the angle of banking required to prevent wearing
out of the rail ?
3
14. Two balls of different masses m1 and m2 (m1 > m2) are thrown vertically
upwards with the same initial speed v0 simultaneously.
(a) Which one of the two balls, will rise to the greater height ?
(b) Which of the two balls, will come back with greater speed to the point of
projection ?
(c) Which of the two balls, will come back ®rst to the point of projection ? 3
OR
Prove that Newton’s second law of motion is the real law of motion.
15. Discuss the variation of g with depth. Derive an expression for it. What is
the value of g at the centre of earth?
3
16. De®ne ‘Radius of Gyration’. Derive an expression for it.

3

17. A liquid drop of diameter 4 mm breaks into 1000 droplets of equal size.
Calculate the resultant change in surface energy. The surface tension of the
liquid is 0.07 Nm–1.
3
18. State ®rst law of thermodynamics. Why C p > Cv? Prove Cp– Cv = R.

3

19. Derive an expression for the work done in an isothermal process.
20. A vessel is ®lled with a gas at a pressure of 76 cm of Hg at a certain
temperature. The mass of the gas is increased by 50% by introducing more
gas in the vessel at the same temperature. Find out the resultant pressure of
the gas.
3
21. Derive an expression for the excess of pressure inside a liquid drop.

3

22. A body is dropped in a hole drilled across a diameter of the earth.
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Show that it execute S. H. M. Assume the earth to be homogenous sphere of
radius R.
3

SECTION : ‘D’
23. Sunita, a Science student, was coming from school to her home. On the way
she saw prayers were being done at various place. From Yamuna bridge she
saw many people were taking dip in the Yamuna river. When she reached
home, she was hungry. She asked her mother to give food, but she refused
saying solar eclipse is occuring and would not cook food till eclipse get
over. When she tried to take milk, she found Tulsi leaves in it. Mother again
disallowed her to eat or drink anything till the eclipse is completed. She tried
to perceive her mother that solar and lunar eclipse are the natural phenomenon
and has no ill effect on anyone. But she was not ready to listen anything and
advised her not to be unorthodox. She became frustrated and felt embrassed
at the superstitions of people and went to study.
(a) What are the values shown by Sunita ?
(b) Time period of a planet around the Sun is 11.6 years. How far is
the planet from Sun ? The distance between Sun and earth is 1.5 × 10 8
km.
4

SECTION : ‘E’
24. A projectile is fired at an angle  upward with the horizontal with
velocity u.
(a) Show that its trajectory is parabolic.
(b) Obtain expression for :
(i) Maximum height attained
Sample Paper (Solved)
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(ii) Time of ¯ight
(iii) Horizontal range
(c) At what value of  the range is maximum?

5

OR
Derive an expression for velocity of a car on a banked circular road having
coef®cient of friction µ and v > v0. Write the expression for optimum velocity
of the car. (v : speed of car, v0 : optimum speed)
25. State and prove Bernoullie’s theorem.

5

OR
Give the postulates of kinetic theory of gases. Derive the expression for
pressure exerted by gas molecules in a container. Use it to relate kinetic
energy with pressure.
26. Find the total energy of the particle executing SHM and show graphically the
variation of PE and KE with time in SHM. What is the frequency of these
energies w.r.t. the frequency of the particle executing SHM ?
5
OR
An incident wave and a re¯ected wave are represented by :
1 = a sin
and 2 = a sin
Derive the equation of the stationary wave and calculate the position of the
nodes and antinodes.
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MARKING SCHEME
Common Annual School Examination, 2015-16
Subject : Physics
Class :XI
[M.M. : 70
1. Stress and Young’s Modulus or Work and Energy Or any other correct
example.
½+½
2. For develop more torque with less force.

1

3. Steel

1

4. Birds swell their feathers and maintain a thick layer of air which is an
insulator.
1
 v1 = 150 Hz.

5. vs = 3v1 = 450
®fth harmonic v5 = 5v1 = 750 Hz

1

6. % error in X = 2
½+½
calculation.

½

Result 22%

½

7. Correct derivation.
8. Angular Momentum L = I
K.E. of rotation,

K=

½

K=

½

K

½

L is constant,
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IA > IB,  KB > KA

As
B has greater K.E.
9.

½
F = 5000 × 980 dyne
l = 400 cm.
r = 0.25 cm.
y = 2.4 × 1012
y=

½+1+½

l = 0.0041cm.
10. v1 = 250Hz,

v2 = 255 Hz
No. of beats/s = 255 – 250 = 5

No. of beats in 5 sec = 25
11. Correct derivation.
12. K.E. of mass = Elastic Potential Energy of spring

13. Centripetal force =

1

=

1

x=

1

=
= 75 × 105 N

Angle of Banking,  = tan–1

= 37°.

14. Since they are thrown with same speed both of them will rise to the height
and will have same speed while comming back to the point of projection
because equation of motion does not depend upon mass.
OR
Correct explanation.
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15. Correct derivation.

2

The value of g is 0 at centre because

1

g = g
16. Correct de®nition

1

Correct expression for radius of gyration.
17.  = 0.07 Nm–1,

R =

N

2
= 2 × 10–3m.

½

= 1000

Change in surface energy

W =  [N4r2 – 4 R2]

1

r = RN–1/3 Calculation

1

W = 31.68 × 10–6J
18. Correct statement

½
1

Correct explanation of Cp > Cv.

1

Correct Proof

1

19. Correct derivation of expression.
20. According to kinetic theory of gases, pressure exerted by the gas,
=

P=

1

As T constant therefore C2 constt,
Also V is constant.
P  M or

=

=

P2 =

=

1

= 114 cm of Hg.

1

21. Correct Derivation of expression.
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22. Let a body of mass ‘m’ be dropped in straight hole in the earth of mass M,
density  and radius R. The body will be attracted towards the centre of the
earth with a force given by,
F

or

=

= mg

g=

=

g=

GR

When the body is dropped into the straight hole, and it falls through the depth
‘d’ the value of acceleration due to gravity.
g’ =
=

or g’  (R – d)

i.e., acceleration of the body is directly proportional to the displacement from
the centre of earth O. Thus the motion is SHM.
T = 2 
or

T = 2 

or

T = 2 
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23. (a) Not Superstitious, scienti®c knowledge.
(b) Tp = 11.6 year
Te = 1 year

rp = ?
re = 1.5 × 1011 m

T2  r3
or

1+1

=
rp = re

1
= 1.5 × 1011 ×

= 7.68 × 1011 m.
24. (a) Correct derivation.

1
1

(b) (i) Correct derivation.

1

(ii) Correct derivation.

1

(c)  = 45°

1
OR

Correct derivation.
25. Correct derivation.
OR
Postulates

2

Derivation

2
P=

or
26. In SHM.

PV =
y = A sin t
PE =
PE =
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KE =
KE =
T.E = PE + KE =

OR
According to principle of superposition.
 = 1 + 2
 = 2a sin
as the re¯ected wave will be out of phase by  radians besides oppositely
directed.
Amplitude

A = 2a sin

A is minimum at nodes


at x = 0,

x = l for nodes.
= 0, , 2  ...... n
x=

So at all points seperated by

from one end nodes are formed.
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SAMPLE PAPER-1 (UNSOLVED)
Subject : Physics (Theory)
Class : XI
Time : 3 Hrs.]

[M. M. : 70

General Instructions :
(a) All the questions are compulsory.
(b) There are 26 questions in total.
(c) Questions 1 to 5 are very short answer type questions and carry one mark
each.
(d) Questions 6 to 10 carry two marks each.
(e) Questions 11 to 22 carry three marks each.
(f) Questions 23 is value based questions carry four marks.
(g) Questions 24 to 26 carry ®ve marks each.
(h) There is no overall choice. However, an internal choice has been provided
in one question of two marks, one question of three marks and all three
questions in ®ve marks each. You have to attempt only one of the choices
in such questions.
(i) Use of calculators is not permitted. However, you may use log tables if
necessary.
(j) You may use the following values of physical constants wherever
necessary :
c = 3 × 108 m/s
h = 6.63 × 10–34 Js
e = 1.6 × 10–19C
µ0 = 4

× 10–7 TmA–1

= 9 × 109 Nm2C–2
me = 9.1 × 10–31 kg
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1. What is the K.E. per molecule of a gas whose pressure is P?
2. Give the dimensional formula for torque.
3. What is the speci®c heat of a gas in an isothermal process ?
4. Draw velocity-time graph for an object, starting from rest. Acceleration is
constant and remains positive.
5. Assume that the Young’s modulus of a wire of length L and radius V is Y,
if the length is reduced to L/2 and radius r/2, then what will be its Young’s
modulus?
6. There are two springs, one delicate and another hard or stout one. For which
spring, the frequency of the oscillator will be more?
7. Find the height to which water at 4°C will rise in a capillary tube of 10 3 m
diameter by taking angle of contact  = 0” and T = 0.072 Nm–1
OR
Why a hallow shaft is stronger than a solid shaft made form the same and
equal amounts of materials?
8. If R be the horizontal range for inclination  and h be the maximum height
reached by the projectile, show that maximum range is given by

.

9. A nucleus is at rest in the laboratory frame of reference, show that if it
disintegrates into two smaller nuclei the products must move in opposite
directions?
10. Suresh has to prove that a body projected in horizontal direction with a uniform
velocity from top of tower follow parabola path. How would he prove?
11. Give two points of difference between elastic and inelastic collisions. Two
balls A and B with A in motion initially and B at rest. Find their velocities
after collision (perfectly elastic). Each ball is of mass “m”.
3

12. A liquid is in streamlined ¯ow through a tube of non-uniform cross-section.
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Prove that sum of its kinetic energy, pressure energy and potential energy per
unit volume remains constant.
3
13. Give reason :
(i)

fog particles appear suspended in atmosphere.

(ii) two boats being moved parallel to each other attract.
(iii) bridges are declared unsafe after long use.

3

14. State Kepler’s law of Planetary motion. Name the physical quantities which
remain constant during the planetary motion.
3
15. What is the law of equipartition of energy? Determine the value of y for
diatomic gas N2 at moderate temperature.
3
16. Show that for small oscillations the motion of a simple pendulum is simple
harmonic. Derive an expression for its time period. Does it depend on the
mass of the bob?
3
OR
A SHM is described by y = r sin t. What is :
(i) the value of displacement y at which speed of the body executing SHM
is half of the maximum speed?
(ii) the time at which kinetic and potential energies are equally shared?
17. Find the scalar and vector products of two vectors.
=

and

=

18. Obtain an expression for kinetic energy of rotation of a body with angular
velocity ‘to’ and hence de®ne moment of inertia.
19. Discuss the variation of acceleration due to gravity ‘g’ by deriving correct
mathematical expression with depth from the surface of Earth.
What is the value of ‘g’ at the centre of the Earth?
20. A particle starts from origin at t = 0 with a velocity 5.0 m/s and moves in
Sample Paper (Unsolved)
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xy plane under the action of a force which produces a constant acceleration
of
(i) What is the y-coordinate of the particles and the instant its x-coordinate
is 84 m?
(ii) What is the speed of the particle at this time?
21. De®ne surface energy of a liquid. How much work will be done in increasing the radius of a soap bubble from 1 cm to 5 cm (Surface tension = 73 ×
102 N/m).
22. What is an adiabatic process? Find an expression for the work done an
adiabatic process.
23. A team of three friends Devendra, Durgesh and Patel were planning for
tracking. They were sitting at patel’s home which is on fourth ‘¯oor in the
building. They were discussing about the low pressure of air on high altitude.
Suddenly Patel said he was not feeling good. He felt some problem in
breathing. Durgesh said that it is due to low density of air as we are on fourth
¯oor. We should go to the ground ¯oor as there would be good air density
due to high value of gravity, But Devendra suggested that we should go to
the doctor because density of air is not the problem. They rushed to doctor
and he treated Patel.
(a) What values were displayed by Devendra?
(b) How can you explain that density of air not so affected by gravity on
low altitude?
24. What is doppler effect? Derive an expression for the apparent frequency.
(i) When source is in motion and observer is stationary.
(ii) Observer is in motion and source is at rest.
OR
Find the total energy of a particle executing S.H.M. and show graphically the
variation of potential energy and kinetic energy with displacement. A body
is half kinetic and half potential.
m  mass, (i)  angular frequency and a  amplitude.
25. De®ne circular motion. Derive an expression for velocity and acceleration
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(centripetal) for a body executing uniform circular motion.
OR
What is a projectile? Show that the path of a projectile is parabolic. Obtain
an expression for
(i)

maximum height

(ii) Time of ¯ight
(iii) Horizontal range when the projectile is ®red at an angle  with the
horizontal.
26. State Parallelogram law of vector addition. Find the magnitude and direction
of the resultant of two vectors A and B in terms of their magnitudes and angle
between them.
OR
(i)

Explain why it is easier to pull a roller than to push it.

(ii) State Newton’s laws of motion with at least one example of each. Show
that Newton’s second law is the real law.
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SAMPLE PAPER-2 (UNSOLVED)
Subject : Physics
Class : XI
Time : 3 Hrs.]

[M. M. : 70

General Instructions :
(i)

All questions are compulsory.

(ii) There are 26 questions in all.
(iii) This question paper has ®ve sections : Section A, Section B, Section C,
Section D and Section E.
(iv) Section A contains ®ve questions of one mark each, section B contains
®ve questions of two marks each, section C contains twelve questions
of three marks each, section D contains one value based question of four
marks and section E contains three questions of ®ve marks each.
(v) There is no overall choice. However, an internal choice has been provided
in one question of two marks, one question of three marks and all the
three questions of ®ve marks each. You have to attempt only one choice
of these questions.
(vi) Use of calculators is not permitted. However you may ask for Log Table.

SECTION ‘A’
1. Out of the four fundamental forces in nature, which one is (a) strongest and
(b) weakest ?
1
2. Two masses m1 and m2 (m1 > m2) have equal kinetic energies. Which mass
will have greater momentum ?
1
3. A steel wire is stretched by a certain amount under a load. If the load and
radius both are increased to four times, ®nd the stretch caused in wire. 1
4. Why does air pressure in a car tyre increase during driving ?
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1

5. A simple harmonic motion is described by a = – 16x where a = acceleration
1
in m/s2 and x = displacement in meter. Calculate the time period in it.

SECTION ‘B’
6. Using dimensional analysis, check the correctness of the following
equations :
2
(a) v2 = u2 + 2as
(b) =
7. A body is moving with a uniform acceleration. Its velocity after 5s is 25 m/s
and after 8s is 34 m/s. Calculate the distance it will cover in 15th s.
2
8. Two bodies are thrown with equal speeds at angles  and (90° – ) with the
horizontal. What will be the ratio of their (a) maximum height, (b) horizontal
ranges ?
2
OR
Explain why :
(a) A horse cannot pull a cart and run in empty space ?
(b) A cricketer pulls his hands backward while holding a catch ?
m/s. A woman riding on
9. Rain is falling vertically with a speed of
a bicycle is moving with a speed of 10 m/s in north to south direction.
In which direction she should hold her umbrella to protect herself from
rain ?
2
10. A body constrained to move along z-axis of a coordinate system is subjected
to a constant force
given by
N. Calculate work done
by this force in moving a body by distance of 4 m.
2

SECTION ‘C’
11. Describe the process to measure the size of a molecule of oleic acid.

3

OR
Explain parallax method for measuring distance of nearby star.
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12. An aircraft execute a horizontal loop of radius 1 km with a steady speed of
900 km/h. Compare its centripetal acceleration with the acceleration due to
gravity.
3
13. Derive an expression for torque in cartesian coordinates.

3

14. Obtain an expression for kinetic energy of rotation of a body. And hence,
de®ne moment of inertia of the body.
3
15. Derive an expression for total energy of a satellite revolving in an orbit around
earth.
3
16. State Kepler’s laws of planetary motion and hence deduce Newton’s law of
Gravitation.
3
17. What is the pressure inside a drop of mercury of radius 3.0 mm at room
temperature ? Surface tension of mercury at that temperature (20° C) is 4.65
× 10–1 Nm–1. The atmospheric pressure is 1.01 × 10 5 Pa. Also give the excess
pressure inside the drop.
3
18. De®ne thermal coef®cient of linear expansion and thermal coef®cient of
volume expansion. Establish relation between thermal coef®cient of linear
expansion () and thermal coef®cient of volume expansion ().
3
19. What is an adiabatic process ? Derive an expression for work done during
adiabatic process.
3
20. A body oscillates with SHM according to the equation :
x =
At t = 1.5s, calculate the (a) displacement, (b) speed and (c) acceleration of
the body.
3
21. Use the formula v =

P

to explain why the speed of sound in air

(a) is independent of pressure ?
(b) increases with temperature?
(c) increases with humidity ?
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3

22. What are standing waves ? Give two differences between progressive and
standing waves.
3

SECTION ‘D’
23. Few friends were enjoying the birthday party at home of Rahul on a hot
summer day. All were enjoying by playing games and dancing. One of them,
Parul, became sweaty and was feeling very hot. Parul got an idea and opened
the door of the refrigerator thinking that this might relieve her from heat.
On seeing this, mother of Rahul made her understand that opening the door
of the refrigerator would increase the temperature of the room. She told her
to take rest for short-time, if she was feeling hot. Parul understood this and
closed the door at once, and said thanks to Rahul’s mother.
(a) What values of Rahul’s mother and Parul do you appreciate ?
(b) Temperature inside an ideal refrigerator is 275 K. How much heat is
delivered to room for every 1 J of work done on working substance when
room temperature is 315 K ?
(c) Why room cannot be cooled by opening the door of the fridge?

4

24. A small sphere of mass m tied to one end of a light inextensible string of
length L is completing a vertical circle. Derive an expression for :
5
(a) Velocity of sphere at lowest point.
(b) Velocity of sphere at highest point.
(c) Tension in the string at lowest point.
OR
(a) Write the laws of limiting friction.
(b) De®ne angle of friction.
(c) De®ne angle of repose.
(d) What is the relation between angle of friction and angle of repose ?
25. De®ne elastic collision. Obtain an expression for velocities of two bodies
after elastic collision in one dimension.
5
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OR
Obtain an expression for position vector of centre of mass of a two particle
system. Generalise this result for n particles system.
26. State Hook’s law. Plot a graph between stress and strain for a loaded steel
wire and hence explain the terms :
5
(a) elastic limit
(b) yield limit
(c) tensile strength
OR
State Stock’s law. De®ne terminal velocity. Derive an expression for terminal
velocity of a small sphere in a viscous liquid.
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