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PREFACE

The “5 - Day Content Enrichment programme for Higher Secondary School Teachers of Kerala,

Andhra pradesh and Telangana in Physics” was held in the RIE Mysore from 2nd  to 6 th January 2017.

The main objective of the programme was to enrich the content level of the teachers as per their

syllabus, and provide them training in conducting experiments and projects in inovative nature.

The programme was arranged at the request of Kerala, Andhra pradesh and Telangana states. A

careful  planning  by  the  faculty  memebers  of  the  Physics  section  and  resource  persons  to  ensure

maximum  participation  and  encourage  active  involvement  of  the  teachers  at  every  stage  of  the

programme was done, before the programme was executed.

In all, there were 18 lectures and 2 laboratory sessions. Giving due weightage to the units of

Class XI and Class XII. The following topics were selected for lecture sessions- Ray Optics, Wave

Optics, Moving Charges and Magnetisum, Current Electricity, Eletric Charges and Fields, Electrostatic

Potential  and  capacitance,  Alternating  Current,  Electromagnetic  induction,  Atom  and  Nuclei,

Semiconductor Electronic, Motion in a plane, Gravitation, Mechanical Properties of fluids, Mechanical

Properties of solids, System of particles and rotational motion, Oscillations, Thermodynamics.

The  content  was  discussed  to  a  level  that  is  greater  than  required   for  teaching  at  higher

Secondary  level.  To ensure  participatory  and interactive  approach,each session  was followed by a

discussion  where  doubts  were  clarified.  During  laboratory  session  VEE maping  was  done  by the

teachers for all the experiments and hands on experience provided to all the participants to perform the

experiments.

During lunch hour and free time, exposure to Studio of RIE Mysore  was given to teachers

regarding how to make e-content using it. Some particpants Laboratory work and panel discussion was

recorded using the Studio facilities and the e-content material was discussed with all the teachers .

Thus  a  variety  of  activities  were  provided  to  the  participant  teachers  to  interect  with  the

resource persons and equip themselves to face the classroom challenges.

It is hoped that the progrramme has sufficently enriched the participants teachers to teach the

Physics with zeal and enthusiasm by adopting a varieties of techniques.

The present booklet is the outcome of this programme which contains a detailed report as well

as the content enrichement material provide to the teachers. 

Suggestions/comments of the users, experts and others will be solicited for  improving it further. 

Santosh Kumar

Coordinator



ABOUT THE CONTENT ENRICHMENT MATERIAL

This content  enrichment material is  an outcome of series of workshop held at

Regional  Institute  of  Education,  Mysore.  This  handbook  gives  an  orientation  to

constructivisum in Physics and its use in classroom.

The main objectives of the content enrichment material are to: 

•  Facilitate  the  organizations  which  conduct  training  programme  for  teachers  on  a

regular basis 

• Equip teachers to understand the nuances of the components of Physics   and develop a

scientific perspective.

•  Acquaint  with  the  new  development  and  changes  in  the  field  of  knowledge  and

constructivisum as reflected in the NCF 2005 syllabi and textbooks. 

• Making  teachers  understand  not  only  the  subject  but  enable  to  analyze  the topic

through interdisciplinary approach 

•  Empower  teachers  to  know  how  learners  construct  knowledge  and  facilitate  the

process in classroom 

•  Help   them   to   acquire   different   strategies,   competencies   and   skills   for

transacting new upcoming areas. 

•  Develop the competencies among the teachers to relate the topic in context of their

experiences

• Enable   teachers   to   promote   self   learning/   team   work   in   and   outside   the

classroom for effective transaction of the curriculum 

• Develop competencies to monitor the progress of each child in the classroom as well as

to manage with remedial inbuilt mechanism. 

• Facilitate peer group teaching and encouraging cooperative learning in the classroom. 
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LIST OF PARTICIPANTS FOR TRAINING PROGRAMME

Date: 2nd  to 6 th January 2017

Sl.
No
.

Name, Designation, Address Category
SC/ST/
OBC/
GEN

Contact Number, &
 E-mail

1 Baiju Sebastian. K
Non Vocational Teacher Physics, 
GVHSS Vayala Kottayam, Kerala – 686 587

General baijusebastaink@gmail.com
9495010718

2 D. Vijaya Lakshmi
Junior Lecturer in Physics,
GJC (Boys),Tani East Godavari, 
Andhra Pradesh

ST Vijaya_sivaja@yahoo.co.in
8332823353

3 Kavuru Penchalaiah
Junior Lecturer in Physics,
Govt Junior College, Podalakur SPSR Nellore,
Andhra Pradesh

SC
kavurupenchalaiah@gmail.com

9493454173

4 NayabRasool Patan
Junior Lecturer in Physics,
Govt Junior College,
Veldurthy Kurnoul Distrct, Andhra Pradesh

General
pnayabrasool24479@gmail.com

9966953766

5 V C Prasad
Junior Lecturer in Physics,
Govt Junior College (Boys), Chandragiri, 
Chittor District,
Andhra Pradesh

OBC
vcprasadjl@gmail.com

9963916818

6
Sainath Pydipala
Junior Lecturer in Physics,
Govt Junior College, Rayachoty kadapa District,
Andhra Pradesh

General sainathpydipala@gmail.com
9985365064

7 Bandi Chandramohan
Junior Lecturer in Physics,
Govt Junior College,
ChinnaOrampadu Post
Kadapa district,
Andhra Pradesh

General
cmbandi@gmail.com

9703003049

8 Janga sadaiah
Junior Lecturer in Physics,
Dr.V.S Krishna Govt Junior College, 
Vishakhapatnam
Andhra Pradesh

OBC
padmaminny@gmail.com

9676834593

9 Goudu Pradeep Kumar
Junior Lecturer in Physics,
Govt Junior College, Kurupam vizianagaran 
District,
Andhra Pradesh

ST
pradeepgoudupg2007@gmail.com

8500897264

10 T. Gnaneswari
Junior Lecturer in Physics,
Govt Junior College (Town), Karnool District
Andhra Pradesh

General
tgnani@gmail.com

9491388277

11 Kataru RajaSekhar
Junior Lecturer in Physics,
SPCM Govt Junior College, Tangutur Prakasan 
District
Andhra Pradesh

General
kataruraja@gmail.com

8500328190

12 Subas A Jose General subasjose@gmail.com
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HSST Physics,
GHSS Manathala
Chavakkad, P.O
Trissur,
Kerala – 680 505

9447902281

13 AnilKumar k k
HSST Physics,
Govt Model Girls. HSS
Kunnamkulam Thrissur -
Kerala

SC
aneezz333@gmail.com

9495707364

14 Roy T Mathew
NVT Physics
Govt VHSS
Mulakuzha Chengannur
Kerala

General
roythalayattu@yahoo.com

9946311161

15 Jafeesh J
NVT Physics, GVHSS Karakulam Nedumangad
Kerala OBC

jafeeshj@gmail.com
9447430589

16 Julie S A
HSST Physics,
Govt HSS Pazhamthottam
Aluva Ernakulam - 683565
Kerala

General
juliekrishna@gmail.com

9446128661

17 Salini S
HSST Physics,
Govt HSS Ayyankoickal koivila P.O Chavara 
Kollam,
Kerala-691 590

General

salinimanoj2013@gmail.com
akkuchikku.ss@gmail.com

8086082080
8289969925

18 Shaji. B
HSST Physics,
AGRM H.S.S,
Puthenchantha P.O
Vallikunnam
Kerala

General
shajib70@gmail.com

9447804773

19 Ratheesh Kumar. R
HSST Sel Grade
VVHSS Thamarakulam Charummoodu alappuzha
Kerala

General
ratheeshvvhss@gmail.com

9447452569

20 Sreeju. S
HSST Physics
GHSS Navaikulam Thiruvananthapuram,
Kerala

General
sreejusreeni@gmail.com

9747290921

21 Jayakumar. L.S
HSST jr. HG
Boys Higher Secondary School, Karunagappally 
Kollam,
Kerala – 690 518

General
lsjayanbhss@gmail.com

9447211191

22 Jayakumar. M.G
NVT in Physics
SNVVHSS
Angadical South P.O
Kodumon Pathanamthitta District
Kerala-691555

General
jksnvh@gmail.com

9447469035
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PAC . Programme. Content enrichment programme for Higher secondary school teachers of Keral,Andhrapradesh and Telangana in PHYSICS

Venue- Room No. T-4  Tech Block RIE Mysuru

Date\ Time (9.30-11.00) am (11.20- 12.50 ) (1.50-3.30) pm (3.45-5.15) pm

02-01-2017 (Monday) Ray Optics (BVS)

L
U

N
C

H

Gravitation ( KPP)

03-01-2017 (Tuesday) Wave Optics (BVS) Atom and Nuclei ( SK) Thermodynamics ( KPP)

Practical Session ( NKM & Santosh Kumar)

05-01-2017 (Thursday) Oscillations ( CKRN)

06-01-2017 (Friday) Alternating Current ( BK)

Inauqural -  ( 9.00-9.30) am on 02-01-2017
Valedictory - ( 5.15-5.45)pm on 06-01-2017

Tea Break- (11.00 – 11.20) am , (3.30- 3.45) pm

(12.50-1.50) 
pm

Moving Charges and 
Magnetisum ( MKM)

Motion in a plane 
( Nuafel)

Current Electricity 
( MKM)

04-01-2017 
(Wednesday)

Semiconductor 
Electronic ( RKB)

Mechanical Properties of 
fluids ( BK)

Eletric Charges and 
Fields ( DKM)

Communication System 
( BK)

Mechanical Properties of 
solids ( RKB)

Electrostatic Potential 
and capacitance ( DKM)

System of particles and 
rotational motion 
( Santosh Kumar)

Electromagnetic 
induction ( KPP)

BVS- Dr. B V Sadashivamurthy, CKRN – Dr. CK Raman Namboodiri, SK- Dr. S Krishnaveni, RKB- Dr. R K Biju, MKM- Dr. Murali KV, DKM- 
Dr. Devadesh KM, BK- Dr. Biju K, KPP- Dr. K Padmaprsasad, NKM,- Dr. Niranjana K M, Mr. Naufel

                         Santosh Kumar                             
    Programme Co-ordinator

Copy to- 1. Resource persons,                                
         2. Principal office,                                            
   3. Head DESM/ DEE,                                         
4. PAC file



THERMODYNAMICS

1. CONTENT

Introduction, Thermal equilibrium, Zeroth law of Thermodynamics, Heat, internal energy
and  work,  First  law  of  thermodynamics,  Specific  heat  capacity,  Thermodynamic  state,
variables and equation of state, Thermodynamic processes, Heat engines, Refrigerators and
heat pumps, Second law of thermodynamics, Reversible and irreversible processes, Carnot
engine. 

2. KEY POINTS

a. Introduction
Understanding the concepts of heat and temperature and how heat energy is converted
into effective work and vice versa is essential and it is a part of thermodynamics. The
Same phenomena are useful in steam engines, moving of pistons and rotation of the
wheels  of  trains.  Thermodynamics  deals  with  the  Laws  of  thermodynamics,  the
thermodynamical parameters pressure, volume, temperature, mass and composition.   

b. Thermal equilibrium
  The  state  of  the  system  is  in  equilibrium  if  the  macroscopic  variables  which  

       define  the  system  are  time  independent.  The  equilibrium  state  depends  on  the  
       surrounding  and  the  insulation  between  the  system  and  the  surroundings.  The  
                  insulation may be adiabatic wall or diathermic wall.   

c. Zeroth law of Thermodynamics
This law is also known as law of thermal equilibrium. If two systems A and B are in
thermal equilibrium and systems B and C are in thermal equilibrium then systems A and
C should be in thermal equilibrium. The measurement of temperature by thermometer is
based n zeroth law of thermodynamics. 

d. Heat, internal energy and work
Temperature implies the direction of flow of heat when two bodies are in thermal contact
and the heat flow stops when the bodies are in thermal equilibrium. The sum of the
kinetic and potential energy of all the molecules of the given system is known as internal
energy. Pressure, Volume, temperature and internal energy are the thermodynamical state
variable of the system but not heat and work. 
 http://demonstrations.wolfram.com/HeatTransferAndTheSecondLawOfThermodynamic
s/

e. First law of thermodynamics 
The  internal  energy  of  the  system  transforming  into  heat  and  work  is  first  law  of
thermodynamics.  
                             Q = U + W
First law of thermodynamics is based on the principle of conservation of energy.



f. Specific heat capacity
Specific heat capacity is the amount heat energy required to raise the temperature of the
unit mass of a given substance by one degree. Unit of specific heat capacity is J kg-1 K-1.
Classical unit of heat is calorie. The specific heat capacity of water is 4186 J kg-1 K-1. For
gases specific heat capacity at constant volume and specific heat capacity at constant
pressure can be defined. 

g. Thermodynamic state variables and equation of state
The thermodynamic equilibrium state is described by specific values of macroscopic
variables known as the state variables. The relation between the state variable which
describe the equilibrium state id called as EQUATION OF STATE.

h. Thermodynamic processes
The thermodynamical processes can be classified as (a) quasi-static process (the system
variables  P,V,  T changes  very  slowly  without  affecting  the  thermal  and  mechanical
equilibrium with its surroundings, (b) Isothermal process (Temperature of the system is
the same throughout the thermodynamical process), (c) isobaric process (Pressure of the
system is  the  same  throughout  the  thermodynamical  process),  (d)  isochoric  process
(Volume of the system is the same throughout the thermodynamical process) and (e)
adiabatic process (no heat exchange between the system and the surroundings due to
insulation). The work done in each thermodynamic process is different.
 

i. Heat engines 
Cyclic process is a process in which the system returns to its initial state. Heat engine is
a device in which the system undergoes cyclic process to convert heat into effective
work. The essential components of heat engine are (1) working substance (2) working
substance absorbs heat from the external reservoir (3) working substance release heat
energy  to  the  external  reservoir  (4)  work  done  by  the  system  transferred  to  the
environment.

j. Refrigerators and heat pumps
The principle of working of refrigerator is the reverse convention of the heat engine. In
refrigerator  the  working  substance  plays  a  major  role  and  it  undergoes  sudden
expansion.
   

k. Second law of thermodynamics
The second law of thermodynamics provides the limitations to the efficiency of the heat
engine  and  the  co-efficient  of  performance  by  refrigerator.  Second  law  of
thermodynamics is based on the Kelvin-Planck statement and Clausius statement. 

l. Reversible and irreversible processes
The process in which the system and surroundings can be restored to the initial state
from the final state without producing any changes in the thermodynamics properties of
the universe is called a reversible process. 



In the irreversible process the initial state of the system and surroundings cannot be
restored from the final state. During the irreversible process the various states of the
system on the path of change from initial state to final state are not in equilibrium with
each other. During the irreversible process the entropy of the system increases decisively
and it  cannot be reduced back to its  initial  value and The phenomenon of a  system
undergoing irreversible process is called as irreversibility.

m. Carnot engine
A reversible heat engine operating between two reservoirs a two different temperatures
is called as Carnot engine. We can calculate the efficiency of the engine by using the
heat energy exchange and the temperature of the reservoirs.

3. ACTIVITY

1. Use  thermometer  in  hot  water  bath  of  different  temperature  to  understand  thermal
equilibrium.

2. Take  hot  water  in  a  copper  calorimeter  and  allow  it  to  exchange  radiation  with  the
surroundings.  Take hot  water  again  in  calorimeter  and keep it  inside the  insulated box.
Observe the difference in heat exchange. 

3. A piece of wood when heated (Q) would not catch fire immediately. First it will become
warm (U) and then only it will burn (W). 

4. A striking demonstration illustrating, heat capacity of water and the cooling effect of boiling
can be performed with nothing more than a paper cup filled with water and a Bunsen or
alcohol burner. When exposed to an open flame, the water in the cup will come to a boil.
The cup will not burn until the water has completely evaporated.

5. Use calorimeter made up of copper and aluminium and demonstrate the rate of change of
temperature.

6. Using ICT explain the thermodynamical processes.

7. The toy consists of two hollow glass spheres connected by a hollow tube. The upper sphere,
the head of the bird, is coated with felt. The bottom sphere is partially filled with a liquid,
methylene chloride,  which evaporates very rapidly. The tube extends into the liquid and
provides a passageway between the two spheres.

8. Through ICT explain refrigerator and heat pumps.
9.

A rock will fall if you lift it up and then let go.  Hot frying pans cool down when
taken off the stove.  Iron rusts (oxidizes) in the air.  Air in a high-pressure tire shoots



out from even a small hole in its side to the lower pressure atmosphere.  Ice cubes
melt in a warm room. 

10. Make clear the Physics phenomenon of reversible and irreversible proccesses.by ICT. 

3. EVALUATION

1. Mention the significance of thermodynamics in day-to-day life.
2. Explain term equilibrium in the context of thermodynamics.
3. What are state variables?
4. What is the unit and dimensions of entropy?
5. Define specific heat capacity.
6. Describe the importance of thermodynamic processes.
7. Mention the principle of working of heat engine.
8. What is meant by a refrigerator?
9. State the second law of thermodynamics
10.  Why Carnot’s engine is called as an ideal heat engine?

5. ASSIGNMENT

1. List the terms related to thermodynamics which we normally use.

2. Make a chart about Scientists who contributed for the development of thermodymics.

3. Demonstrate the working principle of refrigerator. 
4.

Mention the variables involved in the reversible and irreversible processes.



GRAVITATION

1. CONTENT
Introduction,   Kepler’s  laws,  Universal  law  of  gravitation,  The  gravitational  constant,
Acceleration due to gravity of the earth. Acceleration due to gravity below and above the
surface of earth, Gravitational potential energy, Escape speed, Earth satellites, Energy of an
orbiting  satellite, Geostationary  and  polar  satellites  ,  Weightlessness

2. KEY POINTS

a. Introduction
The knowledge about the periodicity of astronomical objects, celestial bodies, comets,
eclipses,  the periodicity of space events,  particularly the motion of nine planets and
gravitation was existing among our ancestors. Famous scientists who contributed for the
development of astronomy are Aryabhatta (5th Century AD), Copernicus, Tyco Brahe,
Galileo, Kepler and Newton.

b. Kepler’s laws
The famous three laws of Kepler for planetary motion are 
1. Law of Orbits
2. Law of Areas
3. Law of Periods

c. Universal law of gravitation
Newton’s law of gravitation is able to correlate the terrestrial gravitation and Kepler’s
laws. The significance is that the moon revolving in an orbit of fixed radius will be
under the influence of centripetal acceleration  arising from eartk’s gravity.

d. The gravitational constant
The Universal constant G was experimentally determined by Henry Cavendish in 1798.
The principle of measurement of G is based on the force balance between the restoring
torque and the gravitational force due to pairs of masses and large spheres.
 

e. Acceleration due to gravity of the earth
Earth is  considered to  be a sphere with concentric  shells.  The gravitational  force of
attraction between smaller test  mass  m and the concentrated mass of the earth  Ms is
given by, 

F = Gm (Ms) / (r2), 
where  r is  the  distance  f  the  mass  m from the  centre  of  the  earth.  Using  this  the
acceleration due to gravity is given by g = F/m =  GME / (RE

2) where ME and RE are the
Mass and radius of the earth.

f. Acceleration due to gravity below and above the surface of earth



The acceleration due to gravity will be different if we measure it above the surface of the
earth and below the surface of the earth. 
For a point mass at  a height  h above the surface of the earth,  the actual value of  g
decreases by a factor (1-2h) / RE.

On the other hand with respect to the depth g decreases by a factor (1-d) / RE  
   

g.  Gravitational potential energy
The force of gravity is a conservative force and potential energy can be calculated using
the force. The gravitational potential energy associated with two particles of masses m1

and m2 separated by a distance r is given by 

V = - (Gm1 m2) / r

h.  Escape speed
Escape velocity is the lowest velocity which a body must have in order to escape the
gravitational  attraction of a  particular  planet  or other  object.  The formula useful  for
estimating the value of escape velocity is

(Vi)minimum = EgR2  

i.  Earth satellites
Earth  satellites  are  the  objects  which  revolve  around the  earth.  Moon is  the  natural
satellite  for  the  earth.  India  has  launched  and  launching  many  satellites  for
telecommunication,  geophysics  and meteorology.  The speed  with  which  the  satellite
revolving around the earth is given by v=gRE. We can calculate the time period.  

j. Energy of an orbiting satellite
The total energy of a circularly orbiting satellite is negative with the potential energy
being negative and twice in magnitude of the positive kinetic energy. For the elliptical
orbits, kinetic and potential energies vary from point to point. 

k.  Geostationary and polar satellites 
For a satellites orbitting around the earth in a circular orbit which is along the equatorial
plane,  the  time  period  equal  to  the  period  of  rotation  of  the  earth  are  identified  as
GEOSTATIONARY SATELLITES. The INSAT group of satellites sent by India are very
useful for telecommunication. Polar satellites are low altitude satellites and go around
the north-south poles of earth. Polar satellites are useful for remote sensing, meteorology
and environmental studies of earth.

l. Weightlessness
When the object is in free fall, it is weightless since the upward and downward forces
are  balanced  and  the  phenomenon  is  known  as  WEIGHTLESSNESS.  In  a  manned



satellite,  astronauts  do  not  experience  the  presence  of  gravity  and  they  will  be  in
weightlessness phase.

3. ACTIVITY

1. Using GeoGebra© Software ellipse of different foci, major and minor axis can be simulated. 

2. Kepler’s three laws can also be simulated using the GeoGebra© Software. Students will get
hands-on experience about the revolution of the planets around the Sun and astronomical
laws. 

3. Use  two  pairs  of  solid  spheres  and  two  pairs  of  small  spheres  to  demonstrate  the
Cavendish’s experiment.

4. Involve students as well by asking one of the students to be stationary and other set of
students forming elliptical orbits and revolving around. 

5. Drop objects of different masses and throw up the same objects to understand the effect of
gravitational energy.
 

6. Using ICT explain the motion, time period, orbits of planets and satellites.

7. Use object of different mass and dimension to understand the effect of acceleration due to
gravity. 

8. Through ICT explain Gravitational potential energy, Escape speed and Earth satellites

9.  Use GeoGebra© Software to explain the Geostationary and polar satellites.

10. Make clear the Physics phenomenon of weightlessness by ICT. 

4. EVALUATION
1. Define light year
2. What are Kepler’s laws of planetary motion?
3. What is physical significance of gravitational constant?
4. What is the unit and dimensions of gravitational constant?
5. What is the importance of Cavendish’s experiment?
6. Why acceleration due to gravity different above and below the surface of earth?

7. Mention the usefulness of gravitational potential energy
8. What escape velocity?
9. What are satellites?
10.  How satellites play major role in simplification of our day-to-day life.



5. ASSIGNMENT

1. Graphically draw ellipse of different foci and different major and minor axes.

2. List the mass, radius, time period of astronomical objects and find the correlation.

3. Compare  the  ratio  of  gravitational  and  electrostatic  force  of  attraction  between
electron orbiting around the nucleus consisting of proton.   

4. Name the recent satellites launches by ISRO in the year 2016 with their significance.



Chapter:  Motion in a Plane
1.    Contents
 Scalars and vectors----Multiplication of vectors by real numbers----Addition and subtraction of
vectors-----Resolution of vectors-----Vector addition (analytical method)----Motion in a plane----
Motion in a plane with constant acceleration-----Relative velocity in two dimensions-----Projectile
motion----Uniform circular motion

2. Key points
In order to describe motion of an object in two dimensions (a plane) or three dimensions (space), we
need to use vectors.

11. Scalar quantities are quantities with magnitudes only.
          Eg: Distance, speed, mass and temperature, etc…

12. Vector quantities are quantities with magnitude and direction both. 
          Eg:  displacement, velocity and acceleration.

Multiplication of vectors by real numbers
13. A vector A multiplied by a real number λ is also a vector, whose magnitude is λ times the

magnitude of the vector  A and whose direction is the same or opposite depending upon
whether λ is positive or negative.

Addition and subtraction of vectors — graphical method
14. Two vectors A and B may be added graphically using head-to-tail method or parallelogram

method.
15. Properties of vector addition

         Vector addition is commutative: A + B = B + A
         It obeys the associative law: (A + B) + C = A + (B + C)
        A null or zero vector is a vector with zero magnitude.
                          It has the properties:
                                                         A + 0 = A

                                                               λ0 = 0
                                                         0 A = 0

16. The subtraction of vector B from A is defined as the sum of A and –B :
              A – B = A+ (–B)

Resolution of vectors
17. A vector  A can be  resolved  into component along two given vectors  a  and  b lying in the

same plane :
                   A = λ a + μ b where λ and μ are real numbers.

Unit vectors:
18. A unit vector is a vector of unit magnitude and points in a particular direction. It has no

dimension and unit. It is used to specify a direction only. 
19. Unit vectors along the x-, y and z-axes of a rectangular coordinate system are denoted by iˆ,

jˆ and kˆ, respectively in a right-handed coordinate system.
20. A vector A can be expressed as A = Ax i + Ay j 

   Where Ax, Ay are its components along x-, and y -axes.
Projectile motion
Any object thrown in space and then allowed to move under the effect of gravity alone is called
projectile.



11. The motion of a projectile may be thought of as the result of two separate simultaneously
occurring components of motions. One component is along a horizontal direction without
any acceleration and the other along the vertical direction with constant acceleration due to
the force of gravity. 

12. The trajectory of the projectile is a parabola if the particle is projected at an angle ᶿ  with
the horizontal. ᶿ Is between 0 and 90 degree.

13. The initial velocity u of the projectile can be resolved in to two components, ucos ᶿ  along
horizontal direction, u sin ᶿ  along vertical direction. 

Figure (1) The total displacement  s  of a soccer ball at a point along its path. The vector  s  has
components x and y along the horizontal and vertical axes. Its magnitude is s, and it makes an angle
θ with the horizontal. Here illustrates the notation for s displacement, where s is defined to be the
total  displacement  and  x  and  y  are  its  components  along  the  horizontal  and  vertical  axes,
respectively.
The magnitudes of these vectors are s, x, and y. 

14. Derivation of equations of various attributes of the projectile motion.
Equation of path is y= xtan ᶿ -gx2/2u2cos2 ᶿ

Time of  maximum height  is  defined as  the total  time for  which  the projectile  remains  in  air
T= 2 u sin /gᶿ
Maximum height is defined as the maximum vertical distance covered by projectile
H= u2sin2 ᶿ /2g
Horizontal range 
The maximum horizontal distance travelled by a projectile is called the range. The range R of a
projectile on level ground launched at an angle θ0  above the horizontal with initial speed u is
given by                       R=u2sin 2ᶿ/ g

15. Uniform circular motion: When an object follows a circular path at constant speed, the
motion of the object is called uniform circular motion. The magnitude of its acceleration is
ac = v2 /R. The direction of ac is always towards the centre of the circle. 

16.  The angular speed ω, is the rate of change of angular distance. It is related to velocity v by v
= ωR. 

17. The acceleration is ac = ω2R. 
18. If T is the time period of revolution of the object in circular motion and ν is its frequency, we

have ω= 2π ν , v = 2πνR, ac = 4π2ν2R
3. Activities
Activity 1
Learn about position, velocity and acceleration vectors
http://cnx.org/content/m42104/1.4/ladybug-motion-2d_en.jar
Activity 2
Vector Addition and Subtraction: Graphical Methods

http://cnx.org/content/m42104/1.4/ladybug-motion-2d_en.jar


Fig (2): Vector addition – Graphical method

Fig
(3): Vector addition - Head to tail method
The  head-to-tail method  is a graphical way to add vectors, described in figure and in the steps
following. The tail of the vector is the starting point of the vector, and the head (or tip) of a vector
is the final, pointed end of the arrow.
Activity 3
Projectile motion
In order to understand the practical application of the projectile motion, here we can show a video
regarding it on the sports.
Projectile Motion.mp4
Activity 4
In order to understand the physics behind the projectile motion we can show one video regarding it
Projectile Motion (1).mp4
Activity 5
Interactive activity regarding the projectile motion by using PhET animation
http://phet.colorado.edu/sims/projectile-motion/projectile-motion_en.html
Activity 6
Complete the worksheet regarding the PhET simulation

http://phet.colorado.edu/sims/projectile-motion/projectile-motion_en.html
file:///C:%5CUsers%5CUSER%5CDesktop%5Cphysics%20workshop%20module%5CProjectile%20Motion%20(1).mp4
file:///C:%5CUsers%5CUSER%5CDesktop%5Cphysics%20workshop%20module%5CProjectile%20Motion.mp4


Evaluation
n. Pick the best answer to the following question and explain your reasoning.

A boy standing on flat ground threw a baseball straight up to a maximum height of 20 meters and
let it drop to the ground.  It was in the air a total of t1 seconds.  He then picked up the ball and

threw it at an angle.  It reached a maximum height of 20 meters and hit the ground 50 meters away.
On the second throw, it  was in the air  a total  of t2 seconds.   Neglecting air  resistance,  which

statement below is true?

A)  t1 > t2.

B)  t1 = t2.

C)  t1 < t2.

D)  There is not enough information to determine whether A, B, or C is true.
2. Suppose a rescue airplane drops a relief package while it is moving with a constant horizontal
speed at an elevated height. Assuming that air resistance is negligible, where will the relief package
land relative to the plane?

a. below the plane and behind it.
b. directly below the plane

c. below the plane and ahead of it
http://www.physicsclassroom.com/mmedia/vectors/pap.cfm
3. An object is launched from the base of an incline, which is at an angle of 30°. If the launch angle
is  60° from  the  horizontal and  the  launch  speed  is  10  m/s,  what  is  the  total  flight  time?  The
following information is given u=10m/s; =60;g=10m/s2ᶿ

4. Assignment

 An object is projected with a velocity u at an angle  with the horizontal. Its velocity willᶿ
become perpendicular to the velocity of projection after time t equal to 

2usin /g             b)  u sin /g                      c) 2u/g sin                   d)  u/g sinᶿ ᶿ ᶿ ᶿ

https://www.boundless.com/physics/definition/base/
http://www.physicsclassroom.com/mmedia/vectors/pap.cfm


  A fighter plane flying horizontally at an altitude of 1.5 km with speed 720 km/h passes

directly overhead an anti-aircraft gun. At what angle from the vertical should the gun be
fired for the shell with muzzle speed 600 m s-1 to hit the plane? At what minimum altitude
should the pilot fly the plane to avoid being hit? (Take g = 10 m/S2).

 In a harbour, wind is blowing at the speed of 72 km/h and the flag on the mast of a boat

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

 Prove the following; For two angles of projection ‘ᶿ’ and (90-ᶿ) (with horizontal) with same

velocity ‘V’ 

 Range is the same, (b) heights are in the ratio: tan2 ᶿ:1.



ELECTROMAGNETIC INDUCTION

1.CONTENT

Introduction,  The Experiments  of Faraday and Henrys,  Magnetic  flux,  Faraday’s  law of
Induction,  Lenz’s law and conservation of energy, Motional  electromotive force,  Energy
consideration: A Quantitative study, Eddy currents, Inductance, AC Generator

2. KEY POINTS

m. Introduction
Experiments by Scientists such as Oersted, Ampere, Faraday and Henry established that
the fields of Physics electricity and Magnetism are inter-linked. Modern day generators
and transformers are based on the principle of electromagnetic induction.

n. The Experiments of Faraday and Henry 
Michael  Faraday  and  Joseph  Henry  understood  the  concepts  of  electromagnetic
induction by conducting experiments. The relative motion between the magnet and the
coil is responsible for the induction of electric currents in the coil.    

o. Magnetic flux
The magnetic flux (often denoted Φ or ΦB) through a surface is the surface integral of
the normal component of the magnetic field B passing through that surface. The SI unit
of magnetic flux is the Weber (Wb) (in derived units: volt-seconds).  Michael Faraday
did  series  of  experiments  to  derive  the  mathematical  relation  for  electromagnetic
induction. 

p. Faraday’s laws of Induction
Faraday's law of induction is a basic law of electromagnetism predicting how a magnetic
field will interact with an electric circuit to produce an electromotive force (EMF)—a
phenomenon called electromagnetic induction. It is the fundamental operating principle
of  transformers,  inductors,  and  many  types  of  electrical  motors,  generators,  and
solenoids.Through his experimental observation Michael Faraday concluded that an emf
is induced in a coil when there is rate of change in magnetic flux.
 

q. Lenz’s law and Conservation of energy 
The statement  of  Lenz’ law is  The polarity  of  induced emf  is  such that  it  tends  to
produce a current which opposes the change in magnetic flux that produces it. 

Lenz'  law  is  a  manifestation  of  the  conservation  of  energy.  The  induced  EMF
produces a current that opposes the change in flux, because a change in flux means a
change in energy. Energy can enter or leave,  but not instantaneously.  Lenz'  law is a
consequence. As the change begins, the law says induction opposes and, thus, slows the
change. In fact, if the induced EMF were in the same direction as the change in flux,



there would be a positive feedback that  would give us free energy from no apparent
source—conservation of energy would be violated.

r. Motional Electromotive force
Consider the situation shown in Figures (a) and (b). A rod is moved at a speed v along a
pair of conducting rails separated by a distance ℓ in a uniform magnetic field B. The rails
are stationary relative to  B,  and are connected to  a  stationary resistor R (the resistor
could be anything from a light bulb to a voltmeter). Consider the area enclosed by the
moving rod, rails and resistor. B is perpendicular to this area, and the area is increasing
as  the rod moves.  Thus the  magnetic  flux enclosed by the  rails,  rod and resistor  is
increasing.  When  flux  changes,  an  EMF  is  induced  according  to  Faraday's  law  of
induction.

https://www.boundless.com/physics/definition/perpendicular/
https://www.boundless.com/physics/definition/resistor/
https://www.boundless.com/physics/definition/positive-feedback/


s. Energy Consideration: A Quantitative Study
The  mechanical  energy  necessary  to  move  the  arm of  the  rectangular  conductor  is
converted into electrical energy due to induced emf and then to thermal energy. Also the
charge  flow through the  circuit  is  the  ratio  of  the  change in  magnetic  flux and the
resistance in the circuit.

t. Eddy currents
Motional  EMF  is  induced  when  a  conductor  moves  in  a magnetic  field or  when  a
magnetic field moves relative to a conductor. If motional EMF can cause a current loop
in the conductor, we refer to that current as an eddy current. Eddy currents can produce
significant drag, called magnetic damping, on the motion involved. Eddy currents are
useful in magnetic banking of trains and electromagnetic damping, induction furnace
and electric power meters.

u. Inductance
Induction  is  the  process  in  which  an  emf  is  induced  by  changing magnetic flux.
Specifically  in  the  case  of  electronics, inductance is  the  property  of  a  conductor  by
which a change in current in the conductor creates a voltage in both the conductor itself
(self-inductance)  and any nearby conductors  (mutual inductance).  This  effect  derives
from two fundamental  observations  of  physics:  First,  that  a  steady current  creates  a
steady magnetic field and second, that a time-varying magnetic field induces a voltage in
a nearby conductor (Faraday's law of induction). From Lenz's law, a changing electric
current  through  a  circuit  that  has inductance induces  a  proportional  voltage  which
opposes the change in current (if this wasn't true one can easily see how energy could
not  be  conserved,  with  a  changing  current  reinforcing  the  change  in  a positive
feedback loop)
.

 .
   

v. AC Generator 
 Electric generators are devices that convert mechanical energy to electrical energy. They
induce an electromotive force (EMF) by rotating a coil in a magnetic field. It is a device
that  converts  mechanical  energy  to  electrical  energy.  A  generator  forces electric
charge (usually  carried  by  electrons)  to  flow  through  an  external electrical circuit.
Possible sources of mechanical energy include: a reciprocating or turbine steam engine,
water falling through a turbine or waterwheel,  an internal combustion engine, a wind
turbine,  a  hand  crank,  compressed  air,  or  any  other  source  of  mechanical  energy.
Generators supply almost all of the power for the electric power grids which provide
most of the world's electric power.

https://www.boundless.com/physics/definition/combustion/
https://www.boundless.com/physics/definition/turbine/
https://www.boundless.com/physics/definition/circuit/
https://www.boundless.com/physics/definition/electrical-circuit/
https://www.boundless.com/physics/definition/electrical-circuit/
https://www.boundless.com/physics/definition/electric-charge/
https://www.boundless.com/physics/definition/electric-charge/
https://www.boundless.com/physics/definition/force/
https://www.boundless.com/physics/definition/electromotive-force/
https://www.boundless.com/physics/definition/electromotive-force/
https://www.boundless.com/physics/definition/energy/
https://www.boundless.com/physics/textbooks/boundless-physics-textbook/induction-ac-circuits-and-electrical-technologies-22/magnetic-flux-induction-and-faraday-s-law-161/electric-generators-573-6256/
https://www.boundless.com/physics/definition/positive-feedback/
https://www.boundless.com/physics/definition/positive-feedback/
https://www.boundless.com/physics/definition/energy/
https://www.boundless.com/physics/textbooks/boundless-physics-textbook/induction-ac-circuits-and-electrical-technologies-22/ac-circuits-162/inductance-580-11167/
https://www.boundless.com/physics/definition/magnetic-field/
https://www.boundless.com/physics/textbooks/boundless-physics-textbook/induction-ac-circuits-and-electrical-technologies-22/ac-circuits-162/inductance-580-11167/
https://www.boundless.com/physics/textbooks/boundless-physics-textbook/induction-ac-circuits-and-electrical-technologies-22/ac-circuits-162/inductance-580-11167/
https://www.boundless.com/physics/textbooks/boundless-physics-textbook/induction-ac-circuits-and-electrical-technologies-22/ac-circuits-162/inductance-580-11167/
https://www.boundless.com/physics/definition/flux/
https://www.boundless.com/physics/definition/magnetic-flux/
https://www.boundless.com/physics/definition/magnetic-flux/
https://www.boundless.com/physics/definition/relative/
https://www.boundless.com/physics/definition/magnetic-field/


3. ACTIVITY

11. Wound known no turns of coil and send current to understand electromagnetic induction
concept. 

12. Use pair of identical coils to explain the principles of self and mutual inductance. 

13. In  this  activity,  Lenz’s  Law  is  demonstrated.  Lenz’s  Law  states  that  an  induced
electromotive force generates a current that induces a counter magnetic field that opposes
the magnetic field generating the current. In this activity, an empty aluminum can floats on
water in a tray, such as a Petri dish. Students spin a magnet just inside the can without
touching the can. The can begins to spin. Understanding what happens can be explained in
steps: • First, the twirling magnet creates an alternating magnetic field. Students can use a
nearby compass to observe that the magnetic field is really changing. • Second, the changing
magnetic  field  permeates  most  things  around  it,  including  the  aluminum  can  itself.  A
changing magnetic field will cause an electric current to flow when there is a closed loop of
an electrically conducting material.  Even though the aluminum can is not magnetic, it is
metal and will conduct electricity. So the twirling magnet causes an electrical current to flow
in the aluminum can. This is called an “induced current.” • Third, all electric currents create
magnetic  fields.  So,  in  essence,  the  induced  electrical  current  running  through  the  can
creates its very own magnetic field, making the aluminum can magnetic. Now the aluminum
can’s  induced alternating  magnetic  field  interacts  with  the  twirling  magnet’s  alternating
magnetic field.  This interaction spins the can since the magnetic forces are  opposed, as
Lenz’s law states. Because the can sits on top of water, the friction between the can and the
surface is very small, and only the magnetic forces act on the can while the students twirl the
magnet .

14. Use a simple setup consisting of a coil of wire and a magnet to visualize induced EMF. First, they
move a coil of wire near a magnet and observe the voltage that results. Then they experiment with
moving the wire, magnet and a second, current-carrying coil. They connect the coil to a circuit and
the current from the induced EMF charges a conductor.

15. Using ICT explain the phenomenon of eddy currents.

16. Use dynamo to understand the concept of AC Generator.

4. EVALUATION

1. Mention the inter-linking of electricity and magnetism .
2. Define magnetic flux with unit.
3. What are experiments performed by Faraday?
4. Mention the work done by Henry?
5. Explain the Physical significance of Faraday’s law of induction.
6. Describe the importance of Lenz’s law.
7. Mention the importance of motional emf.
8. What is the energy involved in electromagnetic induction?
9. Define eddy current and State the importance of the same.



10.  What is the difference between sel inductance and mutual inductance?

5. ASSIGNMENT

1. List the names of the scientists mentioning their contribution for the development
of electromagnetism.

2. Tabulate the various electricity and magnetism parameters with their definition
and units

3. Demonstrate the working principle of AC generator.   

4.  Set  up  simple  experiments  of  winding  coil  and  sending  small  current  to
experimentally observe electromagnetic induction.



Geometrical Optics

Important Points to Ponder :

A    Key Points   – (a)  Reflection,
                      (b)  Plane Mirrors,
                      (c)  Concave / Convex Mirrors,
                      (d)  Refraction,
                      (e)  Lenses,
                      (f)  Dispersion

B   Activities         -    (a)   Projects
(b)   Drawings
(c)   Answering New type questions ?
(d)   Numerals ?
(e)   Framing Questions by students ?
(f)   Suggestion of Possible additional activities by students ?

 
C   Assignment     -  (a)   Student Projects

(b)   Problem Solving
(c)   Notes writing

D   Evaluation      -    (a)     Self Evaluation
(b)    Cumulative Evaluation (i) Oral  (ii)  Written
(c)     Periodic Tests
(d)    Quarterly Exams
(e)    Half Yearly Exams
(f)    Annual Exams

Optics  -  is the study of the Nature, Properties and Applications of Light. 

1. Nature of light – to be ascertained through the study of the proposed theories of light.  

2. Under the  properties -  Propagation  of  light  energy through vacuum and through media
should be discussed.

3. Detailed explanation of the  (a)   Rectilinear, 

(b) Reflection

(c) Refraction

(d) Interference  

(e) Diffraction  and 

(f) Polarization



Experiments like   (a)     Black body radiation

 Photo-electric experiment

 Compton Experiment

 Propagation of light through vacuum (e/m theory)

 Planck’s proposals to show the dual nature : are to be illustrated.

In describing the propagation of light, as a wave :

we need to understand -  

1.  Wave fronts -

A wave front is a surface passing through points of a wave, in all directions,  that have the same
phase and amplitude. 

2.   Ray of light - 

 A ray of light is a geometrical line drawn along the direction of propagation.  The ray will be
perpendicular to the wave front.

3.   Distinction between -  (a)  Geometrical Optics and  (b)  Wave Optics 

4.   Geometrical Optics –  should start from the study of 

                                           (a)    rules to be followed in drawing the lines and 

                                           (b)   the sign convention used in the measurement of distances

5.  Revision  -  To start with – the techniques used to generate the reflected image produced by a
plane mirror,  should be revised.  

Suggested Resources

Concave Mirror (Videos)

https://www.youtube.com/watch?v=T5sspQR4TIs

https://www.youtube.com/watch?v=7iK1nIJs49Y

https://www.youtube.com/watch?v=OZrD_iR_dQY

https://www.youtube.com/watch?v=OZrD_iR_dQY
https://www.youtube.com/watch?v=7iK1nIJs49Y
https://www.youtube.com/watch?v=T5sspQR4TIs


Convex Mirror (Videos)

https://www.youtube.com/watch?v=rGO_aTK7EOM

https://www.youtube.com/watch?v=jEYI54Sd5Gc

Lenses (Video)

https://www.youtube.com/watch?v=z-6VWiqMZns

https://www.youtube.com/watch?v=4zuB_dSJn1Y

https://www.youtube.com/watch?v=c6mLLaqLdvg

https://www.youtube.com/watch?v=IWP2fZyf_is

https://www.youtube.com/watch?v=R-uMcngNsSk

Numerals (Problem Solving)

(a) Convex lens
(b) https://www.youtube.com/watch?v=u4zhWFALZ-Q
(c) Concave Lens
(d) https://www.youtube.com/watch?v=3aqdueOItgA

Thin Lens Equation and Problem Solving 

https://www.youtube.com/watch?v=7GV1UZSTNJg

Refraction of Light

https://www.youtube.com/watch?v=7aU8sX8cFNs&t=32s

https://www.youtube.com/watch?v=yfawFJCRDSE

Total Internal Reflection

https://www.youtube.com/watch?v=2kBOqfS0nmE

Dispersion of White Light

http://www.a-levelphysicstutor.com/optics-prisms.php

Concave Lens

http://www.a-levelphysicstutor.com/optics-prisms.php
https://www.youtube.com/watch?v=2kBOqfS0nmE
https://www.youtube.com/watch?v=yfawFJCRDSE
https://www.youtube.com/watch?v=7aU8sX8cFNs&t=32s
https://www.youtube.com/watch?v=7GV1UZSTNJg
https://www.youtube.com/watch?v=3aqdueOItgA
https://www.youtube.com/watch?v=u4zhWFALZ-Q
https://www.youtube.com/watch?v=R-uMcngNsSk
https://www.youtube.com/watch?v=IWP2fZyf_is
https://www.youtube.com/watch?v=c6mLLaqLdvg
https://www.youtube.com/watch?v=4zuB_dSJn1Y
https://www.youtube.com/watch?v=z-6VWiqMZns
https://www.youtube.com/watch?v=jEYI54Sd5Gc
https://www.youtube.com/watch?v=rGO_aTK7EOM


https://youtu.be/XHLDuN9Np1I

https://www.youtube.com/watch?v=03kej-wnXcY

Multiple Choice Questions on Spherical Mirrors and Lenses

http://content.njctl.org/courses/science/ap-physics-b/geometric-optics/geometric-optics-practice-
problems/geometric-optics-practice-problems-2012-05-07.pdf

Sample Problems on Mirrors and Lenses

http://www.clayton.k12.mo.us/cms/lib/MO01000419/Centricity/Domain/266/AP%20Physics
%20Files/15%20-%20AP%20Light/AP%20Problems-Geometric%20Optics.pdf

http://academics.wellesley.edu/Physics/phyllisflemingphysics/n108_p_geooptics.
html

http://academics.wellesley.edu/Physics/phyllisflemingphysics/n108_p_geooptics.html
http://academics.wellesley.edu/Physics/phyllisflemingphysics/n108_p_geooptics.html
http://www.clayton.k12.mo.us/cms/lib/MO01000419/Centricity/Domain/266/AP%20Physics%20Files/15%20-%20AP%20Light/AP%20Problems-Geometric%20Optics.pdf
http://www.clayton.k12.mo.us/cms/lib/MO01000419/Centricity/Domain/266/AP%20Physics%20Files/15%20-%20AP%20Light/AP%20Problems-Geometric%20Optics.pdf
http://content.njctl.org/courses/science/ap-physics-b/geometric-optics/geometric-optics-practice-problems/geometric-optics-practice-problems-2012-05-07.pdf
http://content.njctl.org/courses/science/ap-physics-b/geometric-optics/geometric-optics-practice-problems/geometric-optics-practice-problems-2012-05-07.pdf
https://www.youtube.com/watch?v=03kej-wnXcY
https://youtu.be/XHLDuN9Np1I


MECHANICAL PROPERTIES OF FLUIDS

Content 
Pressure  (Pressure,  force,  stress,  atmospheric  pressure),  Pascal’s  Law  (hydraulic  machines),
Bernoulli’s’ principle (stream line and turbulent flow), Torricelli’s law, Venturi-meter, Dynamic Lift,
Viscosity (Stoke’s theorem, Reynold’s number), Surface Tension (surface energy, Angle of Contact,
Drops and Bubbles, Capillary Rise, Detergent Action)

Key Points
Pressure &Stress: - Pressure is defined as force per unit area applied to an object in a direction
perpendicular to the surface. And naturally pressure can cause stress inside an object. 
Stress: - Stress is the property of the body under load and is related to the  internal forces. It is
defined as a reaction produced by the molecules of the body under some action which may produce
some deformation.  The intensity of these additional  forces  produced per unit  area is  known as
stress.
Atmospheric Pressure: - Atmospheric pressure, sometimes also called barometric pressure, is the
pressure exerted by the weight of air in the atmosphere of Earth (or that of another planet). In most
circumstances atmospheric pressure is closely approximated by the hydrostatic pressure caused by
the weight of air above the measurement point.
Pascal’s Law:  -  Pascal's law states that when there is an increase in pressure at any point in a
confined fluid, there is an equal increase at every other point in the container.
Hydraulic Lift 
For the hydraulic fluid to do work, it must flow to the actuator and/or motors, then return to a
reservoir. The fluid is then filtered and re-pumped. The path taken by hydraulic fluid is called a
hydraulic circuit of which there are several types. 
Open center  circuits  use pumps which  supply  a  continuous flow.  The flow is  returned to  tank
through the control valve's open center; that is, when the control valve is centered, it provides an
open return path to tank and the fluid is not pumped to a high pressure. Otherwise, if the control
valve is actuated it routes fluid to and from an actuator and tank. The fluid's pressure will rise to
meet any resistance,  since the pump has a constant output.  If the pressure rises too high,  fluid
returns  to  tank  through  a  pressure  relief  valve.  Multiple
control valves may be stacked in series. This type of circuit
can use inexpensive, constant displacement pumps.

Laminar vs. Turbulent Flow 
Air and water are both examples of fluids, substances which
—whether  gas  or  liquid—conform  to  the  shape  of  their
container. The flow patterns of all fluids may be described in
terms either  of  laminar  flow,  or  of  its  opposite,  turbulent
flow. 
Laminar flow is smooth and regular, always moving at the same speed and in the same direction.
Also known as streamlined flow, it is characterized by a situation in which every particle of fluid
that passes a particular point follows a path identical to all particles that passed that point earlier. A
good illustration of laminar flow is what occurs when a stream flows around a twig. 



By contrast, in turbulent flow, the fluid is subject to continual changes in speed and direction—as,
for instance, when a stream flows over shoals of rocks. Whereas the mathematical model of laminar
flow is rather straightforward, conditions are much more complex in turbulent flow, which typically
occurs in the presence of obstacles or high speeds. 

Read  more:  http://www.scienceclarified.com/everyday/Real-Life-Chemistry-Vol-3-Physics-Vol-
1/Bernoulli-s-Principle-How-it-works.html#ixzz4QvGV2Hn3

Bernoulli's principle: - Bernoulli's principle states that an increase in the speed of a fluid occurs
simultaneously  with  a  decrease  in  pressure  or  a  decrease  in  the  fluid's  potential  energy.  The
principle is named after Daniel Bernoulli who published it in his book ‘Hydrodynamica’ in 1738. 
Bernoulli's principle can be applied to various types of fluid flow, resulting in various forms of
Bernoulli's equation; there are different forms of Bernoulli's equation for different types of flow.
The simple form of Bernoulli's equation is valid for incompressible flows (e.g. most liquid flows
and gases moving at low Mach number). More advanced forms may be applied to compressible
flows at higher Mach numbers .
Bernoulli’s equation; P+1/2ρv2+ρgh=constant,

Some other devices that use the concept of entrainment are shown in [link].

Exa
mples of entrainment devices that use increased fluid speed to create low pressures, which then
entrain one fluid into another. (a) A Bunsen burner uses an adjustable gas nozzle, entraining air for
proper combustion. (b) An atomizer uses a squeeze bulb to create a jet of air that entrains drops of
perfume.  Paint  sprayers  and  carburetors  use  very  similar  techniques  to  move  their  respective
liquids. (c)  A common aspirator uses a high-speed stream of water to create a region of lower
pressure. Aspirators may be used as suction pumps in dental and surgical situations or for draining a
flooded basement or producing a reduced pressure in a vessel. (d) The chimney of a water heater is
designed to entrain air into the pipe leading through the ceiling.

http://philschatz.com/physics-book/contents/m42206.html#fs-id1572246
http://www.scienceclarified.com/everyday/Real-Life-Chemistry-Vol-3-Physics-Vol-1/Bernoulli-s-Principle-How-it-works.html#ixzz4QvGV2Hn3
http://www.scienceclarified.com/everyday/Real-Life-Chemistry-Vol-3-Physics-Vol-1/Bernoulli-s-Principle-How-it-works.html#ixzz4QvGV2Hn3


Torricelli's law:-   also known as Torricelli's theorem, is a theorem in fluid dynamics relating the
speed of fluid flowing out of an opening to the height of fluid above the opening.

Torricelli's law describes the parting speed of a jet of water, based on the distance below the surface
at  which  the  jet  starts,  assuming  no  air
resistance, viscosity, or other hindrance to the fluid
flow. This
diagram
shows
several such
jets,
vertically
aligned,
leaving  the  reservoir  horizontally.  In  this case,
the jets have an envelope (a concept also due to Torricelli) which is a line descending at 45 degrees
from the water's surface over the jets. Each jet reaches farther than any other jet at the point where it
touches the envelope, which is at twice the depth of the jet's source. The depth at which two jets
cross is the sum of their source depths. Every jet (even if not leaving horizontally) takes a parabolic
path whose directrix is the surface of the water.
Torricelli's law states that the speed of efflux, v, of a fluid through a sharp-edged hole at the bottom
of a tank filled to a depth h is the same as the speed that a body (in this case a drop of water) would
acquire in falling freely from a height h, i.e. v= √2gh , where g is the acceleration due to gravity
(9.81 N/kg near the surface of the earth). This last  expression comes from equating the kinetic
energy gained, 1/2mv2  , with the potential energy lost, mgh , and solving for v.
Venturimeter:-  is a device used for measuring the rate of a flow of a fluid flowing through a pipe.
The head flow meter consists of a primary element such as an orifice , venturi, or pitot tube based
with a differential – pressure meter to measure the differential head caused by the flowing fluid at
the primary element. The differential – pressure meter may be any of the various meters such as the
enlarged – leg mercury manometer, the bell gage, the bellows gage, the diaphragm gage, the ring
gage, or the tilting U –tube gage.
The flow of fluid through the venturi tube establishes the pressure differential which can then be
measured and related the flow rate. 
Dynamic Lift: - Dynamic lift is the force that
acts  on  a  body,  such  as  airplane  wing,  a
hydrofoil or a spinning ball, by virtue of its
motion through a fluid. In many games such as
cricket,  tennis,  baseball,  or  golf,  we  notice that
a  spinning  ball  deviates  from  its  parabolic
trajectory as it moves through air.

1. Ball moving without spin: The figure a shows the streamlines around a non-spinning ball moving
relative to a fluid. From the symmetry of streamlines it is clear that the velocity of fluid (air) above



and below the ball at corresponding points is the same resulting in zero pressure difference. The air
therefore, exerts no upward or downward force on the ball. 
2. Ball moving with spin: A ball which is spinning drags air along with it. If the surface is rough
more air will be dragged. Figure b shows the streamlines of air for a ball which is moving and
spinning  at  the  same  time.  The  ball  is  moving  forward  and  relative  to  it  the  air  is  moving
backwards.  Therefore,  the velocity  of  air  above the ball  relative to it  is  larger  and below it  is
smaller. The stream lines thus get crowded above and rarified below.
This difference in the velocities of air results in the pressure difference between the lower and upper
faces and there is a net upward force on the ball. This dynamic lift due to spinning is called Magnus
effect.
Viscosity: - The viscosity of a fluid is a measure of its resistance to gradual deformation by shear
stress  or  tensile  stress.  For  liquids,  it  corresponds  to  the  informal  concept  of  "thickness";  for
example, honey has a much higher viscosity than water.
Viscosity is  a  property arising from collisions between neighboring particles in a  fluid that are
moving at different velocities. When the fluid is forced through a tube, the particles which compose
the fluid generally move more quickly near the tube's axis and more slowly near its walls; therefore
some stress (such as a pressure difference between the two ends of the tube) is needed to overcome
the friction between particle layers to keep the fluid moving. For a given velocity pattern, the stress
required is proportional to the fluid's viscosity.
A fluid that has no resistance to shear stress is known as an ideal or inviscid fluid. Zero viscosity is
observed only at very low temperatures in superfluid. Otherwise, all fluids have positive viscosity,
and are technically said to be viscous or viscid. In common parlance, however, a liquid is said to be
viscous if its viscosity is substantially greater than that of water, and may be described as mobile if
the viscosity is noticeably less than water.
The reciprocal of viscosity is fluidity.
The Reyn is a British unit of dynamic viscosity. Viscosity index is a measure for the change of
kinematic viscosity with temperature. It is used to characterize lubricating oil in the automotive
industry.
Stoke’s Law:
Stokes' law makes the following assumptions for the behavior of a particle in a fluid:
Laminar  Flow,  Spherical  particles,  Homogeneous  (uniform  in  composition)  material,  Smooth
surfaces,  Particles  do not interfere with each other.  Frictional  force (F) = 6πηrv.  Coefficient  of
viscosity (η) = 2gr2(ρ - σ)/9v
Stokes' law is the basis of the falling-sphere viscometer, in which the fluid is stationary in a vertical
glass tube. A sphere of known size and density is allowed to descend through the liquid. If correctly
selected, it reaches terminal velocity, which can be measured by the time it takes to pass two marks
on the tube.

Reynold’s number
Re= ρ L v/ μ

19. ρ is the density of the fluid (SI units: kg/m3)

20. v is a characteristic velocity of the fluid with respect to the object (m/s)

21. L is a characteristic linear dimension (m)

22. μ is the dynamic viscosity of the fluid (Pa·s or N·s/m2 or kg/(m·s)).



The Reynolds number characterizes the ratio of inertial forces to viscous forces and consequently
quantifies the relative importance of these two types of forces for given flow conditions.

 Laminar flow occurs at low Reynolds numbers, where viscous forces are dominant, and is

characterized by smooth, constant fluid motion;

 Turbulent flow occurs at high Reynolds numbers and is dominated by inertial forces, which

tend to produce chaotic eddies, vortices and other flow instabilities.

Surface Tension
Surface tension is the elastic tendency of a fluid surface which makes it acquire the least surface
area possible. Surface tension allows insects (e.g. water striders), usually denser than water, to float
and stride on a water surface.
Surface tension has the dimension of force per unit length, or of energy per unit area. The two are
equivalent, but when referring to energy per unit of area, it  is common to use the term surface
energy, which is a more general term in the sense that it applies also to solids.
The cohesive forces among liquid molecules are responsible for the phenomenon of surface tension.
In the bulk of the liquid, each molecule is pulled equally in every direction by neighboring liquid
molecules, resulting in a net force of zero. The molecules at the surface do not have the same
molecules on all sides of them and therefore are pulled inwards. This creates some internal pressure
and forces liquid surfaces to contract to the minimal area.
Surface tension is responsible for the shape of liquid droplets. Although easily deformed, droplets of
water tend to be pulled into a spherical shape by the imbalance in cohesive forces of the surface
layer.  In  the absence  of  other  forces,  including gravity,  drops  of  virtually  all  liquids  would  be
approximately spherical. The spherical shape minimizes the necessary "wall tension" of the surface
layer according to Laplace's law.

Attractive forces between molecules of the same type are called cohesive forces. 

Attractive forces between molecules of different types are called adhesive forces. 

Surface tension is a contractive tendency of the surface of a liquid that allows it to resist an
external force. 

Capillary action, or capillarity, is the ability of a liquid to flow in narrow spaces without the
assistance  of,  and  in  opposition  to,  external  forces  such  as  gravity.

(Source: Boundless. “Surface Tension and Capillary Action.” Boundless Physics. Boundless,
26 May. 2016. )

Surface Energy
Surface energy, or interface energy, quantifies the disruption of intermolecular bonds that occur
when a surface is created. In the physics of solids, surfaces must be intrinsically less energetically
favorable than the bulk of a material (the molecules on the surface have more energy compared with
the molecules in the bulk of the material), otherwise there would be a driving force for surfaces to
be created, removing the bulk of the material The surface energy may therefore be defined as the
excess energy at the surface of a material compared to the bulk, or it is the work required to build an
area of a particular surface. Another way to view the surface energy is to relate it to the work
required to cut a bulk sample, creating two surfaces.



Capillary Action
Capillary  action,  or  capillarity,  is  the  ability  of  a  liquid  to  flow in  narrow spaces  without  the
assistance  of,  and in  opposition  to,  external  forces  like  gravity.  The effect  can  be  seen  in  the
drawing-up of liquids between the hairs of a paint-brush, in a thin tube, in porous materials such as
paper, in some non-porous materials such as liquified carbon fiber, and in a cell. It occurs because
of intermolecular attractive forces between the liquid and solid surrounding surfaces. If the diameter
of  the  tube  is  sufficiently  small,  then  the  combination  of  surface  tension  (which  is  caused by
cohesion within the liquid) and adhesive forces between the liquid and the container act to lift the
liquid.
Capillary Rise, h=2γcosθρgr.
Contact Angle

The contact angle is the angle, conventionally measured through the liquid, where a liquid–vapor
interface meets a solid surface. It quantifies the wettability of a solid surface by a liquid via the
Young equation. A given system of solid, liquid, and vapor at a given temperature and pressure has
a unique equilibrium contact angle.

Surface tension supporting the weight of an insect and an iron needle, both of which rest on the
surface without penetrating it. They are not floating; rather, they are supported by the surface of the
liquid. (a) An insect leg dents the water surface. F ST is a restoring force (surface tension) parallel
to the surface. (b) An iron needle similarly dents a water surface until the restoring force (surface
tension) grows to equal its weight.

Contact Angles of Some Substances
Interface Contact angle θ



Mercury–glass 140º
Water-glass 0º
Water-paraffin 107º
Water-Silver 90º
Organic Liquids (most)-glass 0º
Ethyl alcohol-glass 0º
Kerosene-glass 26 º

Activity/Task
Buoyancy –PhET simulation on Buoyant force- discussing on the mass,  volume and density of
different material
Under pressure- PhET Simulation

 
Evaluation Procedure
Beakers  With and Without a Wooden Block.  Two identical  beakers  carry water  to  the same
height, but one of them has a wooden block floating in it. Which beaker, if either, weighs more? 

(A)  A
(B)  B
(C)  None

Answer:  (C)  

The amount of water in the beaker B is less than that in A due to the water displaced by the floating
block. However, applying the Archimedes principle, the weight of the floating block is equal to the
weight of the water it has displaced. Hence the answer!

Beakers With and Without a Suspended Iron Block. Two identical beakers carry water to the
same height, but one of them has an iron block suspended in it by a string. Which beaker, if either,
weighs more? 



(A)  A
(B)  B
(C)  None  

Answer:  (C)  None  

The beaker B is missing water displaced by the partly immersed iron block. The buoyancy force on
the block equals the weight of the water displaced. This force also acts on the bottom of the beaker
as a reaction force and compensates exactly for the reduction in the weight due to missing water.
Why does an air bubble in water grown in size as it rises from bottom to top?

Participants’ Assignment
The density of oil is less than that of water, yet a loaded oil tanker sits lower in the water than an
empty one. Why?
Birds such as ducks, geese, and swans have greater densities than water, yet they are able to sit on
its surface. Explain this ability, noting that water does not wet their feathers and that they cannot sit
on soapy water.
Possible project ideas could be included

 The objective of this  project is  to determine the required salt  concentration to  make an

object of varying weights float in three different fluids: tap water, distilled white vinegar,
and 7 Up. The goal is to demonstrate Archimedes's principle by showing the effect of salt
concentration on fluid density and buoyancy.

 To  compare  the  viscosity  of  different  engine  oils  at  a  given  temperature  and  thereby

determine the most effective one for diesel car

 The objective of this project is to investigate the property of surface tension of liquids and to

determine how it is affected by rising temperatures and detergent additives.



References & Useful Links
 http://philschatz.com/physics-book/contents/m42209.html

 http://www.juliantrubin.com/encyclopedia/physics/surface_tension_temperature.html

http://www.juliantrubin.com/encyclopedia/physics/surface_tension_temperature.html
http://philschatz.com/physics-book/contents/m42209.html


 http://amrita.olabs.edu.in/?sub=1&brch=5&sim=224&cnt=4- Surface tension

 http://amrita.olabs.edu.in/?sub=1&brch=5&sim=225&cnt=1 – Viscosity

 PhET Simulation- https://phet.colorado.edu/en/simulation/buoyancy

 http://www.efluids.com/efluids/books/Smits_text_part1.pdf _Book on Physical Introduction
of Fluid Mechanics

http://www.efluids.com/efluids/books/Smits_text_part1.pdf
https://phet.colorado.edu/en/simulation/buoyancy
http://amrita.olabs.edu.in/?sub=1&brch=5&sim=225&cnt=1
http://amrita.olabs.edu.in/?sub=1&brch=5&sim=224&cnt=4-


COMMUNICATION SYSTEMS

Content Coverage
Elements of communication systems (Basic Terminologies), Band width (of signals, of transmission
medium), Propagation of EM Waves (ground waves, sky waves, space waves), Modulation and its
necessity  (size of the antenna,  effective power radiated by antenna,  mixing up of  signals from
different transmitters), Modulation (amplitude modulation and production of amplitude modulated
wave, detection of amplitude modulated wave 

Key Points & Misconceptions

5. Communication is the act of transmission of information. 

21. Basic Terminologies

22. Transducer: Any device that converts one form of energy into another can be termed as a
transducer. In electronic communication systems, we usually come across devices that have
either their inputs or outputs in the electrical form. An electrical transducer may be defined
as a device that converts some physical variable (pressure, displacement, force, temperature,
etc) into corresponding variations in the electrical signal at its output. 

23. Signal: Information converted in electrical form and suitable for transmission is called a
signal. Signals can be either analog or digital. Analog signals are continuous variations of
voltage or  current.  They are essentially  single-valued functions  of  time.  Sine wave is  a
fundamental analog signal. All other analog signals can be fully understood in terms of their
sine wave components. Sound and picture signals in TV are analog in nature. Digital signals
are those which can take only discrete stepwise values. Binary system that is extensively
used in digital electronics employs just two levels of a signal. ‘0’ corresponds to a low level
and ‘1’ corresponds to a high level of voltage/ current. There are several coding schemes
useful for digital communication. They employ suitable combinations of number systems
such  as  the  binary  coded  decimal  (BCD)*.  American  Standard  Code  for  Information
Interchange (ASCII)** is a universally popular digital code to represent numbers, letters and
certain characters. 

24. Noise: Noise  refers  to  the  unwanted  signals  that  tend  to  disturb  the  transmission  and
processing of message signals in a communication system. The source generating the noise
may be located inside or outside the system.

25. Transmitter: A transmitter processes the incoming message signal so as to make it suitable
for transmission through a channel and subsequent reception.

26. Receiver: A receiver extracts the desired message signals from the received signals at the
channel output.

27. Attenuation: The loss of strength of a signal while propagating through a medium is known
as attenuation.



28. Amplification: It is the process of increasing the amplitude (and consequently the strength)
of a signal using an electronic circuit  called the amplifier.  Amplification is necessary to
compensate for the attenuation of the signal in communication systems. The energy needed
for additional signal strength is obtained from a DC power source. Amplification is done at a
place between the source and the destination wherever signal strength becomes weaker than
the required strength. 

29. Range: It is the largest distance between a source and a destination up to which the signal is
received with sufficient strength. 

30. Bandwidth: Bandwidth refers to the frequency range over which an equipment operates or
the portion of the spectrum occupied by the signal. 

31. Modulation: The original low frequency message/information signal cannot be transmitted
to long distances. Therefore, at the transmitter, information contained in the low frequency
message signal is superimposed on a high frequency wave, which acts as a carrier of the
information. This process is known as modulation. There are several types of modulation,
abbreviated as AM, FM and PM. 

32. Demodulation: The process of retrieval of information from the carrier wave at the receiver
is termed demodulation. This is the reverse process of modulation. 

33. Repeater: A repeater is a combination of a receiver and a transmitter. A repeater, picks up
the signal from the transmitter, amplifies and retransmits it to the receiver sometimes with a
change in carrier frequency. Repeaters are used to extend the range of a communication
system. A communication satellite is essentially a repeater station in space.

34. Bandwidth  of  signals: The  type  of  communication  system  needed  for  a  given  signal
depends on the band of frequencies which is considered essential for the communication
process. Speech signal requires a bandwidth of 2800 Hz (3100 Hz – 300 Hz) for commercial
telephonic communication. The audible range of frequencies extends from 20 Hz to 20 kHz.
Video signals for transmission of pictures require about 4.2 MHz of bandwidth. A TV signal
contains  both  voice  and  picture  and  is  usually  allocated  6  MHz  of  bandwidth  for
transmission.

35. Different Layers of Atmosphere and their interaction with the propagation of elector magnetic
waves 

Name  of  the  stratum
(layer)

Approximate
height  over
earth’s surface

Exists
during 

Frequencies  most
affected

Troposphere

P
ar

t o
f 

io
no

sp
he

re

10km Day  and
night

VHF (up to several GHz)

D  (part  of
stratosphere)

65-75 km Day only Reflects  LF,  absorbs  MF
and HF to some degree

E  (part  of
Stratosphere)

100km Day only Helps  surface  waves,
reflects HF)

F1  (Part  of
Mesosphere)

170-190km Day  time
merges
with  F2  at

Partially  absorbs  HF
waves yet allowing them
to reach F2



night

F2 (Thermosphere) 300km at night, 
250-400 km
during day time

Day and
Night

Efficiently reflects HF 
waves, particularly at 
nigh

o. To radiate signals with high efficiency, the antennas should have a size comparable to the 
wavelength A of the signal (at least ~ A/4). At longer wavelengths (i.e., at lower frequencies), 
the antennas have large physical size and they are located on or very near to the ground.

p. In standard AM broadcast, ground based vertical towers are generally used as transmitting 
antennas. For such antennas, ground has a strong influence on the propagation of the signal. 
The mode of propagation is called surface wave propagation and the wave glides over the 
surface of the earth.

q. The attenuation of surface waves increases very rapidly with increase in frequency. The 
maximum range of coverage depends on the transmitted power and frequency (less than a 
few MHz).

r. In the frequency range from a few MHz up to 30 to 40 MHz, long distance communication 
can be achieved by ionospheric reflection of radio waves back towards the earth. This mode 
of propagation is called sky wave propagation and is used by short wave broadcast services.

1. Critical frequency: The highest frequency of radio wave that can be reflected back by the
ionosphere is called critical frequency. Critical frequency, fc = 9 (Nmax)1/2; Here, Nmax = 
number density of electrons/meter3

2. Skip distance:The minimum distance from the transmitter at which a sky wave of a
frequency but not more than critical frequency, is sent back to the earth. Skip distance 
(Dskip) = 2h (fmax/fc)2 - 1; Here h is height of reflecting layer of atmosphere. fmax is 
maximum frequency of electromagnetic waves and fc is critical frequency.

3. Fading : The variation in the strength of a signal at receiver due to interference of
waves, is called fading.

s. The degree of ionization varies with the height. The density of atmosphere decreases with 
height. At great heights the solar radiation is intense but there are few molecules to be 
ionized. Close to the earth, even though the molecular concentration is very high, the 
radiation intensity is low so that the ionization is again low.

t. Another mode of radio wave propagation is by space waves. A space wave travels in a 
straight line from transmitting antenna to the receiving antenna. Space waves are used for 
line-of-sight (LOS) communication as well as satellite communication. The maximum line- 
of-sight distance dM between the two antennas having heights hT and hR above the earth is

given by, , where hR is the height of receiving antenna.
u. Television broadcast, microwave links and satellite communication are some examples of 

communication systems that use space wave mode of propagation.

• Need for modulation:



a) Energy carried by low frequency audio waves (20 Hz to 20000 Hz) is very small.

(b) For efficient radiation and reception of signal, the transmitting and receiving antennas
should be very high approximately 5000 m. There is a need of translating the information
contained in our original low frequency baseband signal into high or radio frequencies
before transmission.

(c) The frequency range of audio signal is so small that overlapping of signals create a
confusion.

v. There is a need for translating the original low frequency baseband message or information
signal into high frequency wave before transmission such that the translated signal continues
to possess the information contained in the original signal. In doing so, we take the help of a
high frequency signal,  known as the carrier  wave, and a process known as  modulation
which attaches information to it.

w. Amplitude  Modulation: In  this  type  of  modulation in  which  the  amplitude  of  a  high
frequency carrier wave is varied in accordance with some characteristic of the modulating
signal.  Band  width  required  for  amplitude  modulation  =  twice  the  frequency  of  the
modulating signal.

x. Frequency modulation: In this type of modulation, the frequency of high frequency carrier
wave is varied in accordance to instantaneous frequency of modulating signal.

y. Pulse modulation: In this type of modulation, the continuous waveforms are sampled at
regular intervals. Information is transmitted only at the sampling times.

z. When an amplitude modulated signal is created, the amplitude of the signal is varied in line
with the variations in intensity of the sound wave. In this way the overall  amplitude or
envelope of the carrier is modulated to carry the audio signal. Here the envelope of the
carrier can be seen to change in line with the modulating signal.

aa. Amplitude  modulation,  AM  is  the  most  straightforward  way  of  modulating  a  signal.
Demodulation, or the process where the radio frequency signal is converted into an audio
frequency signal is also very simple. An amplitude modulation signal only requires a simple
diode detector circuit. The circuit that is commonly used has a diode that rectifies the signal,
only allowing the one half of the alternating radio frequency waveform through. A capacitor
is used to remove the radio frequency parts of the signal, leaving the audio waveform. This



can be fed into an amplifier after which it can be used to drive a loudspeaker. As the circuit
used for demodulating AM is very cheap, it enables the cost of radio receivers for AM to be
kept low.

bb. Modulating an AM signal can be achieved in a number of ways. Essentially the simplest is
to pass the RF carrier and the modulating signal into a mixer. The resulting output will be
the required amplitude modulated signal.

cc. Demodulation of AM can similarly be undertaken in a number of ways. The simplest is the
simple diode detector.

 Advantages

 It is simple to implement

 It can be demodulated using a circuit consisting of very few components

 AM receivers are very cheap as no specialised components are needed.

 Disadvantages

 An amplitude modulation signal is not efficient in terms of its power usage

 It is not efficient in terms of its use of bandwidth, requiring a bandwidth equal to

twice that of the highest audio frequency

 An amplitude modulation signal is prone to high levels of noise because most

noise is amplitude based and obviously AM detectors are sensitive to it.

dd. Characteristics

1. Modulation Index

 Amplitude  modulation  requires  a  high  frequency  constant  carrier  and  a  low

frequency modulation signal.

 A wave carrier is of the form 

 A wave modulation signal is of the form  

 Notice that the amplitude of the high frequency carrier takes on the shape of the

lower  frequency  modulation  signal,  forming  what  is  called  a  modulation
envelope.

 The modulation index is defined as the ratio of the modulation signal amplitude

to the carrier amplitude.

  ; where 0≤ ≤1

 The overall signal can be described by: 



 More commonly, the carrier amplitude is normalized to one and the AM equation

is written as: 

 where   and   are  called  side  bands.

The sidebands occupies on the both sides of the centre frequency. They are the
sum and difference frequencies of the carrier and modulation signals. 

 Production of AM Wave



 Detection of AM wave

Activity/Task

 Demonstration of wave on a string using PhET for clarifying the basics

 Showing  video  on  how  AM  and  FM  works  https://www.youtube.com/watch?

v=D65KXwfDs3s

 Propagation of em waves using the link 

https://www.youtube.com/watch?v=r-shNhpBkhs and  https://www.youtube.com/watch?
v=gsSTgjXPD2M

Assignment

 https://www.youtube.com/watch?v=QEubAxBfqKU

https://www.youtube.com/watch?v=QEubAxBfqKU
https://www.youtube.com/watch?v=gsSTgjXPD2M
https://www.youtube.com/watch?v=gsSTgjXPD2M
https://www.youtube.com/watch?v=r-shNhpBkhs
https://www.youtube.com/watch?v=D65KXwfDs3s
https://www.youtube.com/watch?v=D65KXwfDs3s


ALTERNATING CURRENT
Content 
AC voltage applied to a resistor- Representation of AC current and voltage by rotating vectors-
phasors-AC Voltage applied to an inductor- AC Voltage applied to a capacitor-  Phasor diagram
solutions-  Analytical solutions- Resonance-sharpness of resonance- Power in an AC circuit,  the
power factor-LC Oscillations-Transformers

Key Points

 Alternating Current:-

An alternating current (a.c.)  is  a current
which  continuously,  changes  in
magnitude  and  periodically  reverses  in
direction.`

i = I0 sin ωt = I0 sin (2π/T) t

Here I0 is the peak value of a.c.

(a) Current, I =I0 sin ωt

(b) Angular frequency, ω= 2πn   (n is the frequency of a.c.)

(c) I =I0 sin 2πnt

 Mean value of A.C or D.C. value of A.C.:-

Mean value of a.c. is that value of steady current which sends the same amount of charge,
through a circuit, in same time as is done by a.c. in one half-cycle.

(Iav)half cycle = (2/π)I0

Thus,  mean  value  of  alternating
current  is  2/π  times (0.637 times)  its
peak value.

(Vav)half cycle = (2/π) V0

 Average value of A.C. over a complete cycle:-

Iav = 0

The average value of a.c. taken over the complete cycle of a.c.is zero.

 Root mean square value of a.c. or virtual value of a.c.:-

Root mean square value of alternating current is defined as that value of steady current which
produces  same  heating  effect,  in  a  resistance,  in  a  certain  time  as  is  produced  by  the
alternating current in same resistance in same time. The r.m.s value of a.c.is also called its
virtual value.

Irms = I0/√2



Root mean square value of alternating current is I/√2 times (or 0.707 times) the peak value of
current.

Similarly, Vrms= V0/√2

Here V0 is the peak value of e.m.f.

 Form Factor:-

Form Factor = rms value/average value = (V0/√2)/ (2 V0/π)  = π/2√2

 Current elements:-

(a) Inductive reactance:- XL = ωL

Here, ω = 2πn, n being frequency of a.c. L is the coefficient of self-inductance of coil.

(b) Capacitative reactance:- Xc = 1/ωC, Here C is the capacity of the condenser

 Capacitor in AC circuit:-

q = CV0sinωt

I = I0 sin(ωt +π/2)

V0 = I0/ωC

Xc = 1/ωC

 Inductor in AC circuit:-

VL = L(dI/dt) = LI0ω cosωt

I = (V0/ ωL) sinωt

Here, I0 = V0/ ωL

XL = ωL

And the maximum current, I0 = V0/XL

 R-L circuit:-

I = ε/R [1-e-Rt/L]
V = ε e-Rt/L

 Graph between I (amp) and t (sec):-



 Graph between potential difference across inductor and time:-

 L-C Circuit:-

f = 1/2π√LC

q = q0 sin (ωt+φ)

I = q0ωsin (ωt+ φ)

ω = 1/√LC

 The  total  energy  of  the  system  remains

conserved,

½ CV2 + ½ Li2 = constant = ½ CV0
2 = ½ Li0

2

 Series in C-R circuit:-

 V = IZ

The modulus of impedance, |Z |= √R2+(1/ωC)2

The potential difference lags the current by an angle, ? = tan-1(1/ωCR)

 Series in L-C-R Circuit:



V = IZ

The modulus of impedance, |Z |= √[R2+(ωL-1/ωC)2]

The potential difference lags the current by an angle, ? = tan-1[ωL -1/ωC)/R]

 Circuit elements with A.C:-

Circuit
elements

Amplitude relation Circuit quantity Phase of V

Resistor V0 = i0R R In phase with i

Capacitor V0 = i0XC C Lags i by 90°

Inductor V0 = i0XL XL = ωL Leads i by 90°
 Resonance:-

(a) Resonance frequency:- fr = 1/2π√LC

(b)  At  resonance, XL = XC, ? =  0,  Z  =  R(minimum),  cosθ =  1,  sinθ =  0  and  current  is
maximum (=E0/R)

 Half power frequencies:-

(a) Lower,  f1 = fr – R/4πL    or      ω1 = ωr – R/2L

(b) Upper,  f2 = fr + R/4πL    or      ω2 = ωr + R/2L

 Band width:- Δf = R/2πL   or   Δf = R/L

 Quality Factor:-

(a) Q = ωr/Δω = ωrL/R

(b) As ω = 1/√LC, So Q  √∝ L, Q 1/∝ R and Q  1/√∝ C

(c) Q = 1/ωrCR

(d) Q = XL/R   or  Q = XC/R 

(e) Q = fr/Δf   

 At resonance, peak voltages are:-

(a) (VL)res = e0Q

(b) (VC)res = e0Q

(c) (VR)res = e0

 Conductance, susceptance and admittance:-

(a) Conductance, G = 1/R

(b) Susceptance, S = 1/X

(c) SL = 1/XL and SC = 1/XC = ωC



(d) Admittance, Y = 1/Z

(e) Impedance add in series while add in parallel

 Power in AC circuits:-

Circuit containing pure resistance:- Pav = (E0/√2)×(I0/√2) = Ev×Iv

Here Ev and Iv are the virtual values of e.m.f and the current respectively.

Circuit containing impedance (a combination of R,L and C):-
Pav = (E0/√2)×(I0/√2) cos? = (Ev×Iv) cos?
Here cos? is the power factor.
(a) Circuit containing pure resistance, Pav = EvIv

(b) Circuit containing pure inductance, Pav = 0

(c) Circuit containing pure capacitance, Pav = 0

(d) Circuit containing resistance and inductance,

Z = √R2+(ωL)

cosθ == R/Z = R/[√{R2+(ωL)2}]

(e) Circuit containing resistance and capacitance:-

Z = √R2+(1/ωC)2

cosθ == R/Z = R/[√{R2+(1/ωC)2}]

(f) Power factor, cos? = Real power/Virtual power = Pav/ErmsIrms

 Transformer:-

(a) Cp = Np (d?/dt) and es = Ns (d?/dt)

(b) ep/es = Np/Ns

(c) As, epIp = esIs, Thus, Is/Ip = ep/es = Np/Ns

(d) Step down:- es < ep, Ns< Np and Is> Ip

(e) Step up:- es >ep, Ns>Np and Is< Ip

(f) Efficiency, η = es Is/ ep Ip

Activity/Task
The various concepts could be explained and discussed with the following videos. 

 Capacitors  and  Capacitance:  Capacitor  physics  and  circuit  operation
https://www.youtube.com/watch?v=f_MZNsEqyQw

 How  Inductors  Work  Within  a  Circuit  –  Inductance  https://www.youtube.com/watch?
v=VFPwgjGHqFQ

 Inductors and Inductance https://www.youtube.com/watch?v=ukBFPrXiKWA

 Resonance  Circuits:  LC  Inductor-Capacitor  Resonating  Circuits
https://www.youtube.com/watch?v=Mq-PF1vo9QA

https://www.youtube.com/watch?v=Mq-PF1vo9QA
https://www.youtube.com/watch?v=ukBFPrXiKWA
https://www.youtube.com/watch?v=VFPwgjGHqFQ
https://www.youtube.com/watch?v=VFPwgjGHqFQ
https://www.youtube.com/watch?v=f_MZNsEqyQw


 RLC circuit and Resonance https://www.youtube.com/watch?v=DTmiQKRHrN8

 AC  current  impedance  -  Alternating  Voltage  for  inductors,  capacitors
https://www.youtube.com/watch?v=zO7RZZW0wSQ

 Electronics:  Introduction  to  LC  Oscillators  circa  1974  US  Air  Force  Training  Film
https://www.youtube.com/watch?v=1uSBKUsKpYQ

Participants’ Assignment

Students Project Ideas

 Investigating the relation between the different variable of transformer, after constructing the

transformer.

 Developing  a  comparison  table  of  different  parameters  of  C  only,  L  only  circuit  and

combinations in the lab, with different values of capacitance andinductance.

References & Useful Links
 http://www.electronics-tutorials.ws/accircuits/phasors.html Phasor  diagram  and  phasor

algebra

 http://www.learnabout-electronics.org/Downloads/ac_theory_module05.pdf phasor  and
phasor diagrams 

 http://www.electronics-tutorials.ws/oscillator/oscillators.html LC Oscillator Basics

http://www.electronics-tutorials.ws/oscillator/oscillators.html
http://www.learnabout-electronics.org/Downloads/ac_theory_module05.pdf
http://www.electronics-tutorials.ws/accircuits/phasors.html
https://www.youtube.com/watch?v=1uSBKUsKpYQ
https://www.youtube.com/watch?v=zO7RZZW0wSQ
https://www.youtube.com/watch?v=DTmiQKRHrN8


SYSTEMS OF P ARTICLES AND ROTATIONAL MOTION

1. Content

Rigid body and non-rigid body,Centre of mass,Motion of centre of mass,  Linear momentum of
system of particles, Vector product of two vectors, Angular velocity and its  relation with linear
velocity,  Angular  Acceleration,  Torque  and  angular  momentum,  Moment  of  force,  Angular
momentum of a particle, Conservation of angular momentum, Equilibrium of a rigid body, Principle
of moments, Centre of gravity, Moment of Inertia, Theorems of Perpendicular and Parallel axes,
Kinematics of Rotational Motion about a fixed axis, Dynamics  of rotational motion about a fixed
axis, Angular momentum in case of rotation about a fixed axis, Conservation of angular momentum,
Rolling motion.

2. Key Points

Rigid body and non-rigid body- Rigid body means the system of number of particles with fixed
distance between each particle. and on the other hand in non rigid body distance changes with time
and  place.Ideally  a  rigid  body is  a  body with  a  perfectly  definite  and  unchanging  shape.  The
distances between all pairs ofparticles of such a body do not change.
Centre of mass -The center of mass is the point at which all the mass can be considered to be
"concentrated" for the purpose of calculating the "first moment", i.e., mass times distance.
In symmetric bodies the COM lies within the body were as in asymmetric bodies the centre of mass
may lie in plane of the body (eg: Banana)

Here in above examples we dealt with particle system which were finite, but when we consider
rigid bodies its becomes difficult to find summation of all the particles, in fact its more tedious to
find  the  number  of  particles  in  a  rigid  body.  So to  solve  these  kind  of  problems we can  use
Differential Equation as the tool and resolve the problem.

 XCOM= 
1
M

∫x.dm , YCOM=
1
M

 ∫y.dm , ZCOM= 
1
M

∫z.dm.

Were M= total mass of the object, dm= mass  of the particles taken into consideration ,and x,y,z are
distance from the origin.
Again for objects having continuous, uniform distribution of particles have uniform density(ρ). ρ
=M/V…….Mass per unit Volume…
Then dm=(M/V)dv……….
were dv is volume occupied by a mass element dm, and V is total volume of the rigid body. Then
the equations changes to 

XCOM= 
1
V

∫x.dv , YCOM=
1
V

 ∫y.dv , ZCOM= 
1
V

∫z.dv.

Centre of gravity



 It is a point where the entire weight of the body is supposed to act. The force acting on the

centre of gravity is a vector sum of force on each particle of the system. The direction of this
net force is directed always towards the centre of the earth.    

  Center of Gravity - Exploratorium Teacher Institute Science Snack
https://youtu.be/FCy1SRVvnIk 
(Source:  http://www.learnnext.com/nextgurukul/wiki/concept/ICSE/IX/Physics/Principle-of-
Moments.htm, http://etc.usf.edu/clipart/36300/36326/centergrav_36326.htm)

MOTION OF CENTRE OF MASS

 As we know that rate of change of displacement is velocity.

So, the rate of change of displacement of centre of mass gives velocity of centre of mass

dR(cm)

dt
=V (cm)

 It  gives  clear  picture  of  linear  motion  of  a  rolling  body  and  it  helps  to  calculate  the

translatory kinetic energy.  ( KE translatory) = 
1
2

MV2
cm

ANGULAR VELOCITY
Uniform circular motion is  a motion in  a circle at  constant  speed and, hence,  constant  angular
velocity. Recall that angular velocity ω was defined as the time rate of change of angle θ :

ω =
Δθ
Δt

,

where θ is the angle of rotation 
* The relationship between angular velocity ω and linear velocity v  is given by

v = rω or ω =
v
r

,

where r is the radius of curvature.
ANGULAR ACCELERATION
 Angular acceleration  a  is  defined as the rate of change of angular velocity.  In equation form,
angular acceleration is expressed as follows:

                                                  a =
Δω
Δt

where  Δω  is the  change in angular velocity and  Δt  is the change in time. The units of angular
acceleration are (rad/s)/s or rad/s2  . if   ω increases, then  a  is positive. If  ω  decreases, then  a  is
negative.
Relation between linear velocity and angular velocity V= r ω

Moment of a force
The handle on a door is at the outside edge so that it opens and closes easily. A much larger force
would be needed if the handle were near the hinge. Similarly it is easier to loosen a nut with a long
spanner than with a short one.
The turning effect of a force is called the moment of the force. It depends on both the

http://etc.usf.edu/clipart/36300/36326/centergrav_36326.htm
http://www.learnnext.com/nextgurukul/wiki/concept/ICSE/IX/Physics/Principle-of-Moments.htm
http://www.learnnext.com/nextgurukul/wiki/concept/ICSE/IX/Physics/Principle-of-Moments.htm
https://youtu.be/FCy1SRVvnIk


size of the force and how far it is applied from the pivot or fulcrum. It is measured by multiplying
the force by the perpendicular distance of the line of action of the force from the fulcrum. The unit
is the newton metre (N m).

moment of a force = force ×  perpendicular distance of the line
of action of the force from fulcrum
Moment of force = r x F

Couple
Two equal , parallel and opposite forces acting on rigid body  known as couple 

Moment of couple or Torque
Turing effect given by the couple of forces is known as moment of couple or torque and is measured
by,
 T = r x F
 Direction of torque can be known by using cross product rule of vectors or Mawell’s screw rule 
http://cnx.org/content/m42170/1.5/torque_en.jar

Angular momentum of particle
Like moment of force, angular momentum is also vector product.  It could also be refererred as
moment of (linear)momentum. Ie., angular momentum is rotational analogue for linear momentum.
Mathematically angular momentum is represented as,
L = r x p                             (1)
L = r p sinθ

d L
dt

 = τext = 0

Hence, ,  
d L
dt

 = 0

Ie,  L = constant

Conservation of Angular Momentum
In the absence of any net torque, the angular momentum of an object revolving about an
axis is conserved, i.e., the product of the mass, the speed, and the distance from the object to the
axis of revolution is a constant in time. 
Acttivity; An ice skater makes use of this principle. Using her feet and with her hands outstretched,
she creates enough torque on her body to begin to spin slowly about a vertical axis through the
center of her body. Then she quickly draws her hands inward to her chest. The force she uses to
draw her hands inward exerts no torque on her (it is along the line connecting the masses of her
hands to the axis of rotation). Under these conditions her angular momentum is conserved. But
since she has decreased the distance of her hands (revolving masses) from the axis of revolution,
her  speed  of  revolving  motion  must  increase  accordingly  so  that  the  angular  momentum  is
conserved. If one thing decreases (distance), the other (speed) must increase. Thus, she begins to
spin very rapidly. It is the same conservation law that operates when divers and cats execute their
maneuvers.

http://cnx.org/content/m42170/1.5/torque_en.jar


Equilibrium

The First Condition for Equilibrium
The first condition necessary to achieve equilibrium is the one already mentioned: the net external
force on the system must be zero. Expressed as
an equation, this is simply
                                           net F = 0

The Second Condition for Equilibrium

The  second  condition  necessary  to  achieve  equilibrium  involves  avoiding  accelerated  rotation
(maintaining a constant angular velocity. A rotating body or system can be in equilibrium if its rate
of rotation is constant and remains unchanged by the forces acting on it. To understand what factors
affect rotation, let us think about what happens when you open an ordinary door by rotating it on its
hinges.
http://cnx.org/content/m42170/1.5/torque_en.jar

Moment of inertia
Before explaining Moment of inertia we need to learn the following

 Rigid body

 Axis of rotation

 Distribution of mass about the axis

 Inertia of linear motion

What is Inertia rotational motion(moment of inertia)?
For a point mass the Moment of Inertia is the mass times the square of perpendicular distance to
the rotation reference axis and can be expressed as.

I=mr 2

For a rigid body, I=m1r1
2
+m2 r2

2
+……   OR

I=∑mir i
2  Where m1, m2 are masses of particles 1 and 2 and r1, r2

are the respective distances from the axis of rotation.

(Source:https://upload.wikimedia.org/wikipedia/commons/thumb/d/da/%D0%9C
%D0%B0%D1%85%D0%BE%D0%B2%D0%B8%D0%BA.jpg/350px-%D0%9C
%D0%B0%D1%85%D0%BE%D0%B2%D0%B8%D0%BA.jpg)
Flywheels have large moments of inertia to smooth out mechanical motion. This example is in a
Russian museum.
 Why Tightrope Walkers Carry Long Bent Poles - Suite
 https://suite.io/paul-a-heckert/2v3g2d
Calaculation of moment of inertia

 About an axis

http://ccs.infospace.com/ClickHandler.ashx?ld=20160124&app=1&c=localmoxiev2b.140&s=localmoxiev2b&rc=localmoxiev2b&dc=&euip=14.139.151.178&pvaid=91ddbef29fd942b4ac3d9c941d1b94bb&dt=Desktop&fct.uid=d311P9JAmhHUG8NLkECg0ZmV6xhTVe2I&en=FH%2Bd%2FlEonVCanB9xxdYuUCr%2Fdt2DpLyfwtbQTxjGnJYMCYQQQZLavxwreaU%2Fgs%2F7&du=https%3A%2F%2Fsuite.io%2Fpaul-a-heckert%2F2v3g2dj&ru=https%3A%2F%2Fsuite.io%2Fpaul-a-heckert%2F2v3g2dj&ap=1&coi=1494&cop=main-title&npp=1&p=0&pp=0&pct=http%3A%2F%2Fwww.localmoxie.com%2Fad_onclick.php%3Fkeywords%3Dhow+does+people+balance+on+tightrope+using+principle+of+moment+of+inertia%26sid%3D9dbbd49a451b2a7649ddb1a3f6b77651%26ptr%3DLM-ST_LM_IN_KW_R_01_X%26page%3D13%26rawip%3D14.139.151.178&ep=1&mid=9&hash=7CC16A0062C5A453215F20BE6DE7330B
https://en.wikipedia.org/wiki/Flywheel
https://upload.wikimedia.org/wikipedia/commons/thumb/d/da/%D0%9C%D0%B0%D1%85%D0%BE%D0%B2%D0%B8%D0%BA.jpg/350px-%D0%9C%D0%B0%D1%85%D0%BE%D0%B2%D0%B8%D0%BA.jpg
https://upload.wikimedia.org/wikipedia/commons/thumb/d/da/%D0%9C%D0%B0%D1%85%D0%BE%D0%B2%D0%B8%D0%BA.jpg/350px-%D0%9C%D0%B0%D1%85%D0%BE%D0%B2%D0%B8%D0%BA.jpg
https://upload.wikimedia.org/wikipedia/commons/thumb/d/da/%D0%9C%D0%B0%D1%85%D0%BE%D0%B2%D0%B8%D0%BA.jpg/350px-%D0%9C%D0%B0%D1%85%D0%BE%D0%B2%D0%B8%D0%BA.jpg
http://cnx.org/content/m42170/1.5/torque_en.jar


The moment of inertia about an axis of a body is calculated by summing mr 2 for every
particle in the body, where r is the perpendicular distance to the specified axis. To see how moment
of inertia arises in the study of the movement of an extended body, it is convenient to consider a
rigid assembly of point masses. (This equation can be used for axes that are not principal axes
provided that it is understood that this does not fully describe the moment of inertia).

Consider the kinetic energy of an assembly of N masses mi that lie at the distances ri from
the pivot point  P, which is the nearest point on the axis of rotation. It is the sum of the kinetic
energy of the individual masses. This shows that the moment of inertia of the body is the sum of
each of the mr2 terms, that is,

Thus, moment of inertia is a physical property that combines the mass and distribution of the
particles around the rotation axis. Notice that rotation about different axes of the same body yield
different moments of inertia.
Example: Find the MI of system of two particles about an axis xx1

M.I of m1 about X = m1r1
2

M.I of m2 about X1 = m2r2
2

 Therefore MI of system about XX1   = m1r1
2
+m2 r2

2

MOMENT OF INERTIA FOR VARIOUS  OBJECTS IS AS FOLLOWS:



Kinematics of Rotational Motion

ROTATIONAL TRANSLATIONAL RELATIONSHIP

θ x
Θ = 

X
R

ω v
ω=

v
r

α a
α=

at
r

ROTATIONAL TRANSLATIONAL
θ =ω ¯ t x = v t



ω = ω0 + αt v = v0 + at (constant α , a )
θ = ω0 +1/2 αt2 x = v0t +1/2at2 (constant α , a )

ω2 = ω0
2+ 2αθ v2 = vo2 + 2ax (constant α , a )

Angular momentum in case of rotation about a fixed axis
Consider a special case: rotation of a rigid body about an axis which is symmetric.

For  every  particle  which  has  a  velocity  vi,  there  is  another  particle  of  velocity  –vi located
diametrically opposite on the circle. Hence L+=0

Again, 

dLz

dt
=

d
dt

(Iω )
 and 

dL¿

dt
=0

But,  

dL
dt

=τ
 and for rotation about a fixed axis, if the moment of inertia does not change with

time, then, τ=Iα

Conservation of Angular momentum

When the net external torque is zero (τ=0) then Iα is zero, or Iω is constant. Hence for systems with
zero net external torque on increasing I ω decreases and on decreasing I ω increases. 

Activity 1

Sit in a swivel (rotatable) chair with your arms folded and feet not resting on, i.e., away from the
ground .and ask your friend to rotate the chair  rapidly.  As the chair is rotating with a constant
angular velocity stretch the arms horizontally and see what happens. Fold back your arms and see
what happens now. Why is it happening?

Activity 2

Hang a bicycle wheel with the help of a rope. Rotate it fast and then keep the rotating wheel in a
vertical plane. Surprisingly, we can see that the wheel remains in the vertical plane without falling
down. This is due to the conservation of angular momentum.

Activity 3

Sit in a swivel chair without touching the ground and holding a rotating wheel. Let the wheel rotate
in such a manner so that its angular momentum is upward. At this stage we and the chair are at rest.
Now if  the wheel  is  turned over,  its  angular  momentum is  now downward.  But  since  there is
nothing to exert a significant torque on the system, the angular momentum must have the original
value upward. Hence, the man and the stool begin to rotate with angular momentum twice that of
the wheel.

Kinetic Energy of Rolling Motion 
Our next task will be to obtain an expression for the kinetic energy of a rolling body. The kinetic
energy of a rolling body can be separated into kinetic energy of translation and kinetic energy of
rotation. This is a special case of a general result for a system of particles, according to which the
kinetic energy of a system of particles (K) can be separated into the kinetic energy of motion of the



centre of mass (translation) (MV2/2) and kinetic energy of rotational motion about the centre of
mass of the system of particles (K′). Thus, 

                                                            k=k1
+

mv2

2
 

 We assume this is general result and apply it to the case of rolling motion. In our notation, the
kinetic energy of the centre of mass, i.e., the kinetic energy of translation, of the rolling body is 

                                                                            
mvcm

2

2
 

where m is the mass of the body and vcm is the centre of the mass velocity. Since the motion of the
rolling body about the centre of mass is rotation, K′ represents the kinetic energy of rotation of the
body;

k1
=

I w2

2
  

where I is the moment of inertia about the appropriate axis, which is the symmetry axis of the
rolling body. The kinetic energy of a rolling body, therefore, is given by

K=
1
2

I w2
+

1
2

m vcm
2

 I = mk2 where k = the corresponding radius of gyration of the body and vcm = R ω, we get

K=
1
2

m vcm
2 ⌊1+

k2

R2 ⌋

 The above equation  applies to any rolling body: a disc, a cylinder, a ring or a sphere. 

4. Evaluation
Q)   A girl of mass ‘m’is standing on a platform of mass ‘M’’ kept on smooth frictionless surface.
If the girl starts to move on platform with a speed ‘V’’ relative to the platform with what velocity
relative to the surface does the platform recoil?

HINT: let Vg ,Vp are the velocities of girl and plank respectively,

From data, Vgp = V =Vg-Vp

 Vg = V+Vp-------------------(1)

As there is no force on the system,  momentum of system is constant.

i.e., mVg + MVp = 0 ----------(2)

from (1) and (2)

  Vp =
mV

m+M

Q) Why do tornadoes spin at all? And why do tornados spin so rapidly? 
A) The answer is that air masses that produce tornadoes are themselves rotating,
and when the radii of the air masses decrease, their rate of rotation increases.
Q) Have you observed the motion of an Ice skater ?



 The skater starts her rotation with outstretched limbs and increases her spin by pulling them in
toward her body. The same physics describes the exhilarating spin of a skater and the wrenching
force of a tornado.
Clearly, force, energy, and power are associated with rotational motion. 
look at angular acceleration—the rotational analogs of linear acceleration.

Q) What is Equilibrium? What are the conditions for Equilibrium?
A) What might desks, bridges, buildings, trees, and mountains have in common—at least in the
eyes  of  a  physicist?  The  answer  is  that  they  are  ordinarily  motionless  relative  to  the  Earth.
Furthermore, their acceleration is zero because they remain motionless. That means they also have
something in common with a car moving at a constant velocity, because anything with a constant
velocity also has an acceleration of zero. Now, the important part—Newton’s second law states that
net F = ma , and so the net external force is zero for all stationary objects and for all objects moving
at constant velocity. There are forces acting, but they are balanced. That is, they are in equilibrium.

5. Assignment
1 . Write an expression for the moment of inertia of a ring of mass M and radius R, about an axis
passing through the centre , and perpendicular to its plane about a diameter about a tangent to its
plane, about a tangent perpendicular to the plane of the ring.
2. Write an expression for the moment of inertia of a circular disc of mass M and  radius R,About an
axis passing through the centre , and perpendicular to its plane about a diameter, about a tangent to
its plane, about a tangent perpendicular to the plane of the disc.



NUCLEI AND ATOMS 
1. Content

 Rutherford’s Alpha Scattering Experiment, Distance of Closest Approach (Nuclear Size),
Impact  Parameter,  Bohr’s  Theory  of  the  Hydrogen  Atom  ,  Spectrum,  De-broglie’s
explanation of bohr’s  second postulate of quantisation  Composition of Nucleus, Atomic
Number, Mass Number and Atomic Mass Unit, Radius of the Nucleus and Nuclear Density,
Mass Energy Relation and Mass Defect, Binding Energy and Binding Energy per Nucleon.
Binding Energy Curve and Inferences.Nuclear Forces and Meson Theory.Radioactivity and
Soddy’s  Displacement  Law,  Rutherford  and  Soddy’s  Laws  of  Radioactive  Decay,
Radioactive Disintegration Constant and Half-Life Period, Units of Radioactivity, Nuclear
Fission and Fusion.

2. Key Points
Democritus’s idea of atom 
Democritus  lived  in  Greece  from  about  460  to  370  B.C.E.  Like  many  other  ancient  Greek
philosophers, he spent a lot of time wondering about the natural world. Democritus wondered, for
example, what would happen if you cut a chunk of matter—such as a piece of cheese into smaller
and smaller pieces. He thought that a point would be reached at which the cheese could not be cut
into still smaller pieces. He called these pieces atomos, which means “uncuttable” in Greek. This is
where the modern term atom comes from.
Democritus’s theory of Atoms (Atomos)
All  matter  consists  of  atomos,  which  cannot  be  further  subdivided  into  smaller  particles.
Atomos are extremely small—too small to see. Atomos are solid particles that are indestructible.
Atomos are separated from one another by emptiness, or “void.”
Why was Democritus’ idea not accepted? 
Democritus  was  less  influential  than  another  Greek  philosopher  Aristotle.  Aristotle  rejected
Democritus’ idea of the atom. In fact,  Aristotle thought the idea was ridiculous.  Unfortunately,
Aristotle’s opinion was accepted for more than 2000 years, and Democritus’ idea was more or less
forgotten. However, the idea of the atom was revived around 1800 AD by the English scientist John
Dalton. Dalton developed an entire theory about the atom.

There is some evidence that philosophers in both India and China made similar speculations, at
about the same time. They considered the question of whether a substance can be divided without
limit into ever smaller pieces. In India the last miniscule particle of matter which could not be
subdivided further was termed Parmanu. The first Indian philosopher who formulated ideas about
the atom in a systematic manner was Kanada who lived in the 6th century B.C. 
 Ancient atomic models
http://www.youtube.com/watch?v=BhWgv0STLZs
http://www.youtube.com/watch?v=cnXV7Ph3WPk

Dalton’s theory
It  wasn't  until  around 2,000 years  later,  in  the  early 1800s,  when John Dalton came along and
disproved Aristotle. Dalton’s theory states:

http://study.com/search/text/academy.html?q=John%20Dalton
http://www.youtube.com/watch?v=cnXV7Ph3WPk
http://www.youtube.com/watch?v=BhWgv0STLZs


Matter is made up of tiny particles, called atoms, that cannot be divided into smaller pieces and
cannot be destroyed. All atoms of the same element will be exactly the same. Atoms of different
elements can combine to form compounds. 
The really awesome thing about Dalton's model of the atom is that he came up with it and proved it
theoretically without ever seeing the atom! He had no concept of protons, neutrons or electrons. His
model was created solely on experiments that were macroscopic, or seen with the unaided eye.
Dalton did many experiments that provided evidence for the existence of atoms. For example:

 He investigated pressure and other properties of gases, from which he inferred that

gases must consist of tiny, individual particles that are in constant, random motion.

 He researched the properties of compounds,  which are substances that consist  of

more than one element. He showed that a given compound is always comprised of
the same elements in the same whole-number ratio and that different compounds
consist of different elements or ratios. 

Experimental conclusions of Dalton’s theory

 All substances are made of atoms. Atoms are the smallest particles of matter.

They cannot be divided into smaller particles, created, or destroyed.

 All  atoms of  the same element  are  alike and have the same mass.  Atoms of

different elements are different and have different masses.

 Atoms join together to form compounds, and a given compound always consists

of the same kinds of atom in the same proportions.

 Dalton’s  atomic  theory  was  accepted  by  many  scientists  almost  immediately.

Most of it is still accepted today. However, scientists now know that atoms are
not the smallest particles of matter. Atoms consist of several types of smaller
particles, including protons, neutrons, and electrons. 

 For  the  back  story  on  Dalton’s  ideas  about  atoms  and  his  place  in  the  history  of  the  atom:
http://www.youtube.com/watch?v=BhWgv0STLZs
J. J Thompson’s Plum Pudding

John Dalton discovered atoms in 1804. He thought they were the smallest particles of matter, which
could not be broken down into smaller particles.  He envisioned them as solid,  hard spheres.  It
wasn’t  until  1897 that a scientist  named Joseph John (J.  J.) Thomson discovered that there are
smaller  particles  within  the  atom.  Thomson  was  born  in  England  and  studied  at  Cambridge
University, where he later became a professor. In 1906, he won the Nobel Prize in physics for his
research on how gases conduct electricity.

http://www.youtube.com/watch?v=BhWgv0STLZs


Thomson’s experimental set up

In  retrospect,  it  is  difficult  to  appreciate  how  astonishing  it  was  to  find  that  the  atom has  a
substructure. In short, Thomson had discovered the existence of particles smaller than atoms. This
disproved Dalton’s claim that atoms are the smallest particles of matter. Thomson had envisioned
the  atom to  be  a  small  sphere  in  which  equal  amounts  of  positive  and  negative  charge  were
distributed evenly.Thomson himself said, “It was only when I was convinced that the experiment
left no escape from it that I published my belief in the existence of bodies smaller than atoms.”
   What Thomson and Millikan had done was to prove the existence of one substructure of
atoms, the electron, and further to show that it had only a tiny fraction of the mass of an atom. The
nucleus  of  an  atom contains  most  of  its  mass,  and  the  nature  of  the  nucleus  was  completely
unanticipated. 
      Video demonstration of J. J Thomson model 
http://ericsaltchemistry.blogspot.com/2010/10/jj-thomsons-experiments-with-cathode.html.

Thomson also knew that atoms are neutral in electric charge, so he asked the same question: How
can atoms contain negative particles and still be neutral? He hypothesized that the rest of the atom
must be positively charged in order to cancel out the negative charge of the electrons.

 Thomson’s model of the atom:
http://www.youtube.com/watch?v=SZSEnCydeb0
Rutherford’s alpha scattering experiment
Ernest  Rutherford was a student  of J  .  J Thomson. The way Rutherford discovered the atomic
nucleus is a good example of the role of creativity in science. His quest actually began in 1899
when he discovered that some elements give off positively charged particles that can penetrate just
about  anything.  He called  these  particles  alpha  (α)  particles  (we now know they  were  helium
nuclei). He wondered how he could use alpha particles to learn about the structure of the atom. He
decided to aim a beam of alpha particles at a sheet of very thin gold foil. He chose gold because it
can be pounded into sheets that are only 0.00004 cm thick. Surrounding the sheet of gold foil, he
placed a screen that glowed when alpha particles struck it. It would be used to detect the alpha
particles after they passed through the foil. A small slit in the screen allowed the beam of alpha
particles to reach the foil from the particle emitter. Assuming a plum pudding model of the atom,
Rutherford predicted that the areas of positive charge in the gold atoms would deflect, or bend, the
path of all the alpha particles as they passed through.
Rutherford Experimental set up

http://www.youtube.com/watch?v=SZSEnCydeb0
http://ericsaltchemistry.blogspot.com/2010/10/jj-thomsons-experiments-with-cathode.html


 Rutherford alpha scattering experiment- video demonstration:
https://www.youtube.com/watch?v=fNWfYIv2PxA
 PhET simulation- Scattering by Rutherford and Thomson models:
https://phet.colorado.edu/en/simulation/rutherford-scattering

Rutherford’s conclusions

 The positive charge, instead of being distributed thinly and uniformly throughout

the  atom,  was  concentrated  in  a  small  region  called  the  nucleus  which  is
positively charged (radius 10-15 m), and is surrounded at relatively large distances
(radius 10-10 m) by a number of electrons.

 In the natural state, an atom is electrically neutral because the nucleus contains a

number of protons (each with a charge of +e) that equals the number of electrons
(each with a charge of - e). This model of the atom is universally accepted now
and is referred to as the nuclear atom.

The “plum-pudding” model was discredited in 1911. If the plum-pudding model were correct, the
alpha particles would be expected to pass nearly straight through the foil. After all, there is nothing
in  this  model  to  deflect  the  relatively  massive  alpha   particles,  since  the  electrons  have  a
comparatively small mass and the positive charge is spread out in a “diluted” pudding. 
Rutherford himself said,  “It was almost as incredible as if you had fired a fifteen-inch shell at a
piece of tissue and it came back and hit you.”

Rutherford’s planetary model
Based on the size and mass of the nucleus revealed by Thompson’s experiment, as well as the mass
of electrons, Rutherford proposed the planetary model of the atom. The planetary model of the atom
pictures low-mass electrons orbiting a large-mass nucleus. The sizes of the electron orbits are large
compared  with  the  size  of  the  nucleus,  with  mostly  vacuum inside  the  atom.  This  picture  is
analogous to how low-mass planets in our solar system orbit the large-mass Sun at distances large
compared with  the  size  of  the  sun.  In  the  atom,  the  attractive  Coulomb force  is  analogous  to
gravitation in the planetary system.
Activity- the chinese hat 

https://phet.colorado.edu/en/simulation/rutherford-scattering
file:///santosh/Desktop/rie/pac%202016-17/content%20enrichment/system%20of%20particles/%20Rutherford%20alpha%20scattering%20experiment-%20video%20demonstration:https://www.youtube.com/watch%3Fv=fNWfYIv2PxA
file:///santosh/Desktop/rie/pac%202016-17/content%20enrichment/system%20of%20particles/%20Rutherford%20alpha%20scattering%20experiment-%20video%20demonstration:https://www.youtube.com/watch%3Fv=fNWfYIv2PxA


This activity is a physical analogue of the actual alpha particle experiment done by Rutherford.
From this activity, students will get an idea of the trajectory of the alpha particles and how is it
affected in the presence of external potential.

 The ‘Chinese hat’ analogue provides a practical way for students to get a feel for the physics of
alpha-scattering. Roll a marble past the hat to see it deflected. You can change the speed and impact
parameter. Students can change these parameters systematically and observe the effects.
The hat is designed so that, as the slope of the ‘hat’ gets steeper, the component of gravity parallel
to the slope opposing the motion of the ball also gets larger. The actual shape is such that at any
position on the slope a distance r from the centre of the ‘hill’, the component of a particle’s weight
parallel to the slope ~ 1/r2. (Revision of the relationship between 1/r potential and 1/r2 force can be
done here if desired.)

If possible, it’s worth getting several Chinese hats so that students can work with them in small
groups.  (The  ‘hat’ can  also  be  used  when studying gravity.  Turn  it  upside  down to  become a
‘potential well’ so that you can demonstrate orbits, and discuss the difference between bound and
unbound ‘particles’.)

[Trajectory: A trajectory or flight path is the path that a moving object follows through space as a
function of time. The object might be a projectile or a satellite. For example. It can be an orbit—the
path of a planet, an asteroid or a comet as it travels around a central mass.
Impact parameter:  The impact  parameter is  defined as the perpendicular  distance between the
path  of  a  projectile  and  the  center  of  the  field  created  by  an  object  that  the  projectile  is
approaching.]

Total energy of an electron according to Rutherford model (classical picture)
Ref: NCERT Book page number 419 Topic 12.2.2 Electron Orbits

 The mass of a proton is essentially the same as that of a neutron, but 1,840 times greater than the
mass of an electron.



Bohr’s Theory of the Hydrogen Atom 

The great Danish physicist Niels Bohr (1885–1962) made immediate use of Rutherford’s planetary
model of the atom. Bohr became convinced of its validity and spent part of 1912 at Rutherford’s
laboratory. In 1913, after returning to Copenhagen, he began publishing his theory of the simplest
atom, hydrogen, based on the planetary model of the atom. 
Bohr’s picture of an atom had electrons circling the nucleus,  pretty  much as the planets travel
around  the  sun.  But  an  atom  is  not  a  planetary  system,  with  electrons  moving  in  fixed  and
predictable paths. One of the great insights stemming from the development of quantum mechanics
in 1925 is that the laws governing atoms are different from those that are followed by the sun and
the planets.  Bohr’s theory explained the atomic spectrum of hydrogen and established new and
broadly applicable principles in quantum mechanics. Bohr was able to derive the formula for the
hydrogen spectrum using basic physics, the planetary model of the atom, and some very important
new proposals, like:Only certain orbits are allowed: we say that the orbits of electrons in atoms are
quantized.  Each orbit  has a different energy.Electrons can move to a higher orbit  by absorbing
energy and drop to a lower orbit by emitting energy. 
If the orbits are quantized, the amount of energy absorbed or emitted is also quantized, producing
discrete spectra. Photon absorption and emission are among the primary methods of transferring
energy  into  and  out  of  atoms.  The  energies  of  the  photons  are  quantized,  and their  energy  is
explained as being equal to the change in energy of the electron when it moves from one orbit to
another. In equation form, this is
ΔE = hf = Ei − Ef .
Here, ΔE is the change in energy between the initial and final orbits, and hf is the energy of the
absorbed or emitted photon. It is quite logical (that is, expected from our everyday experience) that
energy is involved in changing orbits.

 Absorption  and  Emission  of  radiation  and  excitation  and  de  excitation  of  electron.:
https://upload.ikimedia.org/wikipedia/commons/1/17/Bohr_atm_animation_2.gif
 Bohr  did  what  no one  had been able  to  do  before.  Not  only did  he  explain  the  spectrum of
hydrogen, he correctly calculated the size of the atom from basic physics. Some of his ideas are
broadly applicable. 

 Electron orbital energies are quantized in all atoms and molecules. 

 Angular momentum is quantized. 

 The electrons do not spiral  into the nucleus,  as expected classically (accelerated charges

radiate, so that the electron orbits classically would decay quickly, and the electrons would
sit on the nucleus—matter would collapse).

https://upload.ikimedia.org/wikipedia/commons/1/17/Bohr_atm_animation_2.gif


But there are limits to Bohr’s theory. 

 It cannot be applied to multi electron atoms, even one as simple as a two-electron helium

atom. 

 Bohr’s model is what we call semi classical. The orbits are quantized (non-classical) but are

assumed to be simple circular paths (classical). As quantum mechanics was developed, it
became clear that there are no well-defined orbits; rather, there are clouds of probability. 

 Bohr’s theory also did not explain that some spectral lines are doublets (split into two) when
examined closely. 

 It also does not provide a true picture of the simplest hydrogenic atoms. The true picture is

quantum mechanical  affair  which differs  from Bohr model  in a  number of  fundamental
ways. 

But then if the Bohr model is not strictly correct, why do we bother about it? The reasons which
make Bohr’s model still useful are:

 The model is based on just three postulates but accounts for almost all the general features

of the hydrogen spectrum.

 The model incorporates many of the concepts we have learnt in classical physics.

 The model demonstrates how a theoretical physicist occasionally must quite literally ignore

certain  problems of  approach  in  hopes  of  being  able  to  make  some predictions.  If  the
predictions of the theory or model agree with experiment, a theoretician then must somehow
hope to explain away or rationalise the problems that were ignored along the way.

The orbital picture in Bohr’s model of the hydrogen atom was inconsistent with the uncertainty
principle. It was replaced by modern quantum mechanics in which Bohr’s orbits are regions where
the electron may be found with large probability.
Bohr laid the foundation of the quantum theory by postulating specific orbits in which electrons do
not radiate. Bohr’s model includes only one quantum number n. The new theory called quantum
mechanics supports Bohr’s postulate. However in quantum mechanics (more generally accepted), a
given energy level may not correspond to just one quantum state, a state is characterized by four
quantum numbers (n, l, m, and s).

Inside an atom
When  we  speak  of  objects  too  small  to  be  seen  without  a  microscope,  we  refer  to  them  as
microscopic objects. Atoms, molecules, and their constituents are microscopic, as are most living
cells. 
The nucleus and electrons together form an atom. There is normally one electron in the atom for
each proton in a nucleus, so that the atom is electrically neutral. The realization that nuclei consist
of protons and neutrons had to wait for the discovery of the neutron in 1932.
Each proton has a positive charge and each electron has a negative charge.
Positive charges experience forces away from each other. They repel. The same is true for negative
charges.  But  positive  charges  and negative  charges  attract.  The force of  attraction between the
protons  and  the  electrons,  and  the  force  of  repulsion  between  the  protons,  and  between  the
electrons, are called the electric forces. This is the force responsible for the existence of atoms.
Atoms are so small that 5 million are needed to form a line across the smallest dot. The electrons
have little mass (about 1/1,836 that of nucleons), so atoms have about the same mass as their nuclei.
 Building your own atom:
https://phet.colorado.edu/sims/html/build-an-atom/latest/build-an-atom_en.html

https://phet.colorado.edu/sims/html/build-an-atom/latest/build-an-atom_en.html


 The current theoretical model of the atom involves a dense nucleus surrounded by a probabilistic
"cloud" of electrons.
Spectrum
Many properties of matter and phenomena in nature are directly related to atomic energy levels and
their associated excitations and de-excitations. The color of a rose, the output of a laser, and the
transparency of air are but a few examples.
The color  of  a  material  is  due to  the  ability  of  its  atoms to absorb certain  wavelengths  while
reflecting or reemitting others. A simple red material,  for example a tomato,  absorbs all visible
wavelengths except red.  This is  because the atoms of its  hydrocarbon pigment (lycopene) have
levels separated by a variety of energies corresponding to all visible photon energies except red.
Once excited, an atom or molecule will usually spontaneously de-excite quickly. 
 We know that finger print of every human is unique, similarly spectrum of every atom is unique
and this spectrum which has also helped scientists to discover new elements and elements present in
different compounds. 
What is a spectrum?
A spectrum (plural spectra) is a condition that is not limited to a specific set of values but can vary
infinitely  within  a continuum.  In  the  17th  century  the  word spectrum was  introduced
into optics by Isaac  Newton,  referring  to  the  range  of colors observed  when  white  light
was dispersed through a prism. As scientific understanding of light advanced, it came to apply to the
entire electromagnetic spectrum.
Electromagnetic spectrum refers to the full range of all frequencies of electromagnetic radiation and
also  to  the  characteristic  distribution  of  electromagnetic  radiation  emitted  or  absorbed  by  that
particular  object.  Devices  used  to  measure  an  electromagnetic  spectrum  are
called spectrograph or spectrometer.  The visible  spectrum is  the  part  of  the  electromagnetic
spectrum that can be seen by the human eye.
There can be

 Continuous and Line spectra

When the light emitted by a bulb is viewed through a very fine grating (a series of very fine parallel
lines scratched onto glass, e.g. 300 lines per inch), or is projected through a prism then  bands of
color appear that blend into one another from red to violet ( ROY G BIV ). This spectrum is called a
continuous spectrum – there are no spectral colors missing.
Another device is a gas discharge tube which is made from a glass cylinder filled with a gas at low
pressure. If a high voltage is applied across the electrodes (metal plates at either end of the tube), a
current flows through the tube and causes the tube to glow brightly. When you view a gas discharge
tube through a grating, the colors are strikingly different from the continuous spectra described
above. Depending on the gas that is inside the tube, only a few selected spectral colors appear as
bright  colored  lines.  The whole  series  of  lines  produced by a  particular  gas  is  called  the  line
spectrum of  that  gas (thus a  Hydrogen vapor  discharge tube will  have a spectrum that  is  very
different from that of a Mercury vapor tube

 Emission and Absorption spectra 

https://en.wikipedia.org/wiki/Human_eye
https://en.wikipedia.org/wiki/Visible_spectrum
https://en.wikipedia.org/wiki/Spectrometer
https://en.wikipedia.org/wiki/Spectrograph
https://en.wikipedia.org/wiki/Electromagnetic_radiation
https://en.wikipedia.org/wiki/Electromagnetic_spectrum
https://en.wikipedia.org/wiki/Prism_(optics)
https://en.wikipedia.org/wiki/Dispersion_(optics)
https://en.wikipedia.org/wiki/Color
https://en.wikipedia.org/wiki/Isaac_Newton
https://en.wikipedia.org/wiki/Optics
https://en.wikipedia.org/wiki/Continuum_(theory)


Spectra are produced by thin gases in which the atoms do not experience many collisions (because
of the low density). The emission lines correspond to photons of discrete energies that are emitted
when excited atomic states in the gas make transitions back to lower-lying levels. 

A continuum spectrum results when the gas pressures are higher. Generally, solids, liquids, or dense
gases emit light at all wavelengths when heated. 

An absorption spectrum occurs when light passes through a cold, dilute gas and atoms in the gas
absorb at characteristic frequencies; since the re-emitted light is unlikely to be emitted in the same
direction as the absorbed photon, this gives rise to dark lines (absence of light) in the 

  Emission and absorption spectra: https://www.youtube.com/watch?v=1uPyq63aRvg

Emission + Absorption spectra = Continuous Spectrum

Energy levels 
Energy levels (also called electron shells) are fixed distances from the nucleus of an atom where
electrons  may be  found.  Electrons  are  tiny,  negatively  charged particles  in  an atom that  move
around the positive nucleus at the center. Energy levels are a little like the steps of a staircase. You
can stand on one step or another but not in between the steps. The same goes for electrons. They can
occupy one energy level or another but not the space between energy levels. They can jump from a
lower to the next higher energy level if they absorb this amount of energy. Conversely, if electrons
jump from a higher to a lower energy level, they give off energy, often in the form of light. 

https://www.youtube.com/watch?v=1uPyq63aRvg


A hydrogen atom consists of an electron orbiting its nucleus. The
electromagnetic force between the electron and the nuclear proton
leads to a set of quantum states for the electron, each with its own
energy.  These  states  were  visualized  by  the  Bohr  model  of  the
hydrogen atom as being distinct orbits around the nucleus. Each
energy  state,  or  orbit,  is  designated  by  an  integer,  n.  Spectral
emission  occurs  when an  electron  transitions,  or  jumps,  from a
higher  energy  state  to  a  lower  energy  state.  The  energy  of  an
emitted photon corresponds to the energy difference between the
two states. Because the energy of each state is fixed, the energy
difference between them is fixed,  and the transition will  always
produce a photon with the same energy.
The spectral lines are grouped into series according to n1 (the lower
energy  state).  Lines  are  named  sequentially  starting  from  the

longest wavelength/lowest frequency of the series.

Rydberg formula for hydrogen           
Where

λvac is the wavelength of electromagnetic radiation emitted in vacuum, 
R is the Rydberg constant, (approximately 1.097 x 107 m−1)
n1and n2 are integers greater than or equal to 1 such that n1 < n2, corresponding to the principal
quantum numbers of the orbitals occupied before and after the 'quantum  jump'. 

n1 n2  Series name    Wavelength
1 2 → ∞ Lyman series    91.13 nm (UV)
2 3 → ∞ Balmer series 364.51 nm (Visible)
3 4 → ∞ Paschen series 820.14 nm (IR)
4 5 → ∞ Brackett series 1458.03 nm (Far IR)
5 6 → ∞ Pfund series 2278.17 nm (Far IR)
6 7 → ∞ Humphreys series 3280.56 nm (Far IR)

For  example,  the  2  → 1 line  is  called  "Lyman-alpha"  (Ly-α),  while  the  7  → 3 line  is  called
"Paschen-delta" (Pa-δ).
Lyman series (n1 = 1 and n2 = 2 → ∞)
The series is named after its discoverer, Theodore Lyman, who discovered the spectral lines from
1906–1914. All the wavelengths in the Lyman series are in the ultraviolet band. 
Balmer series (n1 = 2 and n2 = 3 → ∞)
Named after Johann Balmer, who discovered the spectral lines in the year 1885. Balmer lines are
historically  referred to  as  "H-alpha",  "H-beta",  "H-gamma" and so on,  where H is  the element
hydrogen.  Four  of  the  Balmer  lines  are  in  the  technically  "visible"  part  of  the  spectrum,  with
wavelengths longer than 400 nm and shorter than 700 nm. Parts of the Balmer series can be seen in
the  solar  spectrum.  H-alpha  is  an  important  line  used  in  astronomy to  detect  the  presence  of
hydrogen.

https://en.wikipedia.org/wiki/Paschen_series
https://en.wikipedia.org/wiki/Balmer_series
https://en.wikipedia.org/wiki/Lyman_series


Paschen series (Bohr series n1= 3 and n2 = 4 → ∞ )
Named after the German physicist Friedrich Paschen who first observed them in 1908. The Paschen
lines all lie in the infrared band. This series overlaps with the next (Brackett) series, i.e. the shortest
line in the Brackett series has a wavelength that falls among the Paschen series.
Brackett series (n1 = 4 and and n2 = 5 → ∞ )
Named after the American physicist Frederick Sumner Brackett who first observed the spectral lines
in 1922. 
Pfund series (n1 = 5 and n2 = 6 → ∞ )
Experimentally discovered in 1924 by August Herman Pfund.

De-broglie’s  explanation of bohr’s  second postulate of quantisation
Among the Bohr's postulates the most puzzling is his second postulate. It states that the angular
momentum of the electron orbiting around the nucleus is quantized.
 ( Ln = nh/2π; n = 1, 2, 3 …).Then the question arises- Why should the angular momentum have
only those values that are integral multiples of h/2π ? 

 The French physicist  Louis de Broglie explained this puzzle in 1923, ten years after

Bohr proposed his model. Louis de Broglie argued that the electron in its circular orbit,
as proposed by Bohr, must be seen as a particle wave. In analogy to waves travelling on
a string, particle waves too can lead to standing waves under resonant conditions.

 we know that when a string is plucked, a vast number of wavelengths are excited. However
only those wavelengths survive which have nodes at the ends and form the standing wave in
the string.  It  means that  in  a  string,  standing waves are  formed when the total  distance
travelled by a wave down the string and back is one wavelength, two wavelengths, or any
integral number of wavelengths. Waves with other wavelengths interfere with themselves
upon reflection and their amplitudes quickly drop to zero. 



 For  an  electron  moving  in  nth  circular  orbit  of  radius  rn,  the  total  distance  is  the
circumference  of  the  orbit,  2πrn.
Thus   2πrn  =  nλ,  n  =  1,  2,  3...
Bohr’s  model,  involving  classical  trajectory  picture  (planet-like  electron  orbiting  the
nucleus), correctly predicts the gross features of the hydrogenic atoms, in particular, the
frequencies of the radiation emitted or selectively absorbed. 

Limitation :-
(i) The Bohr model is applicable to hydrogenic atoms. It cannot be extended even to mere two
electron atoms such as helium. Difficulty lies in the fact that each electron interacts not only with
the  positively  charged  nucleus  but  also  with  all  other  electrons.  
(ii) While the Bohr’s model correctly predicts the frequencies of the light emitted by hydrogenic
atoms, the model is unable to explain the relative intensities of the frequencies in the spectrum.
Experimental observations depict that some transitions are more favoured than others.

Links:- 1) https://www.youtube.com/watch?v=HGb14BnBaT0
             2) https://www.youtube.com/watch?v=CVboJESJTsc

4. Evaluation

Q  (a) How is a molecule formed? What is the difference between ionic bonds and covalent bonds?
(b)  Explain  why  metals  are  non-transparent  to  electromagnetic  radiations.
(c) If an electron jumps from tenth orbit to the second orbit find the number of spectral lines that
may be emitted.

5. Assignment

Q (a) If the space between the nucleus and the electron in hydrogen atom is supposed to be filled up
by some dielectric of constant 2, then what will be the radius of the orbit of electron corresponding
to  n  =  3,  and  the  velocity  of  electron  corresponding  to  n  =  5?
(b) If an electron moving with 12.09 eV is absorbed by a hydrogen ion, find the energy released by
the ion and how many spectral lines will be emitted if the electron becomes K-shell electron of the
atom?

Q (a) If the number of alpha-particles moving with 5 MeV K.E. scattered in a given direction of 30o

for a target nucleus with Z = 50 is 200, calculate the number of particles moving with 10 MeV K.E.
scattered  in  a  given  direction  of  120o for  a  target  nucleus  with  Z  =  79.
(b) Calculate the ratio of the wavelength of 3rd member of Balmer series to that of 5th member of
Paschen series in hydrogen atom.

Q. (a)  What  do  you  mean  by  radio  isotopes?  Give  their  uses  in  medicine  and  industry.
(b) What is a nuclear reactor? What types of fuel are used in it? What is the function of coolants and
moderators in the reactors?

https://www.youtube.com/watch?v=HGb14BnBaT0


CURRENT ELECTRICITY 
1. Content 

1. Electric current in conductors 
2. Ohm’s law 
3. Drift of Electrons and the Origin of Resistivity 
4. Temperature Dependence of Resistivity 
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2. Key Points 
 
2.1 Electric current in conductors: 

Charges in motion constitute an electric current. Current through a given area 
of a conductor is the net charge passing per unit time through the area.   

There is steady and non-steady current flow.  
To maintain a steady current in a closed circuit, an external agency has to 

move electric charge from lower to higher potential energy.  
The work done per unit charge by the source in taking the charge from lower 

to higher potential energy (i.e., from one terminal of the source to the other) is 
called the electromotive force (emf) of the source.  

Note: emf is not a force; it is the voltage difference between the two terminals 
of a source in open circuit. 

 
For steady current: 

In a given time interval t, let q+ be the net amount of positive charge that 
flows in the forward direction across a given area. Similarly, let q– be the net 
amount of negative charge flowing across the area in the forward direction. Then 
the net amount of charge flowing across the area in the forward direction in the 
time interval t, q = q+ – q– .   

Therefore, for the steady current across the area in the forward direction, 𝑰=
𝒒

𝒕
 

(If it turns out to be a negative number, it implies a current is in the backward 
direction.) 

𝑰=
𝒏𝒆

𝒕
 

Where n is number of charge carriers and e is the charge crossing any section 
of the conductor in time t. 



For non-steady current: 
Let ∆Q be the net charge flowing across a cross-section of a conductor during 

the time interval ∆t between times t and (t + ∆t). Then, the current at time t across 

the cross-section of the conductor is defined as the value of the ratio of ∆Q to ∆t 

in the limit of ∆t tending to zero. 

𝑰 𝒕 =  𝐥𝐢𝐦
∆𝒕→𝟎

∆𝑸

∆𝒕
 

 
Unit of current 

In SI units, the unit of current is ampere (A). 
  

2.2 Ohm’s law 
Ohm’s law: The electric current ‘I’ flowing through a substance is 

proportional to the voltage V across its ends (physical conditions remain 
unchanged). 

 i.e., V ∝ I  
or V = RI, where R is called the resistance of the substance.  

The unit of resistance is ohm: 1Ω = 1 V A
–1 . 

 
Resistance 

The resistance ‘R’ of a conductor depends on its length ‘l’ and constant cross-
sectional area ‘A’ through the relation, 𝑹 =

𝝆𝒍

𝑨
   where ρ, called resistivity is a 

property of the material and depends on temperature and pressure. 
 

 Resistivity  
 Electrical resistivity of substances varies over a very wide range.  
 Metals have low resistivity, in the range of 10–8 Ω m to 10

–6 Ω m.  
 Insulators like glass and rubber have 1022 to 1024times greater 

resistivity.  
 Semiconductors like Si and Ge lie roughly in the middle range of 

resistivity on a logarithmic scale. 
  

Conductance 
Conductance of a conductor is the reciprocal of its resistance 
 

Conductivity 
Conductivity is the reciprocal of resistivity 

 
2.3 Drift of Electrons and the Origin of Resistivity 

In most substances, the carriers of current are electrons; in some cases, for 
example, ionic crystals and electrolytic liquids, positive and negative ions carry the 
electric current. 



Current density ‘j’ gives the amount of charge flowing per second per unit area 
normal to the flow, j = nqvd where ‘n’ is the number density (number per unit volume) 
of charge carriers each of charge q, and vd is the drift velocity of the charge carriers. 
For electrons q = – e. If ‘j’ is normal to a cross-sectional area A and is constant over 
the area, the magnitude of the current I through the area is nevd A. 

Using 𝑬 =
𝑽

𝑰
  ,   I = nevdA and Ohm’s law, 

𝒆𝑬

𝒎
=  𝝆

𝒏𝒆𝟐

𝒎
𝒗𝒅 

The proportionality between the force eE on the electrons in a metal due to the 
external field E and the drift velocity vd (not acceleration) can be understood, if we 
assume that the electrons suffer collisions with ions in the metal, which deflect them 
randomly. If such collisions occur on an average at a time interval τ, vd = aτ = eEτ/m 

where ‘a’ is the acceleration of the electron. This gives 𝝆 =  
𝒎

𝒏𝒆𝟐𝝉
 

 
Drift velocity 

The electrons move with an average velocity which is independent of time, 
although electrons are accelerated.  This is the phenomenon of drift and the velocity is 
called drift velocity.  Drift velocity is defined as the average velocity with which free 
electrons are drifted under the influence of an external electric field. 

 
Mobility 

 Mobility is defined as the magnitude of the drift velocity per unit electric field. 

𝝁 =
𝒆𝝉

𝒎
 

 
2.4 Temperature Dependence of Resistivity 

In the temperature range in which resistivity increases linearly with temperature, 
the temperature coefficient of resistivity ‘α’ is defined as the fractional increase in 
resistivity per unit increase in temperature. 

Resistivity of metallic conductor 𝝆𝑻 = 𝝆𝟎 𝟏 + 𝜶 𝑻 − 𝑻𝟎  .   Where the linear 
coefficient of resistivity 𝜶 =  

𝑹𝟐−𝑹𝟏

𝑹𝟏𝑻−𝑹𝟐𝑻𝟎
 

For insulators and semiconductors, resistivity increases exponentially with 
decreasing temperature.  

Resistivity of insulators and semiconductors, 𝝆𝑻 =  𝝆𝟎𝒆
𝑬𝒈

𝑲𝑻 .  Where 𝐸𝑔    is the 
forbidden energy gap, k is the Boltzmann constant and T is the absolute 
temperature. 
 

2.5 Limitations of Ohm’s Law 
Ohm’s law is obeyed by many substances, but it is not a fundamental law of 

nature.  It fails if (a) V depends on I non-linearly.  
(b) The relation between V and I depends on the sign of V for the same absolute value 
of V.  
(c) The relation between V and I is non-unique.  
 



An example of (a) is when ρ increases with I (even if temperature is kept fixed). A 

rectifier combines features (a) and (b).  GaAs shows the feature (c). 
 

2.6 Cells, emf and internal resistance of the cell 
When a source of emf ε is connected to an external resistance R, the voltage Vext 

across R is given by Vext = IR 
Considering the internal resistance ‘r’ of the source,𝑽𝒆𝒙𝒕 =  

𝜺

𝑹+𝒓
𝑹 

 
Internal resistance of a cell 
 The resistance offered by the electrolyte and electrodes of a cell when the electric 
current flows through it. 
 
Cells in Series and Parallel 

Equivalent emf when cells are connected in series 𝜺𝒆𝒒 = 𝜺𝟏 + 𝜺𝟐 + ⋯+ 𝝐𝒏 
Equivalent internal resistance 𝒓𝒆𝒒 = 𝒓𝟏 + 𝒓𝟐… . . +𝒓𝒏 
 
Equivalent emf when cells are connected in parallel 𝜺𝒆𝒒

𝒓𝒆𝒒
=

𝝐𝟏

𝒓𝟏
+

𝝐𝟐

𝒓𝟐
+

𝝐𝟑

𝒓𝟑
…… . +

𝝐𝒏

𝒓𝒏
 

Equivalent internal resistance  𝟏

𝒓𝒆𝒒
=

𝟏

𝒓𝟏
+

𝟏

𝒓𝟐
+

𝟏

𝒓𝟑
+ ⋯ . .

𝟏

𝒓𝒏
 

 
 

2.7 Combination of Resistors 
(a) Total resistance R of N resistors connected in series is given by 

𝑹 =  𝑹𝟏 + 𝑹𝟏 + 𝑹𝟐 + 𝑹𝟑……𝑹𝑵  
(b) Total resistance R of N resistors connected in parallel is given by 

𝟏

𝑹
=

𝟏

𝑹𝟏
+

𝟏

𝑹𝟐
+

𝟏

𝑹𝟑
+ ⋯ . .

𝟏

𝑹𝑵
 

 
2.8 Kirchhoff’s rules 

(a) Junction Rule: At any junction of circuit elements, the sum of currents entering the 
junction must equal the sum of currents leaving it.  

(b) Loop Rule: The algebraic sum of changes in potential around any closed loop 
must be zero. 

 
2.9 Wheatstone Bridge and Meter Bridge 

The Wheatstone Bridge was introduced and developed by Charles Wheatstone to 
measure values of unknown resistances.  The bridge has four resistors, across one 
pair of diagonally opposites points a source is connected (Battery arm) and between 
the other two, a galvanometer is connected (galvanometer arm). 

𝑹𝟐

𝑹𝟏
=

𝑹𝟒

𝑹𝟑
  (Balance condition for the galvanometer to give zero or null deflection) 



Meter Bridge is based on the principle of Wheatstone bridge and the device is 
used to determine the resistance of an unknown resistor or to compare two unknown 
resistances of resistors. 

Unknown resistance (in terms of known resistance S) 𝑅 =  𝑺
𝒍𝟏

𝟏𝟎𝟎−𝒍𝟏
  

2.10 Potentiometer  
The potentiometer is a device to compare potential differences. Since the method 

involves a condition of no current flow, the device can be used to measure potential 
difference; internal resistance of a cell and compare emf’s of two sources. 

To compare two emf’s of any two sources𝛜𝟏
𝛜𝟐

=
𝐥𝟏

𝐥𝟐
 

To find the internal resistance of a cell𝒓 = 𝑹 
𝒍𝟏

𝒍𝟐
 − 𝟏 

2.11 Electrical Energy and Power 
 Energy dissipated as heat in a conductor W= IVt 

Energy dissipated in unit time (power dissipated) 𝑷 =  𝑰𝟐𝑹 =  
𝑽𝟐

𝑹
 

 
3 Activities  

(Can be conducted either in the laboratory or using the simulations available in the 
Vlab/Olab/PhET.  (Use Ctrl+Click to follow the link provided at the end of each 
activity or double click the icon provided) 
 
3.1  Construct a simple electrical circuit using cell, resistance wires, bulb, ammeter, 

voltmeter etc and find answers to the following questions: 
a. How does the value of the electric current in a circuit depend on the 

properties of the bulb filament or resistor? 
b. What happens when a copper wire is connected directly to both sides of a 

battery?  (Use only simulations) 
c. For a constant amount of resistance, how does the value of the electric 

current depend on the battery voltage? 
d. For the same battery voltage, how does the value of the electric current 

depend on the amount of resistance in the circuit? 
e. How does the length and diameter of resistance wire each influence the 

amount of resistance of the wire? 
http://amrita.olabs.edu.in/?sub=1&brch=6&sim=22&cnt=4 
http://vlab.amrita.edu/index.php?sub=1&brch=75&sim=217&cnt=4                                

circuit-construction-kit-dc_en.jnlp battery-resistor-circuit_en.jnlp  
http://atmosedu.com/222physics/A221physics/AFII/active_figures/AF_2803.html 

http://atmosedu.com/222physics/A221physics/AFII/active_figures/AF_2805.html 

 

3.2  Construct an electrical circuit using the given resistor, ammeter and voltmeter 
to verify Ohm’s law (by simulations or in the laboratory).  Replace the resistor 

http://amrita.olabs.edu.in/?sub=1&brch=6&sim=22&cnt=4
http://vlab.amrita.edu/index.php?sub=1&brch=75&sim=217&cnt=4
http://atmosedu.com/222physics/A221physics/AFII/active_figures/AF_2803.html
http://atmosedu.com/222physics/A221physics/AFII/active_figures/AF_2805.html


using a PN junction diode and prove the limitation of Ohm’s law (in the 
laboratory). 
http://cdac.olabs.edu.in/?sub=74&brch=9&sim=75&cnt=4 
http://amrita.olabs.edu.in/?sub=1&brch=6&sim=22&cnt=4 
http://vlab.amrita.edu/?sub=1&brch=75&sim=217&cnt=4 
http://amrita.olabs.edu.in/?sub=1&brch=6&sim=233&cnt=4 

     circuit-construction-kit-dc_en.jnlp  
 
3.3 Using the circuit constructed in 3.2, determine the resistivity of the given 

resistors (Copper, Nichrome, Gold, Stainless steel, Constantan, Manganin etc 
wires).  Length and radius of the wires are known. 
http://amrita.olabs.edu.in/?sub=1&brch=6&sim=22&cnt=4 

 http://vlab.amrita.edu/?sub=1&brch=75&sim=217&cnt=4 

circuit-construction-kit-dc_en.jnlp  
 

3.4 Make series and parallel combinations of two cells and measure the effective 
emf using a voltmeter or multimeter. 
http://amrita.olabs.edu.in/?sub=1&brch=6&sim=22&cnt=4 
http://vlab.amrita.edu/?sub=1&brch=75&sim=217&cnt=4 
 

3.5 Combine two resistance wires in series and parallel form and verify the series 
and parallel combination of resistors by measuring resistance using a digital 
multimeter (in the laboratory) 
http://amrita.olabs.edu.in/?sub=1&brch=6&sim=150&cnt=735 
http://amrita.olabs.edu.in/?sub=1&brch=6&sim=150&cnt=762 
 

3.6 Construct suitable circuits and verify Kirchhoff’s rules using resistance boxes, 

cell, voltmeter and an ammeter 
http://vlab.amrita.edu/?sub=1&brch=75&sim=217&cnt=4 

circuit-construction-kit-dc_en.jnlp  
3.7 Construct a Wheatstone Bridge using the given resistance boxes, cell, keys and 

galvanometer.  Observe the balance condition. 
http://amrita.olabs.edu.in/?sub=1&brch=6&sim=22&cnt=4 
http://vlab.amrita.edu/index.php?sub=1&brch=75&sim=217&cnt=4                                

circuit-construction-kit-dc_en.jnlp
 

 

http://cdac.olabs.edu.in/?sub=74&brch=9&sim=75&cnt=4
http://amrita.olabs.edu.in/?sub=1&brch=6&sim=22&cnt=4
http://vlab.amrita.edu/?sub=1&brch=75&sim=217&cnt=4
http://amrita.olabs.edu.in/?sub=1&brch=6&sim=233&cnt=4
http://amrita.olabs.edu.in/?sub=1&brch=6&sim=22&cnt=4
http://vlab.amrita.edu/?sub=1&brch=75&sim=217&cnt=4
http://amrita.olabs.edu.in/?sub=1&brch=6&sim=22&cnt=4
http://vlab.amrita.edu/?sub=1&brch=75&sim=217&cnt=4
http://amrita.olabs.edu.in/?sub=1&brch=6&sim=150&cnt=735
http://amrita.olabs.edu.in/?sub=1&brch=6&sim=150&cnt=762
http://vlab.amrita.edu/?sub=1&brch=75&sim=217&cnt=4
http://amrita.olabs.edu.in/?sub=1&brch=6&sim=22&cnt=4
http://vlab.amrita.edu/index.php?sub=1&brch=75&sim=217&cnt=4


3.8 Assemble the circuit using the given Meter Bridge and other circuit elements 
and arrive at the condition for measurement of an unknown resistance. 

 http://amrita.olabs.edu.in/?sub=1&brch=6&sim=150&cnt=735 
http://amrita.olabs.edu.in/?sub=1&brch=6&sim=150&cnt=762 

 
          http://emv-

au.vlabs.ac.in/Temperature_Coefficient_of_Resistance/experiment.html 
3.9 Construct the Potentiometer circuit to compare the emf’s of Daniel and 

Leclanche cells (using simulations and in the laboratory).  Observe the balance 
condition.  Create two situations for an unbalanced condition (in the 
laboratory). 
http://amrita.olabs.edu.in/?sub=1&brch=6&sim=231&cnt=4 

 
3.10 Construct the Potentiometer circuit to determine the internal resistance of a cell   

http://amrita.olabs.edu.in/?sub=1&brch=6&sim=147&cnt=4 
 

4 Evaluation 
4.1 Is emf a force or some other physical quantity? 
4.1 Why do we use copper wires as connecting wires? 
4.2 A wire is carrying a steady current. Is it charged? Why? 
4.3 Light from a bathroom bulb gets dimmer for a moment when geiser is switched 

on.  Why? 
4.4 Why is the terminal voltage of cell less than its emf? 
4.5 It is easier to start a vehicle on a warm day than on cold day.  Why? 
4.6 Why copper wire is not used in potentiometer? 
4.7 Make a comparison of potentiometer and voltmeter 

5 Project 
5.1 Construct a potentiometer using nichrome wire (10 line each 1m length )   

6 Assignment 

6.1 A wire of resistance R is cut into five equal pieces. These five pieces of wire are 
then connected in parallel. What is the equivalent resistance of this combination in 
terms of the original resistance R? 

6.2 Two wires of equal lengths, one of aluminium and the other of copper have the 
same resistance. Which of the two wires is lighter?  Hence explain which wire is 
preferred for overhead cables. Given resistivity of aluminium and copper is    
2.63x10-8 Ωm and 1.72x10

-8 Ωm 
7   Reference  
      NCERT text books 

http://www.ncert.nic.in/ 
http://amrita.olabs.edu.in/ 
http://vlab.co.in/ 
https://phet.colorado.edu/en/simulations/category/physics 
https://phet.colorado.edu/en/offline-access 

http://amrita.olabs.edu.in/?sub=1&brch=6&sim=150&cnt=735
http://amrita.olabs.edu.in/?sub=1&brch=6&sim=150&cnt=762
http://emv-au.vlabs.ac.in/Temperature_Coefficient_of_Resistance/experiment.html
http://emv-au.vlabs.ac.in/Temperature_Coefficient_of_Resistance/experiment.html
http://amrita.olabs.edu.in/?sub=1&brch=6&sim=231&cnt=4
http://amrita.olabs.edu.in/?sub=1&brch=6&sim=147&cnt=4
http://www.ncert.nic.in/
http://amrita.olabs.edu.in/
http://vlab.co.in/
https://phet.colorado.edu/en/simulations/category/physics
https://phet.colorado.edu/en/offline-access


MOVING CHARGES AND MAGNETISM 

1. Content 

1.1  Introduction  
1.2 Magnetic force 
1.3 Magnetic force on a current-carrying conductor 
1.4 Motion of a charge in a magnetic field 
1.5 Motion in combined electric and magnetic Fields 
1.6  Magnetic field due to a current element, Biot-Savart law 
1.7 Magnetic field on the axis of a circular Current loop 
1.8  Ampere’s circuital law 
1.9  The solenoid and the toroid 
1.10 Force between two parallel currents 
1.11  Torque on current loop, magnetic dipole 
1.12  The magnetic dipole moment of a revolving electron 
1.13 The moving coil galvanometer 
 

2. Key Points 
2.1 Introduction  

Electrostatic field lines originate at a positive charge and terminate at a negative 
charge or fade at infinity. Magnetic field lines always form closed loops. Source of a 
magnetic field is a moving charge.   

Note: Steady currents (which do not vary with time) are under consideration in 
this section. 

 
2.2 Magnetic force 

The total force on a charge q moving with velocity v in the presence of magnetic 
and electric fields B and E, respectively is called the Lorentz force. It is given by the 
expression:   𝐹 =  𝐹 𝐸 + 𝐹 𝑀  

𝐹  = q (𝑣  × 𝐵  + 𝐸  ) 
Magnetic Lorentz force𝐹 𝑀  = q (𝑣 × 𝐵  ) 

2.3 Magnetic force on a current-carrying conductor 
A straight conductor of length 𝑙 and carrying a steady current 𝐼 experiences a force 

𝐹 in a uniform external magnetic field B, 𝑭    =  𝑰 𝒍  ×  𝑩    
where|𝑙 | = 𝑙 and the direction of 𝑙 is given by the direction of the current. 
 

2.4 Motion of a charge in a magnetic field 
The particle will describe a circle if v and B are perpendicular to each other.  If 

velocity has a component along B, this component remains unchanged as the motion 
along the magnetic field will not be affected by the magnetic field. The motion in a 
plane perpendicular to B is as before a circular one, thereby producing a helical 
motion. 

 



2.5 Motion in combined electric and magnetic Fields 
Velocity selector 

𝑭    =  𝒒 (𝑬    +  𝒗    ×  𝑩   )  =  𝑭   𝑬  +  𝑭   𝑩 
𝑭   𝑬 = 𝒒𝑬𝒋  

𝑭   𝑩 = 𝒒 ( 𝒗     ×  𝑩   )  =  𝒒 𝒗𝒊  𝐱 𝑩 𝒌      =  −𝒒𝒗𝑩 𝒋  
𝑭 = 𝒒 𝑬 − 𝒗𝑩 𝒋  

This total force on the charge is made zero by applying 𝑬    and 𝐵   in mutually 
perpendicular suitable directions and the charge will move in the fields undeflected. 
This happens when 𝒒𝑬 = 𝒒𝒗𝑩  or 𝒗 =  

𝑬

𝑩
 

 
Cyclotron 

The cyclotron is a machine to accelerate charged particles or ions to high energies. 
The cyclotron uses both electric and magnetic fields in combination to increase the 
energy of charged particles.  As the fields are perpendicular to each other they are 
called crossed fields.  

In a uniform magnetic field B, a charge q executes a circular orbit in a plane 
normal to B. Its frequency of uniform circular motion is called the cyclotron 
frequency and is given by: 

𝝂𝒄 =
𝒒𝑩

𝟐𝝅𝒎
 

This frequency is independent of the particle’s speed and radius. This fact is 
exploited in a machine, the cyclotron, which is used to accelerate charged particles. 

Kinetic energy of the ions  𝟏
𝟐
𝒎𝒗𝟐 =  

𝒒𝟐𝑩𝟐𝑹𝟐

𝟐𝒎
 

Note: Magnetic force does no work 
 

2.6 Magnetic field due to a current element, Biot-Savart law 
The Biot-Savart law asserts that the magnetic field dB due to an element dl 

carrying a steady current I at a point P at a distance r from the current element is: 

𝒅𝑩       =  
𝝁𝟎

𝟒𝝅
𝑰 
𝒅𝒍     𝐱𝒓  

𝒓𝟑
 

To obtain the total field at a point, we must integrate this vector expression over 
the entire length of the conductor. 

 
2.7 Magnetic field on the axis of a circular Current loop 

 
The magnitude of the magnetic field due to a circular coil of radius R carrying a 

current 𝐼 at an axial distance x from the centre (using Biot-Savart law) is 

𝑩 =
𝝁𝟎𝑰𝑹

𝟐

𝟐 𝒙𝟐 + 𝑹𝟐 
𝟑

𝟐 
 

 
At the centre this reduces to 𝑩 =

𝝁𝟎𝑰

𝟐𝑹
 



Circular current loop with infinitesimally small radius can be considered as a 
magnetic dipole 
 
2.8 Ampere’s circuital law 

Let an open surface S be bounded by a loop C. Then the Ampere’s law states that  

 𝐁   . 𝐝𝐥    = 𝛍𝟎𝐈  where 𝐼 refers to the current passing through S.  
The sign of 𝐼 is determined from the right-hand rule.  
Ampere’s Circuital law is not independent of the Biot-Savart law. It can be 

derived from the Biot-Savart law. Its relationship to the Biot-Savart law is similar to 
the relationship between Gauss’s law and Coulomb’s law. 

 
Simplified form of this law: 

If B is directed along the tangent to every point on the perimeter L of a closed 
curve and is constant in magnitude along perimeter then, 𝑩𝑳 = 𝝁𝟎𝑰𝒆 where 𝐼𝑒the net 
current enclosed by the closed circuit. 
The magnitude of the magnetic field at a distance R from a long, straight wire 
carrying a current I is given by: 

𝑩 =
𝝁𝟎𝑰

𝟐𝝅𝑹
 

The field lines are circles concentric with the wire. 
2.9 The solenoid and the toroid 

Solenoid is a long insulated wire wound closely and uniformly over a non-
magnetic hollow cylinder. 

Toroidal solenoid is a hollow circular tube with a large number of turns of a wire 
would on it. 

The magnitude of the field B inside a long solenoid carrying a current I is 
 B = μ

0
nI.  Where n is the number of turns per unit length. 

For a toroid 𝑩 =
𝝁𝟎𝑵𝑰

𝟐𝝅𝒓
  where N is the total number of turns and r is the average 

radius. 
 
2.10 Force between two parallel currents 

Parallel currents attract and anti-parallel currents repel. 
Force per unit length on a conductor when two thin parallel infinitely long current 
carrying conductors are separated by a distance ‘r ’is 𝐟 =

𝛍𝟎𝐈𝟏𝐈𝟐

𝟐𝛑𝐫
 

 
2.11 Torque on current loop, magnetic dipole 

Torque on a rectangular current loop in a uniform magnetic field 
A planar loop carrying a current I, having N closely wound turns, and an area A 

possesses a magnetic moment m where,  𝒎        =  𝑵  𝑰 𝑨     and the direction of m is given 
by the right-hand thumb rule: Curl the palm of your right hand along the loop with 
the fingers pointing in the direction of the current. The thumb sticking out gives the 



direction of m (and A) When this loop is placed in a uniform magnetic field B, the 
force F on it is: F = 0 
And the torque on it is, 

𝝉   =  𝒎     ×  𝑩    
In a moving coil galvanometer, this torque is balanced by a counter-torque due to 

a spring, yielding 𝒌𝝋  =  𝑵𝑰 𝑨𝑩 , where φ is the equilibrium deflection and k the 

torsion constant of the spring. 
2.12 The magnetic dipole moment of a revolving electron 

An electron moving around the central nucleus has a magnetic momentµ
𝑙 
given 

by: 

𝛍𝐥=
𝐞

𝟐𝐦
𝐥 

Where 𝑙 is the magnitude of the angular momentum of the circulating electron about 
the central nucleus. 
The smallest value of µ

𝑙 
is called the Bohr magneton µ

𝐵  
and it is µ

𝐵
 = 9.27×10–24J/T 

2.13 The moving coil galvanometer 
A current carrying rectangular coil placed in a magnetic field experiences a torque 

which is proportional to the strength of the current passing through it. 
𝝉 =  𝑵𝑰 𝑨𝑩 

𝒌𝝋  =  𝑵𝑰 𝑨𝑩 

𝝓 =  
𝑵𝑨𝑩

𝑲
 𝑰 

Current sensitivity of the galvanometer is the deflection per unit current. 
Voltage sensitivity is the deflection per unit voltage. 

A moving coil galvanometer can be converted into a ammeter by introducing a 
shunt resistance rs, of small value in parallel. It can be converted into a voltmeter by 
introducing a resistance of a large value in series. 

3 Activities 
(Can be conducted either in the laboratory or using the simulations available in the 
Vlab/Olab/PhET.  (Use Ctrl+Click to follow the link provided at the end of each 
activity or double click the icon provided) 
 
3.1 Moving charges produce a magnetic field.  Place a compass needle near a current 

carrying wire. State your observations when (a) the magnitude of the current is 
increased and (b) direction flow of electric current is changed (Oertsted’s 

experiment)  

Oersted's Experiment.mp4  
 

3.2 Draw the magnetic lines of force around a bar magnet following the simulation 

magnet-and-compass_en.jnlp  



http://atmosedu.com/222physics/A221physics/AFII/active_figures/AF_2901.html 
 

3.3 Construct an electrical circuit with a certain portion of conducting wire in the 
form of a coil.  Use a bar magnet and check whether it attracts/repels the current 
carrying wire or not.  Reason out. 
 

3.4 Using ICT, observe the force on a moving charge in magnetic field (parallel and 
inclined to the magnetic field). 

Motion of a Charged Particle in a Magnetic field.mp4  
http://atmosedu.com/222physics/A221physics/AFII/active_figures/AF_2907.html 
[When the velocity of a charged particle is perpendicular to a uniform magnetic field, 
the particle moves in a circular path as shown in the initial conditions of this animation. 
The magnetic force acting on the charge is always directed toward the center of the 
circle.] 
http://atmosedu.com/222physics/A221physics/AFII/active_figures/AF_2908.html 
 
[If a charged particle moves in a uniform magnetic field with its velocity at some 
arbitrary angle with respect to that field, its path is a helix, as shown in this animation. 
Here we have views of the same particle from four different angles: (1) the three 
dimensional view, (2) the projection of the motion on the xy plane, (3) the projection of 
the motion on the xz plane, and (4) the projection of the motion on the yz plane] 
 

3.5 Discuss the possibilities of detecting the presence of electric and magnetic fields 
using the total Lorentz force on a charge/moving charge. 

Rules for Determining the Direction of the Magnetic Field.mp4  
 

3.6 Demonstrate the pattern of magnetic field (magnetic field lines) around a straight 
current carrying conductor (thick one). Fix the thick wire through the hole in a 
cardboard and pass direct current through it. Spread iron filings on the 
cardboard.  Gently tap the cardboard and observe the patterns formed. 
http://cdac.olabs.edu.in/?sub=74&brch=9&sim=90&cnt=4 
http://atmosedu.com/222physics/A221physics/AFII/active_figures/AF_3010.html 
 

Magnetic Field of a Wire.mp4   
 

3.7 Pass a metallic coil (copper) through the two holes of a cardboard in such a way 
that half the loop is above and other half is below it (normal to the plane of the 
cardboard). Sprinkle iron filings on the cardboard uniformly.  Make an electrical 
circuit and pass direct current through the coil.  Tap gently on the cardboard and 

http://atmosedu.com/222physics/A221physics/AFII/active_figures/AF_2901.html
http://atmosedu.com/222physics/A221physics/AFII/active_figures/AF_2907.html
http://atmosedu.com/222physics/A221physics/AFII/active_figures/AF_2908.html
http://cdac.olabs.edu.in/?sub=74&brch=9&sim=90&cnt=4
http://atmosedu.com/222physics/A221physics/AFII/active_figures/AF_3010.html


observe the magnetic field lines formed. Observe the nature of the lines close to 
the axis and away from it. 
http://cdac.olabs.edu.in/?sub=74&brch=9&sim=91&cnt=4 

Magnetic Field Due to a Current in a Circular Coil.mp4  
3.8 As in 3.6, construct a solenoid in place of the coil in such a way that cardboard 

lies in the axis of the solenoid (Make holes along two parallel lines on the 
cardboard and insert the wire in the form of circular coils).  Observe the patterns 
when current is flowing through the solenoid. 
Construct a solenoid and check the magnetic polarities of it using another given 
magnet. 
http://cdac.olabs.edu.in/?sub=74&brch=9&sim=75&cnt=4 

Magnetic Field Due to a Current Carrying Solenoid.mp4  
3.9 A current carrying conductor experiences a force in a magnetic field. Set up an 

activity to demonstrate the same using strong horse shoe magnets, aluminium 
rod as conductor, cell etc.  Construct the circuit in such a way that the aluminium 
rod is held suspended freely in between the poles of the magnet. Make 
observations by changing the strength of the current, its direction of flow etc. 
http://cdac.olabs.edu.in/?sub=74&brch=9&sim=241&cnt=4 

Fleming's Left Hand Rule.mp4  
3.10 Observe the force between two current carrying conductors and make inferences 

http://atmosedu.com/222physics/A221physics/AFII/active_figures/AF_3008.html 
 

3.11 Using ICT observe and analyse the working of a velocity selector. 
http://atmosedu.com/222physics/A221physics/AFII/active_figures/AF_2912.html 
http://atmosedu.com/222physics/A221physics/AFII/active_figures/AF_2913.html 
[mass spectrometer] 

3.12 Using ICT observe the working of a cyclotron. 

Cyclotron.mp4  
3.13 Construct a still model for the diagram for determining the magnetic field due to 

a circular current carrying conductor using Biot-Savart law. 
3.14 Construct a still model of Cyclotron. 
3.15 Prove Ampere’s circuital law by finding the line integration of magnetic field 

due to an infinitely long straight current carrying conductor. 
3.16 Show mathematically that magnetic field does no work. 
3.17 Magnetic field is present only along the axis of an infinitely long solenoid.  

Prove it mathematically. 

http://cdac.olabs.edu.in/?sub=74&brch=9&sim=91&cnt=4
http://cdac.olabs.edu.in/?sub=74&brch=9&sim=75&cnt=4
http://cdac.olabs.edu.in/?sub=74&brch=9&sim=241&cnt=4
http://atmosedu.com/222physics/A221physics/AFII/active_figures/AF_3008.html
http://atmosedu.com/222physics/A221physics/AFII/active_figures/AF_2912.html
http://atmosedu.com/222physics/A221physics/AFII/active_figures/AF_2913.html


3.18 Freely suspend a rectangular conductor in a permanent magnetic field and then 
send current through it. Observe the rotational effect (torque). 
http://atmosedu.com/222physics/A221physics/AFII/active_figures/AF_2921.html 
http://atmosedu.com/222physics/A221physics/AFII/active_figures/AF_3020.html 
[The flux through the plane is zero when the magnetic field is parallel to the plane 
surface. The flux is a maximum when the magnetic field is perpendicular to the plane] 

Moving Coil Suspended Type Galvanometer.mp4  
4 Evaluation 

4.1 Why does a current carrying conductor experience a force in a magnetic field? 

4.2 Why do two straight parallel wires, carrying currents in opposite directions, repel 
each other? 

4.3 No force is experienced by a stationary charge in a magnetic field. Why? 

4.4 What are the limitations of a cyclotron? 

4.5 When a charged particle moves in a magnetic field does its KE always remain 
constant? 

4.6  An electron beam is deflected in a given field.  How will you detect whether the 
given field is a uniform magnetic field or a uniform electric field? 

4.7 Can neutrons be accelerated by cyclotrons? 

4.8 The wires with equal and opposite currents are twisted together.  Why? 

4.9 A current carrying loop of irregular shape is located in an external magnetic field.  
If the wire is flexible, why does it become circular? 

5 Project 
5.1 Construct a simple moving coil galvanometer  

6 Assignment 
6.1 A long straight wire in the horizontal plane carries a current of 5 A in north to south 

direction. Determine the magnitude and direction of B at a point 2.5 m east of the 
wire. 

6.2 Calculate the torque on 100 turn rectangular coil of length 40cm and breadth 20 cm, 
carrying a current of 10 A, when placed making an angle of 600 with a magnetic field 
of 5 T.  

7 Reference 
NCERT text books 
http://www.ncert.nic.in/ 
http://amrita.olabs.edu.in/ 
http://vlab.co.in/ 
https://phet.colorado.edu/en/simulations/category/physics 
https://phet.colorado.edu/en/offline-access 
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