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Course Title:  Physics-I, Electricity, 

Magnetism & Properties of Matter

Rationale: This courseis basicphysicsin the field of

Electricity, Magnetism & Properties of Matter. The

course will emphasizethe fundamentalconcepts,and

theories and solve quantitative problems that can be

applicableto awide spectrumof engineeringdisciplines.
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CourseCredit : 3

CourseCode: PHY 0533-1101

Class: 17Weeks(2 Lectureperweek,Total= 34)

CIE Marks: 90

SEE Marks: 60

Total Marks: 150

Total: 26 weekspersemester

Exam/ Result: 06 weeks

Holiday/ Leave: 3 weeks



Assessment Pattern

Continuous Internal 

Evaluation (CIE 90 

marks)
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Blooms 

Category  

Test

(Out 

of 45)

Assignment

s

(15)

Quiz

(15)

Co-curricular 

Activities (15)

Remember 05 5

Attendance 

15

Understand 05

Apply 10

Analysis 8 7 10

Evaluate 7 8

Create 10



Test

(Out of 60)

10

10

10

10

10

10

Assessment Pattern

SemesterEnd Examination (SEE60)
5



Grading 

System:
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Reference Books for Electricity & 
Magnetism; Properties of Matter

1. Principles of 
Physics by 

David 
Halliday, Jearl 
Walker, and 

Robert Resnick

2. Concepts of 
Modern 

Physics by 
Arthur Beiser

3. Introduction 
to Solid State 
Physics by 

Charles Kittel

4. The 
Feynman 

Lectures on 
Physics, Vol. I: 
by Richard P. 

Feynman, 
Robert B. 

Leighton, and 
Matthew Sands

5. Matter and 
Interactions by 

Ruth W. 
Chabayand 

Bruce A. 
Sherwood

6. Physical 
Chemistry by 
Peter Atkins 
and Julio de 

Paula 



Courselearningoutcomes(CLO): After successfulcompletionof all thecoursesstudentswill

beableto
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CLO1: 

Knowing about 

different basic 

parameters in the field 

of Electricity, 

Magnetism & 

Properties of  Matter.

CLO2: 

Explaining and 

analyzing different 

theories and formulas 

for Vector, Wave, 

Simple harmonic 

oscillator, Elasticity, 

Gravity, Fluid 

Mechanics, Electricity, 

and Magnetism, etc.

CLO3:

Solving 

quantitative 

problems in the 

fields of Vector, 

Wave, Simple 

harmonic oscillator, 

Elasticity, Gravity, 

Fluid Mechanics, 

Electricity and 

Magnetism, etc.

CLO4: 

Discover 

different types of 

devices and 

analyze different 

material 

properties based 

on the theories 

of physics.  
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SL. Content of Courses Hrs CLOôs

1 Vector addition, Vector subtraction, Unit vector, Applications of Vector, wave, 

Types of Wave, Doppler Effect, Simple harmonic Oscillator Energy of the 

oscillator, Topic Related Problems.

8 CLO1, CLO3

2 Elasticity, Stress, Strain, Hook's Law, Elastic Modulus, 

Pascal's law, Buoyant force, Archimedes Principle, Continuity Equation, 

Bernoulli's Equation, Topic Related Problems.

10 CLO2, CLO3

3 Conductor, Insulator, Semiconductor, Coulombôs Law, Electric Field, Electric 

Field lines, Electric Flux, Electric Potential Energy, Capacitor and Capacitance, 

Dielectrics, Gauss's Law, Topic Related Problems

8 CLO3, CLO4

4 Magnetism, Magnetic force on a conductor, the Hall effect, 

The Biot-Savart Law, Ampere's Law, Topic Related Problems, review and 

Discussion 

8 CLO3, CLO4
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No. Course Outcome

CLO1 Knowing aboutdifferentbasicparametersin thefield of Electricity,Magnetism& Propertiesof Matter.

CLO2 Explainingandanalyzingdifferent theoriesandformulasfor Vector,Wave,Simpleharmonicoscillator,

Elasticity,Gravity,Fluid Mechanics,Electricity,andMagnetismetc.

CLO3 Apply problem-solving techniquesto quantitativeproblemsin the areasof electricity, magnetism,and

themechanicalbehaviorof materials.

CLO4 Explore and evaluateelectrical circuits, magneticsystems,and material propertiesusing theoretical

conceptsandexperimentalmethods.
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Week Topics
Teaching and 

Learning Strategy
Assignment Strategy

Corresponding 

CLOs

1 Vector addition, Vector subtraction, 

Unit vector and

Applications of Vector

Vectors Problems.

Lecture, Oral 

Presentation, Video, 

presentation

Quiz, Assignment, and 

Written Exam, PresentationCLO1, CLO3

2 Simple harmonic Oscillator 

The energy of the oscillator, , 

Doppler effect,

SHO-related Topic Related Problems.

Lecture, Oral 

Presentation, 

Quiz, Assignment, and 

Written Exam

CLO1, CLO3

3 Elasticity, Stress, Strain

Hooke's Law, Elastic Modulus, 

Poissonôs ratio.

Lecture, Oral 

Presentation

Quiz, Assignment, Written 

Exam, and Discussion

CLO1, CLO2
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Week Topics
Teaching and Learning 

Strategy
Assignment Strategy

Correspondin

g CLOs

4 Newton's Law of Universal Gravitation, 

Keplerôs Law, and the motion of 

Planets, Topic Related Problems.

Lecture, Oral 

Presentation, Video 

presentation.

Quiz, Assignment, and 

Written Exam, 

CLO1, 

CLO3

5 Energy consideration of the Planetary 

and satellite motion,

Topic Related Problems

Lecture, Oral 

Presentation, 

Quiz, Assignment, and 

Written Exam

CLO2, 

CLO3

6 Pascal's Law, Archimedes Principle, 

Torricelli experiment, Fluid Dynamics, 

Topic Related Problems, 

Lecture, Oral 

Presentation

Quiz, Assignment, 

Written Exam, and 

Discussion

CLO3, 

CLO4
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Week Topics
Teaching and Learning 

Strategy
Assignment Strategy

Corresponding 

CLOs

7 Ideal fluid and Bernoulliôs Principle

Continuity Equation, Topic Related 

problems, 

Lecture, Oral 

Presentation, 

Quiz, and Written 

Exam, 

CLO1, CLO3

8 Band Theory, Conductor, Insulator, 

Semiconductor, Coulombôs Law,

Electric Field, Electric Field lines,

Lecture, Oral 

Presentation, 

Quiz, Assignment, 

and Written Exam

CLO2, CLO3

9 Electric Flux, Electric Potential Energy, 

Capacitor and Capacitance, Topic 

Related problems

Lecture, Oral 

Presentation

Quiz, and Written 

Exam

CLO1, CLO2

10 Dielectrics and piezoelectricity, 

Kirchhoff's Current Law (KCL), 

Kirchhoff's Voltage Law (KVL),  Topic 

Related problems

Lecture, Oral 

Presentation and Video 

presentation

Quiz, and Written 

Exam

CLO1, CLO2
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Week Topics

Teaching and Learning 

Strategy Assignment Strategy

Corresponding 

CLOs

11 Gauss's Law, Magnetism, 

Magnetic force on a conductor, 

Magnetism related problems

Lecture, Oral Presentation, 

Video presentation.

Quiz, Assignment, and 

Written Exam, 

CLO3, CLO4

12 Magnetic Domains and 

Hysteresis:

Origin of magnetism, 

Lecture, Oral Presentation, Quiz, and Written Exam CLO2, CLO3

13 Different types of magnetism

Hall effect,

Topic Related Problems

Lecture, Oral PresentationQuiz, and Written Exam

14 The Biot-Savart Law, Ampere's 

Law

Topic Related Problems.

Lecture, Oral Presentation 

and video presentation

Quiz, and Written Exam CLO1, CLO2
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Week Topics Teaching and Learning 

Strategy

Assignment Strategy Correspondin

g CLOs

15 Maxwell's fundamental laws, 

Topic Related Problems.

Lecture, Oral 

Presentation, Video 

presentation.

Quiz, Assignment, and 

Written Exam, 

CLO1, CLO3

16 Review and discussion class Lecture, Oral 

Presentation, 

Quiz CLO3

17 Review and discussion class Lecture, Oral 

Presentation, 

Quiz CLO3
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1ST WEEK TOPIC: PROPERTIES 
OF MATTER:

PHYSICAL 
QUANTITY,

VECTOR 
ANALYSIS,

TOPIC 
RELATED 

MATH

PAGE: 16- 37



× What is Matter

Matter is definedasanythingthathasmassandoccupiesspace. It is composedof particles,primarily

atomsandmolecules,whichhavemassandvolume.

× What is PhysicalQuantity?

Thephysicalquantitiesin physicsarewhatwecanmeasureor sensein anobjector aphenomenon.

Physicalquantitiescanbecategorizedinto two maintypes: scalarandvectorquantities. Additionally,

therearederivedquantitiesandfundamentalquantities.

1. ScalarQuantities:

Scalarquantitiesaredescribedby their magnitudeonly, without any associateddirection. They are

fully characterizedby anumericalvalueandaunit. Examplesof scalarquantities

Mass(e.g., 5 kg),Temperature(e.g., 30°C), Time (e.g., 10seconds),Energy(e.g., 200joules)

17
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SupposeSamstartsfrom his front door, walks

acrossthe street, and ends up 200 ft to the

northeast of where he started. Samôs

displacementis a vector quantity. But, Samôs

actualpathis aScalarquantity.

2. Vector Quantities:

Vectorquantitieshavebothmagnitudeanddirection,andtheyfollow therulesof vectoralgebra. Vectorquantities

arerepresentedby arrows,wherethe lengthof thearrowrepresentsthemagnitude,andthedirectionof thearrow

representsthedirectionof thevector. Examplesof vectorquantitiesinclude:

ÅDisplacement(e.g., 10meterseast)

ÅVelocity (e.g., 20m/snorth)

ÅForce(e.g., 50Newtonsupward)

ÅDisplacement

19



Some Properties of Vectors

ÅEquality of Two Vectors

These four vectors are equal because they have equal

lengths and point in the same direction.

ÅAdding Vectors

ÅSubtracting Vectors

5

20



Unit Vectors
A unit vector is a dimensionless vector
having a magnitude of exactly 1. Unit
vectors are used to specify a given
direction and have no other physical
significance.

We shall use the symbols Ὥ, Ὦand Ὧto
represent unit vectors pointing in the

respectively.

6
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**Real-Life Applications of

Vector-RelatedPhenomena**



× What is the Parallelogram Law of Vector Addition?

The parallelogramlaw of vectoraddition is the processof addingvectorsgeometrically. This law says,"Two

vectorscanbe arrangedasadjacentsidesof a parallelogramsuchthat their tails attachwith eachotherandthe

sumof thetwo vectorsis equalto thediagonalof theparallelogramwhosetail is thesameasthetwo vectors.

ConsiderthevectorsPandQ in thefigurebelow. To find theirsum:

Step1: Draw thevectorsPandQ suchthattheir tails toucheachother.

Step2: Completetheparallelogramby drawingtheothertwo sides.

Step3: Thediagonalof theparallelogramthathasthesametail asthevectorsPandQ representsthesumof the

two vectors. i.e., P+ Q = R. Here,the vectorRis calledthe resultantvector(of PandQ).

24



Ç Parallelogram Law of Vector Addition Proof:

Now, to provetheformulaof theparallelogramlaw, we considertwo vectorsP andQ representedby the

two adjacentsidesOB and OA of the parallelogramOBCA, respectively. The anglebetweenthe two

vectorsisɗ. Thesumof thesetwo vectorsis representedby thediagonaldrawnfrom thesamevertexO of

theparallelogram,theresultantsumvectorR whichmakesanangleɓwith thevectorP.

ExtendthevectorP till D suchthatCD is perpendicularto OD. SinceOB is parallelto AC, thereforethe

angleAOB is equalto the angleCAD astheyarecorrespondingangles, i.e., angleCAD = ɗ. Now, first,

wewill derivetheformulafor themagnitudeof theresultantvectorR (sideOC). Notethat

Å|P| = P

Å|Q| = Q

Å|R| = R

25



In right-angled triangle OCD,

byPythagorasôtheorem, wehave

OC2 = OD2 + DC2

ᵼOC2 = (OA + AD)2 + DC2 --- (1)

In theright triangleCAD, wehave

cosɗ= AD/AC andsinɗ= DC/AC

ᵼAD = AC cosɗandDC = AC sinɗ

ᵼAD = Q cosɗandDC = Q sinɗ--- (2)

Substituting values from (2) in (1), we have

R2 = (P + Q cos ɗ)2 + (Q sin ɗ)2

ᵼR2 = P2 + Q2cos2ɗ + 2PQ cos ɗ + Q2sin2ɗ

ᵼR2 = P2 + 2PQ cos ɗ + Q2(cos2ɗ + sin2ɗ)

ᵼR2 = P2 + 2PQ cos ɗ + Q2 [cos2ɗ + sin2ɗ = 1]

ᵼR = ã(P2 + 2PQ cos ɗ + Q2) 

The magnitude of the resultant vectorR.

Next, we will determine the direction of the 

resultant vector. We have in the right triangle 

ODC,

tan ɓ = DC/OD

ᵼ tan ɓ = Q sin ɗ/(OA + AD) [From (2)]

ᵼ tan ɓ = Q sin ɗ/(P + Q cos ɗ) [From (2)]

ᵼɓ = tan-1[
(Qsinɗ
P+Qcosɗ

Ÿ Direction of the resultant vectorR

26



× SpecialCasesof Parallelogram Law of Vector Addition

Now, we know theformulato determinethemagnitudeanddirectionof thesumof thetwo vectors. Let

usconsidera few specialcasesandsubstitutethevaluesin theformula:

ü When the Two Vectorsare Parallel (SameDirection)

If vectors P and Q are parallel, then we have ɗ= 0Á. Substituting this in the formula of the

parallelogramlaw of vectors,wehave

|R| = R =ã(P2 + 2PQcos0 + Q2)

= ã(P2 + 2PQ+ Q2) [Becausecos0 = 1]

=ã(P+ Q)2

= P+ Q

ɓ= tan-1[(Q sin0)/(P+ Q cos0)]

= tan-1[(0)/(P+ Q cos0)] [Becausesin0 = 0]

= 0Á
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ü When the Two Vectors are Acting in Opposite 

Direction

If vectorsP andQ are acting in opposite directions, 

then we have ɗ = 180Á. Substituting this in the formula 

of parallelogram law of vector addition, we have

|R| = ã(P2 + 2PQ cos 180Á+ Q2)

= ã(P2 - 2PQ + Q2) [Becausecos 180Á= -1]

= ã(P - Q)2

= P - Q 

ɓ = tan-1[(Q sin 180Á)/(P + Q cos 180Á)]

= tan-1[(0)/(P + Q cos 0)] [Because sin 180Á= 0]

= 0Áor 180Á

ü When the Two Vectors are

Perpendicular

If vectorsP andQ areperpendicularto each

other, then we have ɗ = 90Á. By the

parallelogramlaw of vectoraddition,wehave

|R| = ã(P2 + 2PQcos90Á+ Q2)

= ã(P2 + 0 + Q2) [Becausecos90Á= 0]

=ã(P2 + Q2)

ɓ= tan-1[(Q sin90Á)/(P+ Q cos90Á)]

= tan-1[Q/(P+ 0)] [Becausecos90Á= 0]

= tan-1(Q/P)

28
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ÔA car goes 5 km east 3 km

south,2 km westand1 km north.

Find theresultantdisplacement.



Example1:

A car goes5 km east3 km south,2 km westand1

km north. Find theresultantdisplacement.

Solution:

Firstwewill makethevectordiagram

O toA 5 km east

A to B 3 km south

B to C 2 km west

c to D 1 km north

Netdisplacementis OD

Along the horizontal direction: 5 km east - 2 km 

west = 3 km east

Along the vertical direction: 3 km south - 1 km north 

= 2 km south

OD = ã(32 + 22 + 2 x 2 x 3 x Cos 90 deg)

= ã(32 + 22)

= 3.6 km

tan p = 2/3

or p = tan-12/3 = 34 deg

Thus resultant displacement is 3.6 km, 34 deg south 

of east.
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Example2:

Two vectorsP = (1, 2) andQ = (2, 4) haveanangleof 0Ábetweenthem. Find directionof

theresultantvectorandthemagnitudeof their sumvector.

Solution:

Usingtheparallelogramruleof vectoradditionformulas,wehave

|R| = ã(P2 + Q2 + 2PQcosɗ),

ɓ= tan-1[(Q sinɗ)/(P+ Q cosɗ)]

For this, first, we needthemagnitudesof vectorsP andQ.

|P| = ã(12 + 22) = ã5, |Q| = ã(22 + 42) = 2ã5

|R| = ã(ã52 + (2ã5)2 + 2PQcosɗ)

=ã(5 + 20+ 2Ĭã5Ĭ2ã5 cos0Á)

=ã(25 + 20)

= ã(45)

= 3ã5

Answer: Themagnitudeof thesumvectoris 3ã5 units.
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Two forcesof magnitudes4N and7N act on a body andthe anglebetween

themis 45Á. Determinethe magnitudeanddirectionof the resultantvector

with the4N force.

32



Example3:

Two forcesof magnitudes4N and7N act on a body andthe anglebetweenthemis 45Á. Determinethe

magnitudeanddirectionof theresultantvectorwith the4N force.

Solution:

Suppose vectorP has magnitude 4N, vectorQ has magnitude 7N, and ɗ = 45Á, then by the parallelogram 

law of vector addition:

|R| = ã(P2 + Q2 + 2PQ cos ɗ)

= ã(42 + 72 + 2Ĭ4Ĭ7 cos 45Á)

= ã(16 + 49 + 56/ã2)

= ã(65 + 56/ã2)

å 12.008 N

ɓ = tan-1[(7 sin 45Á)/(4 + 7 cos 45Á)]

= tan-1[(7/ã2)/(4 + 7/ã2)]

å 28.95Á Answer: The magnitude is approximately 12 N and the direction is 28.95Á.
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Assignment -01

1. Two forces of 3 N and 4 N are acting at a point such that the angle between them is 

60 degrees. Find the resultant force

2. Find the resultant of the following two displacements: 2 m at 30 deg and 4 m at 120 

deg. The angles are taken relative to the x-axis.

3. Two forces of 100N and 150N are acting simultaneously at a point. Find the 

resultant if the angle  between them is 45

34



The Scalar Product of Two Vectors
The scalar product of any two vectors ὃandὄis defined as a scalar quantity equal
to the product of the magnitudes of the two vectors and the cosine of the angle u

8
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The Vector Product and Torque

10
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Ô2nd Week

ÔTopic: 

Properties of Matter:

Wave & Oscillation,

Doppler Effect,

Topic Related Math

Page: 38- 89
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×Wave:

A wave is a disturbance in a medium that carries energy without a net movement of particles. It may take the form 

of elastic deformation, a variation of pressure, electric or magnetic intensity, electric potential, or temperature.

ÇWhat are the types of waves?

The following are the types of waves:

1. Mechanical waves

2.Electromagnetic waves

3. Matter waves

1.Mechanical Wave

A mechanical wave is a wave that is an oscillation of matter and is responsible for     the transfer of energy through 

a medium.

× There are two typesof mechanicalwaves:

1. Transversewaves:

Whenthe movementof the particlesis at right anglesor perpendicularto the motion of theenergy,thenthis

typeof waveis knownasa transversewave. Light is anexampleof a transversewave.

40



2. Longitudinalwaves:

In this type of wave, the movement of the particles is parallel to the motion of the energy, i.e. the 

displacement of the medium is in the same direction in which the wave is moving. Example ïSound 

Waves, Pressure Waves

× ElectromagneticWaves:

Thesewavesaredisturbancethatdoesnot needany objectmediumfor propagationandcaneasily

travel through the vacuum. They are produceddue to various magneticand electric fields. The

periodic changesthat take place in magnetic and electric fields and therefore known as

electromagneticwaves.

Followingarethedifferenttypesof electromagneticwaves:

1. Microwaves

2. X-ray

3. Radiowaves

4. Ultravioletwaves

41



× DifferenceBetweenTransverseWave& longitudinal Wave

42



× Matter Waves:

Any moving object canbe describedasa waveWhena stoneis droppedinto a pond, the water is disturbed

from its equilibrium positionsas the wave passes; it returnsto its equilibrium position after the wave has

passed.

× DifferenceBetweenMechanicalWaveand Non-MechanicalWaves

Mechanical Waves vs Electromagnetic Waves

Mechanical Wave Electromagnetic Wave

Mechanical waves are waves that need a medium 

for propagation.

Non-mechanical waves are waves that do not need 

any medium for propagation.

Sound waves, water waves and seismic waves are 

some examples of mechanical waves.

The electromagnetic wave is the only non-

mechanical wave.

Mechanical waves cannot travel through vacuumNon-mechanical waves can travel through vacuum
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× DopplerEffect

TheDopplereffectis theapparentchangein thefrequencyof sound,light, or otherwavesdueto therelative

motionbetweenthesourceof thesoundandtheobserver.

We candeducetheapparentfrequencyin theDopplereffectusingthefollowing equation:

44
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**Real-Life Applications of the Doppler Effect**



(a) SourceMoving Towards the Observerat Rest

In this case,the observerôsvelocity is zero, so V0 is equal to zero. Substitutingthis into the Doppler effect

equationabove,we gettheequationof theDopplereffectwhenasourceis movingtowardsanobserverat restas:

(b) Source Moving Away from the Observer at Rest

Since the velocity of the observer is zero, we can eliminate V0 from the equation. But this time, the source moves away 

from the observer, so its velocity is negative to indicate the direction. Hence, the equation now becomes as follows:

46



(c) Observer Moving Towards a Stationary Source

In this case, vs will equal to zero, hence we get the following equation

(d) Observer Moving Away from a Stationary Source

Since the observer is moving away, the velocity of the observer becomes negative. So, instead of adding 

V0, we now subtract, since V0 is negative.

47



Doppler Effect SolvedProblems

1. Two trainsA andB aremoving towardeachotherat a speedof 432 km/h. If the frequencyof the whistle

emittedby A is 800 Hz, thenwhat is the apparentfrequencyof the whistle heardby the passengersitting in

trainB. (Thevelocityof soundin air is 360m/s).

2. A bike riderapproachinga verticalwall observesthatthefrequencyof his bike hornchangesfrom 440Hz to

480Hz whenit getsreflectedfrom thewall. Find thespeedof thebike if thespeedof soundis 330m/s.

Ans=Thespeedof thebike is 14.3 m/s

48
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Wavesand Oscillations

Periodic Motion

A motion that repeatsitself repeatedlyafter a regularinterval

of time is known as periodic motion. This path may be

circular,or elliptical. Linearor morecomplex.

Oscillatory Motion

A particle having periodic motion remainshalf of its time

period in onedirectionandthe restof time periodremainsin

anotherdirectionalongthesameline, thenits motion is called

oscillatorymotion
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OscillationsandVibrations:

If you pull a swingor pendulumto thesideandreleaseit, it oscillates(Latin

for "swing") backand forth. If you hanga weight on a spring,pull it down

andreleaseit, thenthesystemwill vibrate(Latin for "shake")upanddown.

Oscillations and vibrations are two words for one concept,i.e. repetitive

motion.

When the time betweenrepetitionsis constant,the oscillation is called a

harmonicmotion andthe time betweenrepetitionsis calledthe period. The

numberof repetitionspersecondis calledthefrequencyandis theinverseof

theperiod.

The period, T, is normally measuredin seconds,and the frequency,ɜ,in

Hertz. Whentheoscillations(or vibrations)affectthematerialaroundthema

waveis formedwhich transportsenergyaway.
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Vibrations

Free Forced

Undamped Damped Undamped Damped



DampedandForcedVibration
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ÅMaximumdisplacementof thesystemfrom theequilibriumpositionis theamplitudeof thevibration.

Á Whenthemotionis maintainedby therestoringforcesonly, thevibrationis describedasfreevibration.

Á Whenaperiodicforceis appliedto thesystem,themotionis describedasforcedvibration.

Á Whenthefrictional dissipationof energyis neglected,themotionis saidto beundamped.

Á Actually, all vibrations are dampedto somedegree.

Dampedvibration:
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FreeOscillation and DampedOscillation

Å If anoscillationoccursflawlesslywithoutanyresistiveforceactingonit is calledfreeoscillation.

Å Any oscillation occurring in an air medium, experiencesfrictional force and consequentenergy

dissipationoccurs.

Å Theamplitudeof oscillationdecayscontinuouslywith time andfinally diminishes. Suchoscillationis called

dampedoscillation.

Å The dissipatedenergy appearsas heat either within the oscillating system itself or in the

surroundingmedium.
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Characteristicsof DampedOscillation

Å Frictional force acting on a body oppositeto the direction of its motion is calleddampingforce.

Å Dampingforcereducesthevelocityandthekineticenergyof themovingbody.

Å Dampingor dissipativeforcesgenerallyarisesdue to the viscosity or friction in the mediumand are non-

conservativein nature.

Å When velocities of body are not high, dampingforce is found to be proportionalto velocity (v) of the

particle

Å The frequencyof dampedoscillator is always less than that of itôsnatural or undampedfrequency.

Å Amplitudeof oscillationdoesnotremainconstant,ratherit decayswith time
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FreeOscillationandDampedOscillation



57

Time-30 Marks-15

1. Explain theDopplereffect.

What is theapparentfrequencyof thewhistleheardby thepassengersitting in train B when

two trainsA andB aremovingtowardeachotherat a speedof 432km/h?If thefrequencyof

thewhistleemittedbyA is 800Hz, then(Thevelocityof soundin air is 360m/s).

2. Determinetheenergyof thesimpleharmonicoscillator

A 600g block connectedto a springfor which a forceconstantis 10 N/m is free to oscillate.

Determinetheperiodof its motion
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Differential Equation of a DampedOscillator
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Dampedvibration



Dampedvibration
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Dampedvibration
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Dampedvibration
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Dampedvibration



Dampedvibration



Dampedvibration
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A simple pendulum is constructedby attachinga massto a thin rod

or a light string. We will also assumethat the amplitude of the

oscillationsis small.

Thependulumis bestdescribedusingpolarcoordinates.

The origin is at the pivot point. The coordinatesare (r, ű). The r-

coordinatepointsfrom theorigin alongtherod. Theű- coordinateis

perpendicularto the rod and is positive in the counterclockwise

direction.

Apply Newtonôs2nd Law to thependulum

×Ὂ = -mg sin• άὥ

×Ὂ= T= mg cos•
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If we assume that ű <<1 rad, then sin ű ºű and cos ű º1, the angular frequency of 

oscillations is then:

×Ὂ=-mgsinf=mὥ

-mg sinf=ma 

- g sinf = a

a = -gf 

a = -( )s

Ḉa = -;‫ί ‫

This equation represents the SHM

Therefore, The time period  T = 
2

= 2“ ; 
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SimpleHarmonic Motion

Integratingtheaccelerationgivesspeedasa functionof displacementfrom

the origin. Note the switchingof the variablefrom time t to velocity v in

thetop line.

A graph of velocity versus

displacementis givenbelow.

The speedgoesto zeroat the

extreme displacements,and

to maximumat theorigin.
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Integratingfurther gives the displacementasa function of time. Note that the variables

areseparatedto giveonly displacementon theLHS andonly time ontheRHS.



SimpleHarmonic Motion
Theresult is:

You alwayshavethesineof anangle.

Here theangles,Ŭandűarenot realanglesin space.

Ŭand ű are called phase angles, becausethey relate particular

displacementsto the maximumdisplacement. ɤthasto havea unit of

angle,andsoɤmustbein radianpersecond,rad.s-1.



Projection of Circular Motion

Angulardisplacementɗ=;‫ὸ

Ḉ=‫
ɗ

=
2

Therefore,Thetime periodT =

2
=2“ ;

whereK is the springconstant

andm is themass, WhereT is

the time periodof theSHM ,‫

is theangularvelocity


