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ELECTRICITY D
__R'AND

MAGNETISM

Including NEP- 2020 Syllabus

RaJ endra Kumar Ahirrao
> Vijay Pawar
' Narender Paul

Course Title: Physiek 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 spectrunof engineeringlisciplines



CourseCredit: 3

CpurseCode PHY 05331101

ass 17Weeks(2 Lectureperweek,Total = 34)
IE Marks: 90

Total: 26 weekspersemester
Exam/ Result 06 weeks

Holiday/ Leave 3 weeks
E Marks: 60




Assessment Pattern

Continuous Internal
Evaluation (CIE 90
marks)

Blooms Test | Assignment| Quiz | Co-curricular
Category | (Out S (15) | Activities (15)
of 45) (15)

Remember| 05 5
Understand 05

Apply 10 Attendance
Analysis 8 7 10 15
Evaluate 7 8

Create 10




Assessment Pattern
SemesteriEnd Examination (SEE 60)

/

BLOOM’S TAXONOMY utorso

10

10

10
" EVALUATE 10
'— AN/

10

RRARRREDDCTALADN

- e

'— REMEMBER 10




Grading
System:

Numerical Grade Letter Grade Grade Point
80% and above A+ 4.00
75% to less than 80% | A 3.75
70% to less than 75% | A- 3.50
65% to less than 70% | B+ 3.25
60% to less than 65% | B 3.00
55% to less than 60% | B- 2.75
50% to less than 55% | C+ 2.50
45% to less than 50% | C 2.25
40% to less than 45% | D 2.00
Less than 40% F 0.00

F* Failure

|** Incomplete

W*** Withdrawal
R**** Repeat
y*xFEE Audit
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1. Principles of}

Physics by
David

Halliday, Jearl
Walker, and
Robert Resnick

4. The
Feynman
Lectures on
Physics, \Vol. I
by Richard P.
Feynman,
Robert B.
Leighton, and

3. Introduction

to Solid State
Physics by

Charles Kittel @

Interactions by
Ruth W.
Chabayand
Bruce A.
Sherwood

Modern

Physics by
Arthur Beiser

N Matthew Sands

5. Matter and

6. Physical
Chemistry by
Peter Atkins
and Julio de [©

Paula




beableto

Explaining and

analyzing different

Knowing about theories and formulas

for Vector, Wave,
Simple harmonic
oscillator, Elasticit;
Gravity, Fluid

Mechanics, Electricl

and Magnetism, etc.

CLOS:

Solving
guantitative
problems in the
fields of Vector,
Wave, Simple
harmonic oscillator,
Elasticity, Gravity,
Fluid Mechanics,
Electricity and

Magnetism, etc

CourselearningoutcomegqCLO): After successfucompletionof all the coursesstudentswill

CLOA4:

Discover

different types of

devices and

analyze different

material

properties based

on the theories

of physics.




SL. Content of Courses Hrs CLOOGSs

1 Vector addition, Vector subtraction, Unit vector, Applications of Vector, wave, 8 CLO1, CLOS
Types of Wave, Doppler Effect, Simple harmonic Oscillator Energy of the
oscillator, Topic Related Problems.

2 Elasticity, Stress, Strain, Hook's Law, Elastic Modulus, 10 CLO2, CLO3
Pascal's law, Buoyant force, Archimedes Principle, Continuity Equation,
Bernoulli's Equation, Topic Related Problems.

3 Conductor, | nsul at or , Semiconduct o8 CLO3, CLO4
Field lines, Electric Flux, Electric Potential Energy, Capacitor and Capacitant
Dielectrics, Gauss's Law, Topic Related Problems

4

Magnetism, Magnetic force on a conductor, the Hall effect, 8 CLO3, CLOA4
TheBiot-Savart Law, Ampere's Law, Topic Related Problems, review and

Discussion



Course Qutcome

CLO1 | Knowingaboutdifferentbasicparameters thefield of Electricity, Magnetism& Propertieof Matter.

CLO2 @ Explainingandanalyzingdifferent theoriesandformulasfor Vector, Wave, Simple harmonicoscillator,

Elasticity, Gravity, Fluid MechanicsElectricity,andMagnetismetc

CLO3 | Apply problemsolving techniquedo quantitativeproblemsin the areasof electricity, magnetismand

the mechanicabehaviorof materials

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

conceptandexperimentamethods



Vector addition, VVector subtraction
Unit vector and Lecture, Oral Quiz, Assignment, and

Applications of Vector Presentation, Video, Written Exam, Presentatio CLO1, CLO3

Vectors Problems. presentation

Simple harmonic Oscillator CLO1, CLO3

The energy of the oscillator, , Lecture, Oral Quiz, Assignment, and
Doppler effect, Presentation, Written Exam

SHOrelated Topic Related Problen

Elasticity, Stress, Strain Lecture, Oral Quiz, Assignment, Written CLO1, CLO2
Hooke's Law, Elastic Modulus, Presentation Exam, and Discussion

Poi ssonbds rati o.




Teaching and Learnini Correspondi

Assignment Strategy

Strategy g CLOs
4 Newton's Law of Universal Gravitatiol Lecture, Oral Quiz, Assignment, an CLO1,
Kepl er 6s Law, an dPresentationphddea o n Wiitten Exam, CLO3
Planets, Topic Related Problems. presentation.
5 Energy consideration of the Planetary CLO2,
and satellite motion, Lecture, Oral Quiz, Assignment, anc CLO3
Topic Related Problems Presentation, Written Exam

Pascal's Law, Archimedes Principle,
Torricelli experiment, Fluid Dynamics
Topic Related Problems, Presentation Written Exam, and CLO4

Lecture, Oral Quiz, Assignment, CLOS,

Discussion




_ Teaching and Learning
Topics
Strategy

| deal f | d
Continuity Equation, Topic Related

ui and B Lecture, Oral
Presentation,

problems,

_ Corresponding
Assignment Strategy
CLOs

Quiz, and Written CLO1, CLOS3

Exam,

Band Theory, Conductor, Insulator,
Col

Lecture, Oral

Semi conductor , Presentation,

Electric Field, Electric Field lines,

Quiz, Assignment, CLO2, CLO3

and Written Exam

Electric Flux, Electric Potential Energy, Lecture, Oral

Capacitor and Capacitance, Topic Presentation

Related problems

Quiz, and Written CLO1, CLO2

Exam

Dielectrics and piezoelectricity,
Kirchhoff's Current Law (KCL),
Kirchhoff's Voltage Law (KVL), Topic

Lecture, Oral
Presentation and Vide:
presentation

Related problems

Quiz, and Written CLO1, CLO2

Exam




Topics

Gauss's Law, Magnetism,
Magnetic force on a conductor,
Magnetism related problems

Magnetic Domains and
Hysteresis:
Origin of magnetism,

Different types of magnetism
Hall effect,
Topic Related Problems

TheBiot-Savart Law, Ampere's
Law
Topic Related Problems.

Teaching and Learning Corresponding

Strategy Assignment Strategy CLOs

Lecture, Oral Presentatiol Quiz, Assignment, and CLO3, CLO4

Video presentation.  Written Exam,

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

Lecture, Oral PresentationQuiz, and Written Exam

Lecture, Oral Presentatio Quiz, and Written Exam CLO1, CLO2

and video presentation



Week Topics Teaching and Learning Assignment Strategy Correspondin

Strategy

g CLOs

15 Maxwell's fundamental laws Lecture, Oral
Topic Related Problems.  Presentation, Video

presentation.
16 Review and discussion class Lecture, Oral

Presentation,

17 Review and discussion class Lecture, Oral

Presentation,

Quiz, Assignment, ant CLO1, CLO3

Written Exam,

Quiz




O 0 00O

1STWEEK TOPIC: PROPERTIES PHYSICAL VECTOR
OF MATTER: QUANTITY, ANALYSIS,

TOPIC PAGE: 16- 37
RELATED
MATH
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x What is Matter

Matteris definedasanythingthathasmassandoccupiesspacelt is composedf particles,primarily

atomsandmoleculeswhich havemassandvolume
X What is PhysicalQuantity ?
Thephysicalquantitiesn physicsarewhatwe canmeasurer sensan anobjector aphenomenon

Physicalguantitiescanbe categorizednto two maintypes scalarandvectorquantities Additionally,

herearederivedquantitiesandfundamentafjuantities

1. Scalar Quantities:

Scalarguantitiesare describedby their magnitudeonly, without any associatedlirection They are

fully characterizethy a numericalvalueanda unit. Examplesof scalarquantities

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



Real World Applications of Vector Calculations 18

Motion Planning in Aerospace Engineering

Robotics

Navigation Structural Analysis
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2. Vector Quantities:

ectorquantitieshaveboth magnitudeanddirection,andtheyfollow therulesof vectoralgebra Vectorquantities
rerepresentetby arrows,wherethe lengthof the arrowrepresentshe magnitude andthe directionof the arrow
epresentghedirectionof thevector Examplesf vectorquantitiesnclude

Displacemente.g., 10 meterseast)

A/elocity (e.g., 20 m/snorth)

orce(e.g.,/50 Newtonsupward)

Isplacement
N

L

SupposeSamstartsfrom his front door, walks s S

Sam’s Sam’s
acrossthe street, and ends up 200 ft to the house displacement
\ \ ’
northeast of where he started Sa mos D i =%
R=8 3
displacementis a vector quantity But, Sa mo6 s S

actualpathis a Scalarquantity e




Some Properties of Vectors

A Equality of Two Vectors

These four vectors are equal because they have equal //7

lengths and point in the same direction.
A Adding Vectors

gl

=l

A Subtracting Vectors

We would draw ’l
B here if we were ‘.
adding it 1o A. ‘B

Adding -Bo A
is equivalent to
subtracting B
from A.

0//x

20



Unit Vectors

A unit vectoris 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 symbol, 'Q and Qo
represent unit vectors pointing in the

respectively.

—

—

A= Ll g ~1J : 3 ik The sum of A and B is

B=Bi+Bj+ Bk R=(A,+B)i+(4+B)j+(A+B)k
X ¥ :

21
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Find the sum of two displacement vectors Aand B lying in the xy plane and given by

A =(20i+20))m and B = (2.0i- 4.0j)m

R=4%+B =(20+20)im+ (20 - 40)jm R.=40m R,= —2.0m
R=VRI+R*=V(40m)®+ (-20m)?=V20m = 45m
R —20m . 5
tan g = o= — 70— = ~050 8= 333

A particle undergoes three consecutive displacements: AT, = (151 + 30j + 12k) cm, AT, = (231 — 14j — 5.0k) cm,
and Ay = (-13i + 15j) cm. Find unit-vector notation for the resultant displacement and its magnitude.

AY = A7, + AT, + A¥3=(15+ 23— 13)icm + (30 — 14 + 15)jcm + (12 — 5.0 + 0)kcm
= (251 + 31 + 7.0k) cm

R= "'V/Rf + Rf + R;“’ =V(25ecm)? + (31 cm)? + (7.0cm)? = 40 cm



**Real-Life  Applications of

VectorRelatedPhenomena**
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X What is the Parallelogram Law of Vector Addition?

he parallelogramiaw of vectoradditionis the processof addingvectorsgeometrically This law says,"Two
vectorscanbe arrangedas adjacentidesof a parallelogransuchthattheir tails attachwith eachotherandthe
sumof thetwo vectorsis equalto thediagonalof the parallelogranwhosetail is the sameasthetwo vectors
ConsiderthevectorsP andQ in thefigure below To find their sum

Stepl: DrawthevectorsP andQ suchthattheirtails toucheachother

letethe parallelogranby drawingthe othertwo sides

Step3: Thediagonalof the parallelogranthathasthe sametail asthe vectorsP andQ representshe sumof the

two vectorsi.e., P+ Q = R. Here,the vectorRis calledthe resultantvector (of Pand Q).

(a) (b)
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C Parallelogram Law of Vector Addition Proof:

Now, to provethe formulaof the parallelogramaw, we considertwo vectorsP andQ representetby the
two adjacentsidesOB and OA of the parallelogramOBCA, respectively The angle betweenthe two
vectorsis d. The sumof thesetwo vectorsis representetdy the diagonaldrawnfrom the samevertexO of
the parallelogramtheresultansumvectorR which makesanangleb with thevectorP.

Extendth

ectorP till D suchthatCD is perpendiculato OD. SinceOB is parallelto AC, thereforethe
angleXOB is equalto the angleCAD asthey arecorrespondin@gnglesi.e., angleCAD = d. Now, first,




OCD,

In right-angled triangle

byPy t h a theorermvsebave
OC?=0D? + DC?

()
t OC°=(0OA+AD)?+DC?--- (1)
In theright triangle CAD, we have

t AD =QcosdandDC=Qsind--- (2
ubstituting values from (2) in (1), we have

R?2= (P + Q cosl 3+ (Q sind 9

t RP=P+ Q%cogd POQ D CPsird

t RP=P+2PQ cosl P(cozd sired )

26

t RR=P+2PQcosl CP[cogd sird =
t R = 2482P@cod P

The magnitude of the resultant veciar

Next, we will determine the direction of the
resultant vector. We have in the right triangle
ODC,

tanb DC/OD

t tanb @Gsind OA + AD) [From (2)]

t tanb @Gsind P ¢ Q cod )Fron (2)]

idn
t bt P(+gc ods

Y Direction of the resultant vect&®

1
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X SpecialCasesof Parallelogram Law of Vector Addition

Now, we know the formulato determineghe magnitudeanddirectionof the sumof thetwo vectors Let
usconsiderafew specialcasesandsubstitutehevaluesin theformula

U When the Two Vectors are Parallel (SameDirection)

If vectorsP and Q are paralle] then we have d = 0OA Substituting this in the formula of the
parallelogramaw of vectorswe have

=a (2P 2PQcos0 + Q?

(2P 2PQ+ Q?) [Becausecos0 = 1]

=4 (QP

=P+Q

b = tarm[(Q sin 0)/(P+ Q cos0)]

= tarr![(0)/(P+ Q cos0)] [Becausesin 0 = (]
= 0A
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U When the Two Vectors are Acting in Opposite U When the Two  Vectors are
Direction Perpendicular

If vectorsP andQ are acting in opposite directions, If vectorsP andQ are perpendiculato each

then we havel = A $Subdituting this in the formula other, then we have d = 90A By the

of parallelogram law of vector addition, we have parallelogramaw of vectoraddition,we have

=2+ Z2FQRcos 18&+ QP IR| =4 (2P 2PQcos90A+ Q?)
& {2PQ + Q) [Becauseos 180« -1] =3 (2P 0+ Q?) [Becauseo0s90A= 0]
& QP =a (*PQ
=P-Q b = tan[(Q sin 904/(P + Q cos90A)]
b tan![(Q sin 18H/(P + Q cos 188] = tan[Q/(P+ 0)] [Becausecos90A= Q]
= tan®[(0)/(P + Q cos 0)] [Because sin 189 0] = tani(Q/P)

OAor 180A



OA car goes5 km east3 km
south,2 km westand1 km north

Findtheresultandisplacement

29




Example 1.
A car goes5 km east3 km south,2 km westand 1
km north Findtheresultantdisplacement

Solutign ||

)|

|
A

Firstwe will makethevectordiagram
O tg’A 5 km east

A (o B 3 km south

to C 2 km west

0D 1 kmnorth

displacemenis OD

30

Along the horizontal direction: 5 km eas2 km

west = 3 km east

Along the vertical direction: 3 km soutd km north

= 2 km south

OD =2+894+2 x 2 x 3 x Cos 90 deg)

= &2

= 3.6 km

tan p = 2/3

or p = tant2/3 = 34 deg

Thus resultant displacement is 3.6 km, 34 deg south

of east.



Example 2:

Two vectorsP = (1, 2) andQ = (2, 4) havean angleof OAbetweerthem Find directionof
theresultantvectorandthe magnitudeof their sumvector
Solution:
Usingtheparallelogranrule of vectoradditionformulas,we have
IR|=a (P Q?+2PQcosd ) ,
b =tan![(Q sind )P+ Qcosd ) ]

orthis, first, we needthe magnitude®f vectorsP andQ.
IPl=a {*+29) =35,|Q|=a 2 + 4°) = 235
IR| =& (5&+ (285)% + 2PQcosd )
=& %+ 20+ 2l 85I 235 cos0A
=a 25+ 20)
=a 4d)
=34a5

Answer: The magnitudeof the sumvectoris 385 units.

31
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Two forcesof magnitudestiN and 7N acton a body andthe anglebetween
themis 45A Determinethe magnitudeand direction of the resultantvector

with the4N force
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Example 3:

Two forcesof magnitudestN and 7N acton a body andthe anglebetweenthemis 45A Determinethe
magnitudeanddirectionof theresultantvectorwith the 4N force

Solution:

Suppose vectd? has magnitude 4N, vect@ has magnitude 7N, artl  =A the by the parallelogram
law of vector addition:

IR =2+ 33X +RPQ cogl )

S Z+A7A+247cos 4D

a(l16 + 49 + 56/ a2)

a(e65 + 56/ az2)

a 12.008 N

b tanl[(7 sin 4%3/(4 + 7 cos 48]

=tanl{ ( 7/ a2)/ (4 + 7/ az)]

]

a 2 8. Answer: The magnitude is approximately 12 N and the direction is 28.95
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Assignment01

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 tfaxis.

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

resultant 1 f the angl e bet ween them I s
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The Scalar Product of Two Vectors

The scalar product of any two vectobsand & is defined as a scalar guantity equal
to the product of the magnitudes of the two vectors and the cosine of the angle u

E ' ﬁ = ABcosf
= FArcosf = F -A?

B

A A A A A A §=4B 0
iri=jrj=kk=1 \\ -
Becos 8

. i=1k=3-k=0

L L i

A=Al + 4Ay) + Ak A-B =A,B,+ AB + AB

_ nl 2 » - =
B = 2i+Bj+ 5k R-R=Al+al+al=al
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— —> lh -~ -~ — -~ ~
The vectors A and B are givenby A = 2i + 3jand B = —i + 2j.
(A) Determine the scalar product A-B.

—  —»

A-B =(21+3j)-(-i+2))
= —2i-1+2i-2j — 3j-i+ 3j-2j
= —9(1) + 4(0) — 3(0) + 6(1) = -2+ 6 = 4
(B) Find the angle @ between X and B. 4 =VA2 + A2 = V(2)F + (3) = V13

A-B 4 4 e
o AB  v13V5 Vb B (=17 + @)
4
— =1 — o
f# = cos S 60.3

\ particle moving in the xy plane undergoes a displacement given by AY = (201 + 3.0j) m as a constant force
= (5.0i + 2.0j) N acts on the particle. Calculate the work done by F on the particle.

=l -



The Vector Product and Torque  he direcsion of Cis perpendicular

to the plane formed by Aand B,
and its directdon is determined by

1 X i=j)(j=kxk:() the right-hand rule.
B v
¢ @ p
1 X J= - e =
C:AX‘B’/’
X k= 1/
TR
i
—3
A x B = 4, G=Bxk
B,

10
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O 2nd Week
O Topic:
Properties of Matter:

Wave & Oscillation,

Doppler Effect,
Topic Related Math
Page:38- 89
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x Wave:
A wave is a disturbance in a medium that carries energy without a net movement of particles. It may take tl
of elastic deformation, a variation of pressure, electric or magnetic intensity, electric potential, or temperatL
C What are the types of waves?
The following are the types of waves:
1. Mechanical waves
2.Electromagnetic waves
3./Matter waves
.Mechanical Wave
A mechanical wave is a wave that is an oscillation of matter and is responsible for the transfer of energy

b Crest Amplitude

a medium
x There are two typesof mechanicalwaves

Rest
Position

\_ 7

1. Transversewaves: Troush - Wavelength
Whenthe movementof the particlesis at right anglesor perpendiculato the motion of the energy,thenthis
typeof waveis knownasatransversavave Lightis anexampleof atransversavave

Displacement (m)
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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. Ex&baoled
Waves, Pressure WWaves

N

2. Longitudinalwaves:

Transverse Wave

(00 A0 oo oooetd

Longitudinal Wave

x ElectromagneticWaves

Thesewavesaredisturbancehat doesnot needany objectmediumfor propagatiorandcaneasily
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
electromagnetigvaves

Following arethedifferenttypesof electromagnetigvaves
1. Microwaves
2. X-ray

3. Radiowaves

4. Ultravioletwaves



x Difference BetweenTransverseWave & longitudinal Wave

Transverse

Longitudinal

Oscillations perpendicular to direction of travel

Oscillations parallel to the direction of travel

Can travel through a vacuum — doesn’t need
particles to transfer energy

Can’t travel through a vacuum — needs
particles to transfer energy

Transports energy without transporting matter

Transports energy without transporting matter

e.g. Sound waves

e.g. Electrpéagnetic waves
7

A transverse wave

Direction of wave trawel . Crest

/TN
N/ e
\ |

One wavelength(3)

Trough

U U

Compression
Rarefacn
Carection of travel -—p

Wawvelength, &

Mowvernent f‘aﬂ' maolecules

42
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x Matter Waves

Any moving object can be describedas a wave When a stoneis droppedinto a pond, the wateris disturbed

from its equilibrium positionsas the wave passesit returnsto its equilibrium position after the wave has
passed

x Difference BetweenMechanical Wave and Non-Mechanical Waves

Mechanical Waves vs Electromagnetic Waves

Mecr}aﬁical Wave Electromagnetic Wave
Mechanical waves are waves that need a mediiNon-mechanical waves are waves that do not n
r propagation. any medium for propagation.

Sound waves, water waves and seismic waves|The electromagnetic wave is the only non
some examples of mechanical waves. mechanical wave.

Mechanical waves cannot travel through vacuu|Non-mechanical waves can travel through vacu
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x DopplerEffect

The Dopplereffectis theapparenthangean the frequencyof sound light, or otherwavesdueto therelative
motion betweerthe sourceof the soundandthe observer

We candeduceheapparentrequencyin the Dopplereffectusingthefollowing equation

f’z observed frequency
f = actual frequency

V = velocity of sound waves
V,= velocity of observer
V_= velocity of the source




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

IHE DOPRLER EFEECT

45
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(a) SourceMoving Towards the Observerat Rest
In this case,the o b s e rvelecity isszero, so V, is equalto zera Substitutingthis into the Doppler effect

equatiomabove we getthe equationof the Dopplereffectwhena sourcels movingtowardsanobservemtrestas

f’z observed frequency
£ = actual frequency

V = velocity of sound waves
V_ = velocity of the source

f’: observed frequency

f f = actual frequency
V = velocity of sound waves
V_= velocity of the source

y Vv
(V-(-V))



47

(c) Observer Moving Towards a Stationary Source

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

f’= observed frequency
f = actual frequency

V = velocity of sound waves
V= velocity of observer

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
V,, we now subtract, since,¥s negative.

f’z observed frequency

f = actual frequency

V = velocity of sound waves

V,= velocity of observer
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Doppler Effect SolvedProblems

1. Two trains A and B are moving toward eachotherat a speedof 432 km/h. If the frequencyof the whistle
emittedby A is 800 Hz, thenwhat is the apparenfrequencyof the whistle heardby the passengesitting in

train B. (Thevelocity of soundin air is 360 m/s).

2. A bike rider approaching verticalwall observeshatthe frequencyof his bike hornchangesrom 440Hz to
480Hz whenit getsreflectedfrom thewall. Find the speedf thebike if the speeddf soundis 330m/s
s=Thespeedf thebikeis 14.3 m/s



Wavesand Oscillations

Periodic Motion

A motion that repeatdtself 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
periodin onedirectionandthe restof time periodremainsin
anotherdirectionalongthe sameline, thenits motionis called

oscillatorymotion

Earth) ) Sun

point of suspension

length

¥ amt®
LT UL L

egquilibrium
position
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Oscillationsand Vibrations:

If you pull a swing or pendulumto the sideandreleasat, it oscillates(Latin

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

andreleasat, thenthe systemwill vibrate(Latin for "shake")up anddown

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

—E =
1 1

A e

Unstretched

The period, T, is normally measuredn secondsand the frequency,3 jn

Hertz Whenthe oscillations(or vibrations)affectthe materialaroundthema

;
[
b

waveis formedwhichtransportenergyaway s £33 Yw



Damped|] | Undamped
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A Maximumdisplacemenotf the systermfrom theequilibriumpositionis the amplitudeof thevibration

Ve

A Whenthemotionis maintainedoy therestoringforcesonly, thevibrationis describedasfree vibration.

A Whenaperiodicforceis appliedto the systemthe motionis describedasforcedvibration.
A Whenthefrictional dissipatiorof energyis neglectedthemotionis saidto be undamped

A Actually, all vibrations are dampedo somedegree

Dampedvibration: When a vibrating body vibrates
i= air or any other resisting mediurn, the amplitude of vibration
coes not remain constant but decreases gradusally and ultimately
the body comes %0 rest .Such vibrations are known as dammped

vikbrations.

,

x(1)

e o | T |
1“ ~~~~~~~~~~~ t./\ . - -
________________________ .
N\ AN 1\ .
\/ \/J

x(1)/x(0)
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Free Oscillation and DampedOscillation

If anoscillationoccursflawlesslywithoutanyresistiveforceactingonit is calledfree oscillation

Any oscillation occurringin an air medium, experiencedrictional force and consequentnergy

dissipationoccurs

eamplitudeof oscillationdecayscontinuouslywith time andfinally diminishes Suchoscillationis called

dampedoscillation

The dissipatedenergy appearsas heat either within the oscillating systemitself or in the

surroundingmedium
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Characteristicef DampedOscillation

Frictional force acting on a body oppositeto the direction of its motion is calleddampingforce
Dampingforcereduceghevelocity andthekinetic energyof themovingbody.

Dampingor dissipativeforces generallyarisesdue to the viscosity or friction in the mediumand are non
rvativen nature

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

The frequencyof dampedoscillator is always less than that of i t matiral or undampedrequency

Amplitude of oscillationdoesnotremainconstantrathernt decayswith time




FreeOscillationandDampedOscillation

S Undamped “m“‘m“‘ ‘m—
< Damped Oscillations —
( t U U Time
/ - M I —— S A A il S

E - Free oscillation
W B
e f-
/;m | — S
m = AN AN aw
J = Time
1T 2T°3T 4T 5T 6T 7T

u,,U,,&.J.l,,L

Time (s)

Damped oscillation

Free and damped oscillations
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Time-30 Marks-15
1. Explain the Dopplereffect

What is the apparentrequencyof the whistle heardby the passengesitting in train B when

INSA andB aremovingtowardeachotherat a speedof 432km/h?If the frequencyof

the whistleemittedby A is 800Hz, then(Thevelocity of soundin air is 360m/s).

2. Determinethe energyof the simpleharmonicoscillator
A 600g block connectedo a springfor which a force constanis 10 N/m is freeto oscillate

Determinethe periodof its motion
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Differential Equation of a Dampedscillator

If damping is taken into consideration for an oscillator, then oscillator
experiences

(i) Restoring Force : F,.=—ky; k=force constant
(i) Damping Force : F d=—bi—i’; b=damping constant
Where, y is the displacement of oscillating system and v is the velocity of
this displacement.
We, therefore, can write the equation of the damped harmonic oscillator
as, F=F,+ F,

d*y

From Newton'’s 2" [aw of motion, F= m—=

Combination of Hook’s law and Newton’s 2" law of motion:

d’y dy
ma=ky-bo

dy Kk b ay
:_ —_— —

dt? t m‘y m dt 0

d*y
dt?

= +2p%+m2y=0 (4.1)

2p =£ = damping co-efficient of the medium.

p has the dimension of frequency referred to as
damping frequency.

Solution:

To solve equation (4.1) let us take the trial solution,
y = Ae™? (4.2)

Substituting this solution in equation (4.1) we get,
m'ZAe™t+2pm'Ae™ +w2Ae™t =0

=>m'%y+ Zpm'y+ wly=0

=m'+ Zpm'+ w?=0; [Quadratic equation]

Solving this equation for m' we get,

mr=_ 2pt./ 4p2_4m2 _ p i pz — mz

2
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Then, the general solution of equation (4.1) is,

y = e=pt 4P 4 g~ (=] (43

Case. I (Overdamped motion)

If p?>w? the indices of “e” are real and we get,

y = e Pt[Ae%t + Be %] (4.4)
Where, o =4/p? — w?

Now, let us replace 4 and Bby two other constants Cand ¢

) C c _
such that we can write, Azz e and B=E e 8
_C 8, C -6 _C(,8 -8 c
+B=- = == ==
Here, A+B Se +29 z(e +e ) 22605‘h5

~A+ B = Ccoshd

Using the new constants in equation (4.4),

R C _§5
y=e pt[Eeﬁecr_t +e 8 at]

=£E—pt[e(at+6) + e—(txt+6)]
2

=§e‘pt X 2 cosh(at + §)
=Ce™ Plcosh(at + &)

So, y=Ce Plcosh [(Jpz — w? t) + 5] (4.5)

Negative power of “e”indicates exponential decrease of y that means
the particle does not oscillate. Equation (4.5) represents a continuous
return of y from its maximum value to zero at t=co without oscillation.
This type of motion is called the overdamped or dead beat or aperiodic

motion.

y A
1- Overdamping
o 2- Critical damping Example:
E 3- Underdamping pie.
o Dead beat galvanometer,
.E: pendulum oscillating in a

viscous fluid, etc.

(=]
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Then, the general solution of equation (4.1) is,

y = el 4elFT) | (TN 43

Case. Il (Underdamped motion)
If p?<w? the indices of “e” are imaginary and we get,
Where, =4/ (w? — p?)
y = e~ Pt[Aei®t + Be~18t]

=e~ P[AcosOt + iAsin@t + BcosOt — iBsinft]

=e~ PY[(A + B)cosOt + i(A — B)sin@t] (4.5)
Let, (A+B)=acosy and i(A-B)=asiny
a = +Jacos?y + a?sin?y = /(A + B)? + i2(A — B)?
=VAZ + 2AB + B? — A2 + 2AB — B? = +2VAB

_asiny _i(A-B)
tany= acosy ~ (A+B)

Using the new constants in equation (4.5),

y = e~ P'[acosy cosOt + asiny sinbt]

y=ae” P[cosBtcosy + sinBtsiny]

=ae” Pt cos(@t—y)

y=ae‘ptcos[,f‘(m2 —pz)t—y] (4.6)

In this case y alternates in sign and we have periodic
motion but the amplitude continuously diminishes due to
the factor e~ Pt. This situation is called underdamping

with the amplitude @e~ P* and the frequency,/ (w? — p2).

y A
1- Overdamping
L 2- Critical damping
o .
= 3- Underdamping
a
=
<

o
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Then, the general solution of equation (4.1) is,
y = et ae(VP7=0)e | po-(Ve7-ei)] (4.3)

Case. III (Critical damping motion)
If P=w? (p?> — w?) =0;So, p> =wip=w
From equation (4.3) we can write,
y = e~ “[Ae + Be?]
=e~ “t[A + B]

It implies that the oscillation is decaying without any damping factor.
It is not possible. So, the solution breaks down. Now, we have to
consider that p? is not quite equal to w? but very close to each other.

Thus /p? — w? = h = 0 (close to zero but not zero).

From equation (Using the new constants in equation (4.3),

hZt?  Rh3t?
.|._
2! 3!

y = e Pt[Ae"t + Be "] = e~ P! [A(1+ht+ +---)+

B(1—ht +25 204 )] = e PHAQ + ho)] + B(L — ho)]
y=e P[(A+ B) + (A — B)ht] (4.7)

Let, A+B=A"and (A-B)h=B'

y=e  PL[A" +B'l| (4.8)

At amplitude, y=y,__. =a (att=0)

max
Applying these two conditions in equation (4.8),
a=e(A'+B'x0)=> A'=a

% = —pe PY(A'"+ B't) + e P'B’

So, from equation (4.8)
y= e Pa + pat]

y= ae P[1 + pt] (4.9)

This solution represents a continuous return of y from its
amplitude to zero. Although it looks like overdamped
motion it is a boundary between underdamped and
overdamped motion. Under this condition oscillatory
motion changes over to dead beat motion and vice versa.

Hence, this is called critical damping motion.




>
I

Amplitude g
&
= s
D
)
\

-a+

Angular frequency of a damped oscillator, ®' =4/ w? — p?

b2
4m?2

b

k
!m_ —
m m

) k
Since, w? = —and 2p=
Mechanical energy of a free oscillator, Ezékaz =constant

b
Mechanical energy of a damped oscillator, Ezikaz e‘z”ﬂ’f:%kaz e m'; [reduces with exponentially with time]
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Dampeadvibration

- During the motlon of a body executing damped simple
harmonic vibration, ‘the followmg two froces will be
@multaneously actmg on the body |

- (a) the restoring force actmg on the body which is
proportlonal to the dlsplacement and dlrected opposate to the
dnsplacement That is, F e —ay '

(b) the dampmg force proportlonal to the veloc1ty and

dlrected opp051te to the velocnty Let this force be bg%

‘0 "O+"0
Cm— O W O—




Dampeadvibration

Therefore the dlfferentlal equatlon of motlon shall be as

.fC’“OWS mdgzt% ba{ y ‘
i m%*bg%+ay 0
il (312":1 e d y--=;;0l
or. %Zi%”*%\f+uy o \ A

Where A Ll and W= _-_%1_. i
. amy

| Equatlon (2 1) may be used in: orde1 to deduce the way in
Wthh 'y varies’ with t and thus predict the. nature of the
_;motlon iise., whether the motlon 1s ‘oscillatory or dead beat



Dampeadvibration

G (i)If A =0i.e., if there is no frictional force either mteral
or extemal then equatlon (1) reduces to

2
E&”W %

gy

or dt2 ”’y

‘ . e acceleratlon oc dlsplacement and opposed to 1t
the equatlon represents an undamped slmple harmomc
v1brauon of penod T given by

’f‘ _ 271 _ o2n
and the frequency 1s glven by n -? :}:- a\%

The period T and the frequency n in the above equatlon'
are known as natural perlod and natural frequency of—l
‘vibration of the body. b Ry A “



Dampedvibration

b |
by m and putting—;ﬂe = 2k and -2 =w,® we get

o
d d
;fi +2k y+wo y=0 e
Lot a solution of differential equation be
y=2Ae®?
ay dgyf

B Y. | oce” and

5 ot =datest (3




Dampedvibration

Substituting these values in 3)  we have
Aote*t -2k Aoe®t 4 wmgBde®t =0
@3-5—21564. +Q}93:0

wem —2RL V 4B —dwd
2
e ""k L" 4[ kgmw@

e .

Hence a gonernlk aolution of the differential equation|@lli 18
=l VB0 A E=agt

where A; and 4, are arbitrary constants whose values are deter-

mined from boundary conditions.
The above equation can be put in the form

ekt [Ale sz—'wo t+A e_\/ ks—CUoz t] (4)

The nature of motion represeNted by equation (4) depends
upon the relative values of k and w,c Now, three different cages

arise.




w Dampedvibration

2(.z’) Heavy damping. When k>w,. In this case k®
=__;i_:.n_2» _____;;_z =—a positive quantity. Hence SVARY I is .reai.
Substltutm k2 — wg? =4 in equatior (2.3) we have
y=e"kt [A,; ePt{ Ay e ]
Let A——A1+Ag and B= A]_——Az then

Al‘_‘ A;B and Ag— A;B
A+B A B

e“pt

—kt pi ~—pt pt —pt

i € ig-e e —e -
== £

[ A 5 e J

[ A cosh pt +B sinh pt ]

The displacement consmts of two terms both dymg off expo-

‘nentially to zero.
The volues of A and B depend upon the mltml condition. If

y =0 at t=0. Then

A=0and y=2DBe psinh pt
; conif Bl
L =Be | sinh v (P—ag) ¢

——-kt



Dampedvibration

(13) Critical damping when k=w,. In this case

2
2 3
™ 4m: m

and the quadratic equation in « has two equal roots
The displacement y is given by

y=(A1+ 4s)e*

This is the limiting case of the behaviour shown in (1). We
shall see in the next case when k<w,or k2—w,? is & negative
quantity that the particle undergoes an oscillatory damped simple
harmonic motion. Therefore, for k=uw, the motion is neither over-
damped nor qscillatory and is said to be critically damped. The
property of critical damping is made use of in measuring instru-
ments like hallistic galvanometers, |




Dampedvibration

(114) Light damping when k<w, In this case k*—w®

3 8 | . o 9 . -
= 4:7;2 - —a negative quantity. Hence A kB —wy? is an tmaginary
quantity.

Lot vV k2 —wpt=iw’  or o'=vV wl—k
. y=e-l‘t[AleiN't+A2 e"‘iw't]
P UG- BV . .
ut 1= 5= e? an 2 =5 e
where 4, and ¢ are also constants the value of ‘'which depends upon
the state of motion at #=0 _, |
pi(wt+9) __ p-i(w/t+$) T
| 2
=Age*t sin ('t ) | N0)
This is the equation of a damped simple harmontc motion with
amplitude A,e™* which goes on decreasing with time and angular.

y=lé—kt Ag

froquency w'= v we?—k?.
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A simple pendulum is constructedy attachinga massto athin rod
or a light string We will also assumethat the amplitude of the
oscillationsis small

The pendulumis bestdescribedisingpolarcoordinates

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

cogrdinatepointsfrom the origin alongtherod. The (- coordinateas

erpendicularto the rod and is positive in the counterclockwise

direction
Apply Ne wt @'tiLavstothependulum
x "O=-mgsine A&

X "O=T=mgcos*
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| f we assume t hatil (arxd&ctileandijar ftreduenayofs i n

oscillations is then:

x"0 =-mgsinf=ma®
-mgsinf = ma
-gsinf &

a=-gf

a=-(-)s

@ -F i, —

This equation represents the SHM

Therefore, The time period TZ%: y \/:;
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Integratingthe acceleratiomgivesspeedasa functionof displacementrom
the origin. Note the switching of the variablefrom time t to velocity v in

thetopline.

A graph of velocity versus
displacemenis givenbelow

he speedgoesto zeroat the
extreme displacements,and
to maximumattheorigin.

Vv

“\/%_A

NS

A

3~

_dv _dv dx _ dv

St dx dtax

dv k
ada= —'V =—-|—|-
dx m X
v -dv = - E - X - dx
m

ij-dv= —(g] -ﬁx-dx

Putting v=0 when x=A and v=v when x=x

¥ A

1,
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Integratingfurther gives the displacemenas a function of time. Note that the variables

areseparatedtb give only displacemenbnthe LHS andonly time onthe RHS,

-
o J

=)

now at ¢ = 0 the displacement is x, so

-}

3>

=)

3>

Q‘

x dx tolk
= — - dt
J:(D ”Az—xzi J;\/;
R
sin (AJ X =\ J;dt
sin™t x -sin™ Xol| _ £-t
A A m
k : X
[ji-t+a] , where sina =2
m A
. X .[Jk )
ie. —=sInl.—t+a
A m

o

3|
—_—
| X
e

[




Theresultis:

X=A -sin(mt +o:)

where w = \/E = 2%' is the angular frequency
m

and sina = %, gives the initial position

sina = — and

: . X
siNlowf + a) = sinNg = —
Qi ) = o =
U and ( are called phase angles becausethey relate particular

displacements$o the maximumdisplacementy thasto havea unit of

angle,andsoy mustbein radianpersecondyads?.




Projection of Circular Motion

Angulardisplacementi=1] ¢

. d 2
q ——

Therefore,Thetime periodT =

7 [

whereK is the spring constant

| N

andm is the mass, WhereT is
the time periodof the SHM ]

IS theangularvelocity




