B.E Mechanical Engineering 2019-2020

Semester-1
19BEME141 Electromagnetism and Modern Physics 7TH-5C
(Theory & Lab.)
Instruction Hours/week: L:3 T:1 P:3 Marks: Internal:40 External:60 Total:100

()

End Semester Exam:3 Hours

Theory

Course Objective:

To divulge knowledge on the basics of static electric and magnetic field and the associated
laws.

To make the students familiar on the fundamentals of magnetic field and the associated laws.
To inculcate the basics of properties of matter and its applications.

To disseminate the fundamentals of quantum physics and their applications in modern
equipments.

To impart knowledge on the basics of vacuum and its applications in pumps and gauges.

Course Outcomes

Upon completion of this course, the students will be able to
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Analyze field potentials due to static charges and apply for electrostatic applications.
Understand the concepts of magnetic field and apply for electromagnetic applications.

Gain knowledge on the basics of properties of matter and its applications

Analyse the concepts of advanced physics in quantum theory and its applications in electron
microscopes

Integrate the properties on vacuum and its applications in various pumps and gauges.

Apply the knowledge inputs of the course for engineering applications.

Unit 1- Electrostatics

Basic laws, Calculation of electric field and electrostatic potential for a charge distribution;

Divergence and curl of electrostatic field; Laplace’s and Poisson’s equations for electrostatic potential
and uniqueness of their solution and connection with steady state diffusion and thermal conduction;
Continuity equation and relaxation time.Polarization: Field of a polarized object, Bound charges due to
electric polarization; Electric displacement; boundary conditions on displacement.

Unit 2- Magnetostatics
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Bio-Savart law - Applications, Ampere’s circuital law — Applications, Divergence and curl of
static magnetic field; Magnetic flux density, vector potential and calculating it for a given magnetic
field using Stokes’ theorem, Maxwell’s equations.

Magnetization- diamagnets, paramagnets, ferromagnets- Field of a magnetized object- bound
currents; auxiliary magnetic field A ; Boundary conditions on B and H- magnetic susceptibility and
permeability - Ferromagnetism.

Unit 3 - Properties of Matter

Elasticity: Hooke’s law, stress- strain diagram, types of moduli of elasticity — basic
definitions, relation connecting the moduli (Derivation)-factors affecting elastic modulus and tensile
strength—Poisson’s ratio- Torsional pendulum- bending of beams - bending moment — uniform and
non-uniform bending - I-shaped girders.

Unit 4 - Quantum Mechanics

Introduction to quantum theory, Merits of Quantum theory — Black body radiation, Laws -
dual nature of matter and radiation — de Broglie wavelength, uncertainty principle —Schrddinger’s
wave equation — time dependent and time independent equations — physical significance of wave
function - particle in one dimensional box- degenerate and non-degenerate states, scanning electron
microscope.

Unit 5 -Vacuum science

Introduction - Importance of vacuum in industries - Pumping speed and throughput - Types of
pumps-Rotary vane type Vacuum pump(oil sealed), Diffusion Pump and Turbo Molecular Pump -
Measurement of High Vacuum-McLeod Gauge-Pirani Gauge-Penning Gauge.

SUGGESTED READINGS

1. David Griffiths,(2017).Introductionto Electrodynamics,Cambridge publisher.

2. Ganesan.S and Baskar.T, (2015) Engineering Physics |, GEMS Publisher, Coimbatore-1.
3. Ganesan S. lyanduraiN ,(2007).,Applied Physics, KKSPublishersGaur.

4. R.K. and Gupta, S.C(2012).Engineering Physics, DhanpatRai Publications.

5

6

Halliday and Resnick, (2007).Physics, Wiley (Sthedition).
W. Saslow, (2002) Electricity, magnetism and light,Academic Press.
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(ii) Laboratory

Course Objective:

e To learn the basic concepts in physics relevant to different branches of Engineering and
Technology.

e To study the concept of semiconductor and conductivity.

e To learn the properties of materials.

Course Outcome:
1 Familiarize the properties of material and basic concepts in physics.

LIST OF EXPERIMENTS - PHYSICS

. Torsional pendulum - Determination of rigidity modulus of wire and moment of inertia of disc
. Non-uniform bending - Determination of young’s modulus

. Uniform bending — Determination of young’s modulus

. Lee’s disc Determination of thermal conductivity of a bad conductor

. Potentiometer-Determination of thermo e.m.f of a thermocouple

. Laser- Determination of the wave length of the laser using grating

. Air wedge - Determination of thickness of a thin sheet/wire

. Optical fibre -Determination of Numerical Aperture and acceptance angle

© 00 N o o B~ W N P

. Ultrasonic interferometer — determination of the velocity of sound and compressibility of liquids
10. Determination of Band gap of a semiconductor.
11. Spectrometer- Determination of wavelength using grating.

12. Viscosity of liquids-Determination of co-efficient of viscosity of a liquid by Poiseuille’s flow
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Subject : ELECTROMAGNETISM AND MODERNPHYSICS
Code :19BEME141
Unit No. List of Topics No. of Hours
Electrostatics in vacuum
Basic laws, Calculation of electric field for a charge 1
distribution
Calculation of electrostatic potential for a charge distribution 1
Divergence and curl of electrostatic field 1
UNIT I ; . ; . . .
Laplace’s and Poisson’s equations for electrostatic potential 1
uniqueness of their solution and connection with steady state 1
diffusion and thermal conduction;
Continuity equation and relaxation time 1
Tutorial 1
Polarization, Field of a polarized object, Bound charges due 1
to electric polarization
Electric displacement, boundary conditions on displacement 1
Tutorial 1
TOTAL 10
Magnetostatics
Bio-Savart law, Divergence and curl of static magnetic field 1
vector potential, Calculating vector potential for a given 2
magnetic field using Stokes’ theorem
Magnetostatics in a linear magnetic medium, 1
MagnetizationDiamagnets, paramagnets, ferromagnets
UNIT-IT | Tuytorial 1
Field of a magnetized object- bound currents !
auxiliary magnetic field H 1




Boundary conditions on B and H

magnetic susceptibility and permeability

Tutorial 1
TOTAL 10
Properties of Matter

Elasticity, Hooke’s law, stress —strain diagram 1

Three types of modulus of elasticity
relation connecting the moduli !
factors affecting elastic modulus and tensile strength !
Poisson’s ratio, Torsional pendulum 1
UNIT-1TT " Tytorial 1
bending of beams, bending moment 1
uniform and non-uniform bending 1
I-shaped girders 1
Tutorial 1
TOTAL 10

Quantum Mechanics
Introduction to quantum theory 1
Black body radiation 1
dual nature of matter and radiation 1
uniT—1v | de Broglie wavelength, uncertainty principle 1
Tutorial 1
Schrodinger’s wave equation — time dependent equation 1
time independent equations, physical significance of wave !
function
particle in one dimensional box 1
scanning electron microscope 1
Tutorial 1
TOTAL 10
Vacuum science
Introduction, Importance of vacuum in industries 1
Pumping speed and throughput 1
Types of pumps- Rotary vane type Vacuum pump 1
Diffusion Pump 1
Turbo Molecular Pump 1
UNIT-v | Tutorial

Measurement of High Vacuum - McLeod Gauge 1
Pirani Gauge 1
Penning Gauge 1
Tutorial 1
TOTAL 10
TOTAL NO OF HOURS 50




S.NO | AUTHOR(S) | TITLE OF THE | PUBLISHER YEAR OF
NAME BOOK PUBLICATIO
N
1. David Introductionto Cambridge publisher 2017
Griffiths Electrodynamics
2. Ganesan.S and | Engineering Physics | GEMS Publisher, 2015
Baskar.T Coimbatore-641 001
3. Ganesan S. Applied Physics KKS Publishers 2007
lyandurai N
4. Gaur, R.K. and | Engineering Physics DhanpatRai Publications 2012
Gupta, S.C
5. Halliday and | Physics Wiley (5" edition) 2007
Resnick
6. W. Saslow Electricity, magnetism | Academic Press 2002
and light
WEBSITES:
1. https://www.youtube.com/watch?v=EzcWpOFJ6P4
2. https://www.youtube.com/watch?v=x1-SibwIPM4
3. https://www.youtube.com/watch?v=TcmGYe39XG0
4. www. nptel.ac.in
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questions
Field at a point on the axis of circular loop at a distance R far away from the loop is
Magnetic vector potential due to magnetic dipole is proportional to
Magnetostatics deals with

‘The magnetic field intensity in ST system is

Magnetic field intensity is proportional to

H due to an infinitely thin current element is proportional to

H due to an infinitely thin current element is in the direction of

H due to an infinitely long conductor is

H due to a finitely long conductor is

Magnetic flux density outside a coaxial cable is

Magnetic field intensity inside inner conductor of a coaxial cable

H in the space between inner and outer conductor of a coaxial cable is
Curl of magnetic field intensity is cqual to

Anirrotational H means

Magnetic field intensity outside a coaxial cable

Magnetic flux density inside inner conductor of a coaxial cable

B in the space between inner and outer conductor of a coaxial cable is
Stokes theorem relates

Curl H =Tis

B in S1 system is measured in

The hysteresis is

‘The susceptibility value of ferromagnetic material is

‘The origin of magnetism is

Diamagnetic materials are

Ampere’s cireuital law is applicable for

Magnetic moment is proportional to

When the current is doubled the magnetic moment of a rectangular coil
For a rectangular coil of 5 tums 0 .1 sq metre and 0.1 amp the magnetic moment is
Magnetic moment in SI system is measured in

Solenoid is

Magnetic Flux density is measured in

Magnetic lux is measured in

I B is flux density, L is length and v is velocity Current moment is
Magnetic Flux density is

Force between two current carrying conductors is proportional to
Gauss's law for magnetic fields is

Magnetic fields are always

Tesla is the unit of

Henry is the unit of

Magnetic flux intensity is proportional to

Div B=0 is called

Bds=0is

IHdL-Tis

Ampere/ metre is the unit of

Weber is the unit of

Self Inductance is proportional to

optl
directly proportional to R

T

magnetic field from de currents.

certain amperes per metre

inverse of distance

inverse of length of current clement

a0 of spherical coordinate system.

inversely proportional to the radial distance
inversely proportional to the current

equal to zero.

is inversely proportional to cube of radius

is inversely proportional to cube of radius
The surface current density

The field is conservative

equal to zero.

is inversely proportional to cube of radius

is inversely proportional to cube of radius
line integral to surface integral of a closed surface
point form of Gauss’s law.

Ampere per square metre.

lagging of the magnetising force H with respect to the foree
positive

fons

Attracting magnetic lines

only outside a conductor.

The current

gets quadrupled

0.1 Ampere sq metre

Ampere square metre

an effective way of producing magnetic field

Force per unit current moment
the square of individual currents
DivB-Q

irrotational

Magnetic Flux density
capacitance

inverse of square of distance
Maxwell’s first law.

Gauss’s law for electrical fields.
Maxwell’s first law.

Magnetic flux.

Magnetic flux.

the square of tums

op2
inversely proportional to R*
]

v
magnetic field magnetic field from pulsating dc current

certain volts per metre

inverse of square of distance

inverse of square of current lement.

a of eylindrical coordinate system

proportional to square of radial distance

proportional to current

Inversely proportional to distance

is proportional to cue of radius.

is proportional to cue of radius.

‘The linear current density

There is no divergence

inversely proportional to distance

is proportional to cue of radius.

is proportional to cue of radius.

line integral to surface integral of an open surface

Continuity equation.

Ampere per metre.

lagging of flux density B with respect to the magnetising force H

supplying magnetic lines
only inside an inner conductor.
‘The square of current

reduces y four times.

0.01 Ampere per sq metre

Ampere metre.

an effective way of producing electrical field.
Tesla,

Weers.

I

Force multiplied y current moment
distance ctween them

DivD-Q

nonsolenoidal

Electrical flux density

mutual inductance

inverse of distance

Gauss’s law for magnetic fields.
Gauss’s law for magnetic fields.
Faraday’s first law.

Magnetic field intensity

Electrical Flux density

“The tuns of the coil

opt3
directly proportional to R

i

any time-varying current

certain amperes Square metre.

square of distance.

Length of current element

ap of eylindrical coordinate system

proportional to cube of radial distance
proportional to cube of current

Inversely proportional to distance from outer surface.
s proportional to radius

is proportional to inverse radius

The current itself

There is no gradient

inversely proportional to distance from outer surface.
is proportional to radius

is proportional to inverse radius

surface integral and volume integral of a closed surface.
Point form of Ampere’s circuital law.

‘Weber per square metre.

the ratio of B and H

zer0

atoms.

repelling magnetic lines

Any region.

‘The square of number of turns.

gets doubled.

0.05 Ampere square metre

Ampere per square metre.

an effective way of producing both E and H fields.
Him

Tesla

BIL

current moment per unit force

the individual currents.

DivB =

solenoidal

Electrical field intensity

magnetic field intensity

square of distance.

Ampere’s circuital law.

Ampere’s circuital law.

Gauss’s law for magnetic fields.

Electrical field intensity.

Magnetic flux density

The length of the magnetic circuit.

opd
inversely proportional to R*
B

¥
static charges

certain volts Square metre.

Cube of distance.

‘The square of length of current element.

ar of spherical coordinate system

proportional to_ inverse of square of distance.
proportional to_ inverse of square of distance.
Inversely proportional to square of distance from outer surface.
d is inversely proportional to square of radius
is inversely proportional to square of radius
Divergence of magnetic fiel

there is no curl

inversely proportional to square of distance from outer surface.
is inversely proportional to square of radius

is inversely proportional to square of radius
Two volume integrals

Point form of Faraday’s law.

Weber per metre.

the ratio of temperature and magnetic field and temperature
infinity

monopoles

neutral

time-varying currents.

The square of area.

is unchange

0.05 Ampere per square metre

Weber per square metre.

i used for increasing capacitance.

Hm

Fadads.

BIL.

a force.

inverse of the length of the conductor
DivH-Q

conservative.

Magnetic Field intensity

clectrical field intensity

cube of distance

Gauss’s law for electrical fiel

Faraday’s law.

Ampere’s cireuital law.

Magnetic moment.

Electrical Flux.

Inverse of cross section .

answer
inversely proportional to R*
2

v
magnetic field from de currents.

certain amperes per metre

inverse of square of distance

Length of current element

a® of cylindrical coordinate system
inversely proportional to the radial distance
proportional to current

equal to zero.

is inversely proportional to square of radius
is proportional to inverse radius

The surface current density

there is no curl

equal to zero.

is inversely proportional to square of radius
is proportional to inverse radius

line integral to surface integral of an open surface

Point form of Ampere’s circuital law.
‘Weber per square metre.

the ratio of B and H

positive

dipoles

repelling magnetic lines

Any region.

The current

gets doubled.

0.05 Ampere square metre
Ampere square metre

an effective way of producing magnetic field
Tesla.

Weers.

L

Force per unit current moment
the individual currents.
DivB=0

solenoidal

Magnetic Flux density

mutual inductance

inverse of square of distance
Gauss’s law for magnetic fields.
Gauss’s law for magnetic fields.
Ampere’s circuital law.
Magnetic field intensity
Magnetic flux.

the square of tums



%PQAL}QA of Maltor

E\ab\:iciLa

chakicty the popaly of b bady which s to
goin B ouginal  $epe 7 i gt Ha Jamoiel o
daforing opplid - oonally L0
Hooke 8 Jas

s b d‘w‘u‘d proportional  to the  Shran  prdusd
wlmn the dloubie J”NL

gow o Shrain

sbron = EX Strain

shyow |, -2 Goe €. datic madubus

- ST

skrain

/\'\dP% O; SL‘W—SS

) Mo}a’“wL ghress

o To-'lamu"L Skyom



18&)% 0; sbmxh

‘ W Lm%'h‘d‘ml'
i) sko.amra Sf:mm'
W Voluwh"t st

Shalh

:da;,g.g;mbon of Elastic modulu
| g O be thee bypw of Shain , thew aw

g’ g of dabe ol

"y Yamg's modulws €Y)



e ———————————— e e e e e A S et e e e e et e

¢ W "“"‘%5 modub  0¥)
% “%Lh;ﬁnia;&m&bﬁm&b‘ai&*"d
e b e brphdiml S dhe o dabc kb

oL ncd shaw A
N  Pascald
Y&"as rmodudst (Y) - Eﬂﬁ:‘_ﬂ—, - o

tiv &1& malnhﬂ x

~o|,gw1m e Aoko  bobuan &skanam\:?oi

. n, whin e cabic linh
's\:rml:oi:h.slmunasb&mv ¢

bl sy
f&ﬂ‘d'}'d marhﬁumhw wei” v pascol

s}._mnna skvain

Po'lSSmls RA‘:!O CO‘)
ned @ B salo pohuen e laltal  ghain
o the lmaihmlma! sbain pot und shaw ()

it ®

oo unik stvow B

i Ehin the dlastic ,ﬁmnh



Lakoal ~skran e \

I H \4\

Lusailsudinal Slvain

Pgisson’s sabo (o) =
RdoL-omHP bp.l:wmn tage  modudll of Elo.bbml:a |

Thaw oxz  Many slakions cm,,uL.na ke Joluad i
l_ona( uwhnal gtvain CO() POISSOﬂS )Lnbo (o) and the U'M.L
olaskic  modulii . soma of the saloblon e

;v.) Rolo.‘:ion‘ botwetn x  and yo.mg, modulius

o(:..l——
Y

%.‘.\) Relakion botween o o.r\cl R wih the Bulk modulus
) g QP =

‘7;\-;) Rolabion  hotwwn o ond p wth e ;uawﬁfﬁ modudus

OC+P QJ’L

.‘v‘m) Rolakion betwern y n and Kk i

gKn

-— R

5 3K+n




V) Relabion bobuen n, k and o i

SK - an

= ———————————

bK +2n

V) Rolakbion betwan Y, n and O W

a = -1

Y
an
' glvess - Skyvain dmamm
Lot wh comdn o boclld which & suh]nclacl to
an umamhd inueasing sbrow. pue to the O]OPﬁmbm of the

?Shm‘ the ckqngg i dimongion of the brx‘a takss place. g we
pot o «amph bebwoen  Skrom ond  Sbrain | we 8&. o cuve ©

| colled  ar gkvan - Skrain 'D\u?)\am*

I AN
| B M“\ kng e
¢ Baraking - ghyess
] | AR’ i ! g s
| l '
1 ' '
| T | b Lk |
‘ | '
L% l l
| 3 |[ ! '
5 ! '
2 ¢y Elatkic *mnat. |
[}
' |
' |
| |
o i
Syay —> ’




|
| \\
\

%l, Ik » —-fou.nd ol e boAﬂ ohuda Hooke's  Jaw u_PLD b
1 ;\oﬂm oA called as  plasbic )_anal

| limik o) vidd posk B
Q. As Soon " o
o eapssed

B stoge | the body tamais pudly slastic  and partly

BC.
ploske which ® TQF!wnLaA by the cuue

on He  maumum olaskic
the Shtvain  intaeosth M\P“uﬂ

l} Now, &ven if a small oxboanal ,(Qw. v aﬂ:hv.d , the botla
ol boke o now pth cp and  omam  as plasbic called
a P\O‘LL'C Aﬂﬂa‘,mknm D colld os ulbimab San,na“r.

5 Afh)\f H\LB H\ﬂ- bO(Ja w-ll N"l: com Lo ,tb m,au'ml 8&&
f and the bodld accluu.u a PMMQIW\L sasdudal hoatn . and ol

biooks down ak a Fomi: colled o B'Qa\‘"a skyom | sndicalted

ted Mline EF.
bdolp

|
!
f
1
I
|

j -
Wheh oF Sl'_'ﬂLSS _ Skyain ﬁ)iaar\am

s;l It b wed calaaoxiu the ma!iwlab anlo duckile o Buittle
:; LoY! P\aﬂ:\c n nol:ux.e

|

|

|

2 for  duckls molanial Jhe portin of cune bebwern C b E



TTTTT—— SN

T —————

3 fa o btk malwial | te auld point twnudes iy 4,

b Fau a P\abl:ic malial e Skvem | sbyain Ouaﬁ"“"‘ ik I
ko the Shtvain oxis bﬂaond the atald poink.

Factors Aﬂmi‘-na Elastic modulus and  Eonsile slmznzl’k

) Effect of stvass

Gp Effeck  of amaalma

(i) c}\anal sn Tomporabuae

Gv) Prasone of Impusikies

w» Dus to the nabue of b\ﬁél:ab

j?q-'mdp!j_ .
| Whan o dve Clorsion penduum) §  obokid an o hotizontal

VV'P\uNL, e dne e'xnmtu s‘:me. haamonic osullakon dwe o the
|  ovoduead 5 P wse.
w\mﬁa‘ couple
j)m.uiP\'.ion : |

A torson pendubm comidh of @ wiw  with ow ond
SPI)J: chuck and He otha ond  fied to the

‘F"‘MA ko o
cu\hl of the eteudar dise of andis R



Leb L boe the dilane  hol o the chuck gng '\
the dise and v’ ke th  tadiu of te Swpended

\

l/\lcv\k%na

The cicdon dise solaked 4 hoxizonfal

P’QM So
ol the wibe i tuiked  though ol 6 The e
tovanls of the wue uno&go Skuuira $valn  and 4
wloﬁna cou.Pla b producad. Now i the die .u seleased

U\n dhc (p‘lu P’YOdIACQ Lmos'lon OS&UOEOM '

The cou]oh ackina on the dirg P"O"“l‘% an anauicu_




accadmakion 0 b, which propotional 1o the onaulo.x duplawmnt
land B ahoma» diocked  towards i mean position .

Wm {'fom the Jow 0{ conseavakion ,}” mad of

_ Potonbial Emaa + Kinghic  Enorgy s 1)
CPE) (K.E)

l
1
|
|
i "The POLmL'a‘Q m&a CD‘MBMA bo th wue o szua.l to
:ilm work  done 0 Lwisl:\na the due, H‘“"-ba b\ﬂ-ﬂbna a

|

,\él:o}ina ('.ou-PLQ Ce)

6
d6
" Rodosing  capl CP-E) Boouh an nnahf:) y ojuml of couple X

P.E - ch.de
0

PE: EE.. — 0
2

Lot ‘w' the anaJaA Vo.loabd wih  which e disc osullales |
dﬂﬂ LD l:\& W’fli"f‘a Cﬂ‘-Pb' ) U\m

: o due -y Tw
- The inekic m\g,\a.a conf.m.& b the xol:obna c };
| gy Iw —0

whoe T _ momal of inatia




'D‘\Hum\h&l:\na aquakion @ with ok by bimg L

", Tokal E!\mava T - 9..9..., 4 {_l{)__ - onskant

&

dop de
dt ,r:llw aE -0 o
s ra
Sow B angular  valo
0
accdmokion  dw _ @:E
dt di*
Wwe Can  wnke oqu
Codd y Td8  d%
at dt At?
das . de
T
T IR TE
How
CL-Q- o , T dB _,
at”
" Anaulm\. occalarakion
4% _ - &8 ®

dat* r

~-\Vo S‘uan ndicates thak the Cou.fl!l bond<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>