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Introduction:

The word physics comes from the Greek word meaning “nature”.
Todayphysicsistreatedasthemostfundamentalbranchofscienceand
findsnumerousapplicationsinallwalksoflife.Physicsdealswithmatter  in
relation to energy and the accurate measurement of the same.Thus
physics is inherently a science of measurement. The fundamentals of
physicsformthebasisforthestudyandthedevelopmentofengineering
andtechnology.

Measurement consists of the comparison of an unknown quantity
with a known fixed quantity. The quantity used as the standard of
measurementiscalled‘unit’.Forexample,avegetablevendorweighsthe
vegetables in terms of units like kilogram.
Fundamentalphysicalquantities

Fundamental quantities are the quantities which cannot be
expressedintermsofanyotherphysicalquantity.

(eg)length,massandtime.

Derivedquantities
Quantitiesthatcanbeexpressedintermsoffundamentalquantities
arecalledderivedquantities.
(eg)area,volume,density.
Unit
Unitofaphysicalquantityisdefinedastheacceptedstandardused
forcomparisonofgivenphysicalquantity.

The unit in which the fundamental quantities are measured are
calledfundamentalunitandtheunitsusedtomeasurederivedquantities
arecalledderivedunits.



SlUnits

SlunitistheabbreviationforSystemelnternationald’unitsandis

the

modern form of metric system finally agreed upon at the eleventh
Internationalconferenceofweightsandmeasures,1960.Thissystemof

units is now being adopted throughout the world and will remain the
primarysystemofunitsofmeasurement.SIsystempossessesfeatures
thatmakeitlogicallysuperiortoanyothersystem.

There are seven fundamental

supplementaryunits.

units (base units) and two

Slsystemof units

Physicalquantity Unit Symbol
Fundamental quantities
1.Length metre m
2.Mass kilogram kg
3.Time . second S
4.Electriccurrent ampere A
5. Temperature kelvin K
6. Luminouslintensity candela cd
7.Amountofsubstance mole mol
Supplementaryquantities
1. Planeangle radian rad
2. Solidangle steradian Sr
Derivedquantitiesandtheir units
Physical .
SI.No quantity Formula Unit Symbol
Areaofthe . . metre?orsquare 2
1 square sidexside metre m
3 -
2 Volumeofthe sidexsidexside metre°orcubic m’
cube metre
3 | Density Mass/volume kilogrammetre® kgm3
4 | Velocity P isplacement/ metresecond?! ms
ime
5 | Acceleration | velocity/time metresecond? ms”
6 | Momentum massxvelocity K|IograTmetre kgms?
second




Physical .
Sl.No quantity Formula Unit Symbol
massx
7 Force acceleration newton N
8 Impulse forcextime newtonsecond Ns
9 Work(or) forcex newtonmetreor 3
Energy displacement joule
P -1
10 | Power Work/time joulesecondor W
watt
Dimensions

Thefundamentalphysicalquantitiesnamelylength,massandtime
aresymbolicallyrepresentedbythecapitallettersL,MandTrespectively.

Dimensional formula is the formula in which the given physical
quantity is expressed in terms of the fundamental quantities raised to
suitablepowers.

Dimensionalformulaforderivedphysicalquantities.

1. Areaofthesquare=sidexside
Applyingdimensions

Area of the square = LxL=L2
DimensionalformulaforArea=L2

2. Volumeofthecube=sidexsidexside
Applyingdimensions
Volumeofthecube=LxLxL=L3Dimensio
nalformulaforVolume=L3

3. DensityisthemassperunitVolume.
mass

Density=
volume

Applyingdimensions

Density:M:M L3
L3

DimensionalformulaforDensity=ML3
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4. Velocityistherateofchangeofdisplacement

_displacement

Velocity: i
ime

Applyingdimensions,

velocity=L=LT*1
T

DimensionalformulaforVelocity=LT"
5. Accelerationistherateofchangeofvelocity

. velocity
Acceleration=

time
_disglacementX;
B time time
App‘}/ingdimEnsions
= ==LT?
TXT T
DimensionalformulaforAcceleration=LT"
6. Momentumistheproductofmassandvelocity.
Momentum=massxvelocity

displacement
time

=massx

Applyingdimensions

Momentum:ijl_:MLT 1

DimensionalformulaforMomentum=MLT*
7. Forceistheproductofmassandacceleration.
Force=massxacceleration
velocity
time
:massxdisplacementtim
e time

=massx

Applyingdimensions,

Force:MxL:M LT?
T T

Dimensionalformulaforforce=MLT "



8. Impulseistheproductofforceandtime
Impulse=forcextime
=massxaccelerationxtime

velocity ..
=massx xtime

time
=massxvelocity
=massx(Displacement/time)
Applyingdimensions,

X

Impulse=——=MLT*
T

Dimensionalformulaforimpulse=MLT"
9. Work(or)Energyistheproductofforceanddisplacement
WorkorEnergy=forcexdisplacement
=massxaccelerationxdisplacement
velocity

=massx xdisplacement
time

mass_ displacement . time
= x i xdisplacement
ime

Applyingdimensions

Workorenergy :MxLxL:MTLZT'ZT

DimensionalformulaforWorkorEnergy=ML*T"

10. Poweristherateofdoingwork.

work
Power=——

time

forcexdisplac
ementtime
Applyingdimensions,

Power=MLT xL:M L2T3T

DimensionalformulaforPower=ML*T*



CONVENTIONSTOBEFOLLWEDINSIUNITS
1. Whenwewriteaunitinfull thefirstlettershouldnotbeincapitalletter.
(eg)metre and not as Metre
kilogramandnotasKilogram
2.The symbols of unit in the name of scientist should be in upper case
(capital)letter
(eg)Nfornewton,Jforjoule.
3. Onlythesingularformoftheunitistobeused.
(eg)km and not as kms
Kgandnotaskgs
4. Thereshouldbenofullstopattheendoftheabbreviations.
(egymm and not as mm.
kgandnotaskg.
5. WhentemperatureisexpressedinKelvin,thedegreesignisomitted. (eg
)273K not as 273°K

6. Onlyacceptedsymbolsshouldbeused.
(eg)ampereisrepresentedas'A'andnot'amp’
secondisrepresentedas's'andnot'sec’

7. Useofthesolidusorslashistobeavoided,butwhenused,notmore
thanonesolidusbeemployed.

(eg)J/k.molorJk.mol*butnotJ/k/mol
Jkg'K™*butnotd/kg/K

8. One letter space is always to be left between the number and the

symboloftheunit.
(eg)2.3mandnotas2.3m
Kgms“andnotkgms?

9. The numerical value of any physical quantity should be expressedas
p= ax10". Here 'a' is a number between 1 and 10 and 'm' is the
appropriatepowerof10.

(eg)velocityoflightc=2.997x10°ms™.

Multiples and Submultiples of units

In Sl, some units are not of convenient size to measure certain
guantities.Hencemultiplesandsubmultiplesofthebaseunitsareusedin
measurements.



Multiplication factor Prefix Symbol
1000000000000=10" Tera T
1000000 000=10’ Giga G
1000 000=10° Mega M
1 000=10’ Kilo Kk
100=10° hecto* h
10=10" deca* da
0.1=10" deci d
0.01=10" centi* c
0.001=10° milli m
0.000001=10° micro !
0.000000001=10"° nano n
0.000000000001=10" pico P
0.000000000000001=10" femto f
0.000000000000000001=10"" atto a

*These are not preferred ones.They are used where the other prefixes

areinconvenient

Statics is the part of mechanics which deals with forces acting on
bodiesatrest. Theweightofthebody,thetensionofastring,theloadand

thereactionarethedifferentnamesofforcesthatareusedinstatics.

Any force can be represented in magnitude and direction by a
straightlinewithanarrowhead. Thebeginningofthelinerepresentsthe
pointofapplicationoftheforce. Thearrowheadrepresentsthedirection
oftheforce. Themagnitudeoftheforceisgivenbythelengthoftheline

drawntoscale.



ScalarandVectorquantities

Physical quantities which have magnitude only are called scalar
quantities.

(e.g)Mass,Volume,Speed

Physical quantities which have both magnitude and direction are
calledvectorquantities.

(e.g)Velocity, Momentum,Force

Concurrentforces

Twoormorethantwoforcesactingatapointarecalledconcurrent forces.

Coplanarforces
P , F.F.FIF,
Two or more than two forces lie on same

planearecalledcoplanarforces. / vVYvoy /

Resultant

Resultantisthatsingleforcewhichproducesthesameeffectas
thatproducedbytwoormoreforcesactingonthebody.

Equilibrant
Equilibrant is the single force which acting along with the other
forces keeps the body in equilibrium.

Resolutionofavectorintotwoperpendicularcomponents

The process of splitting up a vector (force) into two perpendicular
component parts is known as resolution of a vector. As the two
componentforcesaremutuallyperpendicular,theyarecalledrectangular
components.




LetaforceRactatapointOatanangleBwithx-axis. Thisforcecan be
resolved into two rectangular components along x and y axis. Two
linesCAandCBaredrawnperpendiculartoxandyaxisasshowninthe figure.

Intherightangledtriangle OAC,

Cosez%

oC
OA =0C cosf

=R cosf
ThereforethehorizontalcomponentoftheforceRisRcosB. In the
right angled triangle OBC,

Cos(90—9):@
ocC

SinG:@

ocC
OB =0Csin6=Rsin6
TheverticalcomponentoftheforceRisRsin6.
Parallelogramlawofforces

If two forces acting at a point are represented in magnitude and
direction by the two adjacent sides of a parallelogram drawn from that
point,theirresultantisgiveninmagnitudeanddirectionbythediagonalof  the
parallelogram drawn through that point.

Expressionsforthemagnitudeanddirectionoftheresultantoftwo
forcesactingatapoint,withanacuteanglebetweenthem.

B C
-/l
Ry~ '
Q T |

~

e |
/\a 9__|:|

9 P’ A D

Consider two forces P and Q acting at a point O with an angle 6
betweenthemasshowninthefigure. TheforcesPandQarerepresented
inmagnitudeanddirectionbythesidesOAandOBofaparallelogram



OACB. The diagonal OC gives the resultant of two forces P and Q in
magnitude and direction. From C draw a perpendicular to meet OA
extendedatD.
IntherightangledtriangleOCD
oc* =0D*+CD’
=(OA+AD)*+CD’
oc? =OA™+AD’+20A.AD+CD’ ..(1)

IntherightangledtriangleACD

CosO:@:@

AC Q
AD=QCosb

Sine=R_CD

AC Q
CD=Qsin®.

SubstitutingADandCDvaluesinegn.(1)
R’=P’+Q’c0s’8+2PQcosB+Q’sin’®
R*=P*+Q’(cos’8+sin’8)+2PQcosh
R*=P*Q*+2PQcosBwherecos’0+sin’6=1 Resultant,

R= JP2+Q?+2PQcosh

Thisistheexpressionforthemagnitudeoftheresultant.
LetabetheanglebetweentheresultantRandtheforceP.

CD_CD _Qsinb
OD OA+ADP+Qcos6

(Qsin6) |
(P+Qcos0) ' |

tano=

Direction,o=tan™ [

IntherightangledtriangleCOD,
Thisistheexpressionforthedirectionoftheresultant.

Lami'stheorem

Ifthreeforcesactingatapointareinequilibrium,
theneachforceisdirectlyofproportionaltothesineofthe
anglebetweentheothertwoforces.
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Let P, Q and R be three forces acting at a point O. Under the action of
threeforces,thepointisatrest.Leta, B andy betheanglesoppositeto
theforcesP,QandRrespectively.

ByLami'stheorem

P asina=P=K sina:>E=K
sina
Qasin=0Q=K sinB:>Q=K
sinp
- R
Rasiny=R =Ksiny="=K

siny
P R
—=Q=—=constant
sino  sinf  siny

Experimentalverificationofparallelogramlawofforces

D
//\\\
\E/\ /@ A/ B
P Q
A . B [oa
R

PEET QED
CR

A drawing board is fixed vertically on the wall. Two frictionless
pulleys are fixed at the top corners of the drawing board. A light and
inextensible string is passed over these pulleys.Another short string is
tiedtothefirststringatO.WeighthangersP,QandRaretiedattheends
ofthestringsasshowninthefigure. TheweightsP,QandRareadjusted
suitablysuchthatthepointOisatrest.

Awhite paper is held just behind the string without touching them.
The point O and the directions of the strings are marked on the paper.
Thenthepaperisremovedfromtheboard.Withsuitablescalethepoints
A,BandCaremarked.OA,0OBandOCrepresenttheforcesP,QandR
respectively.
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TheparallelogramOADBiIsdrawn.ThenthediagonalODisdrawn.
ThelengthofthediagonalODand ZCODaremeasuredandtabulated.

Sl.No P Q R OA OB oC OD ZCOD

TheexperimentisrepeatedfordifferentvaluesofP,QandR.Itis  found
that OC = OD and «ZCOD = 180°. Thus the parallelogram law of
forcesisverifiedexperimentally.
ExperimentalverificationofLami'stheorem

O Ay

PEET QRS
CR

A drawing board is fixed vertically on the wall. Two frictionless
pulleys are fixed at the top corners of the drawing board. A light and
inextensible string is passed over these pulleys.Another short string is
tiedtothefirststringatO.WeighthangersP,QandRaretiedattheends
ofthestringsasshowninthefigure. TheweightsP,QandRareadjusted
suitablysuchthatthepointOisatrest.

Awhitepaperisheldjustbehindthestringwithouttouchingthem.
ThepointOandthedirectionsoftheforcesP,QandRaremarkedonthe
paper.Thenthepaperisremovedfromtheboard.Leta, § andy arethe angles
opposite to the forces P, Q and R respectively. The angles are
measuredwiththehelpofprotractorandtabulated.

P Q R
a P
SI.No P Q R B Y sino sinB siny

12



TheexperimentisrepeatedfordifferentvaluesofP,QandR.The
ratios(P/sina),(Q/sinB)and(R/siny)arecalculated.Foreachsetof
readings,theratiosarefoundtobeequal. ThusLami'stheoremisverified
experimentally.

Momentofaforce

Considerabodywhichisfixedatapoint,aboutwhich
itcanrotatefreely.LetaforceFisactingonthebody.The effect a
of the force is to rotate the body about the fixed N
point,unlessthelineofactionoftheforcepassesthrough
thatfixedpointO.Thisrotatingtendencyortheturningeffectoftheforce
aboutthatpointiscalledmomentofforcei.e.theturningeffectoftheforce
actingonabodyaboutanaxisorpointiscalledmomentofforce.

Itiscommonexperiencethatinopeningorclosingadoor,theforce
weapplyrotatesthedooraboutitshinges. Thisrotatingeffectisknownas
themomentofforce.

Momentofforceisalsoequaltotheproductofthemagnitudeofthe
forceandtheperpendiculardistanceofthelineofactionoftheforcefrom
theaxisofrotation.

MomentofforceaboutthepointO=Forcexperpendiculardistance

oftheforcefromthepointO
=FxON

TheunitofmomentofforceisNmandthedimensionalformulais ML*T.
Clockwiseandanti-clockwisemoments

Ifthemomentofaforceturnsorrotatesthebodyinclockwise
direction,thenitiscalledasclockwisemoment.

Ifthemomentofaforceturnsorrotatesthebodyinanti-clockwise
direction,thenitiscalledanti-clockwisemoment.

d, d,

Lr# VAN v

m,

Clockwisemoment=m,xd,
Anti-clockwisemoment=m,xd,

13



Principleofmoments
Theprincipleofmomentstatesthatifabodyisinequilibriumunder  the
action of a number of parallel forces, the sum of the clockwise
moments about any point must be equal to the sum of anti-clockwise
momentsaboutthesamepoint.
< d, she > d >
l( d; > dy—

IS

m2~(1 Q m;
m,{ Jm,

Accordingtotheprincipleofmoments,
Sumofanti-clockwisemoments=sumofclockwisemoments
Fromfigure,

m,d,+m,d,=m,d,+m,d,.

Couple:

Twoequalandoppositeparallelforcesactingatdifferentpointsina
bodyconstituteacouple.Abodyacteduponbythecouplewillrotatethe  body
in clockwise direction or anti-clockwise direction.

Steeringwheelandpedalsofbicyclesaretheexamplesforcouple,
wherethetwoforcesareequalbutactinginoppositedirection.
Torqueactingduetocouple(or)Momentofcouple

Torque is calculated by the product of either of forces forming the
couple and the arm of the couple.

i.e.)Torque=oneoftheforcexperpendiculardistancebetweenthe
forces.

£y

A
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ConsidertwoequalforcesFandFactingonthearmAB.LetObethe
midpointofthearm.TheforcesFandFareactinginoppositedirectionas

showninthefigure,theyconstituteacouple. Then
Momentofcoupleortorque=FxAB.

Iftheforcesactingonthebodyhavethesamelineofactionthenthe
momentbecomeszero.Thetorqueismaximumwhentheforcesareat
rightanglestothearmi.e.)8=90°.

Determinationofmassofthegivenbodyusingprincipleof moments.

A D<€ d, d—>C B
m, m,
= =
AmeterscaleABissupportedonaknifeedgeatitscentresuchthat it

remains in equilibrium state. Let O be the centre of the scale. On the
right side suspend the weight hanger of mass m,and on the left side
suspend the given body m,whose mass is to be calculated.Adjust the
positions of m,and m,until the scale comes to the exact equilibrium
position.Letd,(OC)andd,(OD)bethedistancesofm,andm.,.

Accordingtotheprincipleofmoments

m, xd,= m, xd,

Themassofthegivenbodym,=(m,xd,)/d,
By changing the values of m,, the experiment is repeated and the

readingsaretabulated.

SI.No 'kg ?n ?n m,=(m,xd,)/d kg
Mean=

Theaveragevalueofthelastcolumngivesthemassofthebody.



WORKEDEXAMPLES
1. Findthemagnitudeanddirectionofthetwoforces20Nand25Nacting at
an angle 60° to each other.
Given
P=20N
Q=25N
6=60°

ResultantR= \/P2+Q2+2PQCOSG

:\/ 202+25%+2x20x25c0s60
=+/1525

R=39.05N
[ Qsind 1
LP+Qcosej
25xsin60° |

i
a=tan
20+25c0s60° |

a=tan’(0.6661)
0=33°40'
2. Findthemagnitudeanddirectionoftheresultantoftwoforces30Nand
40Nactingatrightanglestoeachother.
Given
P=30N
Q=40N 06=90°

Directiono=tan®

ResultantR= \/P2+Q2+2PQcose

=+/302+40%+2x30x40xCc0s90

=+/2500
R=50N
Directionoc:tan‘lrmoxsmgo) |
L(30+40cos90) J
=tan™(1.333)

a=53°7"
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3. Ifthe resultant of two equal force ig/3 " timesasingleforce, findthe
anglebetweentheforces.

Given

Twoforcesareequal
P=Q=P
R=gF

R’=P*+Q’+2PQcosf
(3P)’=P*+P*+2.P.P.cosf
3P*-2P*=2P’cosf
P’=2P"cosf
cosb="
-.6=60°
Anglebetweentheforcesis60°
4. Iftheresultantoftwoequalforcesinclinedtoeachotherat60°is
8 /3 N,findthecomponentforces.
Given
Twoforcesareequal.
P=Q=P
R=8 /3 N
6=60°
R*=P*+Q’+2PQcosf
(8 /3 Y’=P*+P*+2.P.Pcos60°
192=2P*+2P* ¥
192=3P*
64=P°P
=8N
Componentforceis8N

5. The sum of two forces is 8N and the magnitude of the resultant is at

rightanglestothesmallerforce4N.Findtheforcesandtheinclination
betweenthem.

Given
Sumofthetwoforces=8N

17



Resultantof2forces=4N
LetthesmallerforcebeP
LargerforceQ=(8-P)

Intherightangledtriangle OAB,
AB’=0A*+0B*(
8 — P) °’= P’+ 4°
64-16P+P’=P’+16
16P=48
P=3N
ThereforethelargerforceQ=8-3
Q=5N

IntriangleOCB,

tana=B—C:E:§:O.75

OB 4 4
o=tan-1(0.75)

0=36°52'
AnglebetweentheforcesPandQ
90+0=90+36°52'
=126°52’

18



QUESTIONS

PartA

©oNoOA~®WDNE

Defineunitofaphysicalquantity.
Whatarethefundamentalquantities?
Givetwoexamplesforfundamentalquantities.
Whatarethederivedquantities?
Givetwoexamplesforderivedquantities.
ExpandSl.
WhatarethesupplementaryquantitiesandtheirSlunits?
WritetheSlunitsforplaneandsolidangles.
Whataretheunitsformomentumandforce?
Whataretheunitsforimpulseandwork?
Whataretheunitsforenergyandpower?
Derivethedimensionalformulaforimpulse.
Derivethedimensionalformulaforworkorenergy.
Derivethedimensionalformulaforpower.
Derivethedimensionalformulaforforce.
Definescalarquantity.
Definevectorquantity.
Givetwoexamplesforscalarquantities.
Givetwoexamplesforvectorquantities.
Whatisresultant?

Whatisequilibrant?
Writetheparallelogramlawofforces.
WritetheLami'stheorem.
WriteanytwoconventionsfollowedinSl.
Defineconcurrentforces.
Definecoplanarforces.
Definemomentofaforce.
Writetheprincipleofmoments.
Definecouple.

Definemomentofacouple.
Defineclockwisemoment.
Defineanticlockwisemoment.
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Part-B

1.

2.
3.
4

oo

Derivedimensionalformulaforimpulse,workandpower.
GivetherulesandconventionsfollowedwhilewritingSlunits.
Explainhowavectorcanberesolvedintotworectangular components.
Deriveexpressionsforthemagnitudeanddirectionoftheresultant
oftwoforcesactingatapointwithanacuteanglebetweenthem.
Describeanexperimenttoverifytheparallelogramlawofforces.
DescribeanexperimenttoverifyLami'stheorem.

Describe an experiment to determine the mass of the given body
usingprincipleofmoments.

ExerciseProblems

1.

Findthemagnitudeanddirectionoftheresultantoftwoforcesof5N and
3N at an angle of 60°.

(Ans:R=7N,a=21°47")
Twoforcesofmagnitude4Nand2.5Nactingatapointinclinedatan
angleof40°toeachother.Findtheirresultant.

(Ans:R=6.149N,0=15°8')
Find the resultant of two forces 3N and 4N acting on a patrticle in
directioninclinedat30°.
(Ans:R=6.767N,0=17°19")

4Twoforcesofmagnitude4Nand3Nrespectively,actonaparticleat

rightanglestoeachother.Findthemagnitudeanddirectionofthe
resultantoftwoforces.

(Ans: R=5N,a =36°52")
Iftheresultantoftwoequalforcesis2timesthesingleforce,findthe
anglebetweenthem.

(Ans: 6=90°)
If the resultant of two equal forces inclined to each other at 60° is
8.660 N, find the component force.

(Ans:5N)
Iftheresultantoftwoforces6Nand8Nis12N,findtheangle
betweenthem.

(Ans: 62°43)
Thesumoftwoforcesinclinedtoeachotheratanangleisl8Nand  their
resultant which is perpendicular to the smaller force is 12N. Find
the forces and angle between them.

(Ans:P=5N,Q=13N,0=112°36")
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UNIT - I
PROPERTIES OF MATTER

ELASTICITY

Introduction
When an external force is applied on a body, which is not free to

move,theshapeandsizeofthebodychange.Theforceappliediscalled
deformingforce.Whenthedeformingforcesareremoved,thebodytends
toregainitsoriginalshapeandsizeduetoaforcedevelopedwithinthe
body.Theforcedevelopedwithinthebody,whichisequalandoppositeto
deforming force is called restoring force.

Bodies,whichcompletelyregaintheiroriginalsizeandshapeafter the
removal of the deforming force, are called elastic bodies. Bodies
whichchangetheshapeandsizeontheapplicationofforceandwhichdo
notregaintheiroriginalconditiononremovalofthedeformingforcesare said
to be plastic bodies. Bodies which do not change their shape and
sizeonapplicationofforcearecalledrigidbodies.

The property by virtue of which a body tends to regain its original
shapeandsizeafterremovalofthedeformingforceisknownaselasticity.

Stress:

When an external force is acting on an elastic body, it causes
deformation(changeinshapeorinsizeorboth).Atthesametime,dueto
elasticproperty,aforceisdevelopedwithinthematerial,whichisequal
andoppositetotheappliedforce,tobringthebodytoitsoriginalshape and
size.This force is ‘restoring force’.

Stress:ForcezE

Area A

Thestressisdefinedastherestoringforceactingonunitarea.

Since the applied force and the restoring force are equal in
magnitude, the ‘stress’is measured as the applied force acting per unit
area.

The unit for stress is newton metre“with symbol N m?or 'pascal’
withsymbol'Pa'.
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When the applied force tends to compress the body, the stress is
compressive.Whenittendstoincreasethelengthinthedirectionofthe force,
it is tensile and when it acts parallel to the surface of a body, the
stressistangentialstress.

Hooke'slaw:
Withintheelasticlimits,thestrainproducedinabodyisdirectly proportional
to the stress which causes it.
i.e.,strainocstress
orstressccstrain
stress=(constant)strain
Thisconstantiscalled'modulusofelasticity'.

Typesofstrains:

stress
—=aconstant
strain

(1) LinearStrain:

When a wire or bar is subjected to two equal and opposite forces,
namelypulls,atitsends,thereisanincreaseinthelength. Iftheforces are
tensile, the body is elongated. If the forces are compressive, the
lengthisshortenedinthedirectionoftheforces. Thisiscalledthe'linear strain'.

The linear strain is defined as the ratio of change in length to the
originallength. If the change(increase or decrease) inlength is ' | 'in a

wireorbaroforiginallengthL,
Asthelinearstrainisratiooflengths,ithasnounit.

. . Changeinlength |
linearstrain= - =
orignallength L

(2) Bulk(or)Volume Strain:
Whenaforceisapplieduniformlyandnormallytotheentiresurface
ofthebody,thereisachangeinvolumeofthebody,withoutanychangein

itsshape.Thisstrainiscalled'bulkorvolumestrain'.
Volumestrainisdefinedastheratioofchangeinvolumetothe

originalvolume.lthasalsonounit.If'v'isthechangeinvolume
produced in a body of original volume ‘V’,
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. Changeinvolume v
bulkorvolumestrain= g =

orignalvolume \%
(3) Shearing (or) Rigidity strain:
Whenaforceisappliedparalleltoonefaceofabody,theopposite  side
being fixed, there is a change in shape but not in size of the body. This
strain is called the shearing strain.

Solidsalonecanhaveashearingstrain.ltismeasuredbytheangle
oftheshear'f'inradian.

Elasticbehaviourofamaterial-stressstraincurve:

Let a wire be suspended from a rigid support. At the free end, a
weighthangerisprovidedonwhichweightscouldbeaddedtostudythe
behaviourofthewireunderdifferentloadconditions. Theextensionofthe wire
is measured for various load and stress — strain graph is drawn as
showninthediagrambelow.

Bl—P
Stress

A Strain

TheregionOPislinear.Withinanormalstress, strainisproportional to
the applied stress. This is Hooke's law. Up to P when the load is
removed the wire regains its original length along PO. The point P
represents the elastic limit, PO represents the elastic range of the
material and OB is the elastic strength.

Beyond P, the graph is not linear. In the region PQ the material is
partlyelasticandpartlyplastic.FromQ,ifwestartdecreasingtheload,
thegraphdoesnotcometoOviaP,buttracesastraightlineQA.Thusa
permanentstrainOAiscausedinthewire. Thisiscalledpermanentset.

Beyond Q addition of even a very small load causes enormous
strain. ThispointQiscalledtheyieldpoint. TheregionQRistheplastic range.

BeyondR,thewirelosesitsshapeandbecomesthinnerandthinner
indiameterandultimatelybreaks,sayatS.ThereforeSisthebreaking
point.ThestresscorrespondingtoSiscalledbreakingstress.
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Threemoduliiofelasticity
Therearethreetypesofmoduliidependinguponthethreekindsof
strain.
(a) Young'smodulus(E):
Itisdefinedastheratiooflinearstresstolinearstrain.
LetawireofinitiallengthLandcross-sectionalarea'A',undergoan
extension |, when a stretching force 'F', is applied in the direction of its
length.

Themodulusofelasticity,inthiscase,iscalledYoung'smodulusand
isgivenby

Linearstress “are
i.e,Young'smodulus(E)=—""
Linearstrain
F A
Then,longitudinalorlinearstress=— L
A I
I .

andlongitudinalstrain=" L F‘l’

E=Linearstress_F/_A_ﬂ_
Linearstrain  I/lL Al

TheunitforYoung'smodulusisnewtonmetre “withsymbolNm*. The
singletermunitwhichiswidelyusedforYoung'smodulusis'pascal'with
symbol'Pa'.

(b) Bulk(or)Volumemodulus(k):

Itisdefinedastheratioofbulkstresstobulkstrain.

Whenabodyissubjectedtoauniformcompressiveforce,its
volumedecreasesandthestrainproducedisabulkorvolumestrain.

If'v'isthechangeinvolumeandVistheoriginalvolume,then

IfFisthetotalcompressiveforceactingonatotalareaA,thenbulk
stress=F/A=P

Bu|kmodu|us(k):m
Bulkstrain

IfPisthestressappliedi.e.(force/unitarea)then,
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bulkstrain:\—/
V. PPV

Ik lusk= =
bulkmodulus Y

Theunitforbulkmodulusis'newtonmetre *withsymbolNm* The
single term unit which is widely used for bulk modulus is 'pascal’ with
symbol'Pa’.

(c) Shearing (or) Rigidity modulus 'n":
The ratio of the shearing stress applied to the body to the shearing
strainproducediscalledtherigiditymodulusanddenotedbytheletter'n'.

IfTisthetangentialforce/unitareaandifBistheangleofshear
measuredinradian,then F—>ry /
- TE
rigiditymodulusn="—="- - - ©
6 A0
Theunitforrigiditymodulusis'newtonmetre “radian™withsymbolN m
’rad™. Theotherunitwhichiswidelyusedforrigiditymodulusis'pascal radian ™
with symbol 'Pa rad™.

77777 7777

Poisson'sratio:o

When a tensile stress is applied to a wire, the wire undergoes not
only an extension of length in the direction of the force but also a
contraction in its thickness. The ratio of decrease in thickness to the
originalthicknessinlateraldirectionisknownaslateralcontraction.

The ratio of lateral contraction to linear elongation is called
Poisson'sratio.
G:Lateralcontraction
Linearelongation

Poisson'sratio

Bendingofbeams:
Abeamisabodyhavinguniformcrosssection,thelengthofwhichis

verylargecomparedtoitsthickness.Whensuchabeamisfixedatone

endandloadedattheotherend,itiscalledacantilever.

AbeamissupportedsymmetricallyontwoknifeedgesAandBatthe same
level. It is loaded symmetrically with two equal weights W, W,
beyondtheknifeedges,atCandD,sothatAC=BD=a.Nowthebeamis
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elevatedatthecentre. Thistypeofbendingiscalleduniformbendingof beam.

AbeamissupportedsymmetricallyontwoknifeedgesAandBnear
itsendsinahorizontallevel. AweighthangerWissuspendedbymeans
ofaloopofthreadfromapointwhichisexactlymidwaybetweenthetwo  knife
edges. Now the beam is depressed at the centre. This type of bending
is called non-uniform bending of beam.

Experiment to determine theYoung's modulus of the material of a
beambyuniformbendingmethod:

The given bar is supported symmetrically on two knife edges in a
horizontal level, so that a quarter of the bar projects beyond each knife
edge. Twoweighthangersaresuspendedfromtwoloopsofstringtightly
attachedatdistancesabout5cmfromeachendsothattheirdistances
fromtheknifeedgesareequal.Apinisfixedverticallyatthemidpointof the
bar. A traveling microscope is focused on the pin such that the
horizontalcrosswirecoincideswiththetipofthepin. Thereadinginthe

verticalscaleofthemicroscopeisnoted.WeightsareaddedinstepsofM kg
and the corresponding readings of the image of the pin in the
microscopearenoted.Similarlyreadingsaretakenwhileunloadingand
tabulated.

The mean elevation y is found for a load of M kg. The distance 'I'
betweentheknifeedgesismeasured. Thedistance'a'betweenthepoint
ofsuspensionoftheweightandthenearestknifeedgeisalsomeasured.
Thebreadth'b'ofthebarfoundaccuratelywiththeverniercalipersandits
thicknessdisfoundwithascrewgauge.Young'smodulusiscalculated
usingtheformula.
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3Mgal? _
=204 2
2bd3y
Loadin Microscopereading Elevationy
Kg ] Load_ Load_ Mean For M kg
increasing decreasing
X
X+M
X+2M
X+3M

Workedexamples
1. Aload of 5 kg is attached to the free end of a wire of length 2 m and
diameter0.6mm.Iftheextensionofthewireis0.2mm,calculatethe
Young'smodulusofthematerialofthewire.(g=9.8ms?)
LengthofthewireL=2m
Extensionofthewirel=0.2mm=0.2x10°m
ForceactingofthewireF=5kgf=5x9.8N
Diameterofthewired=0.6mm=0.6x10°m
Radiusofthewire=0.3x10°m
Areaofcrosssectionofthewirea=Trr’=m(3x10™*)’m*Young's
modulus = Linear stress/Linear strain

LinearstressE:L:L 734x108Nm2

A x(3x107%?

Linearstrain® _2x10*  _1x104
L 2

8
=:Iﬂ1.734><1012Nm‘2

1x10™*

2. A copper wire of 3 m length and 1 mm diameter is subjected to a
tension of 5 kg wt. Calculate the elongation produced in the wire, if
Young'smodulusofelasticityofcopperis120GPa.
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Young‘smodulusE=m‘

I/L
FL
Al

Elongationproducedlzﬂ‘
AE

_Mal _ 5x9.8x3
nr?xE3.14(0.5x10%)%120x10°
1.562x10°m

3. Whatistheforcerequiredtoasteelwiretodoubleitslengthwhenits
areaofcross-sectionisonesq.cmandYoung'smodulusis200GPa.
Asthelengthofthewireisdoubled,thechangeinlengthisequaltoits
originallength.

E

Theyoung‘smodulusE=ﬂ
Al

IfListheoriginallength,thenl=L
F= EA
=200x10°x10*
=2x10'N
VISCOSITY
Letusconsideraliquidflowingoverahorizontalsurface.Thelayer in
contact with the surface is at rest. The top most layer have the
maximumvelocity. Theintermediatelayershaveintermediatevelocity. To
maintain this relative motion of the layers, an external force must be
actingontheliquid.Otherwisetheliquidwillcometorestduetointernal
frictional forces acting between the layers of the liquid. These internal
frictionalforcesthatbringtheliquidtorestareknownasviscousforceand  this
property is known as viscosity.

The property by virtue of which the relative motion between the
layers of a liquid is maintained is called viscosity. We can also say
viscosity is the resistance to flow.
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Coefficientofviscosityofaliquid

Let F be the viscous force acting between two layers of a liquid
separatedbyadistancedx.Letdvbethedifferenceinvelocitybetween
thetwolayers.LetAbetheareaofthelayers.Thevelocitygradientdv/dx
actsperpendiculartodirectionofflowoftheliquid.
TheviscousforceFisfoundtobedirectlyproportionalto
i. theareaofthelayers'A’

ii. thevelocitygradientd—v

F
. Adv dx
dx
|:=IIAdV
dx
IfA=1andd—V=1,then F=n

dx
Wherenisconstant,calledCoefficientofviscosityoftheliquid
Coefficientofviscosityofaliquidisdefinedastheviscousforceacting

betweentwolayersofaliquidhavingunitareaoflayersandunitvelocity
gradientnormaltothedirectionofflowoftheliquid.

Slunitofn;
n:—FSubstituting the respective units of the quantities
A dv/dx
ontheR.H.S, ,
Theunit of coefficient of viscosityn= Nm“ms
/m Nsm2
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Dimensionalformulaofn:

n Substituting the respective dimentional

= A dv/dx

formulaofthequantitiesontheR.H.S,
, , - N MLT*
Thedimensionalformulaofcoefficientofviscosity n=———
L°LT/L
=ML'T*

Streamlineflow(laminarflow)andturbulentflow:

Tomaintaintheflowofaliquidthroughatube,somepressureshould
begivenatoneendofthetubetoovercometheviscousdrag.Foragiven
external pressure, the velocity of flow depends on the coefficient of
viscosity.Atlowpressurethevelocityislessthanacertainvelocitycalled
thecriticalvelocityandtheliquidflowsinanorderlymannerandtheflowis  called
steady flow or streamline flow.

Instreamlineflow,

1. Theliquidparticlesflowinanorderlymanner.i.e.,theliquidparticles
flowalongstraightlines,eachlineiscalledthelineofflow.

. Thelinesofflowareparalleltotheaxisofthetube.

. Thevelocityofallparticlesinalineofflowisaconstant.

. Thevelocityofflowisalwayslessthanthecriticalvelocity.

. Streamlineflowwillhappenonlywhenthedrivingpressureissmall.

o o1~ WODN

. Theflowofwaterthroughacapillarytubeattherateof5to6dropsper
minuteisanexampleforstreamlineflow.

Whentheexternalpressurecausingtheflowoftheliquidishigh,the
flowoftheliquidissaidtobeturbulent.

Inturbulentflow,

1. Thereisnoorderlinessintheflowofliquid.

2. The liquid particles will not flow along straight lines, but will flow
incurved paths in a zig-zag manner.

3. Thedifferentparticlesoftheliquidwillflowindifferentdirectionswith
differentvelocities.

4. Thevelocityofflowisalwaysgreaterthanthecriticalvelocity.
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5. Turbulentflowwillhappenwhenthedrivingpressureishigh.
6. Theflowofwaterfromatapisanexampleforturbulentflow.
Distinctionbetweenstreamlinemotionandturbulentmotion
Criticalvelocity:

When the external pressure driving the flow of liquid increases
slowly,thevelocityofflowofliquidwillalsoincreasegradually.Ata

Sl.
No.

Streamlinemotion Turbulentmotion

Flowofliquidiszigzagand

1 | Flowofliquidisorderly. random

Atanypointalongastraight

line parallel to the axis of Velocity varies along the

2 o straightlineparalleltotheaxis of
the tube, velocity isconstant the tube.

3 Velocityisproportionalto the | Velocityisproportionaltothe
pressure square root of pressure

4 Velocitywillalwaysbeless Velocitywillalwaysbegreater
than critical velocity than critical velocity

particularvelocitytheflowofliquidwillchangefromlaminarflowto
turbulentflow. Thisvelocityiscalledcriticalvelocity.
Thecriticalvelocityisdefinedasthevelocityatwhichthestreamlineflow
ceasesoutandtheturbulentflowsetsin.
Reynoldsnumber:

Reynolds number is a pure number, which determines the type of
flow of a liquid, whether a streamline flow or a turbulent flow through a
cylindrical pipe. It has no units and dimensions. It is given by the
expression

whereVisvelocityoftheliquid, pisthedensityoftheliquid,nisthe
coefficientofviscosityoftheliquidandDisthediameterofthepipe. This

R_VQD
n
equationisapplicableonlyforliquidsflowingthroughcylindricalpipe.

Experiments show that the flow of a viscous liquid is laminar or
streamlined,ifReynoldsnumberislessthan2000. Theflowofaviscous
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liquidisturbulentifReynoldsnumberismorethan2800.Between2000
and2800thereisatransitionregioninwhichtheflowmaychangefrom
streamlinetoturbulent.

Narrowtubesandhighlyviscousliquidstendtopromotestreamline
motion,whilewidertubesandliquidsoflowviscosityleadstoturbulence.

Poiseuille'sformula:
Consideracapillarytubeoflength'l'andradius'r'fixedhorizontally

- I

Constant
pressurehead
arrangement

<

to a side of a vessel. Let a liquid be filled in the vessel.The level of the
liquid is maintained constant by constant pressure head arrangement.
Let 'h' be the height of the liquid and P be the pressure at the capillary

tube. Let 'n' be the coefficient of viscosity of the liquid and 'p' be the
densityoftheliquid.

Whentheliquidisinstreamlineflow,itisfoundthat,thevolumeof
liquidflowingpersecond'v'
Isproportionalto
i) somepowerofpressuregradient(P/l)*
i) somepowerofradiusofthecapillarytube(r)’
i) somepowerofcoefficientofviscosityoftheliquid(n)’
i.evec(P/)(r)'(n)’
v=K(P/l)’(r)’(n)Where (D
Kisaconstant.
Substitutingtherespectivedimensionalformulaofthequantitiesin
theequationl
L*T'=[ML ' T?/LJL ML T
L3T-1 - Mx+zL-2x+y-r|—-2x-z
Equatingthepowersofliketerms,weget
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X+z=0

-2X+y-z=3

-2x-z=-1

Solvingtheaboveequations,

x=1,y=4,z=-1

Substitutingthesevaluesinequation(1)

v=KPr‘/ (I n)

ThevalueofKisfoundtobetr/8by experiments,
-,-H.HAX (or) n:TCP rt nhpgr

= 8lv 8lv

8In
Experiment to determine coefficient of viscosity of a low viscous
liquid-Capillaryflowmethod.
Aim:
To determine the coefficient of viscosity of water by capillary flow
method, using graduated burette without stopper.

Formula:
Thecoefficientofviscosityofthewater
:npgr4Ht
8 Iv
where

p=densityofwater
g=accelerationduetogravity
r=radiusofthecapillarytubel=len
gthofthecapillarytube
v=volumeofwatercomesoutofthecapillaryflow(5cc) t= time
taken for 5 cc flow of water
H=theaveragepressureheadheightoftheliquidlevelsfrom the
capillary tube.
h, +h,

— s
h1l=heightofinitiallevelfromtheexperimentaltable h2=
height of final level from the experimental table
h3=heightoftheaxisofcapillarytubefromthetable
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Description:

The graduated burette without stopper is mounted vertically in the
stand.Arubbertubeisconnectedtothebottomoftheburette. Totheother end of
the tube, a capillary tube is inserted and placed in a perfectly
horizontalposition.

BURETTE

Capillary

>
S

Procedure:

Thepurewaterispouredintotheburetteusingafunnel. Theheight
oftheliquidlevelintheburetteisadjustedsuchthatthereisastreamline
flowofwaterthroughthecapillarytubei.e.5to8dropsperminute. This
canbeachievedbyraisingorloweringthecapillarytube.Whenthewater level
in the burette comes to zero mark a stop watch is started and the
timeforthewaterleveltoreach5cc,10cc,15cc,20ccand25ccmarkis noted
and entered in the tabular column.

Fromtheabovereadings,thetimeofflowofwater(t)5cc,atvarious
rangeslikeOccto5cc,5ccto10cc,10cctol5¢c,15¢ccto20ccand20
ccto25ccaretabulated.Ineachcasetheheightsoftherespectiveinitial
levelsandfinallevelsfromtheexperimentaltablearenoted. Theaverage
pressure head height is calculated and entered in the tabular column.
Substituting the average value of Ht values in the formula given, the
coefficient of viscosity of water is calculated.
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Tabularcolumn:

Heightoftheaxisofcap.tubefromthetableh,= m
i i Ave.Pr.Head Time
Initial | Final | HEIgNtof | Height height of
Sl. W Initial | offinal hah g Fi H
No water | Water level Level | o + s h ow R
level |level 3
h1 h2 2 t
cc cc m m m S ms
Mean

Terminalvelocity

When a small metallic sphere is gently placed on the surface of a
highlyviscousliquiditdescendsdownwithanacceleration.Asitsvelocity
increases, the viscous force opposing the motion of the sphere also
increases.

Atsomestagetheapparentweightofthespherebecomesequalto
theforceduetoviscousdrag. Sotheresultantforceonthesphereiszero.
Therefore the sphere moves down with a constant velocity known as
terminalvelocity.

Terminalvelocityisthatvelocityatwhichtheapparentweightofthe
sphereisequaltotheviscousforceactingonthespheremovinginahigh
viscousliquid.

Experimentaldeterminationofthecoefficientofviscosityofahigh
viscousliquidbyStokes'method:

Aim:
Todeterminethecoefficientofviscosityofhighlyviscousliquid
(Castoroil)byStokes'method.
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Formula:
Thecoefficientofviscosityofthehighlyviscousliquid
2Ap-0)a()

n:
9 h

where

p=thedensityofthematerialofthesolidsphere
(glassbeads)

o=thedensityoftheliquid(castoroil)

g=theaccelerationduetogravity

r=theradiusoftheglassbeads

t=the time taken by the solid sphere to travel the
marked distance h, inside the high
viscousliquid.

h=thedistancebetweenthemarksBandC

[K=K=>

Description:
Thepure,transparent,highlyviscousliquid(castoroil)istakeninthe
tallglassjar.Ontheoutersurfaceofthejar,twomarkingsBandCorC
andDaremadeatadistanceofsay50cm.ThemarkingBshouldbewell  below
the free surface of the liquid. Then only the sphere can attain
terminalvelocitywhentravellingfromBtoCorCtoD.

Procedure:
Firsttheleastcount,zeroerrorandzerocorrectionofscrewgauge
aredetermined.Thenusingthescrewgauge,thediametersofthegiven
glassbeadsaremeasured.Theradiiofthebeadsarecalculated.Values
ofpandoaretakenfromstandardtables.

The sphere is placed gently on the surface of the highly viscous
liquidanddropped.WhenitcrossesthemarkingB,astopclockisstarted
andwhenitcrossesthemarkingC,theclockisstopped. Thetimetaken
(HtotravelbythespherefromBtoCisrecordedinthetabularcolumn. The
distance between B and C is noted as 'h'. The same procedure is
repeated for all the given spheres. Then the coefficient of viscosity of
highlyviscousliquid(castoroil)iscalculated,usingtheformula.
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Tabularcolumn:
Tofindrt
Glass
beads
Unit mm mm’ s mm’s
Beadl
Bead2
Bead3

Radius(r) |Radius® (r’)| Timetaken(t) r’t

Theaverageofr’t= mm?’s
= x10°m’s
Applicationsofviscosity
To reduce friction between the two moving surfaces which are in
contact,adroportwoofsomeailisintroducedbetweenthetwocontact
surfaces.Theoilentersintothedepressionsinthecontactsurfacesand
formathinlayersothatdirectcontactbetweenthesurfacesisprevented. Now,
the viscous force of the oil in between the surfaces (lubricant)
reducesthefrictionbetweenthetwomovingsurfacesbecausethefluid
friction is always less than the friction between the solid surfaces.
However a good viscous lubricant can only reduce friction, but cannot
completelyeliminatethefriction.

Generally,forhighspeedsandlowpressures, highlyviscousoilssuch
asMobiloil,grease,etc.areused.Forlowspeeds,oilsoflowerviscosity  are
used. It may be interesting to note that air also acts as a sort of
lubricantinreducingfriction.Thefrictionbetweentwometallicsurfacesin
vacuumisfoundtobegreaterthanthatinair.

SURFACETENSION
Introduction

Thefreesurfaceofaliquidatrestbehaveslikeastretchedelastic
membrane with a tendency to contract in area. The following simple
experimentswillillustratethisproperty.

1. Whenacamelhairbrushisdippedintowater,thehairsremainspread
out.Whenthebrushistakenout,thehairsclingtogetheronaccountof ~ the
films of water between them contracting.
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2. Afilmofthesoapsolutionisformedinawirering.lfawettedloopof
threadisgentlyplacedonthefilm,thefilmisunaffectedandthethread
remains in any form in which it is placed on the film. But if the film is
pricked inside the loop, the film outside contracts on all sides and
hencethecircularloopisformed.Theareaofthefilmisreducedtoa
minimum.

Theaboveexamplesshowthataforceactsonthesurfaceofliquid
toreducethesurfaceareatoaminimum.Thisforceisknownassurface
tension.

Awaterdroptakesthesphericalshapebecauseforagivenvolume,
spherehastheminimumsurfacearea.Thisisduetosurfacetension.

Surfacetension
Surfacetensionistheforceactingonunitlengthofanimaginaryline
drawn on the free surface of a liquid, the force acting normal to the line
and parallel to the surface. The unit of surface tension is Nm™and its

dimensionisMT?*

Angleofcontact

Theangleofcontactistheanglebywhichthetangentdrawntothe
liquidsurfaceatthepointofcontactwiththesolid,makeswiththesurface
ofthesolid,theanglebeingmeasuredwithintheliquid.

Forliquidslikewaterandkerosenewhichspreadonglass,theangle  of
contact 8 = 0°. In the case of mercury and clean glass, the angle of
contact®=137°.Forordinarywaterandglass,theangleofcontact6=8°.

Whenaglassrodisdippedverticallyinwater,whichwetstheglass,
thewaterisdrawnuparoundtheglassrodatallpointsofcontact.Here, the
angle of contact is acute. When a glass rod is dipped vertically in
mercury,whichdoesnotwettheglass,theliquidisdepressedaroundthe
glassrodatallpointsofcontact.Here,theangleofcontactisobtuse.

Explanationforcapillaryriseandcapillarydip
Whenacapillarytubeisdippedverticallyintoaliquid,itisfoundthat the
liquid rises or falls in the tube. This phenomenon is known as
capillarityanditisduetothesurfacetensionoftheliquid.
Whenacapillarytubeisdippedverticallyintoaliquidlikewater.the
liquidrisesthroughaheightinthecapillarytube.Thisiscalledcapillary rise.
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When a capillary tube is dipped vertically in mercury, taken in a
beaker,thelevelofmercuryinsideisfoundtobelowerthanthelevelof
mercuryoutsidethecapillarytube,inthebeaker.Thisiscalled'capillary dip'.

Expressionforthesurfacetensionbycapillaryrise:

TCoso TCoso

B N N D

R=T oR=T

Let a capillary tube of uniform radius (r) be dipped vertically into a
liquidofdensityptakeninabeaker.Lettheliquidrisesthroughaheight
(h)inthecapillarytube.LetBbetheangleofcontactwithglassandThe
thesurfacetensionoftheliquid. Thesurfacetensionisactingtangential
totheliquidsurface.ThereactionR=T,offeredbythewallsoftubeactsat an
angle 6 to the verticals. This reaction T along AB can be resolved
vertically as TcosB and horizontally as Tsin6. Similarly the reaction T
along CD can also be resolved along the horizontal and vertical
directions.Thehorizontalcomponentsalongthecircumferenceareequal
andoppositeindirection.Sotheygetcancelled.Sothetotalforcedueto
surfacetensionisonlyduetoverticalcomponents.
Thetotalupwardforceactingthroughthelengthofthemeniscus2mr

=21r.TcosO

Thisforcebalancestheweightoftheliquidcolumnofheighthand
radiusr.

Theweightoftheliquidcolumn=Trr*hpg
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21rTcosB=Tr*hpg
T=hrgg
2co0s0
Inthecaseofwater6=0°andhencecos6=1 Hence
for water, Surface tension

Experimentaldeterminationofthesurfacetensionofwaterby capillary
rise method.

A capillary tube of uniform cross sectional area is first cleaned with
diluteacidandwashedwithdistilledwateranddried.ltisthenclamped
verticallywithoneendinsidethewatertakeninabeaker.Duetosurface
tension,waterrisestoadefiniteheightinthetube.Apointerisattachedto
thecapillarytubesuchthatitjusttouchesthesurfaceofthewaterinthe beaker.

Using a travelling microscope the reading in the vertical scale
correspondingtothelowermeniscusofthewaterinthetubeistaken.The
beakerisremovedandthemicroscopeisbroughtdownandthereading
corresponding to the tip of the pointer is taken.The difference between
thetworeadingsgivestheheightofthecapillaryriseofwater'h'inthe
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capillary tube.The diameter and hence the radius 'r' of the capillary tube is

alsodeterminedwiththehelpofmicroscope.lfpisthedensityofwater

andg,theaccelerationduetogravity,thensurfacetensionofwater,
T_hreg
2

Applications of capillarity:

1. Lubricatingoilspreadeasilyonallpartsbecauseoftheirlowsurface
tension.

2. Cottondressesarepreferredinsummerbecausecottondresses
have fine pores which act as capillaries for sweat.

3. Dirtgetremovedwhendetergentsareaddedwhilewashingclothes
because surface tension of water is reduced.

4. Theabsorptionofinkbyablottingpaperisduetocapillaryaction,as the
blotting paper is porous. When it is placed over the ink, the ink
raises into the pores. Also rise of oil in the wick of a lamp is due to
capillaryaction.

5. Ifoneendofatowelisdippedintoabucketofwaterandtheotherend hangs
over the bucket, the entire towel soon becomes wet due to
capillaryaction.

6. Thesupplyofwatertotheleavesatthetopofevenatalltreeisthrough
capillaryrise.

7Afabriccanbewaterproof,byaddingsuitablewaterproofingmaterials  to
the fabric. This addition increases the angle of contact, thereby
makingthefabricwaterproof.

Workedexamples

1. Acapillarytubeofdiameter0.5mmisdippedintoaliquidverticallyand  the
liquid rises to a height of 6 cm. If the density of the liquid is 1000
kgm?,calculatethevalueofsurfacetensionoftheliquid. (g=9.81ms?)

Diameterofthecapillarytube2r=0.5mm
Radiusofthecapillarytuber=0.25x10°m
Riseofliquidinthetubeh=6cm=6x10"m
Densityoftheliquidp=1000kgm
Liquidbeingwater,angleofcontact®=0°
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Surfacetension ofthe liquidT _hear2cos0

6x102x1000x9.81x0.25x103
2cos0

T=72.5x10"°Nm
2. Calculatethediameterofacapillarytubeinwhichaliquidrises
2.34x10°m. Surface tension of the liquid is 25 x 10°Nm™. Relative
densityoftheliquidis0.79.Angleofcontact=11°12".(g=9.81ms?)
Relative density of the liquid = 0.79
Densityoftheliquidp=0.79x10’kgm™
Diameterofthetube=2r=5.41x10"m
WeknowT= g
r2coso
2Tcos0
hpg
- 2x25x10° Cosl1°12'
2.34x102x0.79x10°x9.81

= 2.705x10“*m

3. Aliquidofdensity1000kgm *istakeninabeaker.Acapillarytubeof
diameterl.0mmisdippedverticallyinit. Calculatetheriseofliquidin
thetube.Surfacetensionoftheliquidis72x10°Nm™.

For water, angle of contact 6 = 0°

Surface tension T =72 x 10°Nm’

‘Diameterofthecapillarytube2r=1mm

Radiusofthecapillarytuber=0.5x10°m

h=2.939x10”m
Riseofliquidinthetubeh=21c039
rpg
2x72x10°3Cos0°

0.5x103x1000x9.8

. Acapillary tube of internal diameter 0.5 mm is dipped into a liquid of

density1140kgm®.Theliquidrisestoaheightof2.6cminthecapillary  tube.

If the angle of contact of liquid with glass is 55°, calculate the
surfacetensionoftheliquid.

=2.939x10?m
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Diameterofthecapillarytube=0.6mm
Radiusofthecapillarytuber=0.3x10°m
Densityoftheliquid,p=1140kgm*
Heightthroughwhichliquidrisesh=2.6x10"m
Angleofcontact,6=55°

Surface tensionoftheliquidT _hpar
2cos0
T_2.6x10'2x0.3x10'3x1140x9.8
2c0s55°

T=75.96x10°Nm™

Questions

Part— A

Definestress.

Definestrain.

Whichismoreelastic,rubberorsteelandwhy?

Whatiselasticlimitandplasticlimit?

Defineelasticbodyandplasticbody.

Whatarethethreemoduliiofelasticity?

Define(i)linearstrain(ii)bulkstrainand(iii)shearingstrain.

WritethestatementofHooke'slaw.

DefineModulusofelasticity

10. Define(i) Y oung'smodulus(ii)Bulkmodulusand(iii)Rigiditymodulus.

11. DefinePoisson'sratio.

12. Whatisuniformbendingofabeam?

13. Whatisnonuniformbendingofabeam?

14. Definecoefficientofviscosity.

15. Derive the dimensional formula and the Sl unit for the coefficient of
viscosity.

16. Whatisstreamlinemotion?

17. Whatisturbulentmotion?

18. WhatisReynoldsnumber?

© oo NG~ WDdE
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19. Whatiscriticalvelocity?

20. Whatisterminalvelocity?

21. Writetheapplicationofviscosity.

22. DerivetheS.l.unitandthedimensionalformulaofsurfacetension.
23. Whatistheeffectofsurfacetensiononthesurfaceareaofliquids?
24. Thedropletofrainisspherical.Why?

25. Howdoinsectsrunonthesurfaceofwater?

26. Definesurfacetensionofaliquid.

27. Defineangleofcontact.

28. Definecapillarity.

29. Writeanytwoapplicationsofcapillarity.

Part-B

1. Explaintheelasticbehaviorofamaterialwiththehelpofstress-strain
curve.

2. Explainuniformandnon-uniformbendingofbeams.

3. Describeanexperimenttodeterminethe Young'smodulusofthe
materialofabarbybendingituniformly.

4. Distinguishbetweenstreamlineandturbulentmotion.

5. DerivethePoiseuille'sformulaforthecoefficientofviscosityofaliquid
bydimensionalmethod.

6. Describe as experiment to determine the coefficient of viscosity of a

low viscous liquid by capillary flow method.

7. DescribeStokes'methodofdeterminingthecoefficientofviscosityof
atransparent,highviscousliquid.

8. Explainthephenomenonofsurfacetension,capillaryriseand
capillarydip.

9. Deriveanexpressionforthesurfacetensionofaliquidinthecaseof
thecapillaryrise.

10. Describeanexperimenttodeterminethesurfacetensionofwaterby
capillaryrisemethod.

11. Listthevariousapplicationsofcapillarity.



ExerciseProblems

1.

Thelengthofawireincreasesfrom1.25mto1.2508mwhenaloadof
12kgissuspended.Theradiusofthewireis0.5mm.Findthestress, strain
and young's modulus of material of the wire. (149.7x10°Nm?, 6.4 x
10, 23.4 x 10"°Nm?)

. Whatloadinkilogrammustbeappliedtoasteelwireoflengthlmand

diameter 0.05 cm to produce an extension of 1 cm. The Young's
modulusofsteel=2x10".Pa.(40kg)

. Awire10mlongofareaofcrosssection1.22cm’elongatesby1.5cm

when4.5kgissuspendedfromit. Findthe(i)stress(ii)strainand(iii)
young'smodulusofthewire.(g=9.8ms?)[(i)3.528x10°Nm”
(ii)0.0015(iii)2.352x10°Nm~|

. Abodyofmass5kgissuspendedbymeansofasteelwireoflengthlm

anddiameterlmm.TheYoung'smodulusofsteelis21x 10" °Nm’
? calculatetheelongation ofthewire.(I=2.97x10“m)

. Auniform metal bar, one metre long, is placed symmetrically on two

knife-edges separated by a distance of 64.2 cm. When two equal
weights of 0.5 kg each are suspended from points 5¢cm from the two
ends respectively, the mid-point of the bar is elevated by 0.76 mm.
CalculatetheYoung'smodulusofthematerialofthebarifthewidthof
thebaris2.2cmanditsthickness0.62cm.(Ans:9.81x10°Nm?)

. Calculatethesurfacetensionofwaterifitrisestoaheightof4.2cmina

capillarytubedippedverticallyinit. Radiusofthecapillarytubeis3.5x 10
‘m.(72.03x10°Nm™)

. Acapillarytubeofdiameter0.5misdippedintoaliquidverticallyand

theliquidrisestoaheightof4.4cm.Ifthedensityoftheliquidis1000 kgm’
° calculatethevalueofthesurfacetensionoftheliquid.

. Acapillarytubeofbore0.84mmindippedintoaliquidofdensity840  kgm’

‘andsurfacetension0.049Nm*.Findtheriseoftheliquidinthe tube.
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Brainteasers

1.

Awireofdiameter2.5mmisstretchedbyforceof980N.IftheYoung's
modulusofthematerialofthewireis12.5x10"’percentage  Nm®.Findthe
increaseinthelengthofthewire.

. Twowiresaremadeofsamematerial. Thelengthofthefirstwireishalf

ofthesecondwireanditsdiameterisdoublethatofthesecondwire. If
equalloadsareappliedonboththewiresfindtheratioofincreasein
theirlengths.

. The diameter of a brass rod is 4 mm. Calculate the stress and strain

when it is stretched by 0.25% of its length. Find the force exerted
(E=9.2 X 10"'Nmfor brass)
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UNIT -1l

DYNAMICS- |

Introduction
Dynamicsisabranchofmechanicswhichdealswiththemotionof  the
bodies under the action of forces.

Abody is said to be at rest if it does not change its place or
positionwithrespecttoitssurroundings.Nobodyinthisearthisat
absoluterest.Because,theyaresharingthemotionoftheearth. A
bodycanbeatrestwithrespecttoanotherbody.

Abodyissaidtobeinmotionifitchangesitsplaceorpositionwith respect
to its surroundings. For example, a person in the moving train
feelsthemotion,seeingthepassingobjectsthroughthewindows.Hence rest
and motion are relative terms.

Themotionofthebodyischaracterisedbytwoquantities,Forceand
Momentum.lfabodyisinmotionwithacceleration,thenthebodyisacted
uponbyaforce(F=ma).lfabodyisinmotionwithuniformvelocity,there
isnoacceleration,thenthemotionofthebodyisonlyundermomentum (mv).

Newton'sLawsofmotion:Theselawsareveryimportantindynamics.

ILaw: Everybodycontinuestobeinitsstateofrestorofuniformmotion
inastraightlineunlesscompelledbyanexternalforce.

Il Law: Therateofchangeofmomentumofabodyisdirectlyproportional
totheforceactingonitandittakesplaceinthedirectionoftheforce.

IIl Law:Foreveryaction,thereisalwaysanequalandoppositereaction.

InthisunitweshallstudyabouttheProjectilemotion,Circular motion, its
application and Simple Harmonic Motion.
PROJECTILEMOTION
Inthischapterweshallconsiderthemotionoftheobjectsprojected
inanydirectionfromtheearthmakingthefollowingassumptions.
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1) Theairresistanceisnegligible

2) Theaccelerationduetogravityremainsconstant.
Whenanobjectisprojectedverticallyupfromtheearth,weregard  the

upward direction as the positive direction. The force of gravity

produces acceleration downwards on the object. Acceleration is

thereforetakenasnegative.

Equationsofmotion:Letu=initialvelocity,v=finalvelocity,
a=acceleration,t=timeands=displacement.
() ForObjectsinmotion
(1) v=u+at
(2) s=ut+1/2at’
(3) v’=u’+2as
(ii) Forobjectsfallingfreely
Hereinitialvelocityu=0anda=+g
(1) v=gt
1

s= gt
2)S= ,

(3) v’=2gs
(iii) Forobjectsthrownverticallyupwards
Herea=-g
(1) v=u-gt
=42
(2) s=ut th

(3) v’=u’-2gs
Projectile

Projectileisanyobjectthrownobliquelyintothespace.Theobject
whichisgivenaninitialvelocityandafterwardsfollowsapathdetermined by
the gravitational force acting on it is called projectile. Its motion is
calledprojectilemotion.

Astoneprojectedatanangle,abombreleased fromanaeroplane, a shot
fired from a gun, a shotput or javelin thrown by the athlete are the
variousexamplesfortheprojectile.
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Considerabodyprojectedfromapoint'O'withvelocity'u'. Thepoint

'0'iscalledpointofprojectionand'u‘iscalledvelocityofprojection.
A

Y
A
DI——— /£ —_
-
21
4 H
o
Oy cosa C B X

VelocityofProjection(u): Thevelocitywithwhichthebodyprojectedis
calledvelocityofprojection.

AngleofProjection(a): Theanglebetweenthedirectionofprojection
andthehorizontalplanepassingthroughthepointofprojectioniscalled
angleofprojection.

Trajectory(OAB): Thepathdescribedbytheprojectilefromthepointof
projectiontothepointwheretheprojectilereachesthehorizontalplane
passingthroughthepointofprojectioniscalledtrajectory. Thetrajectory  of
the projectile is a parabola.

Maximumheight(H):The maximum vertical displacement of the
projectilefromthehorizontalplanepassingthroughthepointofprojection
iscalledmaximumheight.

Timeofflight(T):The time taken by the projectile to travel from the
instant of projection to the instant when it reaches the horizontal plane
passingthroughthepointofprojectioniscalledtimeofflight(or) Thetime
takenbytheprojectiletodescribethetrajectory.

Range(R):The distance between the point of projection and the point
where the projectile reaches the horizontal plane passing through the
pointofprojectioniscalledtherangeoftheprojectile.
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Note: Thehorizontalcomponentofvelocityucosaisconstantthroughout  the
motion and the vertical component of velocity usinagoes on decreasing
and becomes zero at the highest point A, because of the constant
retardation '-g' acting on the projectile.
Expressionsformaximumheight,timeofflightandhorizontalrange
ofaprojectile.

A
Y
u
Db/ __A
T
O
£
2 H
5
o
Ou Cos a C B - X
< R >

ConsiderabodybeprojectedupwardsfromthepointofprojectionO
withthevelocityu.Letabetheangleofprojection.Thevelocityucanbe
resolvedintotwocomponents.Letusinaanducoso.aretheverticaland
horizontalcomponentsofthevelocity.

Maximumheightreachedbytheprojectile:
LetHbethemaximumheightreachedbytheprojectile. Atthe
highestpointtheverticalcomponentofvelocitybecomeszero.
Consideringtheverticalmotionoftheprojectile,
Takingtheequationofmotion
v’=u’+2as ..(1)
FinalvelocityatA,v=0
InitialvelocityatO,alongverticaldirectionu=usinaAccelerat
iona=-g
VerticaldisplacementAC,s=H
Substitutingthesevaluesinequation(1) O
= u’sin” o+ 2(-g)H
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0=u’sin‘a-2gH
2gH=u’sin’a.

2cin2
-.Maximumheight,H =US”21—ga

TimeofFlightoftheProjectile:
Thetimetakenbytheprojectiletodescribethepathiscalledtimeof
flight.i.e.,ltisthetimetakenbytheprojectiletotravelfrom'O'to'B',viaA.

LetTbethetimeofflight.Here,theverticaldisplacementatBis
zero.

Consideringtheverticalmotion, Takingtheequationofmotion S
1
=ut +~at?
2
VerticaldisplacementS=0

InitialvelocityatO,alongverticaldirectionu=usina

Accelerationa=-g; Timet=T;Substitutingthesevaluesinequation(2)
1
O=usinaT + 2(—9)1'2

OzusinocT—lgT2
2

1
;gTZ: u sinaT
- Timeofflight T~ —24Sine

HorizontalRangeoftheProjectile:
Thehorizontaldistancebetweenthepointofprojectionandthepoint

wheretheprojectilemeetsthehorizontalplanepassingthroughthepoint

ofprojectioniscalledrangeoftheprojectile.

LetRbetherangeoftheprojectile.
RangeR=Horizontalcomponentofvelocityx Timeofflight

usina

g

2
R=ucosax
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_U’2sina.coso
B g
_u’sin2a
g
Conditionformaximumrange(R,...):

..sin2a= 2 sinacosa

..Range,R

_u’sin2o.

g
Foragivenvelocityofprojection,rangewillbemaximumonlywhen

sin2aismaximum.Themaximumvalueforsinefunctionisl.
i.eSin2o=1but,Sin90°=1

-.SiN20=Sin90° ... 20=90° s.a=45°
Forgettingmaximumrange,theconditionistheangleofprojection
shouldbe45'.

TheexpressionforHorizontalRange,R

:uzsin(2x45°)
g
R _Usin90"_u (QSin90=1)

~.Maximumrange,R

max

Thisistheexpressionforthemaximumrangeoftheprojectile.
Pathoftheprojectile(thetrajectory)isaParabola:

AY
u

g A
‘B
>

M- T T TP(Y)

|

WA x
O« x—> ucosa B
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ConsiderabodybeprojectedfromthepointofprojectionOwiththe
velocity u as shown in thefigure. Letobe the angle ofprojection ofthe
body. The velocity u can be resolved into two components. usinaand
ucosaaretheverticalandhorizontalcomponentsofvelocityu.LetP(x,y)

Horizontaldisplacementintsecond,x=u cos oxt

. . . 1
TakingtheequationofmotionS=ut+~at’————— >(1)

bethepositionofthebodyafter't'second.

Verticaldisplacementintsecond,S=y

. X
Timetaken toreach P,t=
ucosa
InitialvelocityatOalongverticaldirection,u=usinaAcc
eleration a=-g

. x 1 X
y=usina +7(-9)
ucoso. 2 u’cos’a
9

y=xtano— X
2u’cos’a.
X2
y=xtano— %
2u°cos’a

Substitutingthesevaluesinequation(1)
Theaboveequationissimilartotheequationoftheparabola
y=bx-cx*.Hencethepathoftheprojectileisaparabola.
SOLVEDPROBLEMS:
1. A body is thrown with a velocity of projection 49 ms™at an angle of

projection 45, Find (i) Maximum height (i) Time of flight (i) Range
(9=9.8ms?).
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Given
u=49ms™
o=45
u’sin’o.
= T
49x49xsin45° xsin45°
- 2x9.8
=61.25m

Timeofflight T~ —24Sinad

_2x49xsin45
- 9.8
=7.07s
usin2a
g
49x49xsin(2x45)
- 9.8
~49x49xsin90
- 9.8
=245m

Maximumbheight,H

Range,R =

2. Abulletfiredfromagunwithavelocityof80msstrikesthegroundat the
same level as the gun at a distance of 460 m. Find the angle of
inclinationwiththehorizontalatwhichthegunwasfired.

Given
u=80ms*,R=460m,g=9.8ms"

”
RangeR _u sin2o

Sin 2a :ﬁzgmzo.mM

v (80)

2a:=Sin"(0.7044)=44°46' S.0=22°23
3. Therangeofaprojectileisequaltodoublethemaximumheight attained.
Find the angle of projection.
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Given
Horizontalrange=2Xmaximumheight
ie.,R=2H
u’sin2a._,u’sin‘a

g 2
sin2o=sin“a

2sinacoso=sinasino
2coso=sino
~tano=2

- .a=tan*(2)=6326'

4. Aprojectileisthrownatananglebandanotheristhrownat(90-6)from
thesamepointbothwiththevelocities78.4ms™. Thesecondreaches
36.4mhigherthanthefirst.Findtheindividualheights.

Given

Angleofprojectionoffirstprojectile=0

Angleofprojectionofsecondprojectile=(90-6)

Velocityofprojectionu=78.4ms™*and

H,= H,+ 36.4m

H,-H,=36.4m

WhereH,isthemaximumbheightoffirstoneandH,isthemaximum
heightofsecondone.

H:uzsinze andH :uzsin2(90—9):uzcosze
. 29 : 29 29
Adding, H+H :uzcoszeLuzsinze
2 1 2g ! 2g
2
_u :78.4x78.4:313.6
29 2x9.8
2H, =36.4+313.6=350
H, =175m
Also,H,=H,-36.4 =175-36.4
H,=138.6m
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5. Iftherangeofaprojectileisand 256 /3 mthemaximumheight

reachedis64m.Calculatetheangleofprojection.

GivenH =64mR =256 ./3m

2ainl
Maximum heightH Usina
29
u’sin’o.
64 :—Zg 1)
2.~
Range,R _u Zsmoc;]:ow
256 ﬁ:u 2sinocosag B
Dividingeqn.(1)by(2)
64 u’sin‘a, o tana,
_Usia, _ _

256,/ 3 2 u®2sinacoso 4

1 S 1
tana= ﬁ a=tan Lﬁ:)

o= 30

3.2CIRCULARMOTION

Introduction
Inthischapterwestudythemotionofthebodiesmovinginacircular
path.Themotion of the body in a circular path is called circular motion.
Themotionofthebodyinthecircularpathwithuniformvelocityiscalled
uniform circular motion. When it is in uniform velocity, the direction of
motion at any point is along the tangent to the circle at that point. If the
bodyissetfree,itwouldmoveinthedirectionofthetangentatthatpoint.

Angularvelocity
Considerabody(orparticle)movingalongacircularpath.Iffisthe

angleturnedbytheradiusvectorintsecond,then

0

Angularvelocity — ®©= n
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The angle covered or swept or turned by the radius vector in one
second is known as angular velocity.
SlUnitofangularvelocityisradian/second(rads™)
Radianistheanglemadeatthecentreofthecirclebyanarcwhose
lengthisequaltotheradiusofthecircle.
Relationbetweenangularvelocityandlinearvelocity
Consideraparticlemovingalongacircularpathofradiusr.Initially
theparticleisatapointA.AftertsecondtheparticlereachesthepointB.
Letbbetheanglesweptbytheradiusvectorint-second.

0-VERYSMALL

0
Angularvelocity — ®©= 1

Ifoisverysmall,thedistanceABwillbeconsideredasastraightline.
Letvbethelinearvelocityoftheparticle.

) . s
Linearvelocity,v="

InAOAB,sin6:§
r

Ifoisverysmall,sinb=0inradian
6:§(or)s:r6
r

Linearvelocity,v:@:{(o (sz g}
\

SV=ro

Linearvelocity=RadiusofthecirclexAngularvelocity
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Note:
If6=1°,1°=0.0175radian;Alsosin1°=0.0175
Thensin0.0175(radian)=0.0175(naturalvalue)
0=2°=0.0349radian;Alsosin2°=0.0349
Thensin0.0349(radian)=0.0349(naturalvalue)
Hencesint=6forverysmallvaluesofo.
Itispracticallyvalidupto=4°=0.0698radian.
Periodandfrequencyofrevolution
Period(T):Periodofrevolutionofaparticleisthetimetakenbythe
particletocompleteonerevolution.

Frequency(n):Frequencyof revolution of a particle is the number

ofrevolutionsmadeinonesecond.

RelationbetweenperiodTandangularvelocity w:
Foronecompleterevolution(inTsecond),
AngleturnedbytheradiusvectorinTsecond=2n

~.Angle turnedbytheradius vector in onesecond ZE
2 2 T
i.e.,Angularvelocity,mz—Tc orT==%
T ®

RelationbetweenperiodTandfrequencyn:

Lettheparticlecompletesnrotationsinonesecond.

Thisiscalledfrequency.So,thetimetakencompleteonerotation

which gives period = 1/n.Therefore,T= 1/n.
Relationbetweenfrequencynandangularvelocity o:

No.ofrevolutionsinlsecond=n

Angleturnedbytheradiusvectorforonerevolution=2r

.Anglecoveredbytheradiusvectorfornrevolutionsinl

second=2nn

i.e.,Angularvelocity,o=2nn
Normalacceleration:

Foraparticleinuniformcircularmotion,thedirectionofitsvelocity
changes continuously but the magnitude remains constant. For this, a
force must act along the radius, towards the centre of the circle, to
maintainthecircularpath.Hence,thereisaccelerationactingonthebody
towards the centre of the circle.
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Thus, for a particle executing uniform circular motion, there must
always be acceleration directed towards the centre of the circular path
alongtheradius.Thisaccelerationiscallednormalaccelerationandthe
forceresponsibleforthisaccelerationisknownascentripetalforce.

When a particle is moving along a circular path, the particle is
acceleratedtowardsthecentreofthecircularpathinadirectionnormalto  the
direction of its motion. This acceleration of the particle is known as
normalacceleration.

CentripetalforceandCentrifugalforce:

When a particle is moving along a circular path, it is accelerated
towardsthecentreofthecircularpath.Duetothisaccelerationtheremust
beforceactingontheparticletowardsthecentreandthisforceisknown

ascentripetalforce.
Centripetalforceisdefinedastheforcewhichactstowardsthe

centrealongtheradiusofthecircularpathonwhichtheparticleismoving

withuniformvelocity.
Letastonebetiedtooneendofastringandwhirledinahorizontal  plane

with constant speed. The stone is subjected to a force directed
towardsthecentreofthecircle. Thisforceactingtowardsthecentreofthe

circleiscalledcentripetalforce.
Theexpressionforcentripetalforceisgivenby

2

ormre’

By Newton's third law, there must be a reaction to this force. This
reactiveforcewhichisdirectedawayfromthecentreiscalledcentrifugal
force.

Thecentrifugalforceisdefinedastheforceactingalongtheradius
ofthecircle,awayfromthecentre,tobalancethecentripetalforce.

The centripetal force and centrifugal force are equal in magnitude
butoppositeindirection.Ascentrifugalforceisareactionforce,itceases
oncethecentripetalforcestops.

Examplesforcentripetalforce:
Thecentripetalforceisresponsibleforcircularmotion.Withoutthis
force the body cannot move along a circular path. This force can be

producedindifferentways.
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1. A body tied to one end of a string is being rotated in a circle; the
centripetalforceissuppliedbythetensionofthestring.

2. The moon revolving around the earth, the centripetal force is the
gravitationalpulloftheearthonthemoon.

3. Apersonridingacyclealongacircularpath,thenecessarycentripetal
force is supplied by a sidewise pressure exerted by the road on the
tyres.

Examplesforcentrifugalforce:

1. Astonetiedtooneendofastringisbeingrotatedinacircle,thestone itself
exerts an equal and opposite force on the hand. It is due to the
centrifugalforce.

2. A centrifugal pump is used to pump well water on the basis of
centrifugalforce.

ExpressionsforNormalaccelerationandCentripetalforce

Consideraparticleofmass'm'movingalongacircularpathofradius
r.Letvbethevelocityoftheparticle.InitiallytheparticleisatapointA.

AftertsecondtheparticlereachesthepointB.Letobetheanglecovered

bytheradiusvector.LetBbeveryclosetoA,sothattheanglecoveredbissmall.

Angular velocity,m=

T
Initially,
ThevelocitycomponentinAOdirection=zero
Aftertsecond
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ThevelocitycomponentinBCdirection=vsind
Sincebisverysmall,thedirectionBCisveryclosetoAOdirection.
.. Thechangeinvelocitytowardsthecenterofthecirclein
‘t'second =vsinB-0
=vsinb
Asbisverysmall,sin6=6 (inradian)
The changein velocityin onesecond ~ _VSin®

. . vsing t
ie.,Normalacceleration,a =
, vOt
..Normalacceleration,a =
0
Since o= ,— a=vo
t
sincev =ro, a=ro.o=ro’
. v v V2
sincen=", a=v. = —
r r r
2
. Y, )
Normalacceleration, a= _ora=ro

r

Centripetalforce
AccordingtoNewton'slILawofmotion,F=ma.As'm'isthemassof

theparticlemovingalongacircularpathofradiusr,
Centripetal force = mass X normal acceleration.
2
%

Normalacceleration, &= — or a=ro?
r

mv?2

Centripetalforce, F= or F=mre?

SOLVEDPROBLEMS

(1) Aballweighing0.5kgistiedtooneendofastringandiswhirledata
constantspeedof10ms’inahorizontalplane.Ifthelengthofthestringis
1m,calculatethenormalaccelerationandthetensioninthestring.

Givenm=0.5kg,v=10ms™ f=r=1m a=?F=?
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v (10)
Normalaccelerationa =—=—1= 100 ms™®
r

Tensioninthestring(Cntripetalforce)

mv

F=_= 0.5x(10)’= 50N

r
(2) A body of mass 1 kg is tied to a string of length 1m revolves in a
horizontalcircle.If the angular velocity is 3 rad s*, calculate the
centripetal force acting on the body.
Given,m=1kg,¥=r=1m,o=3rads
"CentripetalforceF=mru’=1x1x(3)*=9N

(3) Findthecentripetalforceonabodyofmass500gwhenitrevolvesin
acircleofradiusl.5m.Thebodymakes120R.P.M.

Givenm=500g=0.5kg,r=1.5m
No.ofrevolutions=120perminute

i.e.,n =%= 2revolutionsper second

CentripetalforceF=mro’
=mr(2nn)*(sincen=2nn) =4r’mrn’
=4x3.14x3.14x0.5x1.5x 2 F=118.4N

(4).Amassof5kgismovinginacircleofradiuslm.lfthecentripetalforce

actingonthemassis20N,findthelinearvelocityandangularvelocity.
Given:F=20N, r=1m,m=>5kg

F_mv
r
o 20xL ,m
5
v=2ms™
LoV 2
Angularvelocity,m="="= 2rads*

r
(5) Aropeoflengthlmcanwithstandamaximumweightof10kg.Nowa
stoneofmass200gistiedtoitandiswhirledroundinahorizontalcircle.
Calculatethemaximumpermissiblespeedofthestone.
Given:r=1m,m=200g=0.2kgandF=10x9.8N
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F=
r
vzzﬂ.'.v= \/E = {M
m m 0.2
v=7.07ms™

(6) Oneendofastringoflength0.64misattachedtoabucketcontaining water
and the bucket is rotated about the other end in a vertical circle.
Findtheminimumspeedwithwhichitcanberotatedwithoutspillingthe
wateratthehighestpoint. Howmanyrevolutionsperminuteitismaking?

Given:Lengthofthestring(or)radiusofthecircler =0.64m
Forwithoutspillingthewaterathighestpoint

mv? v
mg="" (or)g= o
r r
~Vi=rg= 0.64x9.8 =6.272

~.Theminimumspeedv=  +6.272 =2.504ms™

Letn’betheno.ofrevolutionspersecond.

()
ne_ Vo 2504 ;603
2n r.2m 0.64x27n

Noofrevolutionsperminute=0.6231x60
=37.4revolutions
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3.3APPLICATIONOFCIRCULARMOTION

Bankingofcurvedpaths:

Curved track is to be considered as a part of the circular path.
Consider a motor car moving along a curved road. Now two forces are
acting on the car, one is the weight of the car acting downward and
second is the normal reaction acting upward. In addition to these two
forces, a horizontal centripetal force should act on the car for safe
negotiation of curved motion. This force is supplied by the pressure
exertedbytheroadonthetyresofthecartowardsinnerside.

AccordingtoNewton'sthirdlawofmotion,thetyresexertanequal
andoppositepressureontheroadtowardstheouterside.Hencethere
mustbeafrictionalforcebetweentheroadandthetyres. Thisfrictional
forcetriestobalancethecentifugalforce.|lftheroadisinhorizontallevel,
thefrictionmaynotbesufficienttobalancethecentrifugalforce. Thenthe  car
may skid. To avoid this the outer edge of the road is raised a little
abovetheleveloftheinneredge. Thisformationiscalledasbankingof
curvedpaths.

In the case of train moving along a curved track, the necessary
centrifugal force is supplied by the pressure exerted by the rails on the
flangesofthewheels.Alsotheflangesofthewheelsexertanequaland
opposite pressure on the rails. Hence there must be a large amount of
frictionanditleadstodamagetherailsalsotoderailmentofthetrain.

Toavoidthisdamageandderailment,theouterrailissuitablyraised over
the inner rail to eliminate the flange pressure on the rails. This
formationiscalledasbankingofcurvedrailwaytracks.

The raising of outer edge of a curved path than the inner edge for
providingthenecessarycentripetalforceisknownasbankingofcurved path.
AngleofBanking

It is the angle between the normal horizontal path and the curved
bankedpath.

The angle of banking of a curved path is defined as the angle
throughwhichtheouteredgeoftheroadisraisedovertheinneredge.
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Theangleofbankingofcurvedrailwaytracksisdefinedastheangle
throughwhichtheouterrailisraisedovertheinnerrail.
ExpressionforAngleofbankingofRailwaytracks

Consider a train moving along a curved path of radius r. In figure,
ABCDshowstheverticalcrosssectionofarailwaycarriage.lftheouter
railisraisedovertheinnerrailbyanangle6,thecarriageisinclinedtothe
horizontalbythesameangle.Thisangleiscalledangleofbankingofthe
railwaytracks.

LetR,andR;bethereactionsoftheinnerandouterrails.

ThetotalverticalcomponentofR,and =R,cos0+R,cos0
=(R,+R;)cos6

R, ThetotalhorizontalcomponentofR,andR, =R,sin0+R,sind
=(R,*+R,)sind

The vertical component balances the downward weight of the carriage.
Thehorizontalcomponentsuppliesthenecessarycentripetalforceandit
balancesthecentrifugalforce.Letmbethemassofthecarriageandvbe
thespeedofthetrain.

R, R,cos0
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Thedownwardweight=mg

2

Thecentrifugal  force -V

Equatingtheforces(R,+R,)cosb=mg i (1)

(R+R)sino="" )
oo rmv

(2) (R+R)sind rmg

(1) (R+R,))cosd

2

ie.,tanezv _
g
.. The angle of banking of railway track,
LetI'bedistance(AB)betweentherails. (V2
O=tan™ —
If'0'small,sinb=tan6 Lrg )
2 2
Ay vl
I rg rg

Whileconstructingcurvedrailwaytracks,thevalueofhisobtained

forfixedvaluesofv,landr.
Therefore, on a curved rail track, every train has to move with

aparticular speed specified for the track.

SOLVEDPROBLEMS

(1) Acyclistisridingataspeedof22ms*takesaturnonacurvedcircular
roadofradius44m.Whatishisinclinationtothevertical?

Given,V=22ms",r=44m,g=9.8ms"

2

tanezi
rg
_(222 484
44x9.8 431.2
tan0=1.122

6=tan"'(1122) =48°18
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(2) Anelectrictrainhastotravelonarailwaytrackwithacurveofradius
120mwithaspeed of 36 kmph. Calculate the angle of banking of the
rails.

1000
Givenv =36kmph  =36X = 10ms
3600

r=120m g=9.8ms=

2
tan6= —_ (10)2r
g 120x9.8
tan6=0.0850
6  =tan"1(0.085)=4’51"

(3) Abend inlevel roadhas aradius of18m. Findthe maximumspeed with
which a car negotiates the bend without skidding.The elevation of
theroadis7°.

Given,R =18m, 6=7° andg =9.8ms’
V2
tano="__
rg

v2=rg><tan9=18><9.8><tan70
=18%9.8x0.1222=21.65 v

= 4.65ms'l

3.4SIMPLEHARMONICMOTION

Any motion in nature is classified into two types, viz., periodic and
non-periodic motion. Periodic motion is that motion which repeats itself
after equal intervals of time. The examples of periodic motion are the
motionofplanetsaroundthesun,motionofhandsofaclock,motionof the
balance wheel of a watch.

Itabodymovesbackandforthrepeatedlyaboutameanposition,it
issaidtopossessoscillatorymotion.Vibrationsofguitarstrings,motionof a
pendulum bob, vibrations of a tuning fork, oscillations of mass
suspendedinaspring,vibrationsofdiaphragmintelephonesarefew
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examplesofoscillatorymotion.Inallthecasesofvibrationsofbodies,the  path
of vibration is always directed towards the mean or equilibrium position.

The oscillations can be expressed in terms of simple harmonic
functionslikesineorcosinefunction.Aharmonicoscillationofconstant
amplitudeandsinglefrequencyiscalledsimpleharmonicmotion(SHM).

A particle is said to execute simple harmonic motion if its
accelerationisdirectlyproportionaltothedisplacementfromafixedpoint and
is always directed towards that point.

ImportantdefinitionsofSHM
Displacement

The distance travelled by the oscillating particle from its mean
position at any instant is called displacement.

Amplitude

Themaximumdisplacementoftheoscillatingparticlefromitsmean
positioniscalledamplitude.

Oscillation

Onecompletetoandfromotioniscalledoneoscillation.

Period
Timetakenbytheoscillatingparticletocompleteoneoscillationis
calledperiod.

Frequency

The number of oscillations or vibrations made by the vibrating
particle in one second is called frequency.
Phase

Phase of a patrticle vibrating in SHM at any instant is the state of
vibrating particle regarding its position and direction of vibration at that
particularinstant.
TheProjectionofuniformcircularmotiononadiameteris SHM

Consider a particle moving along the circumference of a circle of
radius'a'andcentreO,withuniformspeed'v',inanticlockwisedirection as
shown in the figure. Let XX' and YY' be the two perpendicular
diameters.
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SupposetheparticleisatPafteratimetsecond.lfwistheangular
velocity.thentheangulardisplacementintimetisgivenby6=wt.FromP
drawPNperpendiculartoYY'.AstheparticlemovesfromXtoY ,footof
theperpendicularNmovesfromOtoY.AsitmovesfurtherfromYtoX',
thenfromX'toY'andbackagaintoX,thepointNmovesfromYtoO,from O to Y’
and back again to O. When particle completes one revolution
alongthecircumference,thefootoftheperpendicularpointNcompletes
onetoandfroaboutthemeanpositionO.ThismotionofthepointNalong the
diameterYY'is simple harmonic.

Hence,theprojectionofauniformcircularmotiononadiameterofa
circleissimpleharmonicmotion.

<

QUESTIONS

PART-A

Whatisaprojectile?
Definevelocityofprojection.
Defineangleofprojection.
Definetrajectoryofaprojectile.
Definemaximumheightofaprojectile.
Definetimeofflightofaprojectile.
Definerangeofaprojectile.

No gakwDdhNE
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8.
9.

10.
11.
12.
13.
14.
15.
16.

17.
18.
19.
20.
21.

Givetheconditionformaximumrangeofaprojectile.
Whatisacircularmotion?

Defineradian.

Defineangularvelocity.
Definenormalacceleration.
Definecentripetalforce.

Whatiscentrifugalforce?

Defineangleofbanking.

Why does the outer rail is raised over the inner rail along a curved
railwaytrack?

DefineSimpleHarmonicMotion

Defineamplitude

Definefrequency

Defineperiod

Definephase

PARTB

1.

oD

© N O

10.
11.

Deriveanexpressionforthemaximumheightreachedbythe projectile.
Deriveanexpressionforthetimeofflightoftheprojectile.
Deriveanexpressionforthehorizontalrangeoftheprojectile.
Derivetheconditionforthemaximumrangetheprojectile(OR)Show that
the range is maximum when the angle of projection is 45°or a
givenvelocityofprojection.

Provethatthepathofaprojectileisaparabola.
Derivetherelationbetweenangularvelocityandlinearvelocity.
Derivetherelationsbetweenangularvelocity,periodandfrequency.
Obtainexpressionsforthenormalaccelerationandcentripetalforce of a
body executing uniform circular motion.
Explainthebankingofcurvedtracks.
Deriveanexpressionfortheangleofbanking.
Showthattheprojectionofuniformcircularmotiononthediameterof
acircleisSHM.
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Exerciseproblems

1.

A particleisthrownatanangleof30°withavelocityof36kmph
Calculateits(1)timeofflightand(2)horizontalrange.
[Ans:(i)1.02s,(ii) 8.84m]
The range of a projectile is equal to 3 times the maximum
heightattained. Find the angle of projection.
[Ans:53°7

3. The maximum height of a projectile is 2 times its horizontal
rangereached. Find the angle of projection.

7.

[Ans:79°58']
Abomberflyinghorizontallywithaconstantvelocityof600kmphata
height 480m wants to hit a target on the ground. Find at what
horizontaldistancefromthetargetshouldabombbedroppedinorder
tohitthetarget.

[Ans:R=1648m]
A body of mass 2 kg tied to a string of length 2m revolves in a
horizontal circle. If the angular velocity of the body is 5 rad s,
calculatethecentripetalforceactingonthebody.

[Ans:F=100N]
Inacircus,amanisridingamotorcycleintheformofverticalcircle  inside
the hollow spherical cave of diameter 6m. Find the minimum speed
of the rider with which he can be riding without falling at the
highestpoint.

[Ans:v=7.668ms"0r27.6kmph]

Astringoflengthl.5mcanwithstandamaximumweightof5kg.wt. A

bodyofmass2kgistiedtoitandwhirledroundinahorizontalplane.
Calculatethepossiblemaximumnumberofrevolutionsperminute

[Ans:RPM=38.6]

8. Ascooterridernegotiatesacurveofl00mradiusonalevelroadwitha

speedof72kmph.Calculatetheangleofinclinationtotheverticalhe
shouldmaketoavoidfalling.
[Ans:0=22°12"
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9. Anelectrictrainhastotravelacurvedrailwaylineofradius50mwith
maximumspeedof36kmph.Calculatetheanglethroughwhichthe
outerrailshouldberaisedsothatthereisnolateralthrustontherails.

[Ans:= 11°311

10. An aeroplane with a speed of 120 ms™negotiates a curve of radius
1200m. Calculate its angle of banking.

[Ans:= 5045

11. Theexpectedaveragespeedofthetrafficonahighwayaroundthe
curveis20kmph.Calculatetheangleofbankingofthehighwayifits
radiusofcurvaturebel2m.

[Ans:= 14°42]

Brainteaser

1. Anelectrictrainhastotravelonarailwaytrackwithabendofradius 120m
with a speed of 45 kmph. Calculate the height through which the
outer rail should be raised for safe running of the train, if the
distance between the two rails is 1.6m.
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UNIT-IV

DYNAMICS-II

ROTATIONALMOTIONOFRIGIDBODIES
Introduction
AccordingtoNewton’sfirstlawofmotion,“Everybodycontinuesto be in
a state of rest or in a state of uniform motion along a straight line,
unlessitiscompelledtochangethatstatebysomeexternalforce”.

Thislawconsistsoftwopartsi.e.,(1)Abodyatrestwillnotmoveon its own
unless an external force acts on it and (2) A body which is in uniform
linear motion will not change either its speed or direction of
motiononitsown,withoutthehelpofanexternalforce.

Theinabilityofabodytochangeitsstateonitsown,withoutthehelp
ofexternalforceistermedasinertia.Inertiaisafundamentalpropertyof
thematter. Themoreisthemassofthebody,themorewillbeinertia. Thus in
translatory (linear) motion the mass of the body is a measure of
coefficientofinertia.

Rigidbody

If the distance between any two points in a body is not altered by
applyingaforce,howeverlargetheforcemaybe,thebodyissaidtobea
rigidbody.

Arigid body may be defined as that body which does not undergo
anychangeinitsshapeorsizeduetotheapplicationofforce.

Actually, no body is a perfect rigid body. When the changes in the
bodyarenegligible,itcanbeconsideredasarigidbody.

Rotationalmotion

Eachbodyismadeoflargenumberoftinyparticles.Inthecaseof linear

motion, all the particles present in the body will have same linear
velocity.
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Whenthebodyrotatesaboutafixedline(axisofrotation),itsmotion
isknownasrotatorymotion.
Theaxisofrotationmayliewithinthebodyoroutsidethebody.Ifall
theparticlesofabodymoveinacircularpathabouttheaxisofrotation,
therigidbodyissaidtohavepurerotationalmotion.
Whenabodyisinrotationalmotionaboutanaxis,alltheparticles
present in the body will have same angular velocity, but different linear
velocities. Thevaluesofthelinearvelocitiesoftheseparticlesdependon
thedistanceoftheparticlesfromtheaxisofrotation,sincev=rm
Inrotationalmotionalso,arigidbodywhichisfreetorotateaboutan
axis,opposesthechangeto Obeproducedinitsstate. Themeasureof
opposition not only depends on the mass of the body but also on the
distancesoftheparticlesofthebodyfromtheaxisofrotation.
Suppose a particle of mass ‘m’is at a distance r from an axis, the
productmriiscalledthemomentofinertiaoftheparticleaboutthataxis.
Thusinrotationalmotionthemomentofinertiaofthebodyaboutthe
givenaxisofrotationisameasureofcoefficientofinertia.
Hence, the moment of inertia plays the same role in rotational
motionasthatofmassintranslatorymotion.

Momentoflnertiaofaparticle
The moment of inertia of a particle about an axis is equal to the
productofthemassoftheparticleandsquareofitsdistancefromtheaxis.
Consider a particle of mass ‘m’is placed at a distance ‘r'from the
fixedaxis. Then,themomentofinertiaoftheparticleabouttheaxis=mr°TheS.|
.unitformomentofinertiaiskgm®.
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Momentofinertiaofarigidbody
Inertiaofabodyisitsinabilitytochangebyitselfitsstateofrestorof uniform
motion in a straight line.

SimilarlyMomentofinertiaofabodyisitsinabilitytochangebyitself
itsstateofrestorofuniformrotatorymotionaboutanaxis.

Anexternaltorque(rotatingeffectofforce)isnecessarytochange
itsstate.

Letusconsidertherotationofarigidbodyaboutanaxis.ltconsists of a
large number of particles of masses m,, m,, msetc., situated at
distances r, r, retc., from the axis yy’. Then myriis known as the
momentofinertiaoftheparticleofmassm,aboutthatfixedaxis.

Then,themomentofinertiaoftherigidbody=Sumofmomentsof
inertiaofalltheparticlespresentinthebody.
l=m, FHM , BHM | P

I=>mr?
Hencethemomentofinertiaofarigidbodyaboutafixedaxisisthe
sumofthemomentofinertiaofalltheparticlesoftherigidbody.

Radiusofgyration

Radius of gyration is the distance between the given axis and the
centreofmassofthebody. Thecentreofmassofabodyispointwhere
theentiremassofthebodyissupposedtobeconcentrated.
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Itisdenotedby‘K’.

2

IfMismassofthebody,thenmomentofinertial=MK".

Hence,mr’= MK®

Expression for Kinetic Energy of a Rigid body rotating about

anaxis:

Consider a rigid body rotating about a fixed axis XOX'. The rigid

bodyconsistsofalargenumberofparticles.Letm;,m,,m,,... .....
themassesoftheparticlessituatedatdistances.r,r,,f;, ..........

the fixed axis.All the particles rotate with the same angular velocityo.

Butthelinearvelocitiesoftheparticlesaredifferent.

KineticEnergy= ; mv*

lm(ro))22 (Qv:r(o)

= lmrzco2
2
Thekineticenergyofthefirstparticle = ;mlrfcoz
Thekineticenergyofthesecondparticle= 5
Thekineticenergyofthethirdparticle = ;m

and so on.
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Thekineticenergyofthewholebodyisequaltothesumofthe kinetic
energy of all the particles present in the body.

Thekineticenergyoftherigidbody:lm r2c02+lm r2m2+lm ro’....

11 22 33
E: 2 23,

= mr+mr+mr+ ... ®
| 11 22 33 |
\2 )
:lZmrzoo2
2
But,=mr’=Momentofinertiaoftherigidbodyaboutthefixedaxis=I
1
Therefore, Thekineticenergyoftherigidbody = 2_"02

Angular momentum
Themomentoflinearmomentumisknownasangularmomentum.
Consider a particle of mass m is at a distance r from the axis of

rotation.Whenapatrticleisinrotationalmotionaboutanaxis,ithasboth linear

velocity ‘v’and angular velocity ‘'’.
Then,Angularmomentumoftheparticle=linearmomentumx

perpendiculardistancebetweentheparticleandtheaxisofrotation
=mvxr

=mroxr(Qv=rw)
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-.Angularmomentum=mr’m
Wherewistheangularvelocityoftheparticle.
TheSlunitforangularmomentumiskgm’s™

Expression forAngular momentum of a Rigid body rotating about
anaxis:
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Consider a rigid body rotating about a fixed axis XOX'. The rigid
bodyconsistsofalargenumberofparticles.Letm,,m,,m,_etc.,bethe
massesoftheparticlessituatedatdistancesr,,r,,r,...etc.,fromthefixed  axis.
All the particles rotate with the same angular velocity, but with
differentlinearvelocitiesdependingonthevaluesofr.

Angularmomentum=momentoflinearmomentum
=linearmomentumxdistance
=mvxXr=mreoxr(..v=re)
=mr'o

. Theangularmomentumofthefirstparticle=mro°Theapgul

armomentumofthesecondparticle=mro’Theangularmem

entumofthethirdparticle=mre’ i

...andsoon.

Theangularmomentumofthewholebodyisequaltothesumofthe
angularmomentaofalltheparticlespresentinthebody.

Theangularmomentum|
ofthe rigidbody J

:(mrzhmr2+r;§r3+..)cg
:Zmrzoo
But,>mr’=momentofinertiaoftherigidbody=I
.. Theangularmomentumoftherigidbody=Iw
Lawofconservationofangular momentum
When there is no external torque acting on a rotating body, the

angularmomentumofthatbodyremainsaconstant. Thisisthestatement  of
law of conservation of angular momentum.

. 2 2 2 2 2 2
L_[pr O +MEE+Mrost...

i.e.,ifl,andw,aretheinitialmomentofinertiaandangularvelocityofa
rotating body and if l,and w,are new moment of inertia and angular
velocity of the body, without the help of any external torque, then
accordingtothislaw,

l,o0,=l,00,
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Examples

a) Considerapersonstandingonaturn-tablewitharmsextendedanda pair
of weights, one in each hand. The table is made to rotate by a
motorandthenthemotorisswitchedoff.Now,ifthatpersonpullshis  arms
inwards, we can see a considerable increase in the speed of
rotation.This is because, in the new position, his moment of inertia |
abouttheaxisofrotationdecrease,duetothedecreaseinthevalueof
r.Sincetheangularmomentumisconserved,adecreaseinthevaluel
resultsinanincreaseinthevalueofangularvelocitym. Thereforethe
person is found to rotate faster.

b) Acircusacrobat,adiverorskater,alltakeadvantageofthisprinciple.
consider a diver has just left a diving board with his arms and legs
extended, with a particular angular momentum. If he now pulls his
armsandlegsin,hismomentofinertialdecreases,leadingtoincrease in
angular velocity . By increasing o, the diver can perform more
numberofsomersaults,beforeenteringtheswimmingpool.

GRAVITATION

Newton’slawsofGravitation
Law1:Anytwoparticlesofmatterattracteachotherwithaforce Law 2
:The force of attraction between any two objects is

i. directlyproportionaltotheproductofthemasses
ii. inverselyproportionaltothesquareofthedistancebetween
them.

If m,, m,are masses of two particles, separated by a distance ‘d’
thentheforceofattractionbetweentheparticles,

m,m,
Fa - .—d.
mi_lp m, m,
F=G
d2

whereGisknownas“universalgravitationalconstant’andthevalue
0fG=6.6733x10""Nm’kg™
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Accelerationduetogravity

Galileo was thefirsttomake a systematicstudyofthemotion ofa
body under the gravity of Earth. He dropped various objects from the
leaningtowerofPisaandmadeanalysisoftheirmotionundergravity.He
cametotheconclusionthat‘intheabsenceofair,allbodieswillfallatthe
samerate”.ltistheairresistancethatslowsdownapieceofpaperora
parachute falling under gravity. If a heavy stone and a parachute are
droppedwherethereisnoair,bothwillfalltogetheratthesamerate.

Experimentsshowedthatthevelocityofafreelyfallingbodyunder
gravityincreasesataconstantrate.i.e.,withaconstantacceleration.The
accelerationproducedinabodyonaccountoftheforceofgravityiscalled
accelerationduetogravity.ltisdenotedby‘g’. Atagivenplace,thevalue
of‘g’isthesameforallbodiesirrespectiveoftheirmasses.ltdiffersfrom
placetoplaceonthesurfaceoftheEarth.ltalsovarieswithaltitudeand depth.

The value of g at sea-level and at a latitude of 45° is taken as the
standard (i.e) g =9.81 ms™.

AccelerationduetogravityatthesurfaceoftheEarth

ConsiderabodyofmassmonthesurfaceoftheEarthasshownin the
Figure. Its distance from the centre of the Earth is R (radius of the
Earth).

Thegravitationalforceexperiencedbythebody,FzGM—m

RZ
where Mis themassof theEarth.
m

FromNewton’ssecondlawofmotion,
ForceF =mag.
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GMm

Equatingtheabovetwoforces, =mg

RZ
GM
o.g=

RZ

Thisequationshowsthatgisindependentofthemassofthebody
m.But,itvarieswiththedistancefromthecentreoftheEarth.IftheEarth
isassumedtobeasphereofradiusR,thevalueofgonthesurfaceoftheEarthisgi
venby

. _GMp2

MassandWeight 9=

Themassofabodyisdefinedasthequantityofmattercontainedin
it. Themassofabodyisalwaysconstant.ltismeasuredinkilogram.

Theweightofthebodyisusuallydefinedastheforcewithwhichthe
earthattractsthebody.Sincethevalueofgvariesslightlyfromplaceto
place,theweightofabodyisnotaconstantbutvariesslightlyfromplace to
place. However, at any particular place the weight of a body is
proportionaltoitsmass. Thusifw,andw,aretheweightsoftwomasses
m,andm,atanyplace,then.

w, m,
W2 n"]2

Variationofaccelerationduetogravitywithaltitude(height):

LetPbeapointonthesurfaceoftheEarthandQbeapointatan
altitudeh.LetthemassoftheEarthbeMandradiusoftheEarthbeR.
ConsidertheEarthasasphericalshapedbody.
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TheaccelerationduetogravityatPonthesurfaceis
o-CMR?
Let the body be placed at Q at a height h from the surface of the
Earth.TheaccelerationduetogravityatQis
GM

S e m— 2
9; (Reh)? >(2)
dividing (2)by(1) a9 _R
g (R+hy? oh)
Bysimplifyingandexpandingusing binomialtheorem,gy=g 1-—— | |
R
\ )

Thevalueofaccelerationduetogravitydecreaseswithincreasein
height above the surface of the Earth.

Weightlessness

Television pictures and photographs show astronauts and objects
floating in satellites orbiting the Earth. This apparent weightlessness is
sometimes explained wrongly as zero-gravity condition. Then, what
shouldbethereason?

Consider the astronaut standing on the ground. He exerts a force
(hisweight)ontheground.Atthesametime,thegroundexertsanequal
andoppositeforceofreactionontheastronaut. Duetothisforceofaction, he
has a feeling of weight.

Whentheastronautisinanorbitingsatellite,boththesatelliteand
astronaut have the same acceleration towards the centre of the earth.
Hence,theastronautdoesnotexertanyforceonthefloorofthesatellite.
So,thefloorofthesatellitealsodoesnotexertanyforceofactiononthe
astronaut. As there is no reaction, the astronaut has a feeling of
weightlessness.

SATELLITES
Abody moving in an orbit around another bigger body is called a
satellite. Abodythatmovesaroundaplanetiscalledasatellite.
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Theobjectsthataremovinginorbitbynatureitselfaroundaplanet
arecallednaturalsatellites.Forexample,moonisthenaturalsatellitefor the
earth. The earth is a satellite for the sun. Man also has placed
artificially some satellites to move in orbit around the desired planets.
These satellites are called artificial satellite.

The artificial satellites are carried by rockets to the predetermined
height, a few hundred kilometers above the surface of the earth.At this
heighttheairisinararefiedstateandhenceairfrictionisnegligible.

Afterreachingthepredetermined height,thesatelliteisgivenvery
highhorizontalvelocitysothatitremainsmovinginanearlycircularorbit.

The artificial satellites are broadly classified as earth resources
satellites, meteorological satellites and satellites carrying microwave
Sensors.

EscapevelocityandOrbitalvelocity
Escapevelocity(Ve):Whena body is thrown vertically upwards, it will
returntotheearth’ssurfaceafterattainingcertainheight.Ifthevelocityof
projectionisincreased,theheightattainedbythebodybecomesgreater and
then the body returns to the earth. This is due to the gravitational force
of attraction of the earth. If the body is to be projected with a
particulargreatervelocity,thebodyescapesfromthegravitationalpullso that
it never returns to the earth. This velocity of projection is called
escapevelocity,itisdifferentfordifferentplanets.
Theminimumvelocityrequiredtoprojectabodyinupwarddirection from
the surface of the earth so that it escapes from the earth’s gravitational
pull is called escape velocity.
Orbitalvelocity (Vo)
Inordertoputasatelliteintotheorbitaroundtheearth,thesatellite
mustbeprojectedtotheparticularheightandthenitmustbeturnedina
direction perpendicular to the line from the centre of the earth so that it
moves in an orbit around the earth.

Thevelocityofthesatellitealongitsorbitaroundtheearthiscalled
orbitalvelocity.
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ExpressionforEscapeVelocity(Ve):

Consider a body of mass m which is to be projected with escape
velocity Vefrom the surface of the earth. If the body is placed on the
surfaceoftheearth,then

A
0
Ve

dR

Om

oM

EARTH

Theweightofthebody=mg (1
LetMbethemassoftheearthandRitsradius.Accordingto

Newton’slawofgravitation,

Thegravitational force, F:GMm ..(2)
RZ
where G is a constant known as gravitational constant. The
gravitationalforceonabodyintheearth’satmosphereisalsoequaltothe

weightofthebody.Equatingtheegns.(1)and(2)

GMm
R M9
GM=gR’

SinceVeistheescapevelocitygiventothebody.

e

. I 1 .\
Thegivenkinetic energy = mV ...(d®
2

ThiskineticenergyisconvertedTntoworkdonetoescapethebody
fromgravitationalpull.
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IfthebodymovesadistancedRinverticaldirectionagainsttheforce
F,then,Work=ForceXdistance
..Workdonebythebody=FdR
_GMm
=R
Inordertoescapethebodyfromthegravitationalpull,theworkdone
bythebodytomovefromthedistanceRtoinfinity(theboundaryofthe
gravitationalfield)isgivenby

xdR

W - ‘[ GI\/Imd RR? ()
GMm
W= R
1 mv? ZGMm
2 ° R
Equatingtheeqgns.(3)and (4).
v, - 2GM
R
Here,GM =gR?
2
SV, _— 20R
R
.. TheEscapevelocityV = v 20R

Expressionfororbitalvelocityofasatellite:
Considerasatelliteofmassmisplacedonthesurfaceofthe earth.

Theweightofthesatellite=mg
2 1)
LetMbethemassoftheearth,andRitsradius.Accordingto Newton’s law
of gravitation,

The gravitational forCeF:GM o

RZ
whereGisaconstantknownasgravitationalconstant.
Thegravitationalforceonthesatelliteisequaltoitsweight. Equating

theeqns.(1)and(2).
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GMm
RZ

=mg ..GM=gR’

The satellite is to be projected vertically upto a particular height h,
after it must be turned in a perpendicular direction, then the satellite
revolves around the earth in a circular orbit of radius r, with an orbital
velocityofV,,.

Thecentripetalforce, F= o -(3)

Thenecessarycentripetalforceforcircularmotionofthesatelliteis
givenbythegravitationalforce.Hence,equatingtheequations(3)and(2)

my, _GMm
r
GM gR’
=V = - = _— — 2
. \/ ; - (QGM=gR?)
. . . gR’
Theorbital velocityofthesatellite,V, = VR (Qr=R+h)

Note:Whenthesatelliteislaunchedinnearearthorbitwhichis200kmto
300km, hissmallwhencomparedtoRsothat,R+h=R.Then

Vo= \/g_R

ExpressionforperiodofRevolution
Time taken by the satellite to complete one revolution round the
earth is called period of revolution.

Circumferenceoftheorbit
OrbitalVelocity

Period T=
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onRreh) [(BENO

RZ
R+h)*gR?
T =2n —( yo
_2m herer=radiusoftheorbit=R+h
A .
2n(R+h) gRrR’
ik W S V=
ng( LQ R+h )
R+h)
IfhisverysmallwhencomparedtoR,
3
R+h=R,thenperiodT=2n R—2 ~T=2n R
gR 9

Geo- StationarySatellite

Ageo-stationarysatelliteisaparticulartypeusedintelevisionand
telephonecommunications.Anumberofcommunicationsatellites,which
appear to remain in fixed position at a height of 36,000 km above the
equator, are called synchronous satellites or geostationary satellites.
Sometelevisionprogrammesoreventsoccurringinothercountriesare
oftentransmittedlivewiththehelpofthesesatellites.

The orbit at a height of 36,000 km above the equator, on which
satellites are revolving, is called geosynchronous orbit. In this orbit, the
satellitetakes24hoursforrevolvingroundtheearthonce.

Forasatellitetoappearfixedatapositionaboveacertainplaceon
theEarth,itsorbitalperiodaroundtheearthmustbeexactlyequaltothe
rotationalperiodoftheearthaboutitsaxis.Astherelativeangularvelocity
oftheearthandthatofsatellite,whichisrevolvingfromwesttoeastover
theequator,areidentical,thesatelliteappearsstationarytoanobserver

ontheearth.
Theground-basedtransmittingantenna,whichisdirectedtowards

the satellite, can operate effectively without need for expensive
equipmenttotrackthesatellite’smotion. Thisimpliesenormoussavings. TV
waves originating from the ground-based station are re-transmitted
fromthesatelliteandarereceivedatthedestination.Asthegeostationary
satellitecan‘see’onlyone-thirdoftheearth’ssurface,atleastthreesuch
satellitesarerequiredtocovertheentireglobe.
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PolarSatellites
The polar satellites revolve around the earth in a north-south orbit
passingoverthepolesastheearthspinsaboutitsnorth-southaxis.

ThePolarsatellitespositionednearly500to800kmabovetheearth
travelsfrompoletopolein102minutes. Thepolarorbitremainsfixedin
spaceastheearthrotatesinsidetheorbit. Asaresult,mostoftheearth’s
surface crosses the satellite in a polar orbit. Excellent coverage of the
earth is possible with this polar orbit. The polar satellites are used for
mappingandsurveying.

UsesofArtificialSatellites

Theartificialsatellitesarelaunchedformanypurposesbydifferent
countries.The important uses of artificial satellite are

i. Collectionofscientificdata

ii. Weathermonitoring

iii. MilitarySpying

iv.Remotesensing

v. Communicationpurpose—thesatellitereceivesmicrowavesand

TVsignalsfromtheearthandamplifiesthemandtransmitsthem
back to various stations on the earth.
WorkedProblems
1. Iftheradiusoftheearthis6400kmandtheaccelerationduetogravity is
9.8ms”. Calculate the escape velocity
GivenR=6400kmandg=9.8ms™

Escapevelocity V.= ‘/ZgR: J2x9.8x6400x103
V., = 11.2 kmpersecond

e

2. Asatelliteisrevolvingroundtheearthatadistanceof182kmfromthe
surfaceoftheearth.Theradiusoftheearthis6371kmandgis9.81 ms’
? Calculatetheorbitalvelocityofthesatellite.

Given;g=9.81ms?* R=6371x10°m,h=182x10°m
(R+h)=(6371+182)10’=6553x10°’m
Ve gR* _ |9.81x(6371x10°)’
¢ (R+h) 6553x10°
V=7795ms*(or)7.795kms™
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3. Anatrtificialsatelliterevolvesaroundtheearthatadistanceof3400km.
Calculate the period of revolution. Radius of the earth R = 6400 km,
g=9.8ms”

Given

R=6400x10°m
h=3400x10’m
9=9.8ms*T

con  [RG
R

3 3\3
Toon \/ (6400 x10*+3400x10°)

9.8x(6400x10°)

3 )3
e \/ (9800x10°)

9.8x(6400x10°)

. /9.41192x102°
4.01408x10*
n 4 2.3447x10°

=2x3.14x1.53125x10’
=9.616x10°second

=2
=2

QUESTIONS

Part— A

Defineinertia

Definerigidbody
Definemomentofinertiaofaparticle
Definemomentofinertiaofarigidbody
Defineradiusofgyration
Defineangularmomentum
Statethelawofconservationofangularmomentum
StateNewton’sllawofgravitation

. StateNewton’slILawofgravitation
10. Definemassofabody

11. Defineweightofabody

©oe NGO s~wWDd PR
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12. Whatisasatellite?

13. Defineescapevelocity

14. Defineorbitalvelocity

15. Defineperiodofrevolutionofasatellite
16. Giveanytwousesofartificialsatellites.

Part—B

1.
2.

8.
9.

Deriveanexpressionforthemomentofinertiaofarigidbodyaboutan axis.
Derive an expression for the kinetic energy of a rigid body rotating
aboutanaxis.
Deriveanexpressionfortheangularmomentumofarigidbody
rotatingaboutanaxis.
Obtainanexpressionfortheaccelerationduetogravityonthesurface
oftheearth.

Obtain an expression for the variation of acceleration due to gravity
withaltitude.

Explaintheconceptofweightlessness.

Derive an expression for the escape velocity from the surface of the
earth

Deriveanexpressionfortheorbitalvelocityofasatellite.
Deriveanexpressionfortheperiodofrevolutionofasatellite

10. WritenotesonGeo-stationaryandPolarsatellites.
ExerciseProblems

1.

Find the escape velocity at the surface of the moon, given that the
radius of moon is 2 x 10°m and acceleration due to gravity on the
surface of moon is 1.69 ms”.

. Asatellite is revolving in circular orbit at a height of 800 km from the

surface of the earth. Calculate the orbital velocity. The radius of the
earthis6400kmandg=9.8ms”

. Asatelliteisrevolvingincircularorbitataheightof1200kmfromthe

surface of the earth calculate the period of revolution. Radius of the
Earthis6400kmandg=9.8ms™
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Brainteaser

1. Theescapevelocityfromthesurfaceoftheearthis11.2kms™.Find the
escape velocity from the surface of another planet where mass and
diameter are twice that of earth.

2. Whatistheaccelerationduetogravityatadistancefromthecentreof
theEarth,whichisequaltodiameteroftheEarth?.
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UNIT -V

SOUNDANDMAGNETISM

SOUND

Introduction

Sound is produced due to the vibrations of the body. These
vibrations are transferred to the air medium and propagated in all
directionsintheformofwaves.Whenthevibrationalsoundwavesreach
ourear,thediaphragmoftheearvibrateswithequalvibrationsproduced by
the body. Hence we are able to hear the sound by the sensation
perceived by the nerves of the ear.

The number of vibrations made in one second is known as
frequency of the sound. It is expressed in hertz (Hz). The range of the
frequency between 20 Hz and 20,000 Hz is the audible range, Human
ears cannot respond to the sound below and above this range. In this
sense,allvibratingbodiescannotproduceaudiblesound.Thevibrations
offrequencybelow20Hzarecalledinfrasonicandabove20,000Hzare
calledultrasonic.

Sound is a mechanical wave and hence it requires a medium to
propagate. So we can't hear the sound in vacuum. It travels with the
velocity of 330 ms™in air. Sound waves are reflected and refracted like
lightwaves.

Wavemotion:

Whenastoneisthrownonapondofwater,ripplesspreadoutinall
directionsonthesurfaceofwater. Thestonedisturbsthewatermediumat
oneplacebutthedisturbanceistransferredinalldirectionscontinuously.
Thiscontinuousmovementofthedisturbanceiscalledawave.

Ifa wave passes in a medium, the particles of the medium vibrate
abouttheirmeanposition.Theparticlesdonotmovealongwiththewave,
onlythevibrationsaretransferredfromoneparticletoadjacentparticleof  the
medium in the form of energy.
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Therearetwotypesofwavemotion.Theyare

1) Longitudinalwavemotionand
2) Transversewavemotion

1) Longitudinalwavemotion:
Iftheparticlesofthemediumvibrateparalleltothedirectionof
propagationofthewave,thewaveisknownaslongitudinalwave.

Examples:

1. Thepropagationofsoundinair
2. Thepropagationofsoundingas
3. Thepropagationofsoundinsidetheliquid

[l
@ \HJ/ c
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R C
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The longitudinal waves travel in a medium in the form of
compressions and rarefactions. The place where the particles of the
mediumcrowdedtogetherarecalledcompressionsandtheplaceswhere the
particles spread out are called rarefactions.

Thecompressionsandrarefactionsproducedbyavibratingtuning
forkareasshowninthefigure. Whentheprong(arm)oftheforkmovesto the
right, it compresses the medium in front of it to form compression.
Meanwhiletheprongreturnstotheleft,atemporarilyvacuumiscreated
there. Tofillit,theparticlesofthemediumspreadoutinthatplacetoform
ararefaction.

Thus as the prong of the fork vibrates to and fro, alternate
compressionsandrarefactionsaretransmittedinthemedium.Asa
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result,theparticlesofthemediumsimplymovebackandforthabouttheir
meanpositionparalleltothedirectionofthepropagationofthewave.

2) Transversewavemotion:
Iftheparticlesofthemediumvibrateperpendiculartothedirectionof
propagationofthewave,thewaveisknownastransversewave.

Examples:

1. Ripplestravellingonthewatersurfaces.
2. Wavestravellingalongarope.
3. Otherwaveslikelightwaves,heatradiations,radiowavesetc.

Thetransversewavestravelinamediumintheformofcrestsand
troughs. The points where the particles of the medium displaced
maximumintheupwarddirectionarecalledcrests. Thepointswherethe
particles displaced maximum in the downward direction are called.
troughs

kCrosts‘ —
DN DN\
NNV V%4
KTroughs’

Thecrestsandtroughsproducedbythetransversewavemotionare
asshowninthefigure.Intransversewave,alternatecrestsandtroughs  are
transmitted in the medium.As a result, the particles of the medium
move up and down about their mean position perpendicular to the
direction of propagation of the wave.

DistinctionbetweenTransverseandLongitudinalWaves

Transverse Wave LongitudinalWave

1.Itisawavemotioninwhichthe It is a wave motion in which the
particles of the medium are|particles of the medium are
v!brat!ng perpendlqular to the|vibrating parallel to the direction
directionofpropagation ofpropagation.

2.Alternatecrestsandtroughsarefor | Alternatecompressionsandrarefa
med ctionsareformed.
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Transverse Wave LongitudinalWave

3.Transverse waves can travel| Longitudinal waves can travel
through  solids and  on|through any medium whether

liquidsurfaces. solid,liquidorgas.
4.Transversewavescanbe Longitudinalwavescannotbe

reflected, diffracted and polarized.

polarized.

ProgressiveWaves:
Ifawavetravelscontinuouslyinamediumwithoutanydisturbance,
then the wave is said to be progressive wave. Longitudinal waves and
Transverse waves are two types of progressive waves and they can
travelcontinuouslyinanymediumifthereisnoobstruction.

Amplitude:

When sound wave propagates in a medium, the maximum
displacement of the vibrating particles of the medium from their mean
positioniscalledamplitude.

Wavelength(}):

Thewavelengthisthedistancebetweentwoconsecutiveparticles
ofthemediumwhichareinthesamestateofvibration.

It is also defined as the distance travelled by the wave during the
time the vibrating particle completes one vibration.

Inlongitudinalwaves,thewavelengthisthedistancebetweentwo
successive compressions or rarefactions. In transverse waves, the
wavelengthisthedistancebetweentwosuccessivecrestsortroughs.
Period(T):

The time taken by the vibrating particle to make one vibration is
calledperiod.

Frequency(n):

The frequency is the number of vibrations made by the vibrating
particleinonesecond.
Velocity(v):

Thedistancetravelledbythesoundwaveinonesecondisknownas
velocityofsound.
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RelationbetweenWavelength,FrequencyandVelocityofaWave:
Letnbe thenumber ofvibrations madeby thevibratingparticle in

onesecond.ltisalsoknownasitsfrequency.
Timetakenforonevibration=period(T)=1/n.
LetAbethewavelengthofthewaveproduced
Velocityofthewaveisthedistancethroughwhichthewave advances in

the medium in one second
distancetravelled

..Velocityofwavemotion,.V=
timetaken
V=MT=M(1/n)=An
S V=ni
StationaryWaves:
Ifaprogressivewavetravellinginamediummeetsthesurfaceofan
obstacle, it is reflected. The reflected wave is superimposed on the
incidentwavetoformanewtypeofwavecalledstationarywave.
Also, when two identical waves having equal wavelength and
amplitudetravelinoppositedirectionstheysuperimposeoneachother

formingstationarywave.
A stationary wave formed by a vibrating string is as shown in the

figure. Consider a string P Q fixed at the end Q and it vibrates up and
downatthefreeendP.Thenatransversewaveissetupanditproceeds
towardsthefixedpointQandgetsreflectedbacktotheendP.Now the

stationarywaveisformedinthestring.
At certain points of the medium, the displacement due to the two

wavescanceleachotherandthosepointsremainatrest.Suchpointsare
callednodes(N).Atcertainotherpointsthereismaximumdisplacement. Such
points are called antinodes (A). The distance between two
successivenodesorantinodesisi/2.

T
\W/A\
P Q
N N N N N N
A A A A A
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Thedistancebetweenanodeandthenextantinodeisi/4
Thelongitudinalwavesalsoproducethestationarywaves.

VIBRATIONS
FreeVibrations:

Thevibrationsofanybodywithitsnaturalfrequencyarecalledfree
vibrations.

Whenabodyissetinvibrationandleftfree,itexecutesvibrations.
Thefrequencydependsuponthedimensionsandelasticconstantsofthe
body. Such vibrations are called free vibrations and the frequency of
vibration is known as the natural frequency.

Ifatuningforkissetinvibration,itvibrateswithitsown frequency.
Suchvibrationsarecalledfreevibrationsornaturalfrequency.

ForcedVibrations:
The vibrations of a body with a frequency induces vibrations on
another vibrating agent are called forced vibrations.
Supposeavibratingtuningforkisplacedwithitsstemonatable,the
vibrationsoftheforkareimpressedonthetableandthetableisforcedto
vibrate.Thevibrationssetuponthetablearecalledforcedvibrations.

Resonance:
Whentheforcedvibrationsgivenonthebodyisequaltoitsnatural
frequencyofvibrations,thebodyvibrateswithmaximumamplitude. This
phenomenoniscalledresonance.
Whenavibratingtuningforkiskeptonatable,thetableisforcedto
vibratewiththefrequencyofthetuningfork.lfthenaturalfrequencyofthe
tableisequaltothefrequencyofthetuningfork,thetablevibrateswithits natural
frequency and hence resonance occurs.
Lawsofvibrationinstretchedstrings:
ILaw:The frequency of vibrating string is inversely proportional to its
length,whenthetensionandlineardensityofthestringarekeptconstant.

I
IlLaw:The frequency of vibration is directly proportional to the square
root of the tension, when the length and linear density of the string are
keptconstant.

Noc
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Noc -\E
Il Law: Thefrequencyofvibrationisinverselyproportionaltothesquare
rootofthelineardensityofthestring,whenthetensionandlengthofthe
stringarekeptconstant.

Noc ——
Jm

Accordingtoabovelaws,

nocl. 1 (on) nzkl. \/f
[ Vm | Vm

Wherek-isaconstantanditsvalueisequalto¥s.

nocl \/f
21\ m

T=Mg.n=t Mg
21V m

1w
=

Note: Thelineardensity,

_mass Volumexdensity nrélp -

" length length I

Sonometer:

Thephenomenonofresonanceisusedinsonometer.lnsonometer, the
frequency of a tuning fork is equal to the frequency of the vibrating
string.Hereresonancetakesplaceandthestringvibrateswithmaximum
amplitude.
Experimentaldeterminationoffrequencyofatuningforkusing
sonometer:

The sonometer consists of a hollow wooden box.Anail is fixed at
oneendandasmoothpulleyisfixedattheotherendofthebox.Oneend
ofasonometerstringistiedtothenailandotherendofthestringpasses
overthesmoothpulley.Thefreeendisattachedtotheweighthanger.A,B
andCarethreeknifeedgesplacedontheboxunderthestring.A,Bare
fixedandCismovable.
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Asuitabletension(T=Mg)isappliedtothestring.Asmallpaperrider
isplacedonthe string in betweenAand C.The tuning fork of frequency ‘n’ is
excited with a rubber hammer and its stem is kept on the sonometer
box. Now the string is made to vibrate. The movable knife-edge C is
adjustedsuchthatthestringvibrateswiththesamefrequencyofthefork. At
that time, the paper rider placed on the string between A and C, is
violentlythrownofffromthestring.Nowthevibratinglengthofthestring AC=
lis measured.

Letrbetheradiusofthestringmeasuredbyusingscrewgaugeand
'n'bethedensityofthematerialofthewire,then

Thelineardensity,m=nr’p

Theexperimentisrepeatedbychangingthevalueoftension(load).
Thereadingsaretabulated.

Vibratinglength ) M
SI.No. Load(M) AC = | | 2
Mean:
Thefrequencyofthetuningfork,n:l [M\?

Themeanvalueof %issubstituted in the above formula and

thefrequencyofthetuningfork‘n’iscalculated

ULTRASONIC:

The sound waves above the frequency of 20000 Hz (20 KHz) are
known as ultrasonic waves. Ultrasonic waves are inaudible to humans,
because.theirhighfrequenciesareunabletovibratethehumanear
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drum. The ultrasonic waves are high frequency sound waves smaller
wavelength.ltswavelengthatroomtemperatureis0.0175m.Sincethey
aresoundwaves,theyrequireamaterialmediumtotravelandhavemost
ofthepropertiesofsoundwaves.Inadditiontothis,theultrasonicwaves are
having high energy and it helps in large number of applications in
engineeringandmedicalfields.

The ultrasonic waves are usually generated by the application of
magnetostriction effect or piezo electric effect. The piezo electric
generatorismoreefficientthanthemagnetostrictiongenerator.

Productionofultrasonicwaves—Piezoelectricmethod:

In this method, the ultrasonic waves are produced by using the
principleofpiezoelectriceffect. Accordingtothiseffect,ifamechanical
pressure is applied to one pair of opposite faces of certain crystals like
quartz,cutwiththeirfacesperpendiculartoitsopticaxis,theotherpairof
opposite faces develop equal and opposite electrical charges. The
inverse of piezo electric effect is also true. According to this, if an AC-
voltageisappliedtoonepairofoppositefacesofthecrystal,alternative
mechanicalelongationsandcontractionsareproducedintheotherpair
ofoppositefacesofthecrystal.Inversepiezoelectriceffectisusedinthis
methodtovibratethecrystalsandtoproduceultrasonicwaves.

Theexperimentalarrangementofpiezoelectricoscillatorisshown  in
the figure. It consists of a common emitter transistor circuit, a
transformer (T) and two metal plates A and B. In transformer, three
inductivecoilsareused,L, L,aretheprimarycoilsandL;isthesecondary  coil.
The coil L;is connected to the variable capacitor C,to form a tank circuit
in which frequency is generated. The coil L,s connected to the
collectorofthetransistor. Thebaseofthetransistoriscoupledtothetank circuit.
The cail L;is connected to the parallel platesAand B.Aquartz crystal is
placed in between them.

When the circuit is switched on, current starts to flow in the tank
circuit and setting up oscillations. These oscillations are mutually
inductedinthesecondarycoilL,. Thecrystalisnowunderhighfrequency
alternatingvoltageanditstartsvibratingunderinversepiezoelectric
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Crystal

effect. This causes a back emf to be formed across L,. This emf is
amplifiedbythetransformerandfedbackintothetankcircuit,wherethe
oscillationsgetsustained. ThecapacitorC,isvariedtillthefrequencyof
oscillations reaches with the natural frequency of the crystal. Due to
resonancethecrystalvibrateswithlargeamplitude. Thevibrationsofthe
crystalproducehighpowerultrasonicwavesinthesurroundingair.

PropertiesofUltrasonicwaves:

1.
2.
3.
4,

5
6.

Theultrasonicwavesarehighfrequencysoundwaves.
Theyarehavingsmallerwavelength.
Theyproduceheatingeffectwhenpassesthroughthemedium.

They get reflected, refracted and absorbed by the medium similar to
theordinarysoundwaves.

. Theyactascatalyticagentstoacceleratechemicalreactions.

Theyproducestationarywavepatternintheliquidwhilepassing throughit.

Applicationsofultrasonicwaves:

Ultrasonicwaveshavealargenumberofpracticalapplications.

Someimportantapplicationsaregivenbelow.

1.

Theultrasonicwavesareusedtofindthedepthofthesea,distance
anddirectionofsubmarineanddepthoftherocksinthesea.
Theyareusedinnon-destructivetestingtodetectcracksinthe
materials,welding,castingsetc.

102



Theyareusedintheultrasonicmicroscopetodetectconcealed objects.
Theyareusedtoheatthesubstance.
Theyareusedtoboreholesinsteelandotherhardmetals.
Theyareusedtoacceleratechemicalreactions.
Theyareusedtosolderthealuminium.Inordinarysolderingmethod
aluminiumcannotbesoldered.
Theyareusedinthemixingofalloysofdifferentcompositions.

They are broadly used in medical field such as to detect tumours,
abnormal growth, cancer, broken teeth, relieving neuralgic pains,
headache,bodymassageactionandalsousedinbloodlesssurgery.

10. Theyareusedinthesterilizationofwaterandmilk.

ACOUSTICSOFBUILDINGS:
Echo:Thefirstreflectedsoundisknownasecho.Thesoundproduced by a
source is propagated continuously in a medium if there is no
disturbance.Butifitmeetsthehardsurfaceofanobstacle, itisreflected.
Theclearechodependsuponthefollowingfactors.

No oM

© ®

1. Goodreflectorofsound

2. Maximumsurfaceareaofthereflectorand

3. Thedistanceofthereflectorfromthesourceofsound.

Reverberation:The sound produced in a hall suffers multiple
reflections before it becomes inaudible.As a result of these reflections,
thelistenercontinuestoreceivesound,evenifthesourceofsoundiscut  off.
This prolonged reflection of sound in a room even after the sound
sourcehasbeenstoppediscalledreverberation.ltisthepersistenceof
soundduetomultiplereflectionsfromthewalls,floorandceilingofahall.  The
reverberation is also called multiple echoes. In a room, the walls,
floorandotherflatsurfacesreflectsoundwithasmalllossofenergy.
Reverberationtime: If a building is to be acoustically correct, its
reverberationtimemustbeinoptimumlevel.ltshouldnotbetoolongor
tooshort.ifitistooshort,thentheroombecomesdeadinsoundaspect.If it is too
long, then the reverberation will be there inside the building for long
duration. The reverberation produces continuous sound with
decreasing intensity upto a particular time after that it disappears. This
time is known as reverberation time.
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Thereverberationtimeisdefinedasthetimetakenbythesoundto
fallfromitsoriginalintensitytoonemillionthofitsoriginalintensity.

Sabineformula: Sabinederivedanequationforthereverberationtime.

WhereVisthevolumeofthehall,aisthecoefficientofabsorptionof
eachreflectingsurfacepresentinthehallandAis theareaof theeach

TZO. 16V
aA

soundabsorbingsurfacepresentinthehall.

second

Coefficientofabsorptionofsoundenergy:

The co-efficient of absorption of sound energy of any surface is
definedastheratioofthesoundenergyabsorbedbythesurfacetothe total
sound energy incident on the surface.

Leta bethecoefficientofabsorptionofsoundenergyofasurface,
then
_Thesoundenergyabsorbedbythesurface
B Thetotalsoundenergyincidenton thesurface

AcousticsofBuildings(Architecturalacoustics):

The term'Acoustics of building' describe the production,
transmission and reception of sound inside the building. The following
points should be taken into consideration for the acoustic design of the
buildings,auditorium,cinematheatresetc.

1. Thesoundheardbytheaudienceshouldbesufficientlyloudinanypart
ofthehall.

2. Thequalityofthespeechandmusicshouldnotbechangedanywhere
insidethehall.

3. Thereshouldnotbefocusingofsoundduetowallsandceiling,inany
partofthehall.

4. Thereshouldnotbeanyvibrationsduetoresonance.

5. There should not be any other noise from other sources, both from
outsidethehallandfromwithinthehall.

Two more important factors should also be considered for
goodacousticdesignofthebuildings.
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1. Echoand2.Reverberation
1. Echo: The direct sound from the source and the reflected sound
(echo) from the walls produce confusion in certain buildings.Ahall with
large number of open windows is free from the defect. Echoes can be
eliminated by making the walls rough. But in the case of musical hall,
howeverechoesaredesirable,toacertainextent.
2. Reverberation:The Reverberation is the prolonged reflections of
soundfromthewalls,floorandceilingofahall. Thesoundproducedinthe hall
undergoes multiple reflections before it becomes inaudible. As a
resulttheclarityofthesuccessivespeechisaffected.Duetothisreason,
thereverberationtimeshouldbeoptimumtoheartheclearsoundinthe hall.

To minimize this defect, Sabine derived an equation for the
reverberationtime,

WhereVisthevolumeofthehall,aisthecoefficientofabsorptionof

Vsecond
oA

T:

each reflecting surface present in the hall andAis the area of the each
sound absorbing surface present in the hall.

In the above Sabine's equation, T will be minimized by increasing
the value of a. So the reverberation is minimized by covering the inner
surfacesofthehallusingabsorptionmaterialslikecarpets,wallscreen,
poroustilesetc.

The reverberation time value depends on the use for which the
buildingisdesigned.Theacceptablelimitforreverberationtimeis

Forspeech,0.5s

Formusic,betweenl.0and2.0s

Forsmalltheatres,betweenl.0and1.5s For

larger theatres, up to 2.3 s

NoisePollution:

Theunwantedsoundswhicharedumpedintotheatmosphere,thus
producinganuisanceandadverseeffectonthehealthofhumanbeings,
areknownasnoisepollution.Noisepollutionleadstoseverehealth
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problems by creating either physical or mental problems.As a result, it
affectstheworkingefficiency,personalcomfort,andinsomecasesitmay lead
to industrial accidents. There are varieties of noises such as
domesticnoise,trafficnoise,aircraftnoise,etc.Eventhoughthesources  of
noise are numerous, the types of sources of noise are generally
classifiedintotwotypes.

(DIndustrialnoisesand(ii)Non-industrialnoises
Thenoiseswhichareproducedduetothemovementsofcar,motor
truck, motor cycle, aircraft, machines, explosions, etc. are known as

industrialnoises.Thenoiseswhichareproducedduetotheloudspeaker,
construction work, radio, etc. are known as non-industrial noises. The
industrialandnon-industrialnoisesaregenerallymeasuredbyusingthe
sound pressure level in decibel (dB).
Some important sound pressure level for domestic and industrial
noiseislistedbelow.
Sourceofnoise.

Soundpressurelevel(dB)

Garden 20
Library 30
Ringingalarmclock 80
Heavytraffic 20
Electricgenerator 76
Concretemixer 85
Powersaw 90
Noisyfactory 100
Thresholdofpain 140

NoisecontrolinMachines:
In industry, the noise pollution produced by the machines is to be
acceptable to the working environment for the employees. When the
noise level (dB) is above the acceptable level, it will affect the workers
efficiency, comfort, and sometimes may lead to industrial accidents.
Therefore,onehastotakenecessarycareforthedesignofmachineand work
place for quieter operations. The following are the some of the general
principles to be followed in controlling the noise pollutions in machines:
1. The impacting parts of the machines must be enclosed within
enclosures.

2. Alltheenclosuresshouldhavehighsoundabsorbingmaterials.

3. Caremustbetakentoselectthesoundabsorbingmaterialstosuitthe
environmentalconditions.
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10.

Thevibratingmachinesmustbedynamicallybalanced.
Therotatingorimpactingmachinesmustbefixedusingafixedbed.
Theconnectionssuchaselectricity,gas,airetc.shouldbeprovided
within the vibration decouplers around the machine.
Thewaterconnectionsshouldbeprovidedthroughpressurerelease
chambers.
Engineslikeinternalcombustionshouldbeproperlysilenced.
Allthemachinesshouldbekeptinalargeworkareawhichincludes good
sound absorbing materials as an enclosure.
The machine should be isolated from the offices, show rooms etc.
Therefore,thenoisepollutionduetothemachineswillnothaveany
influenceonoffice/showrooms.
Theothersourceofnoisepollutioninmachinesisthevibrationofthe

machines.The impact noise produced by the machine under operating
conditions will be transferred into the building in the form of vibration.
Thesevibrationspassesthroughoutthebuildingandhence,theproblem

wil

Ibeextendedtotheremotepartsofthebuilding. Thiscanbereduced

toagreaterextentbyprovidingdiscontinuitiesintheconstructionofthe

bu

ilding.

WorkedProblems:

1.

Awire50cmlongandofmass6.5x10°kgisstretchedsothatitmakes
80vibrationspersecond. Igindthestretchingtension.

p_mass _6:5x10 =13x10kgm™
length 0.5

n:l- \/f omzer
21 ¥Ym 41°m

. TensionT=4"m*n=2x0.5x0.5x13x10°x80x80

2.

=83.2N
Thedensityofasonometerwireofradius0.3mmis7800kgm . Findits
lineardensity.
Lineardensitym=nr’p
m=3.14x(0.3x10°)’x 7800
=2204.28x10°
=2.204x10°kgm™
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MAGNETISM

The word 'magnetism' is derived from the name of a dark brown
colouredorecalledmagnetitefoundinMagnesia. Theorepossessesthe
propertyofattractingsmallpiecesofiron. Theoremagnetiteavailablein
nature is called as natural magnet. Artificial magnets also can be
prepared from iron or steel materials. Iron materials are mostly used to
prepare electromagnets and temporary magnets whereas the steel
materials are used to prepare permanent magnets.

Magneticfield:

Thespacearoundthemagnetinwhichthemagneticlinesofforce
actiscalledthemagneticfield. Thedirectionofmagneticfieldatapointis
givenbythedirectionoftheforceactingonthenorthpoleofamagnetic needle
placed at the point. If the magnetic lines of force formed are
parallel,thefieldiscalleduniformmagneticfieldandhaveequalstrength
atallthepoints.
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Coulomb'sinverseSquareLaw:
Theforceofattractionorrepulsionbetweentwopolesis
l)directlyproportionaltotheproductofthetwopoles,
il)Inverselyproportionaltothesquareofthedistancebetweenthe poles.
LetthetwopolesofstrengthP,andP,areplacedinair(or)vacuum
atadistanced.Theforceofattractionorrepulsionbetweenthepoles
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Then,F= newton

UnitPole:
Unitpoleisdefinedasthatpolewhichisplacedatadistanceof1min

air(or)vacuumfromanequalandsimilarpolerepelsitwithaforceof
107
16n°
PoleStrength(P):
Thepolestrengthofamagnetisdefinedastheforceactingonthe
polewhenitisplacedinauniformmagneticfieldofunitintensity.
LetPbethepolestrengthplacedinauniformmagneticfieldof
intensityH,Forceactingonthepole,F=HP.IfH=1,thenF=P

Theunitofpolestrengthisamperemetre(Am.)

newton

Magneticlnduction(B) :

The magnetic induction or magnetic flux density is defined as the
total number of magnetic lines of force passing normally, through unit
areaofcrosssection.

Theunitofmagneticinductionisweber/metre2,

109



Intensityofmagneticfield (H):
The intensity of the magnetic field at a point in a magnetic field is
definedastheforceexperiencedbyaunitnorthpoleplacedatthatpoint.

Theunitofintensityofmagneticfieldisampere/metre(Am™)

Magneticpermeability(p):
The magnetic permeability of the medium (material) is the ratio of
themagneticinductioninthemediumtotheintensityofmagneticfield
Magnetic induction

Magneticpermeability= i.e.u=
g P y Intensityofmagneticfield e H

producingthatinduction.

Theunitofmagneticpermeabilityisweber/ampere-metre(WbA'm’
"orhenry/metre.

Magneticmoment(m):

Magnetic moment of a magnet is defined as the moment of the
couple acting on a magnet when it is placed perpendicular to a uniform
magneticfieldofunitintensity.

Consideramagnetoflength2lplacedperpendiculartotheuniform
magneticfieldofintensityH.IfPisthepolestrengthofthemagnet,
Forceexperiencedbythepoles

F=HP

IfH=1,unitintensityofmagneticfield,ForceF=P

TwoequalforcesPandPactingonthemagnetinopposite
directionstoformacouple.

..Momentofthecouple=Px2|

i.e.MagneticmomentM=2IP

Hence, the magnetic moment of a magnet can also be defined as
theproductofpolestrengthandthedistancebetweenthepoles.But,the
distance between the poles is approximately equal to the length of the
magnet.So,themomentcanbetakenastheproductofpolestrengthand
lengthofthemagnet.

Theunitofmagneticmomentisamperemetre2(Am2)
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IntensityofMagnetisation(M):
Intensity of magnetisation of a magnet is defined as the magnetic
moment per unit volume of the magnet.
Letmbethemagneticmomentofthemagnethavingvolumev,then
Magnetic moment
Volume of themagnet

Intensityofmagnetisation=

i.e.M:m
%

Theunitofintensityofmagnetisationisampere/metre(Am™)
Hysteresis:

In electrical method, a magnetic material can be magnetised by
keeping it inside an insulated coil (solenoid) through which a current is
passed.Beforepassingthecurrent,themagnetisingfieldaroundthecoil  is
zero. Then there is no magnetism induced in the material. If the
magnetisingfieldHisgraduallyincreasedbyincreasingthecurrent‘l’the
intensityofmagnetisationinducedinthematerialalsoincreasesuptoa
particularvalue.Afterthattheintensityofmagnetisationisnotincreased
eventhoughthemagnetisingfieldisincreased.Nowthematerialissaid
tobesaturated.

If the magnetising field is gradually decreased to zero value, the
intensityofmagnetisationinthematerialalsodecreasesbutnottozero value.
There is a tendency in the material to retain some amount of
magnetism. Then, if the field is increased in the reverse direction from
zerovalue,foraparticularvaluetheretainedmagnetisminthematerialis
removed completely. Further increasing the field, the material attained
thesaturatedvalueofmagnetisminthereversedirectionandsoon.
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Definition:The lagging in intensity of magnetisation behind the
magnetising field is known as hysteresis.

Agraphical curve which represents the variation in the intensity of
magnetisation(M)withmagneticfieldintensity(H)isknownashysteresis
loop(M-Hcurve).

Retentivity,Coercivityandmagneticsaturation:

1. Retentivityorresidualmagnetism:

Retentivity or residual magnetism is the amount of intensity of
magnetisation retained in the material after removing the magnetising
field.

2. Coercivityorcoerciveforce:
Coercivityorcoerciveforceistheamountofmagnetisingfieldappliedin
thereversedirectiontoremovetheresidualmagnetismcompletelyfrom
thematerial.

3. Magneticsaturation:

When the magnetising field is increased, the intensity of magnetisation
inducedinthematerialalsoincreasesuptoaparticularvalue.Afterthat  the
intensity of magnetisation is not increased even though the
magnetising field is increased. Now the material attains the saturation
valueofintensityofmagnetisation.

ExperimenttodrawtheHysteresisloop:

The experimental arrangement is shown in the figure. A long
solenoid is connected in a circuit. The direction of the current can be
reversedbyusingacommutatorC.Thegivenspecimenintheformofa
rodisplacedinsidethesolenoid.Adeflectionmagnetometerisplacedin Tan-
Apositionatashortdistancealongtheaxisoftherod. Thedeflection
magnetometerisadjustedzeroposition.

The intensity of magnetic field H can be calculated by using the
formulaH=(NL)/L,whereNisthenumberofturnsinthesolenoid,'l'the
strengthofthecurrentpassingthroughthesolenoidandL ,thelengthof ~ the
solenoid. The value of | can be measured by using ammeter. The
intensityofmagnetisationMinducedinthespecimencanbecalculated
byusingtheformulaM=ktan6/Vwherekisconstant,disthedeflection
inthemagnetometerandVisthevolumeofthemagnet.
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Thestrengthofthecurrentlisgraduallyincreasedinstepsof0.2A
uptoarequiredvalue.Everytimethedeflectioninthemagnetometeris noted.
Then the values of H and the corresponding values of M are
calculated.Thecurrentisdecreasedinstepsuptozerovalueandagain  the
corresponding values of H and M are calculated.The experiment is
alsorepeatedbypassingthecurrentinthereversedirection.

AgraphisdrawnbytakingthevaluesHalongX-axisandMalong Y-
axis.AloopOABCDEFAisobtainedasshowninthefigure.

Inthefigure,whenHisincreasedfromzerotoG,thevalueofMis
increasedfromzerotoArepresentedbyOA.AtthepointA,thespecimen
reachedthesaturatedvalue.

IfHisdecreasedfromGtozero,thevalueofMdecreasesfromAto
B,butnottozero.Nowthespecimenretainssomeamountofmagnetism
knownasretentivity(OB).

When H is increased in the reverse direction from zero to C, the
valueMreacheszerovalueatapointC.TheamountofHappliedinthe
reversedirectiontoremovetheresidualmagnetismisknownascoercive force
or coercivity (OC). Further repeating the process the remaining
portionCDEFAisobtained.Theclosed loopABCDEFAIs called one cycle of
hysteresis loop or M-H curve.

Whenthematerialistakenthroughacycleofmagnetisation,thereis
someexpenditureofenergy. Thislossofenergydissipatesintheformof heat
in the specimen. The loss of energy is directly proportional to the
areaofthehysteresisloop.
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Selectionofmagneticmaterialsforpermanentandtemporary
magnets(UsesofHysteresisloops):

The hysteresis loops are very useful in the selection of magnetic
materials for permanent and temporary magnets and other industrial
purposes. The hysteresis loops for different materials are compared to
oneanotherandthenthematerialsareselectedforsuitablepurposes.

Forexample,letABCDEFAbethehysteresisloopforsoftironand A' B
C' D' E' F' A' the hysteresis loop for steel. Here the area of the
hysteresisloopforsteelismorethanthatofsoftiron. Thereforethelossof
energyismoreinsteelthanthatinsoftiron.Hencethequantityofheat
emittedbysteelismorethanthatbysoftiron.Forthisreasonsoftironis
selected as a core materials for transformers, chokes, AC motors,
dynamos,etc.

Theretentivityofsoftiron(OB)ismorethanthatforsteel(OB').So,
softironretainsmoremagnetismthansteel.Butthecoercivityforsoftiron (OC)
is less than the coercivity for steel (OC'). So the strength of the
magnetic field needed to remove the residual magnetism in soft iron is
lessthaninsteel. Thatmeansitiseasytoremovetheresidualmagnetism in soft
iron than steel. Hence steel retains the magnetism during long
period.Fortheabovereasonssteelisusedforpermanentmagnetsand
softironisusedfortemporarymagnetsandelectromagnets.
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QUESTIONS

Part-A

Definewavemotion.
Definetransversewavemoaotion.
Definelongitudinalwavemotion.
Defineprogressivewave.
Defineamplitudeofawave.
Definewavelengthofawave.
Defineperiodofwavemotion.
Definefrequencyofawave.
Definevelocityofsoundwave.

. Definestationarywave.

. Definefreevibrations.

. Defineforcedvibrations.

. DefineResonance.

. Stateanyoneofthelawsoftransversevibrationsinstretchedstrings.

. Whatistheuseofasonometer?

. Whatisultrasonic?

. Writeanytwopropertiesofultrasonic.

. Writeanytwoapplicationsofultrasonic.

. Whatisanecho?
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20.
21.
22.
23.
24,
25.
26.
27.
28.
20.
30.
31.
32.

Whatisreverberation?
Whatisreverberationtime?
Writesabine'sformula.
Defineco-efficientofabsorptionofsoundenergy.
Statecoulomb'sinverseSquareLaw.
DefinePoleStrength.
DefineUnitPole.
Definemagneticinduction.
Defineintensityofmagneticfield.
Definepermeability.
Definemagneticmomentofamagnet.
Defineintensityofmagnetisation.
DefineHysteresis.

33. DefineRetentivity

34. Definecoercivity

35. Definemagneticsaturation.

Part-B

1. Explaintransversewavemotionandlongitudinalwavemation.

2. Distinguishbetweentransverseandlongitudinalwavemotion.

3. Writeshortnotesonstationarywaves.

4. Explain the laws of transverse vibrations in a stretched string and
obtaintheexpressionforthefrequencyofvibration.

5. Describe how the frequency of a tuning fork is determined using a
sonometer.

6. Explaintheproductionofultrasonicbypiezo-electricmethod.

7. Explainthepropertiesandapplicationsofultrasonic.

8. Writeanoteonacousticsofbuildings.

9. Explainnoisepollutionandthemethodsofcontrollingindustrial noise.
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10. Describethemethodofdrawinghysteresisloopofaspecimenusing
asolenoid.

11. Explaintheusesofhysteresisloop.

ExerciseProblems

1. A sonometer wire of 0.5 m long gives vibrations of 256 Hz when

stretchedwithaloadof5kg.Findthelineardensityofthematerial of
thewire.

2. Findthefrequencyofsoundproducedbyastring25cmlongstretched
byloadof5kg. Thelineardensityofthewireis4.9X10°kgm™
3. Astring 75 cm long and weighing 15 g produces a note of frequency
100cyclespersecondonplucking.Whatisthetensioninthestring?
(Ans:450N)
4. Awire of 50 cm long and of mass 6 x 10 kg is stretched so that it
makes60vibrationspersecond.Findthetensioninthewire.
(Ans:43.20N)

5. The vibrating length of 0.75 m of a sonometer wire is unison with a
tuningforkwhenstretchedbyweightof5kg. Thelineardensityofthe
wireis0.5x10°kgm.Calculatethefrequencyofthetuningfork.

(Ans:209Hz)

6. Awire50cmlongandofmass0.6x10°kgisstretchedbyatensionof4  kg.wt.
When sounded, it is found to vibrate in 2 loops. Calculate the
frequencyofthenoteemittedbythewire.

(Ans: 361.Hz)

7.Awire0.5mlongvibrates100timesasecond.Ifthelengthofthewireis
shortenedto0.4mandthestretchingforceisincreasedto4timesits
originalvalue,whatwillbethenewfrequency?

(Ans:250Hz)
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BrainTeaser

1. Thunder was heard 6 second after a flash of lighting was seen. If the
velocity of sound is 345ms™, calculate the distance at which flash
occurred.

2. Twomagneticpoles,oneofwhichistwicestrongerthantheotherrepel
oneanotherwithaforceof2x10°Nwhenkeptseparatedatadistance
of20cminair.Calculatethestrengthofeachpole.

118



FIRST SEMESTER
1004ENGINEERINGPHYSICS-I

MODELQUESTIONPAPER-1
Time:3Hrs MaxMarks:75
PART-A
Marks15x1=15
Note: Answeranyl5Questions.
Defineunit.
Definederivedquantities.
WriteParallelogramLawofforces.
Definemomentofaforce.
WriteHooke'sLaw.
DefineCo-efficientofviscosity.
DefineTerminalvelocity.
Writeanytwopracticalapplicationsofcapillarity.
Definetrajectory.
. Defineangularvelocity.
. Defineangleofbanking.
. Definefrequency.
. Definerigidbody.
. Writelawofconservationofangularmomentum.
. Defineescapevelocity.
. Writeanytwousesofartificialsatellites.
. Defineresonance.
. Whatisultrasonic?
. Defineintensityofmagnetisation.
. Defineretentivity.
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O OVWOW~NOOUDNWNIERO

PART-B
Marks5x12=60
Note:i)AnswerallQuestionschoosinganytwosubdivisionsfrom

eachquestion.
iAllsubdivisionscarryequalmarks.
la) ListtheconventionsfollowedinSl.
b) Deriveexpressionsforthemagnitudeanddirectionoftheresultant

oftwoforcesactingatapointwithanacuteanglebetweenthem.
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c) Describe an experiment to determine the mass of the given body
usingprincipleofmoments.

II a)Describe an experiment to determine the Young's modulus of the
materialofabeambyuniformbendingmethod.

b) DerivePoiseuille'sformulafortheco-efficientofviscosityofaliquid by
dimensionalmethod.

c) A capillary tube of bore 0.5 mm is dipped vertically in water of
surfacetension0.072Nm™.Findtheheightofcapillaryrise.

[l a)A missile is fired at an angle of 40° to hit a target situated at a
distanceof100km.Findthevelocityofprojectionofthemissile.

b) Deriveanexpressionfortheangleofbankingofacurvedpath.

¢) Show that simple harmonic motion can be obtained by the
projectionofauniformcircularmotiononanydiameter.

IV a)Derive an expression for the angular momentum of a rigid body
rotatingaboutanaxis.

b) Deriveanexpressionfortheorbitalvelocityofasatellite.

c¢) Derivetheexpressionforthevariationofaccelerationduetogravity
withaltitude.

V.a)ExplaintheproductionofultrasonicusingPiezoelectricgenerator.

b) Asonometerwireisloadedwithamassof2kg.Thelineardensityof
thewireis2x10°kgm™.Whenanexcitedtuningforkisplacedonthe
sonometerbox,theresonatinglengthisfoundtobel5.4cm.Find  the
frequency of the tuning fork.

c¢) Explainthemethodofdrawinghysteresisloopofaspecimentaken
intheformofarod,usingasolenoid.

120



FIRST SEMESTER
1004ENGINEERINGPHYSICS-I

MODELQUESTIONPAPER-II

Time:3Hrs MaxMarks: 75

PART-A
Marks15x1=15

Note: Answeranyl5Questions.

©oNo O MWNPE

18.
19.
20.

Writethetwosupplementaryquantities.
Derivethedimensionalformulaforforce.
Definecoplanarforces.
Definemomentofacouple.
DefinePoisson'sratio.
WhatisthesignificanceofReynoldsnumber?
Writeanytwopracticalapplicationsofviscosity.
Defineangleofcontact.
Definetimeofflightofaprojectile.

. Whatistherelationbetweenlinearvelocityandangularvelocity?

. Whatisbankingofacurvedpath?

. Definesimpleharmonicmotion.

. Defineradiusofgyration.

. WritetheNewton'ssecondlawofgravitation.

. Whatisthedifferencebetweenmassandweightofabody?

. Defineorbitalvelocity.

. Write the relation between wavelength, frequency and velocity of a

wave.
Writeanytwoapplicationsofultrasonic.
Definereverberationtime.
Whatiscoercivity?
PART-B
Marks5x12=60

Note:i)AnswerallQuestionschoosinganytwosubdivisionsfrom

eachquestion.
i)Allsubdivisionscarryequalmarks.

a)Explainmultiplesandsub-multiplesandthecorrespondingprefixes

ofunits.
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b) DescribeanexperimenttoverifyLami'stheorem.
¢) Findthemagnitudeanddirectionoftheresultantoftwoforces3N
and4Nactingatapoint,iftheanglebetweentheforcesis60°.
Il a)Explaintheelasticbehaviourofamaterialwiththehelpofstress—
straincurve.
b) Describeanexperimenttodeterminethecoefficientofviscosityofa high
viscous liquid by Stokes' method.
c¢) Deriveanexpressionforthesurfacetensionoftheliquidbycapillary
risemethod.
[l a)Showthatthepathofaprojectileisaparabola.
b) Deriveexpressionsforthenormalaccelerationandcentripetalforce
actingonabodyexecutinguniformcircularmotion.
¢) Anaeroplanetravellinginacurvedpathwithaspeedof500kmph
tiltsthroughanangleof30°,forsafenegotiation.Whatistheradius
ofthecurve?
IV a)Deriveanexpressionforkineticenergyofarigidbodyrotatingabout
anaxis.
b) Explaingeo—stationaryandpolarsatellites.
¢) Assuming the average radius of the earth as 6380 km, find the
escapevelocityofabodyfromthesurfaceoftheearth.
V a)Describeanexperimenttodeterminethefrequencyofatuningfork
usingsonometer.
b) Explain noise pollution and the measures to control the noise in
machines.
¢) Explain the uses of hysteresis loop in the selection of magnetic
materials.
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FIRST SEMESTER

PRACTICAL-I
MICROMETER (SCREW GAUGE)

ExperimentNo.

Date:

Aim:
Tomeasurethethicknessofthegivenirregularglassplate,usinga

micrometer.Tomeasureareaoftheglassplateusingagraphsheetand

tocalculatethevolumeoftheglassplate.

Apparatusrequired:
Screwgauge,graphsheetandgivenglassplate.

Formula:
Volumeoftheglassplate=Thicknessxareaoftheglassplate.
Thicknessofglassplate=ObservedReading+ZeroCorrection

={PSR+(HSCXLC)}+ZC
WherePSR =Pitch scale reading HSC
=Headscalecoincidence
LC =LeastCount
ZC =ZeroCorrection

HeadScaleReading(HSR)=HeadScalecoincidenceXLeastCount
ObservedReading(OR)  =PitchScaleReading+HeadScaleReading
CorrectReading(CR) = Observed Reading + zero Correction
Description:
Thescrewgaugeconsistsofascrewworkinginahollowcylindrical

attached to one end of a frame G. On the hollow cylinder a scale is
markedinmm.Thisscaleiscalledthepitchscale(PS).Thereisafixed stud A
at one end of the frame and exactly opposite to A, there is a

movablestudBofthescrew. TheotherendofthisscrewhasaheadH.To
thehead,ahollowsleeveisattached.Onthetaperingofthesleeve500r

100divisionsaremarked.ThisscaleiscalledtheHeadScale(HS).The Screw
gauge head is having a ratchet arrangement, to avoid over-

workingofthescrew.
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Procedure:

i) Tofindtheleastcount(LC):
Leastcountistheminimummeasurementthatcanbemadewiththe

giveninstrument.

First,thepitchofthescrewisdetermined;bygivingaknownnumber
ofrotationstoheadscaleandnotingthedistanceadvancedinpitchscale
inmm.Thenthenumberofdivisionsintheheadscaleisalsonoted.

Thepitchandleastcountaredeterminedusingtheformulae.

ii) TofindZeroError(ZE)andZeroCorrection(ZC):

The Screw gauge is checked to find whether there is any initial
(zero)errorintheinstrument.lfthereisanyinitialerror,suitablecorrection
istobemade.

When the studsAand B touch each other, if the zero of the head
scale lies on the same line as that of the pitch scale index line(l.L), the
instrumenthasnoerror.

Ifthezerooftheheadscaleisabovetheindexline,ithasnegative  error.
So the zero correction is positive.

If the zero of the head scale is below the index line, it has positive
error. So the zero correction is negative.

Thetypeoferror(ZE)andthesuitablezerocorrection(ZC)forthe given
micrometer is determined with the help of figures and formulae given.

iii) Tofindthicknessoftheglassplate:

The given glass plate is placed gently in between the two studsA
and B and the ratchet is rotated till the glass plate is firmly but gently
gripped.Notethenumberofcompleteddivisionsinmmonthepitchscale
asPitchscalereading(PSR)andthedivisionsontheheadscale,which
coincideswiththeindexlineasheadscalecoincidence(HSC).ThePSR
andHSCareenteredinthetabularcolumn.Thentheheadscalereading
(HSR),observedreading(OR)andcorrectreading(CR)arecalculated.
Theprocedureisrepeatedfordifferentpositionsoftheglassplateandthe
averagethicknessoftheglassplateiscalculated.
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iv) Tomeasuretheareaoftheglassplate:
Thegivenirregularglassplateisplacedonagraphsheet.Thetrace of the

glass plate is drawn on the graph sheet. The number of squares

insidethetraceinmm’iscounted. Thisgivestheareaoftheglassplatein mm?’.

By multiplying the thickness of the glass plate and the area of the
glassplate,thevolumeoftheglassplateisdetermined.

Result:
Thethicknessofthegivenglassplate= x10°m
Theareaoftheglassplate = x10°mm?
Thevolumeoftheglassplate = x10°mm’
PitchScale Ratchet
r% @ I | 0
: i
HeadScale
Frame

Observations:
(i) LeastCount:;

Pitchofthescrew
No.ofheadscaledivision

Leastcount =

_ Distancemovedinthepitchscale No. of
rotations given to HS

Pitch of thescrew

= mm
Numberof headscale divisions(HSD)= div
Therefore, Least Count (LC):—M: mm
No.ofHSD
LC= mm
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Threepossibleinitialerrorandinitialcorrection:

5HS 0° oHS
L 0 L 5 L 95
95 0 90
Noerror Positiveerror Negativeerror
Nocorrection Negativecorrection Positivecorrection
HSC=5div HSC=95div
ZE=+(HSCxLC) ZE=-(100-HSC)xLC
=+(5x0.01mm) =-(10095)x0.01mm
=+0.05mm =-5x0.01mm
ZE=+0.05mm ZE=-0.05mm
ZC=-0.05mm ZC=+0.05mm

(i) Zeroerrorandzerocorrectionforthegivenscrewgauge:

TabularColumn:
Tofindthethicknessofthegivenglassplate:

LC= mm ZE= mm ZC= mm
_ _ Thickness
SI.Nof PSR | HSC [ HSR=HSCXLC | OR=PSR+HSR | ~p_dp.-Q
Unit | mm div mm mm mm
1.
2.
3.
4.
5.
Theaveragethicknessofthegivenglassplate= mm
= x10°m
Areaoftheglassplateusinggraphsheet = mm’
= x10°m’

Volumeoftheglassplate=ThicknessxArea

= m
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VERNIERCALIPERS
ExperimentNo:
Date:
Aim:
Tomeasurethelengthanddiameterofthegivensolidcylinderusing
verniercalipersandtocalculatethevolumeofthesolidcylinder.

Apparatusrequired:
Verniercalipersandsolidcylinder.

Formula:
Volumeofthesolidcylinder=1rr’l

Where
I=lengthofthecylinder
r=radiusofthecylinder
Length/diameterofthesolidcylinder=Observedreading+Zero
correction
={MSR+(VSCXLC)}+ZC

WhereMSR=MainScaleReading
VSC=VernierScaleCoincidence LC
=Least Count
ZC  =ZeroCorrection

VernierScaleReading(VSR)=Vernier Scale Coincidence
(VSC)xLeastCount(LC)
ObservedReading(OR) =MainScaleReading(MSR)+
VernierScaleReading(VSR)
CorrectReading(CR) =ObservedReading(OR)+Zero
Correction(ZC)
Description:

The vernier calipers consists of main scale (MS) graduated in cm
alongtheloweredgeoftheframeandinchesalongtheupperedgeofthe
frame.Tooneendoftheframe,twofixedjawsareprovided. Therearetwo
movablejaws,whichslideoverthemainscale,anditcanbefixedatany point
using a screw S. The movable jaw attachment carries a vernier
scale(VS).
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Procedure:
i) TofindtheLeastCount:

Least Count is the minimum measurement that can be made with
thegiveninstrument.

Thevalueoflmainscaledivision(MSD)andnumberofdivisions(n)
onthevernierscalearedetermined. Theleastcountoftheinstrumentis
calculatedusingtheformula

LeastCount(LC)= lxvalueoflMSDn
ii) TofindtheZeroError(Z.E)andZeroCorrection(Z.C):

Theinstrumentischeckedtofindwhetherthereisanyinitialerror. If
thereisanyinitialerror,suitablecorrectionistobemade.

When the two jaws are in contact, the graduations are made such
that the zero of the MS coincides with the zero of the VS. Now the
instrumenthasnoerror.

IfthezerooftheVSisontherightsideofthezerooftheMS, ithas
positiveerror. Thenthezerocorrectionisnegative.

IfthezerooftheVSisontheleftsideofthezerooftheMS,ithas  negative
error.Then zero correction is positive.

In each case, note the division of the vernier scale which is
coincidingwithanyoneofthemainscaledivisions. Thisisvernierscale
coincidence(VSC).Applyingthisinthegivenformula,thevalueofzero
errorisdetermined.Hencezerocorrection(ZC)isalsodetermined.

iii) Tofindthelengthanddiameterofthesolidcylinder:

Thegivencylinderisgentlyplacedinbetweenthetwolowerjawsof  the
vernier calipers such that the length of the cylinder is parallel to the
scale.

The completed main scale reading (MSR) is taken by noting the
positionofzeroofthevernierscale. Thevernierscalecoincidence(VSC)
isthennoted.VSCisthatparticulardivisionwhichcoincideswithanyone
ofthemainscaledivisions,makingastraightline.

The MSR and VSC are noted in the tabular column | for different
settingsofthecylinder.ThentheVernierScaleReading(VSR),Observed
Reading(OR)andCorrectReading(CR)arecalculatedusingtheformula
given.TheaveragevalueofCRisdetermined,whichgivesthelengthof
thegivencylinder.

Similarlythereadingsfordiameterofthesolidcylinderaretakenby
placing the cylinder suitably in between the lower fixed jaws and the
readingsarenotedinthetabularcolumnll.
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Result:
Thelengthofthesolidcylinderl=x10”m
Thediameterofthesolidcylinderd=x10”m
Thevolumeofthesolidcylinderv=x10"°m®

Movable

c jaw
Tma) °f  screw
iaw nm&w
PSRRI —
Aaa—— I s 5 inch % ypain
1 5 6 7 9 10 scale
hRLL kirlcbi |
Verniar
Lower scale
fixed B
1aw A Movable
jaw
Observations:
(i) Leastcount:
Valueof 10MSD = cm
ValueofIMSD = cm

No. of division on the vernier scale (n)
(i) Thethreepossibleinitialerrorandinitialcorrection:

LeastCount(LC) = lx value of 1 MSD= = cm
n
Noerror Positiveerror Negativeerror
Nocorrection Negativecorrection  Positivecorrection
M.S M.S M.S
0 5 10 o 5 10 Ol 5| 10|
°  vst 0 vs 10 0 VS 10
VSC =3 div
VSC=7divZE=+(VSC
XLC ZE=-(10-VSC)xLC
=+3x0.01cm =-(10-7)x0.01cm
=+ 0.03 cm =-0.03cm
ZC=-0.03cm ZC=+0.03cm
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Zeroerrorandzerocorrectionofthegivenverniercalipers:

Tabularcolumnl:
Tofindthelengthofthesolidcylinder

LC = cm ZE= cm ZC= cm
_ _ LengthCR
SL.No [ MSR [ VSC | VSR=VSCXLC | OR=MSR+VSR| _yo >~
Unit cm div cm cm cm
1
2
3
4
5
Theaveragelengthofthesolidcylinder(L)= cm
= x10”m
Tabularcolumnll:
Tofindthediameterofthesolidcylinder
LC = cm ZE= cm ZC = cm
_ _ Diameter
SL.No | MSR [ VSC [ VSR=VSCXLC [ OR=MSR+VSR | ~pZop >
Unit cm div cm cm cm
1
2
3
4
5
Theaveragediameterofthesolidcylinder(D)= cm
= x10”m
The average radius of the solid cylinder r = x10”m
Volumeofthesolidcylinder = e
= m3
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CONCURRENTFORCES

ExperimentNo:

Date:

Aim:

Toverifyi)Parallelogramlawofforcesandii)Lami'stheorem.

Apparatusrequired:

Verticaldrawingboard,twopulleyswithclamps,threesetsofslotted
weights,thread,whitepaper,scale,protractor,compassandpencil.

Formula:

1) Toverifytheparallelogramlawofforces,itistobeshownthat
Resultant=Equilibrantandtheyareoppositeindirections.
i.e.0D=0Cand«£COD=180°
where OD and OC are lines drawn representing the resultant
andequilibrant ofPandQ.

2) ToverifyLami'stheorem,itistobeshownthat

P _QSin R

B " Siny

Sina
whereP,QandRaretheforcesa,andyaretheanglesoppositeto
P,QandRrespectively.
Description:

Adrawing board is supported vertically on a wall.The two smooth
pulleys are fixed at the two top corners of the board, so that they can
rotate freely. The two weight hangers P and Q are attached to the two
endsofalongthread,afterpassingthroughthepulleys. Thethirdweight
hangerRisattachedtothemiddleofthethreadasshowninthefigure.
Procedure:

The weights in the hangers P, Q and R are adjusted such that the
point O is at rest.Asmall displacement is given to the system so as to
overcomethefrictioninthepulleys.Adrawingpaperisfixedontheboard,
behindthestrings. Thetraceofthethreestringsistakenonthesheetof
paper,usinganadjustablelamparrangementinfrontofthethreads.The
trace sheet is removed and the lines are joined to get the image of the
threads.These lines meet at a point O.
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i) Toverifyparallelogramlawofforces:

Taking a suitable scale (0.050 kg = 1 cm) OA, OB and OC are
markedtorepresenttheforcesP,QandRrespectivelybothinmagnitude and
in direction. With OA and OB as adjacent sides, a parallelogram OADB
is completed. The length of the diagonal OD is measured and
enteredinthetabularcolumn.Alsothe Z/CODismeasuredandenteredin
thetabularcolumnl.

Accordingtoparallelogramlaw,thediagonalODgivestheresultant
ofPandQ,whereasOCistheequilibrantofPandQ.

Theprocedureisrepeatedthricewithdifferentcombinationsof
P,QandR.

ii) ToverifyLami'stheorem:
Inallthethreefiguresdrawninthetracesheet,theanglesbetween
theforcesaremarked.TheanglebetweentheforcesQandRismarked as
o.The angle between the forces R and Pis marked as .The angle
between the forces Pand Q is marked as yas shown in the figure.The
anglesaremeasuredandenteredinthecorrespondingtabularcolumnil.
Tochecktheaccuracyofanglemeasurement,foreachcase,thesumof
thethreeanglesmeasuredshouldbeequalto360°.i.e.(a+p+y)=360°.

Then the calculations are done using the given formula and the
values are entered in the tabular column.

Result:

1) In the tabular column 1, in all cases, it is seen that Resultant =
Equilibrant i.e. OD = OC and also COD = 180°, which verifies
parallelogramlawofforces.

2) Inthetabularcolumnll,inallcases,itisseenthatthevaluesinthelast  three
columns are found to be equal.
whichverifiesLami'stheorem.

P90 R
Sina Sinp Siny
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N\
N\

'R

S

TabularColumnl:

o

Toverifyparallelogramlawofforces
Scale:0.05kg.wt=1cm

sl | Force| Line| Force| Line| Force Equm- Resultant
rant £COD
No. p | oAl Q| OBl R oc oD
. kg. kg.
Unit Wt cm Wt cm| kg, wt cm cm degree
1.
2.
3.
TabularColumnll:
ToverifyLami'sTheorem
S| Forces Angles P Q E
No. i i
Pl ol R o B v . Sing | Siny
Sina
Unit | kg.| kg.| kg.| degree | degree | degree | kgwt | kgwt | kg.wt
wt | wt | wt
1.
2.
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Calculation:
1.

P=

o=

Q= kg.wt,
p= °
Q= kg.wt,
p= °
Q= kg.wt,
p= °
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POISEUILLE'S METHOD
ExperimentNo.:
Date:
Aim:

To determine the coefficient of viscosity of water by capillary flow
method, using graduated burette without stopper.
Apparatusrequired:

Burette stand, graduated burette without stopper, Capillary tube,
rubbertube,beaker,stopwatch,water,funnel,woodenbench,etc.
Formula:

Thecoefficientofviscosityofthewater
_mpgriHt
8l

Where

p=densityofwater

g=accelerationduetogravity

r=radiusofthecapillarytube

I=lengthofthecapillarytube

v=volumeofwatercomesoutofthecapillaryflow(5cc)

t=timetakenfor5ccflowofwater

H=theaveragepressureheadheightoftheliquidlevels
fromthecapillarytube.

H:hl ﬂ —h3

h,=heightofinitiallevelfromtheexperimentaltable

h,=heightoffinallevelfromtheexperimentaltable

h,=heightoftheaxisofcapillarytubefromthetable
Description:

The graduated burette without stopper is mounted vertically in the
stand.Arubbertubeisconnectedtothebottomoftheburette. Totheother end of
the tube, a capillary tube is inserted and placed in a perfectly
horizontalposition.
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Procedure:

Purewaterispouredintotheburetteusingafunnel. Theheightof the
liquid level in the burette is adjusted such that there is a streamline
flowofwaterthroughthecapillarytubei.e.5to8dropsperminute. This
canbeachievedbyraisingorloweringthecapillarytube.Whenthewater level
in the burette comes to zero mark a stop watch is started and the
timeforthewaterleveltoreach5cc,10cc,15cc,20ccand25ccmarkis
notedandenteredinthetabularcolumnl.

Fromtheabovereadings,thetimeofflowof5ccwater(t)atvarious
rangeslikeOccto5cc,5ccto10cc,10cctol5cc, 15¢ccto20ccand20
ccto25ccaretabulatedintabularcolumnll.Ineachcasetheheightsof
therespectiveinitiallevelsandfinallevelsfromtheexperimentaltableare
noted.Theaveragepressureheadheightiscalculatedandenteredinthe
tabularcolumn.SubstitutingtheaveragevalueofHtvaluesintheformula
given,thecoefficientofviscosityofwateriscalculated.

Result:
Thecoefficientsofviscosityofwater= Nsm?
— A =
—B §
h, LE
wE
“k
h, DE Capillary

Observations:

Densityofwater = kgm®
Accelerationduetogravityg= ms”
Radiusofthecapillarytuber= m

Lengthofthecapillarytubel
Volumeofwatercomesoutofthecap.flowv

m
5cc=5x10°m’
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Tabularcolumnl:

Tonotethetimetakenfortheflowofwater

SI.No Waterlevellntheburette Timeofflow
cc s
1
2
3 10
4 15
5 20
6 25
Tabularcolumnll:
Heightoftheaxisofcap.tubefromthetableh,= m
i Heigh Ave. Pr. ;
Initial | Final Heightof elght Headheight Time
Initial offinal of
Sl. No \I/vat?r YVattler level Level nlJr_hg_ Flow H.t
eve eve h1 hz 2 3 t
cc cc m m m S ms
Mean
Calculation:

Thecoefficientofviscosityofwater

_mpgriHt

8lv
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COEFFICIENTOFVISCOSITYOFHIGHVISCOUS LIQUID
- STOKES' METHOD

ExperimentNo.:
Date:
Aim:
Todeterminethecoefficientofviscosityofhighviscousliquid
(Castoroil)byStokes'method.
ApparatusRequired:
Atallglassjar,castoroil,glassbeadsofdifferentradii,stopwatch,
screwgauge,etc.

Formula: 2(p-c)g(r2t)
Thecoefficientofviscosityofthehighlyviscousliquidn= —on
Where 9

p=thedensityofthematerialofthesolidsphere(glassbeads)
o=thedensityoftheliquid(castoroil)
g=theaccelerationduetogravity
r=theradiusoftheglassbeads
t=thetimetakenbythesolidspheretotravelthemarkeddistance h,inside
the high viscous liquid.

h=thedistancebetweenthemarksBandC

Description:

Thepure,transparent,highviscousliquid(castoroil)istakeninthe  tall
glass jar. On the outer surface of the jar, two markings B and C are
madeatadistanceofsay50cm. ThemarkingBshouldbewellbelowthe
freesurfaceoftheliquid. Thenonlythespherecanattainterminalvelocity when
travelling from B to C.

Procedure:
Firsttheleastcount,zeroerrorandzerocorrectionofscrewgauge
aredetermined.Thenusingthescrewgauge,thediametersofthegiven
glassbeadsaremeasured.Theradiiofthebeadsarecalculated.Values  of
pand caretakenfromstandardtables.
Thesphereisplacedgentlyonthesurfaceofthehighviscousliquid
anddropped.WhenitcrossesthemarkingB,astopclockisstartedand
whenitcrossesthemarkingC,theclockisstopped.Thetimetaken(t)to
travelbythespherefromBtoCisrecordedinthetabularcolumn.The
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distance between B and C is noted as 'h'. The same procedure is
repeated for all the given spheres. Then the coefficient of viscosity of

highlyviscousliquid(castoroil)iscalculated,usingtheformula.
Result:

Thecoefficientofviscosityofthehighviscous
liquid(castoroil)= Nsm™

Glassjar

Highviscousliquid

Glass bcads

Observations:

The density of the material solid sphere (glass beads)p= kgm’
*The density of the viscous liquid (castor oil) o=kgm’
*Theaccelerationduetogravity g= ms®
ThedistancebetweenBandC h=x10”m

Distancemovedinpitchscale
No.ofrotationsgiventoHS

Pitchofthescrew =

(DLeastCount:LeastCount= Pitch/No.ofHeadScaleDivisions
= mm= mm
Therefore,LeastCount(LC)= bitch e mm
No.ofHSD
Numberofheadscaledivisions(HSD)= div
LC = mm

(iZeroErrorandZeroCorrection:
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Tabularcolumnl:
Tofindtheradiiofthesolidspheres(glassbeads)

LC= mm; ZE= mm;  ZC= mm
solid |y, | PSR | HSC {ustxc) [reian |omize ciamete iy
sphere d
Unit [ mm [ div mm mm mm mm mm
1.
2.
Beadl 3.
4,
5.
1.
2.
Bead2 3.
4.,
5.
1.
2.
Bead3 3.
4.,
5.
Tabularcolumnll:
Tofindr’t
Glassbeads Radius Radius2 Timetaken rzt
r r t
Unit mm mm’ mm’
Beadl
Bead?2
Bead3
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mm’

= x10°m?

Theaverageofrt

Calculation:
Thecoefficientofviscosityofthehighlyviscousliquid

2(p-0)g(rt)

castoroil)n=
( m 9 h

= Nsm™

SURFACETENSION

ExperimentNo.:

Date:

Aim:
Todeterminethesurfacetensionofwaterbycapillaryrisemethod.

Apparatusrequired:

Beakerwithwater,capillarytube,pointer,travellingmicroscope,
retortstandwithclamp,twoholedrubbercork,woodenbench,etc.

Formula:

ThesurfacetensionofwaterT:mgg

where

h=heightoftheliquidriseinthecapillarytube r

=radiusofthecapillarytube

p=densityofwater

g=accelerationduetogravity

Description:
Acapillarytubeofuniformcrosssectionalareaiscleanedwelland

clampedverticallywithoneendinsidethewatertakeninabeaker.Dueto

surfacetension,waterrisestoadefiniteheightintothetube. Thisiscalled

capillary rise. If there is any air bubble inside the tube, it should be

removed.Apointerismountedverticallysothatitslowerendjusttouches  the

surface of water in the beaker.
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Procedure:
The least count of the microscope is determined as in the case of

verniercalipers.

The microscope is adjusted such that the horizontal cross wire is
tangentialtothelowermeniscusoftheliquidinsidethecapillarytube.The
MSRandVSCfromtheverticalscaleofthemicroscopearenoted.Then  the
beaker of water is removed, without disturbing the pointer. Now the
microscopeisfocussedsothatthehorizontalcrosswireistangentialto
thetipofthepointer. TheMSRandVSCreadingsarenotedinthetabular
column. The difference between these two observed readings (O.R)
gives the height of capillary rise 'h'.

The capillary tube is mounted horizontally and the microscope is
focussed to one end of the tube, so that we can see the bore of the
capillary tube in the field of view.

Now,thehorizontalcrosswireismadetangentialtoonesideofthe
bore(AA").Thereadingsarenotedinthetabularcolumnfromthevertical scale.
Using the minute adjustment screw of the microscope, the
horizontalcrosswireismadetangentialtotheothersideofthebore(BB")
andthereadingsarenoted. Thedifferencebetweenthesetwoobserved
readings(O.R)givesthediameterofthecapillarytube.Hencetheradius

ofthecapillarytubeisdetermined.
Thenthesurfacetensionofwateriscalculatedusingtheformula.
Result:




Thesurfacetensionofwaterisfoundtobe=
Observations:

Densityofwater

Accelerationduetogravityg =

TofindLeastcountofmicroscope:

Leastcount:

Valueof20MSD

valueofIMSD

LeastCount(LC)=

Tabularcolumnl:
Tofindtheheightofcapillaryriseh

lxvalueoflMSD n
No.ofdivisionsonthevernierscale(n)=

cm

kgm’

cm
cm

Nm™*

MicroscopeReadings

Position

MSR

VSC

VSR=VSCxLC

OR = MSR + VSR

Heightofthe
capillaryrise
h=(x~y)

Unit

cm

div

cm

cm

cm

Horizontal
Cross wire
atthelower
meniscus

Horizontal
crosswire
at the tip
of the
pointer

Leastcount=

cm

Heightoftheliquidriseinthecapillarytube(h)
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Tabularcolumnll
Tofindtheradiusofcapillarytuber:

Leastcount= cm
MicroscopeReadings )
Positi Diameter
osition
MSR vsC | vsr=vscxLc | OR=MsR+VsR |2r=(A~B)
Unit cm div cm cm cm

O m A=

Q-

Thediameterofthecapillarytube d = cm
Theradiusofthecapillarytuber =di2 = cm

r= x10”m
Calculation:

ThesurfacetensionofwaterT= m;;g
Heightoftheliquidriseinthecapillarytubeh= x107”°m
Radiusofthecapillarytube r= x107”°m
Densityofthewater p= kgm®

7-0reg_ Nm-
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SONOMETER

ExperimentNo.:

Date:

Aim:
Tofindthefrequencyofthegiventuningforkusingasonometer.

ApparatusRequired:

_ 1 |m
Thefrequency ofthetuningfork N= - 9
2\\2m

Sonometer, screw gauge, tuning fork, hammer, weight hanger set
andpaperrider.

Formula:

Where

M=totalmassattheendofthesonometerwire.
i.e.Massoftheweighthanger+Massplacedonit

g=accelerationduetogravity.

m=lineardensityofthewire
i.e.,massperunitlengthofthewire.{=fir

stresonatinglength.
Thelineardensityofthewire,m=nr’p

Where

p=densityofthematerialofthewire.

r=radiusofthesonometerwire.

Description:
Asonometerconsistsofahollowwoodenboxaboutonemetrewith
bridgesAand B fixed at two ends on the top surface.Auniform wire is
stretchedoverthetwobridges,oneendofthewirebeingfixedtothenail at one
end of the box. The other end passes over a smooth pulley and
carriesaweighthangeronwhichweightscanbeplaced.MandNaretwo
movablebridgesinbetweenthefixedbridgesAandB.Bychangingtheir

position,thelengthofthevibratingsegmentofthewirecanbealtered.

Procedure:
Asuitableloadsay0.5kgisplacedonthehanger. Thetwomovable
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bridges M and N are placed close to each other. A light paper rider is
placedatthecentreofthesegmentMNofthesonometerwire. Thegiven
tuningforkisexcitedanditsstemispressedonthesonometerbox.The
lengthofthevibratingsegmentMNisgraduallyincreasedbymovingthe
bridgeMorN.tillthepaperriderfluttersviolentlyandfalldown. Thefirst
resonatinglengthlbetweenMandNismeasuredusingthemetrescale
fixedonthesonometerbox.Theloadischangedtolkg,1.5kg,2kg,2.5
kg,3kgetcandineachcasetheresonatinglengthisdeterminedandM/iscalculat
ed.

Thediameterdofthewireisfoundusingascrewgauge. Theradius
ofthewireriscalculated. Themassperunitlengthofthewireism=nr’ p.
Herepisthedensityofthematerialofthewire.

Thefrequencyofthegiventurningforkiscalculatedbysubstituting
thevaluesofM/f“and'm'intheformula.

Result:
A M N B
A
AT AN
O O O |
Thefrequencyofthegiventuningfork(n)= Hz.
Observations:
Accelerationduetogravity o= ms*
Densityofthematerialofthewire(steel)p= kgm®

. DistancemovedinPitchscale
Pitchofthe  screw = - ) =
No.ofrotationsgiventoHS

(i) LeastCount:LeastCount=Pitch/No.ofHeadScaleDivisions

Therefore,LeastCount(LC)= bitch = mm
No.ofHSD
e mms= mm
Numberofheadscaledivisions(HSD)= div
LC = mm
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(i) ZeroErrorandZeroCorrection:

Tabularcolumnl:

.M
Tofind™
02
Massplacedattheend of
the sonometer wire . .
SI.No. [mass of the Flrstlgt;sotaaetmg Iz M
hanger+massplaced on g 02
the hanger] M
Unit Kg cm m m? kgm?
1. Hanger+0.5 1.0
2 Hanger+1.0 15
3 Hanger+1.5 2.0
4, Hanger+2.0 25
5 Hanger+2.5 3.0
TabularColumnll:
Tofindthediameterofthewire
LC= mm ZE= mm ZC= mm
SI.No.| PSR HSC HSR=HSCXLC OR=PSR+HSR CR=OR+ZC
Unit mm div mm mm mm
1.
2.
3.
4,
5.
Mean
Theaveragediameterofthewire= mm
Radiusofthewirer=d/2 = mm
= x10°m
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Calculation:
TheMassperunitlengthofthewirem=nr’p

kgm™

. 1 v
Thefrequency ofthetuningfork N= (— 9
2\V\2)m

= Hz

DEFLECTIONMAGNETOMETER
(TAN A — POSITION)
COMPARISONOFMAGNETICMOMENTS

ExperimentNo.:
Date:
Aim:

To compare the magnetic moments of the given two bar magnets
using a deflection magnetometer in Tan A position, by equal distance
method.

ApparatusRequired:
m, tanot

m, ang,

Deflectionmagnetometer,twobarmagnets,metrescale,etc.

Formula:
Theratioofthemagneticmomentsoftwogivenshortbarmagnets
where
m,=themagneticmomentoffirstmagnet
m,=themagneticmomentofsecondmagnet
6,=meandeflectionforfirstmagnet
6,=meandeflectionforsecondmagnet
Description:
ThemagnetometerisarrangedintanAposition.ForarrangingtanA
positionthefollowing adjustmentsaretobemade.
I)Themagnetometerisplacedonahorizontaltableandthearmsofthe
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magnetometerarekeptalongtheeast-westdirectionanditisadjusted

sothatthearmsareparalleltothelengthofthealuminiumpointer.
if) Withoutdisturbingtheadjustment,thecompassboxisslowlyrotated until

the pointer reads 0°— 0°.
Procedure:

Equaldistancemethod:
The magnetometer is arranged in tan A position. One of the two

givenbarmagnetsofmagneticmomentmiisplacedononeside(Eastern arm)
of the two arms with its axis along the east-west direction in the
magnetometer. The distance of the magnet is suitably adjusted so that
thedeflectionliesbetween30°and60°.Thedistancebetweenthecentre
ofthemagnetandthecentreofthemagnetometerismeasuredas'd'.The
readingsofboththeendsofthepointeraretakenasf,and6,. Themagnet
isreversedfrompoletopole,inthesameplaceandtwomorereadings6,
ando,aretaken.

Themagnetisthenkeptatthesamedistanceontheothersideof
thearm(Westernarm)andfourdeflections6s,0,,0,andb,arenoted,as
mentioned above. The average of the eight deflections is found and
taken as 0,. The same procedure is repeated with the second magnet
of magnetic moment m,, keeping at the same distance and theaverage
deflection 6,is found.The experiment is repeated for different values of
d and the readings are tabulated. The ratio of magnetic moments (m/

m,) is calculated using the formula.

Result:
i) Themagneticmomentsofthegiventwobarmagnetsarecompared.
i) Theratioofthemagneticmomentsoftwogivenbarmagnetsbyequal

distancemethod=

TanAposition:
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Equaldistancemethod.

Tofind m by equaldistancemethod

m,
Deflections indegrees
Distance Magnetic Easternarm Westernarm m, tanf,
d Moment Direct Reversed Direct Reversed | Mean m[ tano;
0, 6,] 6| 6, 65| 6| 6, ] 6 0
m, 0=
m, =
m, =
m" =
m, =
m, =
m,
m, =
m,
Average Of—=
m,
Calculation:
a.) d= cm
mi_tand,_
m,,_ tane,
b.) d= cm
mi_tan®,_
m"_ tang,
c.) d= cm
mi_tan®,
m"_ tane,
d) d= cm
mi_tan®,
m"_ tarTG..
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MODELQUESTION PAPER

. Measure the thickness of the given irregular glass plate using

micrometer.Determinetheareaoftheglassplateusingagraphsheet
andcalculatethevolumeoftheglassplate.

. Measure the length and diameter of the given solid cylinder using

verniercalipersandthencalculatethevolumeofthesolidcylinder.

. Verify the parallelogram law of forces and Lami's theorem using

concurrentforces.

. Determinethecoefficientofviscosityofwaterbycapillaryflowmethod,

usinggraduatedburette.

. DeterminethecoefficientofviscosityofahighviscousliquidbyStokes'

method.

. Determinethesurfacetensionofwaterbycapillaryrisemethod.
. Determinethefrequencyofthegiventuningforkusingsonometer.
. Compare the magnetic moments of the two bar magnets using

deflectionmagnetometerinTan-Aposition,byequaldistancemethod.
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SEMESTERII
UNIT |

HEAT

TRANSFEROF HEAT

Introduction:
Heatisaformofenergy,whichisresponsibleforthehotconditionor
thecoldconditionofabody.Sinceitisaformofenergy,thequantityof
heatismeasuredin'joule'withsymbol'J'.
We can realize the hotness or coldness of a body by our sense of

touch.Butthereshouldbeamethodtodeterminethedegreeofhotness
orcoldness.

Temperature is a measure of the relative degree of hotness or
coldnessofthebody.Forquantitativemeasurementoftemperaturesome
standardtemperaturesarerequired,whichcanbeeasilyreproducedin
anylaboratory.Generally,wetakethemeltingpointoficeaslowerfixed
pointandtheboilingpointofwater(steampoint)asupperfixedpoint.

Tomeasurethetemperature,differentscalesareinuse.

1. Centigradescale:

Inthisscale,thetemperatureismeasuredin'degreeCelsius'with
symbol°C.Inthisscale,thelowerfixedpointistakenas0°Cforicepoint
andtheupperfixedpointistakenal00°Cforsteampoint.

2. Fahrenheitscale :

In this scale, the temperature is measured in ‘'degree
Fahrenheit'withsymbol°F.Here,thelowerfixedpoint(icepoint)istakenas32°F
and theupperfixedpoint(steampoint)istakenas212°F.

3. AbsolutescaleorKelvinscale:

In this scale, the temperature is measured by the unit 'kelvin'with
symbol'K'.Usually,thetemperaturesaremeasuredincentigradescalein
laboratories.ToconvertthetemperaturefromcentigradescaletoKelvin
scale,wehavetoadd273.15,becauseOKcorrespondsto-273.15°C.
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Ex:Theroomtemperature=32°C
=(32+273.15)K=305.15K
TherelationbetweenCelsius'C',Kelvin'K'andFahrenheit'F'is

C F-32 K-273
100 180 100
HeatTransfer:

There are three methods of transfer of heat from one place to
another. They are Conduction, Convection and Radiation. Conduction
takesplacebothinsolidsandfluids.Convectioncannotoccurinsolids.
Radiationdoesnotrequirethepresenceofanymedium.

Conduction:

In Conduction, the molecules of the body are responsible for the
heat transfer. Here there is no actual movement of molecules from one
placetoanotherplace.Whenarodisheatedatoneend,themoleculesat
thehotendvibrateabouttheirmeanpositionandtransfertheheatenergy to the

neighbouring molecules and thus the heat energy reaches the
otherendoftherod.

Conduction is the process by which heat is transmitted from one
point to another without the actual movement of the particles from their
equilibriumpositions.Conductiontakesplaceinsolids,liquidsandgases.
Confficientofthermalconductivity:

Letusconsiderametallicrodofcross
sectionalareaA.Letthetwoendsbeseparatedby
adistanced,maintainedattemperatures8,and
8..LetB,begreaterthand,.Heatflowsfromthe ,end afO eolid Oez
the higher temperature to the end at the
lowertemperature.

Whenthesteadystateisreached,thequantityofheatQconducted

<—d—>

is

i) directlyproportionaltotheareaofcrosssectionA

ii) directlyproportionaltothedifferenceintemperaturebetweentheends (6,-
0,)

i) directlyproportionaltothetimeforwhichtheheatisconducted(t)

iv) andinverselyproportionaltothedistancebetweenthetwoends.
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(6,-0, )t
HenceQ oA or
d
01—02)t
Q1 Agl—%
whereAisaconstantknownasthecoefficientofthermal

conductivityofthematerialand(6,-6,)/disknownastemperature
gradient.

whenA=1, =1 andt _q thenQ=\

Hence, Coefficient of thermal conductivity (1) of the material of a
conductor is defined as the quantity of heat conducted per second per
unitareaperunittemperaturegradientatthesteadystate.

unitof.:
0,-0,)t
d
_Qd
A= d

A(61-62)t

Substitutingtheunits,
- Jm
Unitofa= =JstmiK=wmiK?1 (asJslisw)

m2Ks
Selectionofgoodandpoorthermalconductors:-

Substance MWm'K™?) Substance MWm'K™)
Silver 420 Water 0.6
Copper 390 Redbrick 0.6
Aluminium 240 Rubber 0.5
Steel 14 Wood 0.04t00.1
Lead 35 Glass 0.8
Concrete 1.1 Ebonite 0.2
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Werequirebothgoodandpoorthermalconductorsaccordingtothe
need.Materialshavinghighervaluesofcoefficientofthermalconductivity are
termed as good thermal conductors and the materials having lower
values of coefficient of thermal conductivity are called as poor thermal
conductorsorinsulators. Thepresenceoffreeelectronsinmetalshelps
theeasytransferofheatfromonepartofthemetaltotheotherpart.So,all metals
are good thermal conductors of heat. Some important materials
andtheirvaluesofcoefficientofthermalconductivityarelistedabove.

Usesofthermalconductors:-

1. Handles made of wood or ebonite are provided for cookers and hot
watervessels.

2. Hot water bottles made of rubber are able to keep hot water at high
temperature for a considerable period of time.

3. Use of double windows with a thin layer of air enclosed in between
themkeeptheroomwarmincoldcountries.

4. Wool,corkandeboniteareusedforthepurposeofheatinsulationin
refrigeration.

5. Woolenclothesareusedinwintertokeepthebodywarm.

6. Sawdustandjutesheetisusedtocovericetopreventitfrommelting.

7. Vesselsmadeofcopper,aluminum,etc.,areusedforcookingpurpose
astheyeasilyconductheat.

8. Copperisusedinboilersandradiators,becauseofitsgood conductivity.

Convection:-
Inthecaseofheattransferbyconvection,thereisactualmovement
ormotionofmoleculesofthefluid(liquidorgas). Theportionsofthefluid
thatgetwarmedupbycontactwiththeheatsource,expandandsomove
upthroughthebodyofthefluidduetothedecreaseindensity. Thereisan inflow
of cooler molecules to take the place of heated mass of the fluid
whichhasmovedup.Thiscirculatorymotionofthefluidmassbywhich
heatistransferredfromplacetoplaceiscalledConvection.

Convection is the process in which heat is transmitted from one
placetotheotherbytheactualmovementofheatedparticles.

Convection takes place only in liquids and gases. It cannot take
placeinsolids.
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ApplicationsofConvection.

1. The wind flow is due to the convection currents in the atmosphere.
During day time, parts of earth get heated by the Sun. As the air
expands,itrisesupanditsplaceistakenbytheflowofairfromcolder areas.

2. The land breeze and sea breeze are due to the convection in the
atmosphere. During day time, land mass is heated to a higher level
than the sea. So, the warm air over the land rises giving place to the
cool air flow from the ocean.This gives the sea breeze. During night
time,thelandmasscoolsquicklythanthewaterinthesea.So,coolair
flowsfromlandmasstowardsseawhichgivesthelandbreeze.

Radiation:-

Forheattransferbyradiation,nomediumisrequired.Theheatfrom
theSunisreceivedbyearthonlybyradiation.Bothheatandlighttravel
throughspacewithsamevelocityandtheyaresimilarinnature.Bothare
generatedandtransmittedinthesameway. Theyaretransversewaves and
electro-magnetic in character, but they differ in wavelength and
frequency.Thethermalradiationsaredetectedinthe'infra-red"regionof
theelectro-magneticspectrum.

Radiation is the process by which heat energy is transmitted from
oneplacetoanotherwithouttheaidofaninterveningmaterialmedium.

Propertiesofthermalradiation:
The nature of thermal radiation is similar to that of light. Following

aresomeofthepropertiesofthermalradiation.

1. Thermalradiationtravelswiththevelocityoflight,whichis3x10°ms™.

2. Thermalradiationobeysthesamelawsofreflection,refractionetc.,as
light.

. Thermalradiationtravelsthroughvaccum.

. ltobeysthelawofinversesquare,aslight.

. Ittravelsinstraightlines.

. When thermal radiation falls on any body, which can absorb it, then
convertedintoordinaryheat,whichraisesitstemperature.

7. Itis absorbed by dark rough surfaces and reflected by light smooth

surface.

o 01~ W
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ApplicationsofRadiation.

1.

White coloured dresses are used in hot countries to keep the inside
cool.

. Insomecountries,shiningaluminiumsheetsareusedtocovertheroof

ofthehousetoreflectbacktheradiantheatandtokeeptheinsidecool.

. Acookingvesselispaintedblackatthebottomforgreaterabsorption

ofheat,butpolishedatthetoptominimizeradiationlosses.

. Incoldcountries, hotairorwaterrunsthroughthepipesalongthewalls inside

a building and the radiant heat energy keeps the occupants
warmby'CentralHeating'.
1.2KINETICTHEORYOF GASES
Agasconsistsofalargenumberofparticlescalledmolecules. The

moleculesareinthestateofcontinuousmotion. Thepressureofagasis
duetothecollisionofindividualmoleculesonthewallsofthecontainer.
Thebehaviourofthegascanbeexplainedonthebasisofkinetictheoryof
gasesThekinetictheoryofgaseshasfoundbetterapplicationstoexplain
various properties of gases. This theory was developed by Clausius,
BoltzmannandMaxwell

[N

AwbdPR

PostulatesofKineticTheoryofgases:-
Agasconsistsoflargenumberoftiny,rigidparticlescalledmolecules.
Thegasmoleculesareidenticalinallrespects,likemass,size,etc.
Themoleculesareperfectlyelasticspheres.
Themoleculesareinrandommotionandtravelwithallpossible
velocitiesinallpossibledirections.
Themoleculescollidewitheachotherandalsowiththewallsofthe
container.
Betweentwosuccessivecollisions,themoleculestravelinthe
straightline.
Theaveragedistancebetweentwosuccessivecollisionsiscalledthe
meanfreepath.
Thetimeofcollisionisnegligiblewhencomparedtothetimetakenby
themoleculetotravelitsmeanfreepath.
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9. The volume of the molecules is negligible when compared to the
volumeofthegas.

10. Theforceofattractionbetweenthemoleculesisnegligible.

11. Asthemoleculesofagasarealwaysinrandommotion,theenergyof
thegasisintheformofkineticenergyanditisdirectlyproportionalto
theabsolutetemperatureofthegas.Whenthetemperatureofthegas
remainsconstant,themolecularvelocitieswillnotchange.

MeansquarevelocityandRootMeanSquarevelocity(R.M.S. velocity):-

Letc,c,c, , ,cbe thevelocities of 1%,2",3".....n"molecule

present in the gas, thea the megan square velocity s,

C2+C2%+C2
(;z 1 5 P ST A n

Themeansquarevelocityisdefinedastheaverageofthesquareof
velocitiesofallthemolecules.

NowR.M.S.velocityisobtainedbytakingsquarerootofthemean square
velocity of the molecules.R.M.S velocity is

\F - \/ C2HC2HL2H g, +C2,

n

TheR.M.S.velocityisdefinedasthesquarerootoftheaverageof
squares of velocities of all molecules

Expressionforthepressureofagas:-

Consider a cubical vessel of side one metre containing a perfect
gas.Thegascontainsn-numberofmoleculesandmbethemassofeach
molecule.Themoleculesareincontinuousmotionandtheycollidewith
thewallofthecontainer. Theforceexperiencedbythewallperunitarea,
duetothemolecularcollisiongivesthepressureofthegas.

Force

Pressure=
Area

ConsiderasinglemoleculemovingintheX-directionwithvelocityv.
ItcollideswiththewallBCGFofthecontainerandthenitreboundswith
velocity-v.
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Themomentumofthemoleculebeforecollision=mv

Themomentumofthemoleculeaftercollision =-mv
.. Thechangeinmomentumforsinglemolecule=mv-(-mv)
=2mv.

After recoil from the wall BCGF, the molecule travels towards the
wall AEHD and collide then rebound back to the wall BCGF. So, the
moleculetravelsZmeytre(lm+1m)forevewnextcol|isiononthesame wall.

H G

ol im
m

v

im

A im B

Timerequiredtotravel | t=distancel/velocity=2/second

2mfornextcollision

Therateofchangeismomentum=changeinmomentum/timetaken
_2mv
2

=mv*

AccordingtoNewton'ssecondlawofmotion,

Force = Rate of change in momentum.

.. Forceactingonthewallduetolmolecule=mv*

Anaveragen/3moleculescanbeconsideredtomoveineachofthe
three directions X,Yand Z.

Theforceactingonthewalldueton/3molecules= n/3(mv?)
Pressureonthe wall=Force / Area
_(n/3)mv?
1
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{SincetheareaofanysideA=1x1=1m?}
Sincethepressurewillbethesameonallsides,

PressureofthegasP=(¥3)nmv’
Butallthemoleculesarenotmovingwiththesamevelocityv.
Letc,,c,,C; c.be the velocities of the molecules,

Themeansqual’eVG|OCItyC2=(C2+C21|-C2 .................................. +C2r)/n

Substitutingthisaveragesquareofthevelocityszorvz_

Then, Pressureof thegasP=l nmcC?2
3

Aswehavetakenmasthemassofeachmoleculeandtherearen

moleculesinthegas,
Thetotalmassofthegaspresentinthevesselofim’volume=nm

But,massperunitvolumeofthegas=nm=pthedensityofthegas.

1
.. Pressureofthe gasP="pC?

RelationbetweenPressureandkineticEnergyofaGas:

Consideraperfectgashavingunitvolumewithdensitypandc2be
themeansquarevelocityofgasmolecules,then

..pressureofthegas :lpc23_
. The Pressure ,P="MC?
M 3
Thedensityp= V:M{Sincevolumev=1m} 3
Dividingandmultiplyingby?2,
PzleMCZ:_g}lMC2
2 3 32
ThemeanKineticenergyperunitvolumeofthegas
KE= *MCT
2
ThePressureP:ZK.E

3
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Thepressureofagasisequaltotwothirdofthemeankineticenergy per
unit volume of the gas.

But,themeansquarevelocityofthem oleculesczproportg isdirectly
naltotheabsolutetemperatureofthegas.
Hence,thepressureofagasisdirectlyproportionaltotheabsolute
temperatureofthegas.
Meankineticenergypermoleculeofthegas:
OnemoleofanygascontainsN(Avogadro)numberofmolecules,
sothegasequationfromkinetictheoryofgasis

,—
p_MC
3V
[ButM=Nm]

2
PV=NmC

-

Foridealgas,theequationisPV=RT -(2)
NmC®>

From(1)and(2)PV= -RT
mc23RT
o N 1 & _8RT
Kineticenergyof one molecule 5 ON
(Dividingby2onbothsides)
2N
:§KT
2

where'K'istheBoltzmannconstantwhichisequalto

K=R_1 38x1023JK!
N
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WorkedProblems:
1. Find the r.m.s. velocity of hydrogenmoleculeat S.T.P.if density of

hydrogenis0.0899kgm~atS.T.P.

Given: p=0.0899kgm-3

Known:AtS.T.P,P =0.76mof Hg= 0.76x13.6x 10°x9.8

p-2ocZ  RM.S.Velocity,C= [3Pp
3

3x0.76x13.6x10%x9.8

0.0899
2. TherootmeansquarevelocityofargongasmoleculeatS.T.P.is 434ms’

' FindthedensityofargongasatS.T.P.

Given;R.M.S.Velocity,c ~ =434ms™
KnownAtS.T.PP =0.76mof Hg

R.M.S.Velocity,C = 1.838x10°ms™*

lepCZ 3
3P
= 2
p_3><0.76><13.6><1O3
434x434
=1.6133kgm™>
3. Findthetemperatureatwhichtherootmeansquarevelocityof
hydrogenwilldoubleitsvalueatS.T.P.pressureremainingconstant.

Lett-bethetemperatureatwhichther.m.s.velocityofhydrogenwill
doubleitsvalueatS.T.P.LetC,andCbetheR.M.SVelocityofmolecules

atS.T.Pandattemperature't'.i.e.c,=2c,

Known,c o /T Ci,/(273+t) andcoo /273
C =2C = (273+)
2X 273= /273 +t

Squaringbothsides
4x273=273+1

~.1=1092-273=819Kor546°C

p

XY.0
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1.3SPECIFICHEATCAPACITY

When a substance is heated, it gains heat and its temperature
increases. The quantity of heat gained by different substances is
specifiedintermsofthevalueknownasspecificheatcapacity.
Specificheatofsolidandliquid:

Toincreasethetemperatureofasubstance,heatenergyshouldbe
suppliedtoit.ltisfoundthatthequantityofheatenergysuppliedtothe
substance(or)takenbythesubstance(Q)isdirectlyproportional.to

i) themassofthesubstance(m)and

ii) increaseintemperatureofthesubstance(T,—T,)

whereT, initialtemperatureofthesubstanceandT, final
temperatureofthesubstance.

Qum(T,~T)

(oNQ=Sm (T—T,) (D)

WhereSistheconstantofproportionalityandiscalledasthe specific heat
capacity of the substance.

Inequation(1)whenm=1kgand(T,—T,)=1K,then, Q=S

.. Specificheatcapacityofsolidorliquid(orsubstance)isdefinedas
thequantityofheatenergyrequiredtoincreasethetemperatureoflkgof
thesubstancethroughlK.

Unitforspecificheatcapacity:
WeknowQ=Sm(T,-T,)

__—Q
m(T2-Ty)
Substitutingtherespectiveunits inR.H.S,theunitforspecific
heat capacity is joule withsymboIJkg'lK'l.

kilogram. kelvin

Forexample,thespecificheatcapacityofwateris4190Jkg K ™.It
means,toincreasethetemperatureoflkgofwaterthrough1K,4190Jof
heatenergyisrequired.

Similarly, the specific heat capacity of copper is 385 J kg 'K™. It
means,toincreasethetemperatureoflkgofcopperthroughlK,385Jof
heatenergyisrequired.
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Specificheatcapacitiesofagas:

Whenasolidorliquidisheated,itstemperaturealoneisincreased,
neglectingthelittleincreaseinitsvolume.But,whenagasisheated, its
pressureandvolumechangeinadditiontoitstemperature.So,tostudy  the
effect of heating on a gas, we have to keep either the pressure or
volumeofthegasasconstant.Accordingly,foreachandeverygas,there
aretwospecificheatcapacities.

1. Specificheatcapacityatconstantpressure(C,):

The specific heat capacity of a gas at constant pressure is the
gquantityofheatenergyrequiredtoincreasethetemperatureofonemole
ofthegasthrough1K,whenthepressureiskeptconstant.

2. Specificheatatconstantvolume(C,):

Thespecificheatcapacityofagasatconstantvolumeisthequantity of
heat energy required to increase the temperature of one mole of the
gasthrough1K,whenthevolumeiskeptconstant.

TheunitforCapdCisJK 'mol™

Ratioofspecificheatcapacities(y):

Foragas,theratioofthespecificheatcapacityatconstantpressure
tothespecificheatcapacityatconstantvolumeisaconstant.i.e.

Specificheatcapacityatconstantpressure(Cp)

Specific heatcapacityat constantvolume(C,)

=y(constant)

SinceC,isalwaysgreaterthanCy,thevalueofyisalwaysgreater
thanoneforanygas.

3. RatiobetweenC,andC,

Theratioofthespecificheatcapacityofgasatconstantpressureto
thespecificheatcapacityofgasatconstantvolumeisaconstantandis
denotedbytheletterg)

Then,y=="
C
When a gas is heated at constant volume the heat supplied to the
gasiswhollyusedtoraisethetemperatureofthegaswhereaswhenthe
gasisheatedatconstantpressure,apartisusedtoexternalworktokeep
thepressureconstant.

\
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For monoatomic gases y= 5/3 for diatomic gases, y= 7/5 and for
triatomicgasesy=4/3

ExplanationforC,greaterthanC,:

TheSpecificheatcapacityofagasatconstantpressure(C,)isthe heat
energy required to increase the temperature of 1 mole of a gas
throughlK,atconstantpressure.

The Specific heat capacity of a gas at constant volume (C,) is the
heat energy required to increase the temperature of 1 mole of a gas
through1K,atconstantvolume.

Whenagasisheated,keepingthevolumeofthegasasconstant,
theentireheatenergysuppliedisusedonlytoincreaseitsinternalenergy
i.e.temperature.

Whenagasisheated,keepingthepressureofthegasasconstant,
thesuppliedheatenergyissimultaneouslyusedfortwopurposes.Apart
ofheatenergyisusedtoincreasethetemperatureofthegasandrestof the
energy is used to do the external work of pushing the piston up, to
maintaintheconstantpressure.Hence,inthiscasemoreheatenergyisto
besuppliedtothegas. ThusC.isgreaterthanC.,.

Meyer'srelationC,-C,=R(RelationbetweenC,andC,)

Considerlmoleofaperfectgasinsideacylinderinwhichthereisa
tightpistonmovingwithoutanyfriction.Theinternalenergyofthegasis
directly proportional to its absolute temperature. Let dQ,be the heat
energy supplied to the gas at constant volume. Consequently, the
temperatureincreasesbydT.

Weknow,quantityofheatsupplied=
massxspecificheatcapacityxincreaseintemperature

So0,dQ,=1C,dT 1)
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GAS GAS

dQ, dQ,

Here,theentireheatisusedtoincreasethetemperatureofthegas
i.e. to increase the internal energy of the gas and no external work
isdone.

Letusnowconsideronemoleofaperfectgasenclosedinacylinder as
before. Let the pressure and volume of the gas be P and
V.respectively. LetAbe the area of the piston.Aquantity of heat dQ,be
given to the gas at constant pressure, such that the increase in
temperatureissamedT.

NowdQ,=1C.dT 2

As the pressure of the gas is constant, the volume increases to V..
So,someexternalworkisdonebythegasonthepiston.Heretheheat
supplied is used for two purposes.

AportionoftheheatdQ,isusedtoincreasetheinternalenergyand
therestisusedtodoexternalwork.i.e.dQ,isusedto

(i) toincreasethetemperatureofthegasbydT.and

(ii) topushthepistonup.

-~.dQ,=dQ,+workdoneinpushingthepistonup.

dQ,=dQ, + {Force x displacement of the piston } ?3)
We know that, Pressure = Force /Area

.. Forceactingonthepiston=PressurexArea=PA

Letdxbethedistancemovedbythepiston,asshowninfig(ii).
Therefore(3)becomes,
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dQ,=dQ,+PAdx. ButAdx=dV
wheredV=V,~V,istheincreaseinvolumeofthegas.
dQ,=dQ,+PdV 4
Using(2)&(1),(4)becomes, 1
C.dT=1 C dT+PdV
C,dT=C,dT+PdV
(Cp-C,)dT=PdV
TheequationforaperfectgasisPV=RT On
differentiating, PdV = R dT
So,theaboveexpressionbecomes
(CEC).d\;I':R.dT; (CEC)=I\3.d—T; But.d—Tzl
dT daT
~.(Cp—Cy)=R
Note: Since value of the Universal gas constant R is positive, the
valueofC,isalwaysgreaterthanC,foranygas.

ValueofUniversalGasConstant:(R)
Calculate the value of R from the gas equation PV = RT (OR)

Calculate the universal gas constant of given gas, given one gram
moleculeofatgasatN.T.P.occupiesavolumeof22.4litres.

ATN.T.P.PressureP  =0.76mof Hg

=0.76x13.6x10°%x9.8
VolumeV= 22.4 litres

= 22.4x10°m?
Temperature T 273K
=Gasequation PV= RT
R= PV/T
_0.76x13.6x10°x9.8x22.4x10°3
273
UniversalgasconstantR :8.31JK'1per grammole

(or)R =8310JK™! perk.mole
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WorkedExamples:

1. Agasatl.5atmospheresoccupiesavolumeof2m’at25°C.Whatwill
bethevolumeofgasat40°Candat3atmospheres?

Gasequation, PV =RT(or) P—_;/:R

Also’ 1V1_P2V2

T1 T2
Pi1=1.5Atm.pre., T1= 25°C +273 =298K
P, =3 Atm.pre., T2 =40°C +273 =313K

AndVl =2 m3

Vo= (PViTo)/PoTi= (1.5 %2 x313)/ (3 x298)
= 1.05m°

2. Theratiobetweentwospecificheatsofagasis1.36.Thespecificheat
capacityofthegasatconstantvolumeis23094JK-1perk.mole.Find  the
value of Universal gas constant.

Cp/ Cy=1.36andC,=23094JK 'per k.mole
Cp= 1.36 xC, =1.36x23094
:31407.84JK'1per kmole.
ByMayersrelationCp-Cy =R
i.e.,,R =31407.84-23094

R:8313.84JK'1per k.mole

3. Find the specific heat capacity at constant pressure of helium if C,=
12525JK™ perk.mole.Onegrammoleculeofthegasoccupies22.42
litresatNTPGiveng=9.8ms“anddensityofmercury=13600kgm*

Given;Cy =12525JKperk.mole
V =22.42litres22.42x103m3
AtN.T.P.P =0.76 x136000x9.8 andT= 273K
Gasequation PV =RT
PV 0.76x136000 x9.8x22.42x10-3
T 273
=8.313JK?  permole

=8313JKkmole-1

R
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ByMeyer'srelation,Cp -Cv=R
Cp=R+Cy
=8313+12525

i.e., Cp=20838JK *per k. mole
4. TheratiooftwospecificheatsofAmmoniais1.31anduniversalgas

constantis8314JK ‘perk.mole.Calculatethespecificheatofthegas
atconstantpressureandatconstantvolume.

The ratio,Cp/C, =y,Cp  =yCy
ByMeyer'sRelation,Cp-Cy =R, Cp =R+Cy
ThenR + Cy =Cy
R =Cy-Cv  =Cy(y-1)
Cy=RI(y- 1)= 8314/ (1.311)
i.e.,Cy=26819JK tperk.mole
Cp= R+Cy= 8314 + 26819

i.e., Cp:35133JK'1per k. mole

QUESTIONS

Part-A

1) WhatisofHeat?

2) Whatistemperature?

3) Whatarethethreeimportantscalesoftemperature?

4) DefineConduction.

5) DefineConvection.

6) DefineRadiation.

7) Giveexamplesfortwogoodandtwopoorthermalconductors.

8) Definethecoefficientofthermalconductivity.

9) Givetherelationbetweenpressureandkineticenergyofagas.

10) Definemeansquarevelocityofmolecules.

11) DefineRootMeanSquarevelocityofmolecules.

12) Givetherelationbetweentwospecificheatsofagaswithuniversal
gasconstant.
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13) Stateanytwopostulatesofkinetictheoryofgases.

14) Definemeanfreepath.

15) Definespecificheatcapacityofasolid.

16) Definespecificheatcapacityofaliquid

17) Definespecificheatcapacityofagasatconstantpressure.
18) Definespecificheatcapacityofagasatconstantvolume
19) Defineratioofspecificheatcapacitiesofgases.

Part-B

1) Explaintheprocessofconduction,convectionandradiation.

2) Explaintheselectionandusesofgoodandpoorthermalconductors.

3) Listthepropertiesandusesofthermalradiation.

4) Listthepostulatesofkinetictheoryofgases.

5) DeriveanexpressionforthepressureofagasonthebasisofKinetic
theoryofgases.

6) Derivetherelationbetweenpressureandkineticenergyandabsolute
temperatureofagas.

7) Derive the expression for the mean kinetic energy per molecule of a
gas.

8) Derive Meyer's relation between two specific heat capacities Cp and
Cvofaperfectgas.(or)DeriveCp-Cv=R,foraperfectgas.

9) CalculatethevalueofuniversalgasconstantfromtheequationPV= RT.

Exerciseproblems:

1. FindtheRMSvelocityofhydrogenmoleculesatS.T.P.,ifthedensity

ofhydrogenis0.0899kgm~atS.T.P.

(Ans:1838.52ms™)
(Hint:-S.T.P.meansstandardtemperatureandpressureStandard
pressure=latmosphericpressure=76cmofmercuryP=hpg=
0.76x13,600%9.81=101396.16Nm™)

2. Atatmosphericpressure,thedensityofNitrogengasis1.25kgm®.
FindtheR.M.S.velocityofNitrogenmolecules.
(Ans:493.05ms™)
3. ThedensityofcarbondioxidegasatS.T.P.is1.977kgm*.Findthe
R.M.S.velocityofcarbondioxidemolecules.

(Ans:392.05ms™)
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4. CalculateR.M.S.velocityofairmoleculesatN.T.P.,ifthedensityofair
is1.29kgm®.
(Ans:485.35ms™)
5. The density of Helium gas at S.T.P. is 0.1786 kg m®.Calculate the
RMSvelocityofHeliummolecules.
(Ans:1304.4ms™)
6. The molecular weight of carbon di-oxide is 44.Calculate the RMS
velocityofCO,moleculesatN.T.P.
(Ans:393.32ms™)
7. Thespecificheatcapacityofagasatconstantvolumeis23,094JK'k  mol
' Theratioofspecificheatcapacitiesofthegasis1.36.Calculate
thespecificheatcapacityofthegasatconstantpressureandalsothe
valueoftheuniversalgasconstantRforthatgas.
(Ans:8313.84JK 'kmol™)
8. ThespecificheatcapacityofHeliumgasatconstantvolumeis12,525 J K
'k mol™.Find the specific heat capacity of the gas at constant
pressure.lgrammoleculeofthegasoccupies22.4litresatN.T.P.
(Ans:20836.2JKkmol™)
9. The ratio of specific heat capacities of Helium is 1.667.Calculate its
specific heat capacity at constant volume and at constant
pressure.Given R = 8.3151 JK™ 'mol™.
(Ans:C=12.430JK'mol'&C=20.72JK mol")
10Calculatethevalueofgasconstantfornitrogenifitsdensityis1.251  kgm’
*atN.T.P.(Molecularmassofnitrogenis28g.)
(Ans:R=8.3048JK'mol*)
BrainTeasers:
1) Calculate the value of gas constant for hydrogen, given density of
hydrogenatNTPis0.09kgm*andmolecularmassis2g
(Ans:R=8.140J.K™'mol™)
2) Theratioofthespecificheatsofmethaneis1.313.Thespecificheat

capacityatconstantpressureis35200JK ‘perkmole.Calculatethe
valueofspecificheatatconstantvolumeandhencecalculatethevalue
ofgasconstant.

(Ans:C,=26808.8JK'k.mol*R=8911JK *k.mol ™)
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UNIT - I

THERMODYNAMICS,LIQUEFACTIONOF
GASES & NON-CONVENTIONAL
ENERGY

THERMODYNAMICS
Introduction:
Energy exists in various forms in nature. They are mechanical
energy (kinetic and potential), heat energy, electrical energy, radiant
energy,chemicalenergy,etc.

In a hydroelectric power station, mechanical energy is converted
into electrical energy. In a steam engine, heat energy is converted into
mechanicalenergy.Whenametalpieceishammeredmechanicalenergy
isconvertedintoheatenergy.

Thermodynamics deals with the conversion of heat energy into
mechanical energy and vice versa. But in a mere general sense, it
includestherelationofheattootherformsofenergylikeelectricalenergy,
chemical energy, etc. In our discussions we will be concerned mainly
abouttheconversionofheatenergyintomechanicalenergy.

The science of thermodynamics is guided by the three laws of
thermodynamics which will be discussed here.

ZerothLaw:-

Consider a gas enclosed in a cylinder fitted with a piston. If the
pressureandvolumeoftheenclosedgasisPandVatthetemperatureof
thesurroundings,thesevaluesofPandVwillremainconstantaslongas the
external conditions of temperature and pressure remain unaltered.
Thegasissaidtobeinthermalequilibriumwiththesurroundings.

IftwosystemsAandBareseparatelyinthermalequilibriumwitha  third
system C, then the three systems (A, B and C) are in thermal
equilibriumwitheachother.
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ZerothLawofthermodynamicsstatesthattwosystemswhich are
individually in thermal equilibrium with a third one, are also in
thermalequilibriumwitheachother.

FirstLawofThermodynamics:-
Whenacertainquantityofheatissuppliedtoasystem,thewholeof
theheatenergymaynotbeconvertedintowork.Partoftheheatmaybe used
in doing external work and the rest of the heat might be used in
increasingtheinternalenergyofthemolecules.Letthequantityofheat
suppliedtothesystembeAQ,AWistheworkdonebythesystemandAU

isthechangeininternalenergyofthesystem.

AQ=AW+AU

Hencethefirstlawofthermodynamicsstatesthattheamount  of
heat energy supplied to a system is equal to the sum of the
change in internal energy of the system and the work done by the
system.

According to First Law of Thermodynamics, heat energy can be
converted into mechanical work and vice versa.

ISOTHERMALANDADIABATICCHANGES:

Ingeneral,whenaquantityofheatisgiventothegasapartofthe
heatisusedtoincreasetheinternalenergyofthegasandtherestisused
todoexternalworkbythegas.LetdQbethequantityofheatgiventothe
gas,dEtheincreaseininternalenergyandW theexternalworkdoneby
thegas.Then

dQ=dE +W
ThisequationiscalledGas-energyequation.

IsothermalChange
Any change in the pressure and volume of a gas at constant
temperature is called as isothermal change.

Consideragasinsidethecylinderwithapistonmovinginitwithout
friction.Whenthegasiscompressedslowly,thetemperatureofthegas
increasesduetotheworkdoneonthegas.Ifthecylinderandthepiston are
madeup of conducting materials then the gas gives out the excess
heattothesurroundings.Hencethereisnoriseintemperature.
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When the piston moves upwards slowly, the gas expands and the
temperatureofgasdecreasesduetotheworkdonebythegas.Thenthe gas
gained shortage of heat from the surroundings. Hence the
temperatureandthereforethereisnochangeininternalenergy.Thegas-
energy equation for Isothermal change becomes,

dQ = change in internal energy + External work for isothermal
change, dQ =0 +W

For a perfect gas, isothermal change can be represented by the
equation,

PV=aconstantAlsoP,V,=P,V,
2. AdiabaticChange:

When the pressure and volume of a gas change, but no heat is
allowed to enter or leave the gas, the change. is called as adiabatic
change.

Consideragasinsidethecylinderwithapistionmovinginitwithout
friction. When the gas is compressed suddenly, the temperature of the
gas is increased and the work is done on the gas. Similarly when the
pistonmovesupwardssuddenly,thetemperatureofthegasisdecreased and
work is done by the gas. Due to the sudden compression or
expansion,thegasneithergivesoutheattothesurroundingsnorreceives
heatfromthesurroundings,whenthecylinderandthepistonaremadeof
nonconductingmaterials.

Duringtheadiabaticchange,noheatleavesorentersthegas. That
isdQ=0.Theworkisdoneatthecostofinternalenergy. Thegasenergy
equation, for the adiabatic change becomes,
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dQ=Changeininternalenergy+Externalwork

0=dE+W(or)W=dE
Foraperfectgas,adiabaticchangecanberepresentedbythe equation,

PV¥ =aconstant Also PV'=PV¥
11 22

Theequationrelatingthetemperatureandvolumeofthegasis
TV11771 =TV,

Theequationrelatingthetemperatureandpressureofthegasis
R - =T Plz_y

Wherey=C,/C,istheratioofthetwospecificheatcapacitiesof thegas.

3. WorkedProblems:

1. Agasat2ATPiscompressedtohalfofitsoriginalvolume.Calculate
thefinalpressure,ifthecompressionis(i)isothermaland(ii)adiabatic

(y=1.4)
LetVbetheoriginalvolume
Given;P,=2atmosphere,V,=VandV,=2V

1)Forlsothermalchange,theequationisP,V,=P,V,

PiVi_2xV_ 4atmosphericpressure
Vo o (1U2)V

P2:
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i)AdiabaticequationisP, V=P,V

1 2
Y Y

P1Vy 2xV 2xvx2

P2= 7

= v
Vo % Y
2

=2x2" =2x214

=2x2"'=5.278AtmosphericPressure.

2. Air at a pressure of 0.75 m of mercury and of volume 1 litre is
compressed to a pressure of 1.5 m of mercury under isothermal
process.Calculatetheresultingvolume.

TheequationforlsothermalchangeisP,V,=P,V,Giv

en; P,= 0.75m of Hg

P,=1.5mofHg

V,=1litre

.. V,=(P,V,)/P,=(0.75x1)/1.5=0.5litre

3. Acertainmassofgasat3atmosphereiscompressedadiabaticallyto
halfofitsvolume.Calculatetheresultingpressureify=1.4

Given;V,=V,V,=%2VandP,=3At.pr. P=PV '/

PEPV(¥:V),

P=(3xV")/(%2V)"=3x2"'=7.92At.pr.

SecondLawofThermodynamics:-

Aheatengineismainlyusedfortheconversionofheatenergyinto
mechanicalwork.Arefrigeratorisadeviceusedtocoolacertainspace below
the temperature of its surroundings. The first law does not contradict
the existence of 100% efficient heat engine or a refrigerator, which are
not attainable in practice. These phenomena led to the
formulationofsecondlawofthermodynamics.Therearetwoversionsof
thissecondlawofthermodynamics.

a. ClausiusStatement:

It is impossible for a self acting mechanism working in a cyclic
processunaidedbyanexternalagencytotransferheatfromabodyata
lowertemperaturetothebodyatahighertemperature.

Thispartofthelawisapplicableinthecaseoficeplantsand
refrigerators. i.e., Heat itself cannot flow from a body at a lower
temperaturetoabodyatahighertemperature,onitsown.
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b. Kelvin'sStatement:
Itisimpossibletoderiveacontinuoussupplyofworkfromabodyby

coolingittoatemperaturelowerthanthatofitssurroundings. Thispartof ~ the

law is applicable in the case of Heat engines. In a heat engine the

workingsubstancedoessomeworkandrejectstheremainingheattothe  sink.

The temperature of the source must be higher than the surroundings.

The engine will not work when the temperatures of the source and the

sink are same.

4. ConceptofCarnot'sreversibleHeatEngineandEfficiency:-

Amachinethatconvertsheatcontinuouslyintoworkiscalledaheat
engine.Carnotconceivedatheoreticalenginewhichisfreefromallthe
defects of the practical engines. It is an ideal heat engine which has
maximumefficiency.

Foranyengine,therearethreeessentialrequisites. Theyare

1. Source: The source should have a fixed higher temperature from
which the heat engine can draw heat. The source has unlimited
thermalcapacitysothatitcandeliveranyamountofheatrequiredby  the
engine continuously, at constant temperature.

2. Sink: The sink should be at a fixed lower temperature to which any
amount of heat can be rejected. The sink has unlimited capacity to
receivetheheatanditstemperatureremainsconstant.

3. Working substance: The working substance is usually a perfect gas
insideacylinderwithnon-conductingsidesandconductingbottom.A
perfectnon-conductingandfrictionlesspistonisfittedintothecylinder.
Aperfectlynon-conductingstandisalsoprovidedsothattheworking  sub
stance can undergo adiabatic operation.

The ratio of part of heat converted into work to the part of heat
absorbedfromthesourceistheefficiencyoftheengine.

_output

input

(Q1-Q2)
Q1

where'Q, 'istheQuantityofheatabsorbedbythesubstance
'Q.'istheQuantityofheatrejectedtothesink
and'Q,-Q;'istheQuantityofheatconvertedintowork.

Efficiency

Efficiency n=
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2.2.LIQUEFACTIONOFGASES
The work on the liquefaction of gases started in 1823 by Faraday.
Gases like chlorine, hydrogen chloride, hydrogen sulphide, sulphur
dioxide,ammoniaandcarbondioxidewereliquefiedunderhighpressure
withtheaidofsimplefreezingmixtures.Butthismethodcannotbeused to
liquefy oxygen, nitrogen, hydrogen and helium.
In1863,Andrewshaddiscoveredthephenomenonofcriticalstate  of
the gas.According toAndrew's discovery, a gas cannot be liquefied
whenitisataboveaparticulartemperature. Thatparticulartemperature  is
called critical temperature. The pressure and volume of the gas
corresponding to that temperature are called the critical pressure and
criticalvolume.AfterAndrew'sdiscovery,theliquefactionwasdoneeasily
bycoolingthegasbelowitscriticaltemperature,eventhoughtheprocess is
difficult to liquefy oxygen, nitrogen, hydrogen and helium since they
haveverylowcriticaltemperatures.Forexample,thecriticaltemperature
foroxygenis-119°Candforhydrogenis-240°C.
Thenin1877,Pictetliquefiedtheoxygenbycascade(stepbystep)
process in which low temperatures are obtained in step by step by the
evaporation of suitable liquids. In 1896, Linde performed a process to
liquefyairbyusingJoule-Thomsoneffect.

Criticalconstants:

The critical temperature, critical pressure and critical volume are
calledcriticalconstantsT.

1. CriticalTemperature(T.): Thecriticaltemperatureofgasisdefined
asthattemperatureabovewhichthegascannotbeliquefiedhowever
great the pressure applied may be.

2. Criticalpressure(P.):Thecriticalpressureistheminimumpressure
requiredtoliquefyagaswhenitisatitscriticaltemperature.

3. Criticalvolume(V.):Thecriticalvolumeisthevolumeofunitmassof
agaswhenitisatitscriticaltemperatureandcriticalpressure.

Note:Below the critical temperature the gas is termed as vapour and

above the critical temperature it is termed as gas. The gas can be

liquefied easily when it is in the state of vapour. Gases like oxygen,
nitrogen, hydrogen and helium are termed as permanent gases since
they have very low critical temperatures.
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2. CascadeProcess-Liquefactionofoxygen:

Thecriticaltemperaturesforoxygen-119°Candcriticalpressureis
49.7atm.
Principle:Whenaliquidisallowedtoevaporateunderreducedpressure,
itproduceshighcooling.

The apparatus arrangement used in this process is shown in the
figure. It consists of three narrow tubes. A,B and C enclosed by three
outer jackets P, Q and R respectively. The narrow tubes and the outer
jacketsarelinkedwiththecompressionpumpsP,,P,andP;asshownin  the
figure. The methyl chloride gas of critical temperature 145° C is
compressedbythepumpP,throughthetubeA.Itiscooledbythecold  water
circulating in the jacket P. Here the methyl chloride reaches the
temperaturelowerthanitscriticaltemperature. Thenitisliquefiedunder
highpressure.TheliquidmethylchlorideiscollectedinthejacketQand
evaporatesunderreducedpressureloweringthetemperatureto-90°C.

COLDWATER
— P
P.=] He
. o |{
P,= |

+B-90°C
<+

P, = | . -160%

-
LIQUID OXYGEN @ Dewar’sFlask

R
D
Theethylenegasofcriticaltemperature10°Ciscompressedbythe
pumpP,throughthetubeB.ltiscooledto-90°Chyliquidmethylchloride.
Thenitisliquefiedunderhighpressure.Theliquidethyleneiscollectedin  the
jacket R and evaporates under reduced pressure lowering the
temperatureto-160°C.
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Theoxygengasofcriticaltemperature-119°Ciscompressedto50
atmosphericpressurebythepumpP,andpassedthroughthetubeC.Itis
cooledto-160°ChyliquidethyleneinR.Thenitisliquefiedandtheliquid
oxygeniscollectedintheDewarflaskD.

Disadvantage:The lowest temperature obtained in this process is -
160° C. Therefore the cascade process cannot be used to liquefy
hydrogenandheliumwhosecriticaltemperaturesarelowerthan-160°C.

3. Joule-ThompsonEffect:

Using the principle of Joule - Thompson effect, air, hydrogen and
heliumwerealsoliquefied.Jouleperformedanexperimenttostudythe effect
of change in the temperature of a gas when it is allowed to pass
through a porous plug from the high pressure side to the low pressure
side.

Joule-Thompsoneffect:Whenagasisallowedtoexpandfroma
highpressuresidetoalowpressuresidethroughaporousornozzleorjet
thenitproducesintensecooling,ifthetemperatureofthegasislessthan the
temperature of inversion. This effect is called Joule - Thompson effect.

Temperatureofinversion: If a gas is at a particular temperature no
coolingorheatingisobservedwhenitispassedthroughtheporousplug.
Ifthetemperatureofthegasonthehighpressuresideismorethanthat
temperature, heating will takes place instead of cooling.That particular
temperature is called the temperature of inversion.
Temperatureinversionmaybedefinedasthetemperatureatwhich
thereneithercoolingnorheatingduetoJuneThomsoneffect.

4. Linde'sProcess-LiquefactionofAir:
TheprincipleofJoule-Thompsoneffectisusedinthisprocess.The
apparatus arrangement used in this process is shown in the figure. It
consists of two compressors C,and C,, a cold water jacket, freezing
mixture jacket, narrow tube having nozzle N,and a wide tube having

nozzleN,.

Air is compressed to 25 atmospheres by the compressor C,. The
compressedairispassedthroughatubesurroundedbyacoldwater
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jacket. Again this air is compressed to 200 atmospheres by the
compressor C,. This compressed air is passed through a spiral tube
surrounded by a freezing mixture jacket. Now the air reaches to a
temperature of -20° C. This cooled air at high pressure is allowed to
expandthroughanozzleN,anditisfurthercooledbyJoule-Thompson
effect. This cooled air is circulated back to the compressor C,and is
compressedagain.

FREEZING
MIXTURE
= C {{"//*/A‘— C, =\\
[ N\ B
1 1 <« <—F_
COLDWATER
<— <
LN1
N,
LIQUIDAIR Dewar’sflask

Astheprocesscontinues,afterafewcycles,theairgetscooledtoa
sufficientlylowtemperature.Finallytheairexpandsfromhighpressure
sidetothelowpressuresidethroughthenozzleN, Againthe
temperature is reduced by Joule - Thompson effect and the air
getsliquefied. TheliquidairiscollectedintheDewarflask. Theunliquefiedair
isagaincirculatedbacktothecompressorC,andtheprocessis
repeated. Thewholeapparatusarrangementispackedincottonor
thermalwooltoavoidanyconductionandradiation.
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2.3.NON CONVENTIONALENERGY

Introduction:
Energyisanimportantinputforallsectorsofacountry'seconomical
development. For India, the energy needs is increasing rapidly day by
day. It is a well-known fact that the currently available conventional

energyresourceslikecoal,oil,naturalgas,etc.,aredepletingveryfast.
54%ofourenergyneedisprovidedbycoal,whichmaybeavailablefor
another 80 years at the current rate of usage. 32% of energy need is
fulfilledbyoil,whichmaylastupto22yearsandtherest14%ismetby
hydro,nuclear,naturalgas,etc.So,wewillhavetoincreasinglydepend on
other non conventional energy resources like solar, wind, tidal,
geothermal, hot dry rock, bio mass, etc.

Thesourcesofenergyutilisedbyhumanbeingsfallintotwocategories:

1. Non-renewable energy resources are sources of power that cannot
bereplacedoncetheyareused,becausetheenergysourcehastaken
millionsofyearstoform(ex.coal,oil). Theseenergyresourcesarealso
calledasfiniteenergyresources.

2. Renewable energy resources are sources of power that quickly
replenish (fill again) themselves and can be used again and again
repeatedly(ex.Wind,tidal).Theseenergyresourcesarealsocalledas
infiniteenergyresources.

ConventionalorNon—-renewablesourcesofenergy:
Theconventionalornon—renewableenergysourcesareclassified
asprimaryandsecondaryenergysources. Theprimaryenergysources are
which provide a net supply of energy, like coal, oil, natural gas,
uranium,etc.Thesefuelsarecalledprimaryfuels,fromwhichtheenergy yield
ratio is very high. i.e., the energy required to obtain these fuels is

muchlessthanwhattheycanproducebycombustionornuclearreaction.
Thesecondaryfuelslikewood,animalwastes,agriculturalwastes,etc.,
producenonetenergy.
Non-conventionalorrenewablesourcesofenergy:

To meet our future energy requirements, we have to tap other
availablenonconventionalorrenewableenergysources. Therenewable
sourcesofenergyarealsocalledasnonconventional(or)alternate
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sources of energy.They are Solar, Wind,Tidal, Geothermal, Bio mass,
Hot dry rock, Chemical, etc. Various technologies are designed and
developed to tap these earth's natural energy resources which are
renewable. They are called renewable because, they are available in
plentyandfreely.

Solarenergy:
The sun is a large sphere of very hot gases, the energy being
generatedbyvariouskindsofnuclearfusionreactions.

Sungivesus1000timesmorepowerthanweneed.Therefore,solar
energy can be a major source of power. Even if we could tap one
thousandth ofsolarpower,thatwill meetourrequirements. Butsofarit
couldnotbedeveloped onalargescale.

Energyproducedandradiatedbythesun,whichreachestheearth, is
termed as “Solar energy”. Energy is radiated by the sun, as
electromagnetic waves. Solar energy, received in the form of electro
magneticradiation,canbeconverteddirectlyorindirectlyintootherforms ~ of
energy, such as heat and electricity, which can be utilised by human
being.Sincethesuncanradiateenergyatconstantrateforafewbillion
years,itmayberegardedasaninexhaustiblesourceofusefulenergy.

Aslndiaissituatednearequator,wheresunlightisabundantfora
majorpartoftheyear, utilisingthesolarenergytoagreaterextentisthe
bestoptionavailable tous.

Someimportantapplicationsofsolarenergyare
(DSolarwaterheating, (ii)Heatingandcoolingofresidentialbuildings,
(iisaltproductionbyevaporationofseawater, (iv)Solarcookers,
(V) Solar furnaces, (vi) Solar pumps for water pumping and (vii) Solar
electricpowergeneration.

From solar energy electricity can be produced with the help of
photovoltaicorsolarcells. Thesolarcellsdirectlygenerateelectricityby
photovoltaicprocess.Whenthephotonsfromthesun'slightisabsorbed
byspecialtypeofsemiconductingmaterialtheycreatefreeelectrons.

These free electrons induce higher energy electrons to flow out of
the semiconductor. The flow of higher energy electrons in the circuit
constitutestheelectriccurrent.
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Solarwaterheating system

Thissystemisusedtodriveturbo-generatorstoproduceelectricity.
AplantofthistypeisoperatinginFranceandproduces1000KW.

2. Windenergy:

Wind is basically caused by the solar energy irradiating the earth.
Energyofwindcanbeeconomicallyusedforthegenerationofelectrical
energy.Windiscausedduetotwomainfactors:

(a) Duetoairinmotion.Airmotionarisesfromapressuregradient.The
surfacewindsflowfromthepolestowardtheequator.Solarradiation
heatstheairneartheequator,andthislowdensityheatedairbuoyed up. At
the surface, it is displaced by cooler, more dense higher
pressureairflowingfromthepoles.Intheupperatmospherenearthe
equator the air tend to flow towards the poles and away from the
equator.Thenetresultisaflowofsurfacewindsfromnorthtosouthin
thenorthernhemisphere.Similarlytheflowofsurfacewindsisfrom
southtonorthinthesouthernhemisphereoftheearth.

(b) Due to the rotation of the earth with respect to atmosphere, and its
motionaroundthesun.

Windenergywhichisanindirectsourceofsolarenergyconversion
canbeutilizedtorunwindmill,whichinturndrivesageneratortoproduce
electricity.Windcanalsobeusedtoprovidemechanicalpower,suchas
forwaterpumping.

Somecharacteristicsofwindenergyarestatedbelow:

() Itisarenewablesourceofenergy.

(i) Wind-power systems are non-polluting, so it does not affect the
environment.
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(iii) Windenergysystemsavoidfuelprovisionandtransport.

(iv) Large areas are needed to install wind forms for electrical power
generation and wind energy needs storage means because of its
irregularity in the speed of flow.

(v) Manufactureandimplementationofwindfarmscanbecostly.

Asourcountryhaslotofwindthroughouttheyear,theenergyinthe
windcanbeusedtogeneratepowerthatcanbeusedfordomesticand
industrialuses.Thewindmillistheforminwhichwecanconvertthewind energy
to electricity. The potential of wind energy is of the order of 1.6x10'MW.

Thewindmillgenerallyconsistsofaturbine(adynamowhichcan
produceelectricitywhenrotated)connectedtolargerotatingblades.The
blades rotate by using the wind.

ﬂ blade
canopy
containing
generator
Tower
Foundations

Thesettingupcostofthesewindmillsishighbuttherunningcostis
verylow.Useofthiswouldhelpinproducingcheappower. Tamilnadu has set
up a large number of wind mills in the state especially in places like
Tiruppur, Muppandal in Kanyakumari, Coimbatore and their
surroundings.
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3. Tidalenergy:

Tide is a periodic rise and fall of the water level of sea due to
gravitationaleffectofthesunandmoononthewateroftheearth.Dueto
fluidityofwatermass,thereisaperiodicriseandfallinlevelsofseawater  which
is in rhythms with the daily cycle of rising and setting of sun and moon.
As the earth rotates, the position of a given area relative to the moon
changes, and thus a periodic succession of high and low tides
occur.Thisperiodicrisingandfallingofthewaterlevelofseaisknownas
tidalpower.
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The large scale up and down movement of sea water due to tide
representsanunlimitedsourceofenergy.lfsomepartofthevastenergy
canbeconvertedintoelectricalenergyitwouldbeanimportantsourceof hydro
— power. Using a hydraulic turbine, the tidal energy could be converted
into electrical energy by means of an attached generator. Water at the
time of a high tide is at a higher level and can be let into a
basintobestoredatahighlevelthere. Thesamewatercanbeletback into the
sea during the low tide through the turbines, thus producing power.

Theadvantagesoftidalpowerare
1) Itisfreefrompollution,asitdoesnotuseanyfuelanddoesnotproduce

anyunhealthywastelikegases,ash,atomicrefuse,etc.
2) Thesepowerplantsdonodemandlargeareaofvaluablelandbecause
theyareonthebays(Seashore).
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[tsownlimitationsare
1) Sea water is corrosive and it was feared that the machinery may get

corroded.Butusingvinylpaintexhibitedgoodresults.

2) Costisnotfavourablecomparedtotheothersourcesofenergyanditis
fearedthatthetidalpowerplantwouldhampertheothernaturaluses
suchasfishingornavigation.

3. Geothermalenergy:
Energypresentasheat(i.e.thermalenergy)intheearth'scrust,in

theuppermost10kmorsoofthecrustconstitutesapotentiallyusefuland
almostinexhaustible sourceofenergy.

Geothermalsourceisdefinedas“alloftheheatstoredintheearth's
crustabovel5°Ctoadepthof10km”.ltoccurswhentheimmenseheat
energyinthecoreofearthrisesclosertothesurfaceoftheearthdueto  cracks
or faults in the crust and heats the surrounded rock. These are
tappedtousethestoredheatenergy,forpowergenerationandseveral other
uses, depending upon the temperature of occurrence and other
parameters.

Hot molten rock, called “Magma” is commonly present at depths
greaterthan24to40km.Thehotmagmanearthesurfacesolidifiesinto
igneousrockwhichisformedbyvolcanicaction. Theheatofthemagma
isconductedupwardtothisigneousrock.Groundwaterthatfindsitsway
downtothisrockthroughfissures(cracks)init,willbeheatedbytheheat
oftherockorbymixingwithhotgasesandsteamletoutfromthemagma. The
heated water will then rise convectively upward into a porous and
permeablereservoirabovetheigneousrock. Thereservoiriscappedbya
layerofimpermeablesolidrockthattrapsthehotwaterinthereservoir.  The
solid rock, however, has fissures that act as vents of the giant
undergroundboiler.Theventsshowupatthesurfaceasgeysersorhot
spring.Awelltapssteamfromthefissuresforuseinageothermalpower

plant.
Geothermalenergyhasthehighestenergydensityanditis

classifiedasrenewablebecausetheearth'sinteriorwillcontinuetobehot

foranindefinitefuture.
But it is very expensive to set up, and works in areas of volcanic

activity. Dangerous underground gases have to be disposed of very
carefully in this source of energy.
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Geothermal power stations use the naturally produced steam to
drive turbines and generators. Once used, the steam turns back into
water and is pumped back into the ground again to be reheated by the
earth.

4. Hotdryrockresources(HDR):

This system is composed of hot dry rock (HDR) without
underground water. They represent the largest geothermal resource
available. The hot rock, occurring at moderate depths, has very low
permeability and needs to be fractured to increase its heat transfer to
surface. Hot dry rocks exist because they are impermeable to water or
because water does not have access to them. Heat is recovered from
such hot dry rocks by breaking up or cracking the rock to make it
permeable and then introducing water from the surface. The water is
heated up by the rock and is returned to the surface where the heat is
utilized.

Therearetwomethodstotapthisgeothermalenergy.Onepossible
methodistodetonateahighexplosiveatthebottomofawelldrilledinto the
rock. This may be a nuclear explosive. Another method is to use
hydraulicfracturingtoproducetheheattransfersurfaceandpermeability
requiredtoextractenergyatahighratefromhotdryrock.Heatcanthen
beextractedfromthehotrockbycirculatingwaterthroughthecrack.The
thermalenergyofHDRisusedinapowerplanttoproduceelectricity.
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The limitation of HDR is, two wells are to be drilled deeper and in
muchharderrock.Thisisexpectedtomaketheexploitationverycostly,
unlesstheundergroundrocktargetedisveryhot.

5. EnergyfromBiomass:

Biomassisorganicmatterproducedbyplants,bothterrestrialand
aquaticandtheirderivatives.ltincludesforestcropsandresidues,crops
grown especially for their energy content on energy farms and animal
manure. Biomass can be considered a renewable energy source
becauseplantliferenewsandaddstoitselfeveryyear.Biomassmeans
organicmatterinwhichphotochemicalapproachisusedtoharnesssolar
energybyphotosynthesis.Solarenergyisstoredintheformofchemical
energy.

Solarenergy—Photosynthesis——»Bijomass——Energy
conversion
Biomassresourcesfallintothreecategories:
(DBiomassinitstraditionalsolidmass(woodandagricultureresidue)-

Inthiscategorybiomassisburntdirectlytogettheenergy.
(i) Biomassinnon-traditionalform(convertedintoliquidfuels)—Inthis

category,thebiomassisconvertedintoethanolandmethanoltobe

usedasliquidfuelsinengines.
(iii) Thethirdcategoryistofermentthebiomasstoobtainagaseousfuel

calledbio-gas.
Biomass conversion can take many forms: (1) direct combustion,
suchaswoodwasteandbagasse,(2)thermochemicalconversion,and
(3)biochemicalconversion.
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Biomass includes wood waste which has potential of generating
substantial electric power. All these biomass are highly dispersed and
bulky and contain large amounts of water ( 50 to 90%).Thus it is not
economical to transport them over long distances, and conversion into
usable energy must take place close to the source, which is limited to
particular regions. When biomass is burnt, it gives off atmospheric
pollutants,includinggreenhousegasesandbiomassisonlyarenewable
resourceifcropsarereplanted.

Rottingplantscanproducemethanegasthatisthesameas“natural
gas”.Thisgascanbecollectedfromsuchplacesandpipedtopeople's
homesforheatingorcookingorburntinasmallpowerstationtoproduce
electricity.

Touse
ToKITCHEN
INLET
OUTLET
- LEVEL

e I
GROUND “"‘B\ _ i
™ T i

Gobargas plant

Wastes that are degradable can be used for generation of power.
Gobargaswhichisproducedfromthewastesofanimalshasbeenused
asasubstituteforLPGinvillagesforalongtime.

The waste is fed through the inlet pipe. The waste is fed till the
partition wall is submerged in the waste.The methane gas bubbles out
andiscollectedandtakenoutforusethroughapipeprovidedatthetopof the
drum. The outlet pipe is lower than that of inlet pipe to facilitate the
used waste to flow out easily.
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Advantagesofrenewableenergy:

1.
2.
3.

Useofrenewableenergyresourcesislesspollutant.
Energyfromrenewableresourcescanbeproducedquickly.

Several renewable options are financially and economically
competitive for certain applications in remote locations, where the
costsoftransmittingelectricalpowerortransportingconventionalfuels
arehigh.

. Theplantswhichuserenewablesourcesofenergycanbebuiltnearer

tothesite,whereenergyisneeded,andreducingtransportationcostof
conventionalfuels.

. Theycanbeproducedinlargenumbersandintroducedquickly,unlike large

power stations which take often 10 years or more to become
operational.

. They can be built on, or close to the site where the energy is

required. Thisminimisesthetransmissioncosts.

. The important advantage is the availability in plenty, almost

inexhaustible.

Disadvantagesofrenewableenergy:

1.

Evenabadweathercaninterruptthesupplyofelectricityproducedby
wind,tidal,solarenergy,etc.

. Theelectricalenergyproducedbytheserenewablesourceshastobe

storedsuitablyforcontinuousreliability.

. Nonexistenceofaproperplanning,policytofinance,nodalagencyfor

implementing renewable energy systems, etc. at the government
level.

. Lack of qualified trained persons to design, manufacture, market,

operate and maintain renewable energy sources plants.

. Inadequatedocumentationandevaluationofpastexperienceanda lack

of clear priorities for future work.
QUESTION

Part— A

1.

2.
3.
4,

WritetheZerothlawofthermodynamics.
WriteFirstlawofthermodynamics.
Whatisanisothermalchange?
Whatisanadiabaticchange?
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5. WritetheClausiusstatementofsecondlawofthermodynamics.

6. WritetheKelvin'sstatementofsecondlawofthermodynamics.

7. DefineefficiencyofCarnot'sheatengine.

8. DefineCriticaltemperature.

9. DefineCriticalpressure.

10. DefineCriticalvolume.

11. Whatisthedifferencebetweenagasandavapour?

12. Whatistheprincipleusedincascadeprocess?

13. Whatisthedisadvantageofcascadeprocessofliquefactionof gases?

14. Whatistemperatureofinversion?

15. WhatisJoule—Thompsoneffect?

16. Whataretherenewablesourcesofenergy?.

17. Whatarethenon-renewablesourcesofenergy?

18. Defineconventionalenergywithexamples.

19. Definenon-conventionalenergywithexamples.

20. WriteanytwoadvantagesofNon-conventionalsourcesofenergy.

21. WriteanytwodisadvantagesofNon—conventionalsourcesof energy.

Part—-B

1. Explainisothermalandadiabaticchange.

2. DescribetheconceptofCarnot'sreversibleengineandefficiencyofa
heatengine.

3. Describethecascadeprocessfortheliquefactionofoxygen.

4. DescribeLinde'sprocessfortheliquefactionofair.

5. Whataretheadvantagesanddisadvantagesofnonconventional
energyoverconventionalenergy?

6. Writeanoteonsolarenergy,windenergyandtidalenergy.

7. Writeanoteongeothermalenergy,hotdryrocksandbiomassenergy.

ExerciseProblems:

1. Airat2atmosphericpressureiscompressedisothermallytoonefourth of its
original volume.Find the final pressure. [Ans:P,=8At.pr]

2. A gas at a pressure of 0.75 m of mercury and volume one litre is
compressedslowlytoapressureofl.5mofmercury.Findtheresulting
volume (Ans:0.5litre)
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. Air at a pressure of 5 atmosphere is compressed slowly to half of its
original volume. Find the resulting pressure. (Ans:10atm)

. Acertain mass of gas at 1 atm pressure is suddenly compressed to
one-fourthofitsoriginalvolume.Findtheresultingpressure.

Giveny=1.4 (Ans:6.964atm)

. Acertainmassofgasat50atmissuddenlyexpandedtol0timesofits

initialvolume.Findtheresultingpressure.Giveny=1.4
(Ans:1.9905atm)

. Agas at 2 atm pressure is compressed to half of its original volume.
Calculatethefinalpressure,ifthecompressiontakesplace,(i)slowly and
(i) suddenly. Given y=1.4. (Ans:(i)4atm(ii)5.2780atm)

. Tenlitresofgasat50atmosphericpressureissuddenlyexpandedto5
atmospheres.Findtheresultingvolume.Giveny=1.4

(Ans:51.7129itre)

. Fivelitresofagasat5atmosphericpressureissuddenlycompresses to a
pressure of 5 times the original pressure. Find the resulting
volume.Giveny=1.4. (Ans:1.5837litre)

BrainTeasers:
1. The ratio of the specific heat capacities of an ideal gas is 1.4. One

atmosphere of the gas is compressed adiabatically to one-fifth of its
original volume. Find its final pressure.

[Ans:9.52At.pr]

2. Airatbatmospheresissuddenlycompressedtohalfofitsvolume.Find

theresultingpressureoftheair(y=1.4)
[Ans:P,=13.19At.pr]
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UNIT - 1l
LIGHTANDREMOTE SENSING

LIGHT

Lightisaformofenergyradiatedbyluminousbodies.Whenitenters
oureyes,itstimulatestheretinatoasenseofvision.Anobjectisvisible
onlybythescatteringoflightfromtheobjectreachestheeyes.

Theobjects which emit light rays (energy) are called light sources. For
example, Sun, Stars, lamp etc are the light sources. Light can pass
through the transparent medium like glass, air, water etc. Light rays
undergo reflection, refraction interference, diffraction, polarization, etc.
Lightispropagatedwithafinitevelocity3x10°’ms™.Lightplaysdualrole.
Insomeplacesitbehaveslikeparticlesandinsomeplacesitbehaveslike
waves, traveling in a straight line.

OPTICALFIBRE CABLE
Refraction
When a ray of light travels from one transparent medium into
another medium, it bends while crossing the interface, separating the
media.This phenomenon is called refraction.

LawsofRefraction
| Law: The incident ray, the refracted ray and the normal to the
refractingsurfaceatthepointofincidenceareinthesameplane.

Illaw: Theratioofthesineoftheangleofincidencetothesineofthe  angle
of refraction is a constant for any two given medium for one
particularcolouroflight. ThesecondlawisknownasSnell'slaw.
Refractiveindexofamedium

Whenarayoflightpassesfromairorvacuumtothegivenmedium,  the
ratio between the sine of the angle of incidence and the sine of the
angleofrefractioniscalledtherefractiveindexofthegivenmedium.Ifi'is
theangleofincidenceand'r'istheangleofrefraction,
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Refractiveindexof themedium u=SI—n_I
Sinr
Accordingtowavetheoryoflight,if‘c’'isthevelocityoflightinairor
vacuumand‘v’isthevelocityoflightinthemedium,then
Refractivelndexofthemedium
_Velocityoflightinair(or)vacuum('c’)
- Velocityof lightinthemedium('v')

FIBRE OPTICS

Fibre optics deals with the light propagation through thin glass
fibres.Fibreopticsplaysanimportantroleinthemoderncommunication
systems. In this system, television voice and digital data signals are
transmittedfromoneplacetoanotherplaceintheformoflightwaves. The
lightwavesaretransmittedalongathincylindricalglassfibrebyusingthe
phenomenonoftotalinternalreflection.ltwasfirstdemonstratedbyJohn
Tyndall in 1870. But in the field of communication it was tried only from
1927. After the discovery of laser beam in 1960, fibre optical
communicationfurtherdeveloped andextendedtomedicalfield.

Abundleoffine fibres is used in the fibre optical communication.The
bundlehastheadvantageofflexibility. Abeamenteringatoneendcanbe
transmitted at the other end through the fibre even though the fibre is
curved.Thestudyofsuchpropertiesofabundle offibresisknownasfibre optics.

TotallnternalReflection

Whenarayoflightpassesfromadensertoararermedium,itisbent  away
from the normal. When the angle of incidence is gradually increased,
the corresponding angle of refraction also increases. At a
particularangleofincidence,theangleofretractionreachesto90°. That
particular value of angle of incidence is called the critical angle of the
medium.

Critical angle is defined as a particular angle of incidence in the
denser medium for which the corresponding angle of refraction in the
rarermediumis90°.
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Criticalangle TotallnternalReflection
Whentheangleofincidenceisfurtherincreasedabovethecritical

angle,therayistotallyreflectedbackinthesamedensermediumitself. ~ This

phenomenon is called total internal reflection.

Twoconditionsaretobesatisfiedfortotalinternalreflection.

1) Lightshouldtravelfromdensermediumtorarermedium.

2) Theangleofincidenceshouldbegreaterthanthecriticalangleofthe
medium.

AccordingtoSnell'slaw,
o_Sini
A sinr
The refractive index of the rarer medium with respect to
densermedium,
_Sinr
H sini
Also,therefractiveindexofthedensermediumwithrespecttorare
medium
Incriticalangleposition,i=candr=90°
_ . _Sinr_Sin90°Si
HeThi T sinc
e -4(Qsin90°-1)
SinC

The sparkling of the diamond, the phenomenon of mirage and the
propagationoflightwavesalongopticalfibreareduetothetotalinternal
reflection.
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Sl.No. Medium Refrjvcvt.lr\./gir:dex Criticalangle:C
Water 1.33 48°45'
Glass 15 41°48'
Diamond 2.42 24°24'

Opticalfibrecableasawaveguide:

The optical fibre cables are used as wave guides for transmitting
electromagneticwavesatopticalfrequencies.Thesefrequenciesarein
theorderof10"Hzhigherthanthatofradiowavefrequencyof10'°Hz. The
number of information transmitted is directly proportional to the
frequency of the transmitted signals. Hence 15,000 and more
simultaneous telephone conversations are possible to transmit along a
single optical fibre cable. But in a single pair of metallic cable, only 48
simultaneoustelephoneconversationscanbetransmittedintheformof
electriccurrent.

An optical fibre cable is a cylindrical core made of silica glass of
radius0.0002cmto0.001cm.Aroundthiscorecladdingisformedbythe
additionofsmallamountofboron,germaniumorphosphorustoformthe
rarermedium.Thecladdingisnecessarytoretainthelightwaveswithin
thecoreandalsotoprovidemechanicalstrength.Furtherthecladdingis
coatedwithbufferjacketmadeofplastictoprotectthefibrefrommoisture
andscratches.

The buffer jacket is also surrounded by a thick tougher like Kevlar
thatprovidestoughnessandtensilestrengthtothefibre.Finallythecable is
covered by black polyurethane outer jacket that provides flexibility to
thefibre.

Whentheopticalsignalentersatoneendofthefibre,itisincidenton  the
layer separating the core and cladding. The angle of incidence is
greaterthanthecriticalangle.Sincethecoreisadensermediumandthe
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cladding is a rarer medium, total internal reflections take place
continuouslythroughoutthecoreregionasshowninthefigure.Finallyit
comesoutfromtheotherendofthefibre.Hencetheopticalfibrefunctions
asawaveguide.

Kevlar

bufferjacket

polyurethane
jacket

Advantagesofopticalfibrecables(O.F.C):

1) Thefibrematerialismadeofsilicaglasswhichisavailableinsurplus
intheworldcomparedtocopperoraluminium.

2) Silicaisverymuchcheaperthancopper.

3) Thereisnoelectricaldanger,sincenoelectriccurrentflowsthrough  the
fibre. It carries only optical signal.

4) Opticalfibrecanbehandledmoreeasilybecauseoftheirlightweight,
smallerinsizeandflexibility.

5) The optical signal transmitted through the fibre cannot be disturbed
bytheradiofrequencyinterference.

6) Tapping(overhearsecrets)ofinformationisimpossibleinfibreoptic
systems.

7) Alarge number of signals can be simultaneously transmitted along
theopticalfibrecablescomparedtothemetalliccables.

8) Thelossofintensityofenergyislessinopticalfibrecablescompared
tothemetalliccables.Intheopticalfibrecablesthelossis12.5dBper
km,whereasinthemetalliccablesthelossis49dBperkm.

9) The optical fibre cables are having additional advantages of longer
life, easy maintenance, low cost transmission, high quality signal
transmissionandefficienttransmission.

10) Theopticalfibrecablesareelectricalinsulators.Theyarenotaffected by
any other electromagnetic wave and lightning.
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LASER
Anatomconsistsofanelectroncloudrevolvingaroundthecentral
nucleus having protons and neutrons. The atoms are constantly in

motion,theyvibrate,moveandrotate.Alsotheyareindifferentstatesof
excitationandhencehavedifferentenergies.lfsomeexternalenergyin
theformoflight,heat,orelectricityissuppliedtoanatom,theelectrons
fromlowenergylevelcalledgroundstatemayjumptohigherenergylevel
calledexcitedstate.Theelectronsinthehigherenergyorbitcannotstay there
for a long time. Therefore they return to the ground state
spontaneouslyreleasingtheabsorbedenergyintheformofradiations.

LASER

The term LASER stands for Light Amplification by Stimulated
Emission of Radiation. The LASER is a device which amplifies light
wavessimilartothetransistorwhichamplifieselectriccurrent. Thelaser is a
powerful source of light.

CharacteristicsofLASER
Laser radiation is different from normal light radiation. The
characteristics of laser are given below:

1. Laser radiation is monochromatic. It contains only one particular
wavelength (colour) of light. The wavelength is determined by the
amountofenergyreleased.

2. Laser radiation is coherent. In emitted radiation all the photons are
having the same phase and amplitude.

3. Laserradiationishighlydirectional. Laserbeamoflightcantravelvery
longdistance,withoutmuchdivergence.

4. Laserradiationisveryintense.Theintensityandhencethebrightness  of
the laser radiation is high.

The radiation having single wavelength, same amplitude and same
phaseiscalled‘coherentradiation’.

PrincipleofLASER

Laserworksontheprincipleofquantumtheoryofradiation.When  an
atom in the lower energy E,absorbs the photon energy of incident
radiation,itisexcitedtothehigherenergylevelofenergyE,. Thisprocess
iscalledabsorption. Thenumberofabsorptiontransitiontakeplace per
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unittimeperunitvolumeisdirectlyproportionaltothenumberofatomsin the
lower energy level and the number of photons in the incident radiation.
TheenergydifferenceE,-E,iscalledexcitationenergyanditisequal
totheenergyofthephotonabsorbedbytheatom.Inhigherenergylevel (E,),
the atom cannot remain long time, since it has a tendency to drop
energy.Sotheatomjumpstothelowerenergylevel(E,).Atthattime,the
energydifferenceE,-E,isemittedintheformofradiationasphoton.

Theenergyofthephotonreleased,E,-E,=hY,whereY isthe
frequencyoftheradiationandh,thePlanck’'sconstant.

Spontaneousemission

Spontaneous emission is the process of photon emission takes
placeimmediatelywithoutanyinducementduringthetransitionofatoms
from higher energy levels to lower energy levels. This is a random
process in which the photons are emitted at different time. So, in the
emittedradiationeachphotonhasdifferentphaseandareincoherent.

The number of spontaneous transition (N,,) taking place per unit
timeperunitvolumeisdirectlyproportionaltothenumberofatomsinthe
higherenergylevel(N,).

iSN¢,cN,(0r)Ng,=AN,

where A is a constant known as the probability of spontaneous
transition per unit time. Also it is called Einstein's co-efficient of
spontaneousemission.

Stimulatedemission

Einsteinfoundanewprocesscalledstimulatedemissiontoincrease the
number of transition of atoms from higher energy levels to lower
energylevels.

Stimulatedemissionistheprocessofphotonemissionstakesplace by
an inducement given by another photon incident on the atoms in higher
energy levels. The energy of the photon emitted is equal to the
energyofthephotonincident.

Consideranatominthehigherenergylevel(E,).Whenanexternal
radiationofphotonenergyE,-E.isincidentontheexcitedatom, the
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photonstimulatestheatomtomaketransitionfromhighertolowerenergy
level.AsaresultthesamephotonenergyE,-E.isemittedintheformof
radiation. During this process, the stimulating photon and the photon
emitted by the excited atom are emitted simultaneously in the same
direction.Hencetheyareidenticalinphase,directionandfrequencyand are
coherent. This process of stimulated emission is used to produce
laserbeam.

Thenumberofstimulatedtransition(N,)takingplaceperunittime
pervolumeisdirectlyto
1) thenumberofatomsinthehigherenergylevel(N,)
2) Thenumberofphotonsintheincidentradiation(Q)

ie NgocN,Q(0r)N,=BN,Q

Where B is a constant known as the probability of stimulated
transitionperunittime.AlsoitiscalledEinstein'sco-efficientofstimulated
emission.

Thestimulatedemissioncanbemultipliedthroughachainreaction
asshowninthefigure.Whenasinglephotonhitsanatominthehigher
energylevel ,twophotonsareemittedbystimulatedemission.

AU NN N>
NN> N>
Elj: N> %

Then these two photons hit on two atoms of higher level, four
photons are emitted.This process is continued as a chain reaction and
thephotonsaregettingmultiplied.Finallyitileadstotheemissionofthe
powerful,coherent,monochromaticandhighlydirectionalbeamoflaser
light. ThisiscalledLightamplificationbystimulatedemissionofradiation.
Thisamplificationtakesplaceonlyiftherearemorenumberofatomsin ~ the
excited state (higher energy level) than in the ground state (lower
energylevel).
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Populationinversion

Population inversion is the establishment of the situation to make
morenumberofatomsintheexcitedstaterequiredforthechainreaction
ofstimulatedemission.

For achieving the population inversion, the number of atoms must
be raised continuously to the excited state. When a sufficient energy is
given to the atoms in the ground state, they are excited to the higher
energylevels.Thisprocessiscalledpumping.lftheatomsintheground state
are brought to the excited state by means of light energy, the
processiscalledopticalpumping.

TypesofLaser

Theimportanttypesoflaseraresolidstatelasers,gaslasers,liquid lasers,
dye lasers and semiconductor lasers

Solidstatelasers :Rubylaser,Nd-YAGlaser

Gaslasers :He-Nelaser,CO,laser,Argon-ironlaser
Liquidlasers :Organicliquidlasers

Dyelasers :Coumarindyelaser,Rhodmine6Glaser

Semiconductorlasers:GaAsdiodelaser

Productionoflaser-GaAs-Semiconductordiodelaser
Insemiconductors,thelowerenergylevelcalledvalancebandand
thehigherenergylevelcalledconductionbandareseparatedbyacertain
amount of energy called energy gap or forbidden gap. If this energy is
suppliedtotheelectroninthevalanceband,itcrosstheenergygapand
enterintotheconductionbandbyleavingholesinthevalanceband.

Whentheexternalphotonenergyequaltotheenergygapisgivento  the
semiconductor, it stimulates the more number of electrons to move
from the conduction band to the valance band and recombine with the
holes.Duetothisrecombination,energyisreleasedatthejunctioninthe form
of coherent laser beam. Certain semiconductors like germanium and
silicon are indirect band gap semiconductors in which there is no
possibility of direct recombination of holes and electrons. Certain
semiconductors like gallium and arsenide are direct band gap
semiconductorsandthereisalargepossibilityofdirectrecombinationof
holesandelectrons.Hence,GaAsisusedtomakelightemittingdiodes
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and lasers. In the case of PN junction diode, the electron and hole
densitiescanbeincreasedatthejunctionbyapplyingforwardbias.The
electronsandholesarerepelledbytheappliedpotentialandtheycross
thePNjunction.Thentheholesandelectronsrecombinewitheachother
producing coherent photons. These photons will stimulate more and
more charge carriers for recombination and this results a light
amplification.

AGaAssemiconductordiodelaserisshowninthefigure.ltconsists  ofa
heavily doped PN -junction diode ofcrystalline gallium arsenide in
theformofplateletofthickness0.5mm.Electriccurrentcanbeapplied
throughtheelectrodesprovidedintheupperandlowersurfacesofthe diode.
The sides of the junction are well polished and keep parallel to
eachother.Itisconvenientfortheemittedphotonstocomeout.

I(iizrut VRN — laser
:} output
P-N p- region
junction )
N-region
ve +ve
11 |
(N
Ba

When the PN-junction diode is biased in forward direction, the
population inversion is obtained. The electrons in the n-region are
repelledbytheapplied-vevoltageandinjectedacrossthejunctionand
enterintothep-region.Ifthecurrentissmall,alimitednumberofcarriers
undergo recombination. Whena largecurrent oforder 10*ampere per
cm’ispassedthroughthePN-junction,therateofrecombination
increases and more number of photons are emitted. The emitted
photonsfurtherstimulatemorerecombination.Asaresultthestimulated laser
radiation is obtained along the PN junction. Thus GaAs - laser
convertselectricityintolight. Theefficiencyoflaseremissionincreases
whenGaAsdiodeiscooled.
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UsesofLaser:

1. Laser is used to find the long distances by direct pulse reflection
method.Usingthismethod,thedistancebetweenthemoonandearth
wasmeasuredaccurately.

2. ltisusedtoproducehightemperaturetomeltandvapourisethemetals
inaveryshortperiod.

3. ltisusedtoboreholesinhardsubstancesliketungstenanddiamond.

4. Itcanbemodulatedtotransmithundredmessagesatatimeonradio,
televisionandtelephone.

5. Thebigsizeobjectslikeaeroplanes,missilesetccanbedestroyedina  few
seconds by passing a powerful laser beam on to them. For this
reason,laseriscalleda“Deathray”’instrument.

6. Insurgery,alaserbeamisusedinspot-weldingofadetachedretinain
theeyeball.ltisalsousedforpainlessdrillingandweldingthesurface of a
tooth to prevent its decay.

7. Thelaserbeamisnoteasilyabsorbedbywater.Soitcanbeusedin  under-
watercommunicationbetweensubmarines.

PHOTOELECTRIC EFFECT
The emission of electrons from a metal surface when light or any
other radiations of suitable wavelength incident on them is called
photoelectriceffect.

ThephotoelectriceffectwasdiscoveredbyHertzin1887. Afterthat
in1888,Hallwachsfoundthatonlynegativelychargedparticleshasbeen
emittedbythesurfaceofthemetalwhenultra-violetradiationsincidenton
thatsurface.Laterin1916,Einsteinexplainedthephotoelectriceffecton  the
basis of Planck's quantum theory of light. For this, Einstein was
awardedNobelPrizein1921.

According to quantum theory, light consists of photons and each
photon has energy hY, where h is Planck's constant and Yis the
frequency of light. When a photon collides with an electron in the metal
surface, the photon energy is transferred to the electron. Due to the
additionofexternalenergyelectronisejectedoutofthemetal. Themetal
surface which emit photo electrons is called photo sensitive metal
surface.Y
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Hallwachsexperiment:
Inthestudyofphotoelectriceffect,Hallwachsusedultraviolet

radiationsfortheincidenceondifferentzincplates.

1) Whenultravioletradiationsincidentonaneutralzincplate,theplate
becomepositivelycharged.

2) Whenultravioletradiationsincidentonanegativelychargedzinc plate, it
lost its charge rapidly.

3) Whenultravioletradiationsincidentonapositivelychargedzincplate, the
platebecome more positively charged

Hallwachs also explained the photo electric effect by using an
experiment.Inthisarrangement,twoZincplatesAandCarekeptinan
evacuatedquartzbulb.TheplateAactedasanodewhichisconnectedto  the
+ve terminal of the battery.The plate Cacted as cathode which is
connectedtothe-veterminalofthebattery.

Asensitive galvanometer is connected in series with the circuit.A
window is provided on the quartz bulb to allow the ultraviolet radiations
incident on the zinc plates. In the absence of ultraviolet radiations the
galvanometershowsnulldeflections. Thatmeansthereisnocurrentflow
through the circuit. When the ultraviolet radiations is incident on the
cathodeplateC,thegalvanometershowsthedeflection,duetotheflow
ofelectriccurrentthroughthecircuit. Thiselectriccurrentiscalledphoto
electriccurrent. WhentheradiationsincidentontheanodeplateA,there is no
current flow through the circuit.

By this experiment Hallwach came to the conclusion that only
negatively charged particles can be emitted by the zinc plate under the
actionofultravioletradiations.

Einstein'sphotoelectricequation

Einstein used the law of conservation of energy and Planck's
qguantum theory of light to explain the photo electric effect. Einstein
assumed that one photon (hY) incident on the surface is used for two
purposes.
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Consider a photon of light of frequency Yis incident on a metal
surface.Theenergyofthephoton(hY)incidentonthesurfaceisusedfor
twopurposes.Apartoftheenergyofthephotonisusedfortheliberation
ofelectronfromthemetalsurface. Thisamountofenergyiscalledphoto
electricworkfunction(W,). Theremainingenergyofthephotonisusedin giving
kinetic energy to the emitted electron.

Let'v'bethevelocityoftheemittedphotoelectronand'm'itsmass.

If the incident energy is very less, no electron is emitted from the
metal surface. The metal surface required particular minimum energy
(W,) just to emit the photo electron. Its value is different for different
metals.

_— 1
Thekinetic energyofthephotoelectron="mv?2
2
Accordingto Iawofconservationofenergy.hY=W0+2mv 1

(or) lmv2=hY—w2 (1)

(0]
LetY,betheminimumfrequencyofthelightcalledthreshold
frequencyhavingminimumenergy(hY,)tostartphotoelectriceffect.
ie.
ThephotoelectricworkfunctionW,=hY,Su
bstitutingthevalueofW jinequation(1),

TheaboveequationiscalledEinstien'sphotoelectricequation.

lmvzzhlf—hﬁf

2 0
: 1 2
i.e mv*=h(Y-Y)
2 0
LawsofPhotoelectricemission
Theexperimentalstudyofphotoelectriceffectexpressthefollowing
resultsasfundamentallawsofphotoelectricemission.
1) The number of photo electrons emitted per second (photo electric
current)isdirectlyproportionaltotheintensityoftheincidentradiation.
2) Foreachmetalsurfacetheremustbeacertainminimumfrequencyof
incidentradiationtostartphotoelectriceffect. Thisfrequencyiscalled
thresholdfrequency.
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3) Themaximumvelocityofphotoelectronisindependentoftheintensity
oftheincidentradiationbutdependsuponthefrequencyoftheincident
radiation.

4) The photo electric emission is instantaneous process. The time lag
between the incident of radiation and emission of photo electrons is
verysmallanditislessthan10°second.

Photoelectriccells

Adevicewhichconvertslightenergyintoelectricalenergyiscalled
photoelectriccell. Thephotoelectriccellsaremainlyclassifiedintothree
types.Theyare

1.Photoemissivecells,

2) Photovoltaiccellsand,

3) Photoconductivecells.

1) Photo emissive Cell: Photo emissive cell is based on the
emissionofelectronsfromametalcathode,whentheradiationsincident
onit.Hencethecurrentinthecircuitincreases. Thephotoemissivecellis shown
in the figure. It consists of a glass bulb B containing a semi
cylindricalphotocathodeC.

Incident
radiation
Emitter Collector
B c A
[N N

- +

P
—fe {11} O
Itactsasanemitterandcoatedwithsomephotosensitivematerial

likesodiumoxide,cesiumoxideetc. TheanodeAisintheformofarod
madeofplatinumornickelfixedalongtheaxisofthesemicylindrical
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cathode. It acts as a collector. The cathode is connected to the -ve
potentialandtheanodeisconnectedtothe+vepotential.

When the radiations of suitable frequency are incident on the
cathode, it emits photo electrons. These electrons are attracted by the
anode and the circuit is completed. Hence the current is set up in the
circuit. The strength of the current increases with the intensity of the
incidentradiation.

2Photo conductive cell:Photo conductive cell is based on the
principle that resistance of some semi conductor materials
decreaseswhentheradiationsincidentonit. Hencethecurrentintheexternalci
rcuit increases.

Thephotoconductivecellisshowninthefigure.ltconsistsofathin
layerofsemiconductorsuchasseleniumleadsulphiderigidlyfixed

+||
| |

R SemiConductor
l layer

Ironplate

(»
between an iron plate and transparent metallic sheet. A battery is
connected between the iron plate and the top metallic sheet through a
resistanceR.Ifthecircuitisclosed,aweakcurrentmaybesetupinthe
circuit. Whentheradiationsareincidentonthetopsheet,theresistance
ofthesemiconductordecreasesandthecurrentincreases. Thestrength
ofthecurrentisproportionaltotheintensityofradiations.

3. Photo Voltaic Cell: Photo voltaic cell is based on the
developmentofvoltageacrossthePN-
junctionofasemiconductordiodewhentheradiationsincidentonit. Thephoto
voltaiccellisshowninthe
figure.ltismadeofsemiconductorsofsiliconorseleniumcrystalsinthe
formofPN-

junctiondiode.Thediodeisconnectedexternallybymeansofaloadresistance
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R..WhentheradiationsareincidentontheN-type
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semiconductor, the photo electrons are emitted and circulated through
theloadresistance.Thisconstitutephotoelectriccurrenti’andvoltageis
developed across the load resistance. The strength of the current is
directlyproportionaltotheintensityoftheincidentradiations.

+++++++++++++| P

%

i

Applicationsofphotocells:

Someoftheimportantapplicationsofphotocellsaregivenbelow.

1) Thephotoelectriccellsareusedintheexposuredeviceofcamerasto
determine the correct time of exposure.

2) Today photo voltaic cells commonly called solar cells are used to
generateelectricpowerinalargescaletoruntheelectricmotorandto
glowelectriclamps.

3) Theyareusedforreproducingsoundincinematography.

4) Theyareusedinautomaticopeningandclosingofdoor.

5) Theyareusedinfirealarmandburglaralarm.

6) Theyareusedinspaceshipsforharnessingsolarenergy.

REMOTE SENSING

Introduction

Remote sensing is the process of sensing and measuring the
objects in a long distance without physical contact with them.Adevice
usedfortheabovepurposeiscalledremotesensor.

Remotesensorsaremountedontheaircraftorsatelliteplatforms.
Thesensorsreceivethereflectedoremittedradiationsfromaparticular place
on the earth's surface and measure the energy. These measurements
are being made at a large number of points from the
imageoftheearth'ssurfaces. Thesensedimagesareinterpretedin
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termsofgeographicalvariations.Theactivepoweroftheremotesensors
dependsuponthedetectionofenergyemittedorreflectedbytheobject.

Typesofremotesensing(ActiveandPassive):
Thesystemofremotesensingisclassifiedintotwotypes.Theyare
1) Activeremotesensing
2) Passiveremotesensing

(1) Activeremotesensingistheprocessofsensingthedistanttargetin
whichthesensorsdirecttheirowngeneratedradiationstowardsthe
targetandthenitdetecttheamountofenergyreflectedbythetarget.

Examples: Radar, Radar Altimeter, Wind scatterometer, Synthetic

Aperture Radar (SAR) and Camera with flash.

(2) Passiveremotesensingistheprocessofsensingthedistantobjectin
whichthesensorsdetectonlytheamountofenergyradiatedbythe
object.

Examples: Aerial photography, Camera without flash and Microwave

radiometer.

Componentsofremotesensing:

The electromagnetic remote sensing process is divided into two

componentsnamely

(1)Dateacquisitionand(2)Dateanalysis

Reference
data —>
Pictorialor
Digital
Conversion

®)

(©)
Date acquisition: The schematic diagram of data acquisition is
showninthefigure.Inthisprocess,fivedistinctelementsareinvolved.
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Theyare

1) EnergySources.

2) Propagationofenergythroughtheatmosphere.

3) Energyinteractiononearthsurface.

4) Spacebornesensorsrecordthereflectedenergy.

5) Conversionofsensorsdataintheformofpicturesordigital information.
The electromagnetic radiations emitted by the energy source are

propagated through the atmosphere and incident on the surface of the

earth.Then the radiations are reflected back towards the space borne

remotesensors.Thesensorsgeneratethereceivingdataintopictureor

digitalforms.

1)

Visual
——> | Interpretation

i Users
Information 5
5 Products

@)
Digital
analysis

v

Dataanalysis: Theschematicdiagramofdataanalysisisshownin the

They
figure.The data analysis is divided into two separate processes.

are
1) visual interpretation technique

2) Digitalanalysis
Invisualinterpretationtechniques,variousviewinginstrumentsare
usedforexaminingandanalysingthepictorialdata.Indigitalanalysis
thecomputersareusedtoanalysethedigitaldata.Allanalyzingdataare
viewed in the information products by users. The data analysis can be

carriedonlywiththehelpofreferencedata.
Theprocessthatinvolvesexaminationandanalysisofpictorialdata

iscalledvisualimageinterpretationtechniques.Thisprocessinvolvesthe use
of fundamental picture elements like tone, texture, pattern, shape and
size in order to identify the various objects.Stereoscopic instruments
are used for this purpose.
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Useofcomputerstoanalysedigitaldataisknownasdigitalimage
processing techniques. If the data is available in digital form, it can be
analysedoninteractivecomputersystemsforgettingstatisticaldata. This
statisticaldataisanalysedusingcomputersbycomparingwiththeactual
“signatures” of the objects collected through field visits. This system of
classification of objects is quite accurate.

Referencedata:

Whether it is pictorial data analysis or digital data analysis,
referencedatashouldbegeneratedassupportingdata.Referencedata  is
called ground truth or field check.The reference data is used to
analyseandinterpretremotelysenseddataandalsotoverifyinformation
obtainedfromremotesensingdata. Theacquisitionofreferencedatais
throughactualfieldvisits.

Thecollectionofreferencedatamaydependsupontime-criticalor
time-stable measurements. The time-critical measurements are those
vegetationconditions,waterpollutantsandclimaticconditions. Thetime-
stableareothergeological measurements.

TheElectromagneticSpectrum

@
2
2

i

«IncreasingFrequency(v)
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IncreasingWavelength(A)—

Radio waves, microwaves, infrared radiation, light rays, ultraviolet
rays, X-rays, and gamma rays are components of electromagnetic
waves. All these electromagnetic rays are collectively called as
electromagneticspectrum.

Theelectromagneticspectrumisacontinuumofallelectromagnetic
waves arranged according to frequency and wavelength.
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Radiowaves
Radiowavesareusedtotransmitradioandtelevisionsignals.Radio
waveshavewavelengthsthatrangefromlessthanacentimetretotensor even
hundreds of metres. Radio waves with wavelengths of a few
centimetrescanbetransmittedfromasatelliteorairplaneantenna.The
reflectedwavescanbeusedtoformanimageofthegroundincomplete

darknessorthroughclouds.

Microwave

Microwave wavelengths range approximately from one millimetre
(thethicknessofapencillead)toonemetre.Microwavesareemittedfrom
theEarth,atmosphere,andfromobjectssuchascarsandplanes.These
microwaves can be detected to give information, about the object that
emittedthemicrowaves.

InfraredRadiation

Infraredistheregionoftheelectromagneticspectrumthatextends from
the visible region to about one millimetre in wavelength. Infrared waves
are thermal radiations. Infrared images obtained by sensors in
satellites and airplanes can yield important information on the health of
cropsandcanhelpustoseeforestfiresevenwhentheyarecoveredby
thicksmoke.

Visiblelight
Thevisiblelightistheportionoftheelectromagneticspectrumwith
wavelengths between 400 to 700 nanometre. It is only the part of the
electromagnetic spectrum that we can see. Visible waves have great
utility for the remote sensing of vegetation and for the identification of

differentobjectsbytheirvisiblecolours,duringdaytime.
UltravioletRadiation
Ultravioletradiationhasarangeofwavelengthsfrom400billionthto
about 10 billionth of a metre. Sunlight contains ultraviolet waves which
canburnourskin.MostoftheseareblockedbyozoneintheEarth'supper
atmosphere.Asmalldoseofultravioletradiationisbeneficialtohumans,
butlargerdosescauseskincancerandcataracts.
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X-rays

X-
raysarehighenergywaveswhichhavegreatpenetratingpowerandareused
extensivelyinmedicalapplicationsandininspectingwelds. Thewavelengthra
ngeisfromabouttenbillionthtoabout10trillionthofametre.

Gammarays

Gammarayshavewavelengthsoflessthanabouttentrillionthof a
metre. They are more penetrating than X-rays. Gamma rays are
generated byradioactive materials and innuclear explosions.Theyare
usedinmanymedicalapplications,likecancertreatment.

Microwaveremotesensing:

The microwave remote sensing is one of the systems of remote
sensing. In this system electromagnetic radiations are used in the
wavelengthregionofmicrowave. Thissystemofremotesensingprovides
usefulinformationabouttheearth'satmosphere,landandocean.

Theregionofthespectrumcomposedofelectromagneticradiation
withwavelengthbetweenlmmandlmiscalledthemicrowaveband.The
microwave band is a valuable region for remote sensing in view of two
distinctivefeatures.

1. Microwavesarecapableofpenetratingtheatmosphereunderalmost  all
conditions. Depending on the wavelengths involved, microwave
can'seethrough’'haze,lightrain,snow,cloudsandsmoke.

2. Microwavereflectionsoremissionsfromearthmaterialsdonotinterfy
withthemicrowaveradiationemittedbysun,asitisverynegligible.

Theexamplesformicrowaveremotesensingare

1) Microwaveradiometer

2) Radaraltimeter

3) Windscattrerometer

4) Syntheticapertureradar(SAR)

A microwave radiometer is a passive device which records the
naturalmicrowaveemissionfromtheearth.ltisusedtomeasurethetotal water
content of atmosphere within the field of view.Aradar altimeter sends
out pulses of microwave signals and then records the reflected
signalfromtheearthsurface. Theheightcanbemeasuredbyusingthe  time
delay of the return signals.
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A wind scatterometer sends out pulses of microwave along
several directions and records the magnitude of the signals scattered
backfromtheoceansurface.ltcanbeusedtomeasurewindspeedand
direction over the ocean surface. Synthetic aperture radar is a device
used in airborne or space borne platforms to send out pulses of
microwavesignalstowardstheearthandthenrecordthereflectedsignal
fromtheearthsurface.ltcanusedtogeneratehighresolutionimagesof
theearthsurface.

Themicrowaveremotesensingsystemisalsoclassifiedintotwo
types.Thereare
1)Activesensortypeand2)Passivesensortype

Imaging radar, wind scatterometer and radar altimeter are the
examples for active type and microwave radiometer is an example for
passivetype.

RADAR
Synchronizer » Transmitter DuplexerorT/R
Switch
Yo
-l
v v Antenna
Display e Receiver

The RADAR is an acronym derived from Radio Detection and
Ranging.Radarisanelectromagneticdevicefordetectingthepresence and
location of objects. The presence of the object, their range and
direction are determined by the transmission and return of
electromagneticenergy.Theradarantennatransmitsshortburstpulses
ofenergytothetargetandechoesfromthistargetcarryinformationabout
thepositionandqualityoftheilluminatedobject. Theblockdiagramofan
elementary pulsed radar set is given above.
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Radarconsistsofatransmitterandareceivereachconnectedtoa
directional antenna through a Duplexer orTransmitter/Receiver switch.
The transmitter sends out microwave power through the antenna. The
receivercollectsasmuchenergyaspossiblefromtheechoesreflectedin  its
direction by the target. In most of the radar systems the receiving
antenna is same as the transmitting antenna.

Thetransmittergeneratesashortpulseandsendsittotheantenna
viaduplexer.Assoonasasmallfractionofthepulseisfedtotheduplexer,
itdisconnectsthetransmitterfromtheantennaandconnectsthereceiver to it.
The transmitted pulse is reflected by the target and a portion of it
reachers the antenna. Now the duplexer connects the receiver to the
antennasothatthereturningechoescanbeprocessed. Theprocessed
pulses are fed to the necessary display devices which gives the nature
andposition(range)ofthetarget.Inmostradars,theantennamovesina
predeterminedpatternandthisprocessisknownasscanning.

QUESTION
Part-A
WhatisRetraction?
Writethelawsofretraction.
Definerefractiveindex.
Whatistotalinternalreflection?
Definecriticalangle.
ExpandtheacronymLASER.
Writeanyoneofthecharacteristicsof LASER.
Whatistheprincipleof LASER?
Whatisspontaneousemission?
10. Whatisthestimulatedemission?
11. Whatispopulationinversion?
12. WriteanytwousesofLASER.
13. Whatisphotoelectriceffect?
14. Whatarethethreetypesofphotoelectriccells?
15. Writeoneoftheapplicationsofphotocells.
16. Whatisremotesensing?
17. Whatisactiveremotesensing?
18. Whatispassiveremotesensing?
19. Whataretheimportantcomponentsofremotesensing?

©oNoOM®ONPRE
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20. Whataretheusesofreferencedata?

21.
22.
23.

Whatismicrowaveremotesensing?
Whymicrowaveremotesensingispreferred?
ExpandtheacronymRADAR.

PartB

1.

10.
11.
12.
13.
14.
15.

16.
17.

Explainthephenomenonoftotalinternalreflectionwiththehelpofray
diagram and give the relation between critical angle and retractive
index.
Explainwithdiagramhowopticalfibrecablefunctionsasawave
guide.

Listtheadvantagesofopticalfibrecables(O.F.C)
Writeanoteonspontaneousemission,stimulatedemissionand
populationinversion.

Describethe  productionofLASERusingGaAs semiconductor
diodesource.

ListtheusesofLaser
ExplainHallwachsexperimentalarrangementusedtostudythe
photoelectriceffect.

DeriveEinstein'sphotoelectricequation.
Explainthelawsofphotoelectricemission.
Explainphotoemissivecellwithaneatcircuitdiagram.
Explainphotoconductivecellwithaneatcircuitdiagram
Explainphotovoltaiccellwithaneatcircuitdiagram.
Explaintheapplicationsofphotocells.
Describethedataacquisitionanddataanalysisofremotesensing.
Describethecomponentsofelectromagneticspectrumusedin
remotesensing.

Explainmicrowaveremotesensing.
ExplaintheworkingofRADARwithblockdiagram.
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UNIT - IV

ELECTRICITY

Introduction

Theflowoffreeelectronsinaconductorconstituteselectriccurrent. The
current is defined as the rate of flow of charges across any cross
sectionalareaofaconductor. Thecurrentisexpressedinampereanditis
ascalarquantity. Thedirectionofcurrentisthedirectionofflowofpositive
charges or opposite to the direction of flow of electrons. The electric
currentistheflowofpositivechargefromapointatahigherpotentialtoa
pointatalowerpotential. Currentflowsonlyiftherearechargecarriers
present in a conductor which can move freely when an electric field
sourceisconnectedbetweentheendsoftheconductor.Whencharges
areinmotion,theyproducemagneticeffects. Thecurrentflowingthrough
aconductorisoneampereifachargeofonecoulombflowsthroughany
sectionofitpersecond.

ELECTRICALCIRCUITS

In an electrical circuit there must be a source of energy which
provides energy to electrons so that they can move and constitute an
electric current. For easy flow of current, the connecting wires must be
made of conductor material. The energy source creates a potential
difference across the circuit and therefore it forces electric charges to
move along the conductor. When a voltage (V) is applied across a
conductor, a current () flows in the conductor.The magnitude of current in
a conductor depends on its resistance and the resistance plays an
importantpartintheconduction.

Ohm'slaw

George Simon Ohm in 1826 established the relationship between
potentialdifferenceandcurrentinaconductorwhichisknownasOhm's  law.
It states that the current (I) flowing through a conductor is directly
proportional to the potential difference (V) across the ends of the
conductor, if its temperature remains the same.
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ielaV
orVal
orV=RI

WhereRiscalledtheresistanceoftheconductor.

TheunitofresistanceisOhmwithsymbol'QY'

There are several materials which do not obey Ohm's law.
Conductor which do not obey ohm's law are called non-ohmic
conductors. This is due to increase in the resistance of the conductor
whenthecurrentincreases.Transistors,crystalrectifiersetc.,donotobey
Ohm'slaw.

LawsofResistances
Whenmorethanoneresistoristobeconnectedinanelectriccircuit  they
can be connected either in series or in parallel. The equivalent
resistanceofferedinthecircuitbyagroupofresistordependsontheway
oftheircombination.
ResistancesinSeries
The resistances are connected in series combination will increase
theeffectiveresistanceinthecircuit. Whenanumberofconductorsare
connectedendtoendsothatthesamecurrentflowsthroughallofthem,
thentheyaresaidtobeintheseriescombination.

ConsiderAB,BCandCDarethreeconductorsofresistancesR,,R,andR
srespectivelyconnectedinseriesasshowninthefigure.Letlbethe
currentflowingthroughthemandV,,V,andV,bethepotentialdifferences
acrossR;,R, andR; respectively.

A I R, B R, c R, D
Yo > M/W\—.—M/W\—.—M/W\_.ﬁ
A v, Vs
| A R, D
> . MWW
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LetADbetheequivalentresistance(R,)carryingthesamecurrentl
andhavingapotentialdifferenceVacrosstheendsAandDsuchthat

V=V,+V,+V,
ApplyingOhm'slawweget,

IR=IR,+IR,+IR,
i.e. R=R.,+R,*R;

Thus, when a number of conductors are connected in series, the
equivalentresistanceisequaltothesumoftheindividualresistances.
ResistancesinParallel

Theresistancesareconnectedinparallelcombinationtodecrease the
effective resistance in the circuit. When a number of resistors are
connectedtocommonterminalssothatthepotentialdifferenceacross

R,

Re

0>
[ M)

v

Y

eachconductoristhesame,thentheyaresaidtobeinparallelcombination.

ConsiderR,,R, andR, aretheresistancesoftheconductors
connectedbetweenthepointAandBandVisthecommonpotential
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differenceacrossAB.Letl, l,andl;bethecurrentthroughtheindividual
branches.

Let AB be the equivalent resistance (R,) having a potential
differenceVandcarryingacurrentlsuchthat,

I=l,+1,+1,

ApplyingOhm'slawweget,

Thus, when a number of conductors are connected in parallel, the
reciprocal of the equivalent resistance is equal to the sum of the
reciprocalsoftheindividual resistances.

VVVYV

=4+
R, Ri Ry R;

Resistivity

Theresistanceofaconductorisdirectlyproportionaltothelengthof  the
conductor and inversely proportional to the area of cross section of
theconductor.

piscalledtheresistivityorspecificresistanceofthematerialofthe Ro.f

conductor.

Theresistivityor specific resistance of a material is defined as the
resistanceofferedbyaconductorofunitlengthhavingunitareaofcross
section. TheunitofresistivityisOhmmetre(Qm).

Conductivity

Thereciprocalofresistivityofthematerialofaconductoriscalledas
itsconductivity.ltisdenotedbyo
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Basedontheaboveexpressionofconductivity,theunitof
conductivityismho/m.

RA

Kirchoff'scurrentandvoltagelaws
Inelectricalcircuitswhichconsistofsimplearrangementofresistors
inseriesorinparallelwithagivensourceofemf,allcalculationscanbe
carriedoutusingOhm'slaw.Butinmorecomplicatedcircuitswherethere
arejunctionsbetweenmoreconductorsandwheremorethanonesource  of
emf are active, then Kirchoff's laws can be useful for calculation
purposes.TherearetwolawscalledKirchoff'scurrentlawandKirchoff's
voltagelaw.
Firstlaw—Kirchoff'sCurrentlaworjunctionlaw
“In any network of conductors, the algebraic sum of the currents
meeting at any junction is zero”.

Theconventionappliedinthejunctionruleisthatthecurrentflowing
towardsajunctionistakenaspositiveandthecurrentflowingawayfrom  the
junction is taken as negative.

Leti,i,,is,i,andisbethecurrentpassingthroughthefiveconductors

andmeetingatthejunction'O'. ThenaggordingtoKirchoffsfirstlaw, i,-

i, +ig-i,+is=0
or I, HgHi=i,ti,
Thatis,thesumofthecurrentsflowingtowardsthejunctionisequal
tothesumofthecurrentsflowingawayfromthejunction.
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Secondlaw—Kirchoff'sVoltagelawormeshlaw
“Inanyclosedelectricalnetwork,thealgebraicsumoftheproducts  of

current and resistance in each branch of a network is equal to the

algebraicsumoftheemfsinthatnetwork.”

The current direction may be assumed either clockwise or anti-
clockwise. The convention applied is, if the current flows in the same
directioninwhichweareconsideringthenetworkormesh,itistakenas
positive and the current in opposite direction is taken as negative. The
emfwhichsendsthecurrent inthesamedirection inwhichthemeshis

R, I N
=W
< —
£ S
6 -_
| Rs = R, N
> /MWW
G F 1,=1,-1, D

considered, itistakentobepositiveandemfwhichsendsthecurrentin
theoppositedirectionistakentobenegative.
ForthenetworkBAGFBwehave

LR+ IR+ IR+ LR=E

ForthenetworkFBCDFwehave

I;Re—(l:~1;)Rs—(1.~15)R,=0
ConditionforbalancingtheWheatstone'snetwork

Wheatstone bridge is a very accurate and precise method of
determininganunknownresistanceanditisanimportantapplicationof
Kirchoff's laws. Since it is a null method, the measurement of unknown
resistanceisnotaffectedbytheinternalresistanceofthebatteryused.

Wheatstone bridge or network consists of four resistances P,Q,R
andSconnectedintheformofaquadrilateral ABCD.Agalvanometerof
resistance G is connected between the opposite end points B and D.A
cellofemfEandakeyareconnectedbetweentheoppositeendpointsA andC.

When the circuit is closed different currents flow through various
branchesofthenetworkasshowninthediagram.AccordingtoKirchoff's
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currentlawlgisthecurrentpassingthroughthegalvanometer. Considering
thenetworkABDA,applyingKirchoff'ssecondlaw,
I,P+1gG-(IH,)R=0
or I,P+1gG=(-I))R 1)
ConsideringthenetworkBCDB,applyingKirchoff'ssecondlaw
(1-19)Q—(I-1,+19)S-1gG=0
or (I,-1g)Q=(I-1,+Ig)S+IgG 2
ThefourresistancesP,Q,RandSareadjustedsothatthereisno
deflectioninthegalvanometer.
i.e.lg=0.Nowthebridgeissaidtobebalanced.
Now,equation(1)becomes
L,P=(-I)R 3)
andequation(2)becomes

1P _(H)RIQ
- (Hs
PR
Q S
LQ=(I-)S 4)
dividing(3)by(4)weget
ThisisthebalancingconditionofWheatstone'sbridgenetwork.
SolvedExamples
1) Calculatetheresistanceofawireoflengthl.5manddiameter0.8mm.
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Thespecificresistanceofthematerialofthewireis45x10 ohmm

£=1.5m
d=0.8 mm r =0.4mm

=0.4x10°m
p=45x10%ohmm
We knowspecific resistancep=
{
pl
A

ieR= ‘i
2

ResistanceR=

45x10%x1.5
3.14x(0.4x103)2

= 1.343 ohm.

Given

R =1.50hm
Diameter =0.32cm r =0.16cm

r=0.16x10?m

£=80cm
=80x10m.
We knowspecific resistancep=
!
_Rmr?
!
1.5x3.14x(0.16x10?)?
80x10?
=15.07x10%0hmm

2) Calculatetheresistivityofamaterialofawirewhoseresistanceis1.5
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ohmwithadiameterof0.32cmandlength80cm. Given

HEATINGANDCHEMICALEFFECTSOFCURRENT

Ifapositivechargeismovedfromapointatahigherpotentialtoa point at
a lower potential, energy is liberated. When current flows in a
conductor,theelectronscollidewiththeionsbecauseoftheacceleration  of
electrons and energy is transferred to the ions. Therefore, there is
increaseintheenergyoftheionsandthetemperatureoftheconductor  rises
and thereby it is heated. This is called heating effect of electric
current.ThisheatingeffectwasstudiedbyJoule.

Joule'slawofheating

Thequantityofheatdeveloped(H)inaconductoris

(i) directlyproportionaltothesquareofthecurrentpassingthroughthe
conductorieHal®

(i) directlyproportionaltotheresistanceoftheconductorieHoR

(iii) directlyproportionaltothetimeofflowofcurrentieHat

H:IZEt
I
ieHal’Rt
H=I’Rt
wherelisinampere,Risinohmandtisinsecond
But R = E/I

H=Eltjoule

The heating effect of electric current is applied in the working
principleofelectricfusewire,electricheater,electricweldingandelectric
furnace.

Experimentaldeterminationofspecificheatcapacityofaliquid
usingJoule'scalorimeter

The specific heat capacity of a liquid can be determined
experimentallyusingJoule'scalorimeter.
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The joule's calorimeter is a polished copper or aluminum vessel
containingthegivenliquid.

Itiscoveredbyanon-conductinglidandasuitableresistancecoilis
immersed in the liquid and its ends are connected to connecting
terminals provided in the lid. There are holes in the lid for a stirrer and
insertingathermometer. Thecalorimeterisplacedinsideawoodenbox
anditisfilledwithcottonorwooltominimizetheradiationlosses.

-3 A/\Ai/_\
I )

B K Rh

2777
i,

Themassoftheclean,emptycalorimeterwithstirrerisdetermined
anditistakenasm kg.Nowthecalorimeterisfilledwiththegivenliquid and its
mass is determined with stirrer and it is taken as my,kg. The
heatingcoilshouldbeimmersedwellintheliquid. Thecalorimeterisnow
placedinsidethewoodenbox.

Abattery,anammeter,akeyandarheostatareconnectedinseries
withthecoilandavoltmeterisconnectedinparallelacrossthecoil. The
currentisadjustedforaboutoneampere. Thecircuitiskeptopen.The
ammeterreadingandthevoltmeterreadingarenotedaslandE.Now,a
thermometer is inserted through the hole in the lid. The initial
temperature of the liquid is noted (0,°c). When the circuit is closed,
simultaneouslyastopclockisstarted. Theliquidisstirredwellandwhen
thetemperaturerisesabout5°c,thecircuitiskeptopenandthestop
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clockisstoppedandthefinaltemperature®’cispoted. Thetimeisnoted
astsecond.

The heat produced by the heating coil = Eltjoule.
Heatisabsorbedbyboththecalorimeterandtheliquid.
Heatabsorbedbythecalorimeter = m,s(6,-6,)joule
where's'isthespecificheatcapacityofthematerialofthecalorimeter.
[Heatabsorbed=massxspecificheatcapacityxriseintemperature]

Elt m;s

(my-m)(0,-61)  (Mz-my)
Heatabsorbedbytheliquid=(m,-m,)S(6,-6,)joule.

Jkgik?t

Heatproduced=Heatabsorbed
i.e. Elt=m,s(6,-6,)+(m,-m,)S(6,-6,)
ThespecificheatcapacityoftheliquidSisgivenby

CHEMICALEFFECTOFCURRENT

Thephenomenonofconductionofelectricitythroughliquidwasfirst
studiedbyFaradayin1833.Pureliquiddoesnotconductelectricity, but
theconductivityofaliquidincreasesifthesolutioncontainsanacid. The
molecules of a salt in solution are supposed to break up into two parts,
positiveandnegativeionsandthisprocessiscalleddissociation.

Whenanelectricfieldisappliedbetweentwoelectrodesdippingin  the
solution, the positively charged ions move towards the negative
electrode (cathode) and they are called as Cations. The negatively
chargedionsmovetowardsthepositiveelectrode(anode)andtheyare
calledasAnions.

The process of chemical decomposition of an electrolyte by the
passageofelectriccurrentthroughitiscalledelectrolysis.

Theliguidcontainingthecompoundiscalledanelectrolyteandthe
vesselcontainingtheelectrolyteiscalledavoltameter.

Faraday'slawsofelectrolysis
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Thetwolawsofelectrolysisarestatedasfollows.
Firstlaw

Themassofanelementliberatedatcathodefromanelectrolyteby
passingofelectriccurrentisdirectlyproportional to

(DThestrengthofthecurrent(l)
(i Thetimeforwhichthecurrentispassedthroughtheelectrolyte(t) iem
ol
andmaot
iemalt or
m=ZIt
Here, the constant Z is known as the electrochemical equivalent
(e.c.e)oftheelement.
Secondlaw
Ifthesamecurrentpassesthroughdifferentelectrolytesforthe m;aEq;
mz(XEzand m3(1E3

m; m, m
orni_Mz_Ms

E, E B
same time then the masses of the elements liberated from electrolytes
aredirectlyproportionaltotheirrespectivechemicalequivalentweights.

Let m;, m,and m;be the masses of the elements liberated by the
passageofthesamecurrentthroughtheelectrolytesforthesametime whose
chemical equivalent weights are E,E,and E,then according to
secondlaw,

Elecro-chemicalequivalent(e.c.e)ofanelement
AccordingtoFaraday'sFirstlawofelectrolysis
malt
or m=ZIt

WhereZisaconstantcalledelectrochemicalequivalentofthegiven
element
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Whenl=1ampereandt=1second,thenZ=m

Battery,, | - k?y‘ Rheostat\l'_l_
! {o} MW
2\ J
)

Ammeter

AnodeC
athode

Coppersulpate Se—
olution(CuSo.)

Anode

Thereforetheelectro-chemicalequivalentofanelementisdefined as
the mass of the element liberated from an electrolyte when one
amperecurrentispassedthroughitforonesecond.SinceZ=m/Ittheunit of e.c.e
is kilogram per ampere second or kg C*(ampere second = coulomb).

Experimentaldeterminationofe.c.eofcopper
Coppervoltameterisusedforthedeterminationofelectro-chemical
equivalent of copper. It consists of a glass vessel containing copper
sulphatesolutionandthisistheelectrolyte. Therearethreeelectrodesof
copperplatesdippedinthesolution. Thetwoouterplatesareconnected
tothepositiveterminalofthebatterythroughtheammeterandtheyactas
anodes.Thecentralcopperplateisconnectedtothenegativeterminalof

thebatteryandthisplateisthecathodeplate.

Abattery,aplugkey,arheostatandanammeterareconnectedin
serieswiththecoppervoltameter. Thecircuitisclosedandtherheostatis
adjusted to send suitable current for a while and then the circuit is kept
open.

The cathode plate is taken out, polished well with sand paper,
washed and dried. The mass of the cathode is determined carefully
correcttoamilligram,usingadigitalbalance.Thecathodeisthenkeptin
itspositionandwhenthecircuitisclosed,simultaneouslyastopclockis
started. The current value is maintained the same by adjusting the
rheostat,ifnecessary,anditisallowedtopassforthirtyminutes. Afterthe
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timethecurrentisstoppedandthecathodeplateistakenout,rinsedwith
water,driedandthenweighedcorrecttoamilligram.
Thedifferencebetweenthefinalandtheinitialmassgivesthemass
ofcopperdepositedonthecathodeplateandthisistakenasm.Letlbe
thecurrentthatispassedthroughtheelectrolyteandtthetimeforwhich
current is passed.Then electro-chemical equivalent
m=1.2g
=1.2x103kg
t= 1hour
=3600 s
I= 1ampere
ECEof copperZ:m I
t
~1.2x10731x36
00
=3.33x10"kgC™*

Z=m/It
Thus,thee.c.eofcopperisdeterminedusingtheaboveequation.
SolvedExamples:

1) Calculatetheelectro-chemicalequivalentofcopperwhenacurrentof
=1
amperet=30
minutes
=30x60
=1800 s

Z=3.33x107kgC*

WeknowZ:m
It

m=ZI t

m=3.33x107"x1x1800

m= 5.994x10kg.
oneamperepassingthroughacoppervoltmeterforonehourliberates

1.2gofcopper.
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Given,
2) Calculatethemassofcopperdepositedwhenacurrentofoneampere

flowsfor30minutesinacoppervoltmeter.e.c.eofcopper=3.33x10"

m=3.3¢g
=3.3x103%kg
t= 45 minutes
=45x60
=2700 s
Z=1.118x10°%kgC™*
Weknow,

_ 3.3x10°8
1.118x107%x2700
I=1.093ampere

kgC
‘Given,

m= 2x103kg

I=1.2ampere
Z=0.68x10"°kgC*

Weknow,

2x10°

© 0.68x10°x1.2
t=2451 s.
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3) Calculatethecurrentrequiredtodeposit3.3gofsilverin4d5minutes.
e.c.eofsilver=1.118x10°kgC
'Given,
4) 2x10°k ofgoldistobedepositede_lectrolyticalbeypassing_a
is

currentofl.2ampere.Whatwillbethetimeta™ ken?e.c.eofgol

0-—.68x10%gC" v

Giveﬁ,

MEASURING INSTRUMENTS

Whenchargesareinmotiontheyproy~ ducerm agnBticeffect.An
electriccurrentproducesmagneticfield. - -

I - . Thereforemovingcharged
particlesinmagneticfieldexperienceforce - % B
v

Motioriof charcghed articleinside_awnif rmmagneticfield )
[fanelectric ar8e+qmovesw It %ve ocity throughamagnetic

field thenthemagneticfieldexertsaforceyonthgecharge.lthasbeen
z

-
F

X

foundexperimentallythatthemagnitudeofthisforceis.

F=Bqvsin@
Where@istheanglebetweenthedirectionofand

The force is exerted perpendicularly to bothandor F is
perpendiculartotheplanecontainingand. Themagnitudeofmagnetic
forceonamovingchargeinamagneticfieldisdirectlyproportionalto
(iYmagnitudeofchargeq(ii)velocityofthecharge(iii)strength(B)of
themagneticfieldand(iv)sineofanglebetweenand
Expressionfortheforceactingonacurrentcarryingstraight conductor

placed in a uniform magnetic field
LetusconsiderasmallelementPQofastraightconductoroflength
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[,whichcarriesacurrentl. Thisisplacedinauniformmagneticfieldof
magneticinductionB.Thecurrentpassingthroughtheconductorisdue

) Charget
ie Current= .
ime

=g
t
totheflowofelectriccharges.Let@betheanglebetweenthedirectionof
currentflowandthemagneticinductionB.Lettherebe‘n’numberoffree
chargeseachofcharge‘q’movingwithavelocityvthroughtheconductor.
WeknowforceoneachchargeF=Bqvsin®
Since there are n numbers of charges moving in the conductor of
length,

ie v="
tﬂ
F=BIt"sin6
t
F=BI¥sin®
Thetotalforceexperiencedbytheconductorisgivenby
F=Bnqvsin®

Inaconductorcurrentistherateofflowofcharges

Heretisthetimetakenbyachargetotraveladistancelofthe
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conductor.
Fromtheaboverelationng=It
Thetotalforceexperiencedbytheconductorisgivenby F=B |
tvsin®
Thevelocityofchargesisthedistancetravelledbythemintimet

Force
a

-
Magnetic
field

%urrent

Thisexpressiongivestheforceonastraightconductorplacedina
uniformmagneticfield.

Suppose if the straight conductor is placed at right angles to the
magnetic field then 8 = 90°
Theforceactingontheconductorisgivenby

F=BI[sin90°
ie F=BI{(sin90°=1)

ThedirectionoftheforceisgivenbyFleming'slefthandrule.

Fleming'sLeftHandrule

The direction of motion of current carrying conductor placed in a
uniformmagneticfieldisgivenbyFleming'sLeftHandrule.Accordingto
thisrule,whentheforefinger,middlefingerandthumbofthelefthandare
stretched mutually perpendicular to each other and if the forefinger
represents the direction of magnetic field, the middle finger represents
the direction of current in the conductor, then the thumb gives the
direction of motion of the conductor.

Expressionforthetorqueexperiencedbyarectangularcurrent
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carryingcoilplacedinauniformmagneticfield
ConsiderarectangularcoilABCDplacedinauniformmagneticfield

T~—~—__ B c _—

_— A~ by D

ofinductionB.Letlbethelengthofthecoiland‘b’itsbreadth. The

magnetic field acts parallel to the plane of the coil and perpendicular to
thesidesABandCD.Letlbethecurrentpassingthroughthecoil.

NowthesideABoflengthlexperiencesaforceBl(,sincetheangle

betweenthissideandthemagneticfieldis90°. Thedirectionofthisforce
isgivenbyFleming'slefthandrule. ThesideCDalsoexperiencesan

equalforceofBIlbutintheoppositedirection,sincethecurrentonthis
sideflowsinoppositedirection.

ButthesidesBCandADareparalleltothedirectionofthemagnetic
fieldandhencethereisnoforceactingonthesetwosides.

Therefore, the two equal unlike and parallel forces acting on the
sidesABandCDconstituteacouple.Torqueisthemomentofthecouple
inthecoil.

Momentofthecouple=One oftheforcesxtheperpendicular
distancebetweentheforces.

Thisperpendicular distanceisthedistancebetweenthetwosides
ABandCD,measuredalongthedirectionofthefield.ltshouldbenoted
thatthisdistanceisnotaconstantandvariesfrompositiontopositionof
thecoil. ThebreadthBCofthecoil(b)givesthemaximumdistance.

Themaximumtorqueonthecoil=Bl{xb=BIA

238



(wherelxb=A Theareaofcrosssectionoftherectangularcoil)

Ifthereis'n'numberofturnsinthecoilthenthemaximumtorqueisgiven
bynBIA.

WorkingofaMovingcoilgalvanometer
0
i.
M

A
N s

D C

is

The principle of the moving coil galvanometer is that a coil of
conductor carrying current placed in a magnetic field experiences a

torque.

Themovingcoilgalvanometerconsistsofarectangularcoilofwire
ofmanyturnswoundonanon-magneticmetallicframeandissuspended
between two strong permanent magnetic poles N and S. The cail is
suspended by means of a fine phosphor bronze wire from a movable
torsionhead. ThecoilisheldtightbyahairspringS.AsmalllightmirrorM
isattachedtothesuspensionfibreandtheangleofdeflectionofthecoil can be
measured with a lamp and scale arrangement.Asmall soft iron cylinder
is fixed at the centre of the coil for producing a radial magnetic field.

Now,whenacurrentoflamperepassesthroughtheverticalimbAD
oftherectangular coilABCD, it experiences a force perpendicular to it and
directedoutwardsaccordingtoFleming'slefthandrule.Similarlythelimb  BC
experiences an equal and opposite force to that ofAD and directed
inwards.ltshouldbenotedthatinallthepositionofthecoil, theforceson
thesidesADandBCwillalwaysperpendiculartothemagneticfield,since
theplaneofthecoilremainsparalleltothemagneticfield.Noforceacts
onthesidesABandCD,sincetheyareparalleltothemagneticfield. The
coilwillcometorestinadeflectedposition.

AccordingtoFleming'slefthandruletheforcesexperiencedbythe

Radial magnetic field
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sidesADandBCareBllandBl{where, listhelengthofthesidesandB

is the magnetic induction. These forces constitute a couple and the
controlling couple is provided by the torsion in the phosphor bronze
suspensionfibre.

Foroneturnofthecoil thedeflectioncoupleproduced=BI{xb

I:Q.enBA

Thecurrentrequired(l/6)to produce unitdeflectionis
calledthefigureofmeritoftheGalvanometer,K= %nB
Since C,n,B and A areallconstants|=K®6i.e,

| 00

wherebisthebreadthofthecoil.
For'n'turnsofthecoil,thedeflectioncoupleproduced=nBIIxb

=nBIA
wherelxb=A theareaofcoil.

IfCisthecoupleperunittwistofthesuspensionwirethenforatwist
0,therestoringcouple=C0

(The deflection 8 can be measured from the lamp and scale
arrangement)
Forequilibriumposition,
DeflectingCouple=Restoringcouple;i.e;nBIA=cO
Thecurrentisdirectlyproportionaltothedeflectionproduced.Fora
smallvalueofl ifthedeflectionBislarge,thenthegalvanometerissaidto
besensitive.

Meritsofmovingcoilgalvanometer

() Theexternalmagneticfieldsdonotalterthedeflectionofthecoilsince there
is a strong magnetic field between the pole pieces, and the
galvanometer can be placed in any position.
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(i-ig) S
ANV

re

(i) Sincethedeflectionofthecoilisdirectlyproportionaltothecurrent,a
uniformlydividedscalecanbeusedtomeasurethecurrent.
Conversionofagalvanometerintoanammeter
Agalvanometerisa very sensitive device used to detect the strength
offlowofcurrentandlargecurrentcannotbepassedthroughit,because
largecurrentflowcaneasilydamagethecoil. Thereforealowresistance
called shunt is connected in parallel to the galvanometer to avoid the
damageofthecoilandonlyafractionofthecurrentwillpassthroughthe

IgG= (i-ig)S
_5_i9G
i—ig
galvanometerandmostofthecurrentpassesthroughtheshunt.
Agalvanometercanbeconvertedintoanammeterbyconnectinga

suitablelowresistancecalledshuntinparalleltoit.

ConsideragalvanometerofresistanceGohm.Ifthegalvanometer
istobeconvertedintoanammeter,alowresistancecalledshuntSshould be
connected in parallel with the galvanometer.

Let Ig be the maximum current that can be passed through the
galvanometer and this current will give the full scale deflection in the
galvanometer.Thereforeoutofthetotalcurrentoflampereinthecircuit, the
current passing through the shunt is

is=(I-19)

241



m

Sincethegalvanometerandtheshuntareparallel.

Thecurrentigisafractionofiandthescaleismarkedinampere.in
anelectricalcircuit,ammeterisalwaystobeconnectedinseries.

E=Ig(G+R)
i.e. E:G+R Ig
andR=E—G
g
Conversionofagalvanometerintoavoltmeter
Thevoltmetershouldhavehighresistance,thenonlyitwillnotdraw any

appreciable current from the circuit. It is used to measure the
potentialdifferenceacrosstwopointsofanelectricalcircuit.

Agalvanometercanbeconvertedintoavoltmeterbyconnectinga high
resistance in series with the galvanometer.

ConsideragalvanometerofresistanceGohm.[fitistobeconverted

Fullscaledeflection Ig =15 mA=15 x1073A Galvanometer
resistance G =5 ohm
i=1.5A
Weknow,S:I‘q%
i-ig
1.5x10°x5

S =" =
1.5-(15x10°9)

=0.050hm

intoavoltmeter,ahighresistanceRshouldbeconnectedinserieswithit
toreadEvalt.
Letlgbethecurrentrequiredtoproducefullscaledeflectioninthe
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Potentialdifference E = 1.5volt
Weknow, R=E—G
g
15 5
15x10°3
=95 ohm
galvanometer.AandBaretwoterminalsofthevoltmeter.Sincethehigh
resistanceRisconnectedinserieswiththegalvanometer,thecurrentlg

passesthroughboththegalvanometerandthehighresistance.

The scale is marked in volt. In an electrical circuit, a voltmeter is
alwaysconnectedinparallelbetweenthetwoterminalsacrosswhichthe
p.d.istobemeasured.

G=2000hm E
=10 volt
Ig= 1mA=1x103A
Weknow, R:E—G
g
10
R="-20 10—3
R=10000-200=9800 ohm
SolvedExamples
1) Agalvanometerhasaresistanceof5ohmandfullscaledeflectionis
producedbyl5mA.Calculatewhatresistancemustbeusedtoenable
ittoread(l)1.5ampere(ii)1.5volt.
Given,
Ashuntof0.050hmistobeconnectedinparallelwiththe
G= 100 ohm
ig =100 mA =100 x103A i =
10 A

Weknow,S:I'gg
i—ig
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S=100X10‘3X100
10-100X1073
10
10-0.1
S=1.01ohm
galvanometersoastomeasureuptol.5ampere.

A resistance of 95 ohm is to be connected in series with the
galvanometersoastomeasureuptol.5V.

2) Agalvanometer has a resistance of 200 ohm and when a current of
1mApasses through it, produces a deflection of 1 division. How this
canbeconvertedintoavoltmetertoread10voltperdivision?

Given,

Ahighresistanceof9800ohmistobeconnectedinserieswiththe
galvanometersoastomeasureuptolOvolt/division

3) The resistance of a galvanometer is 100 ohm and it can withstand a
maximum current of 100 mA. How this can be converted into an
ammetertoread10A.

Given,

Ashuntofl.01ohmshouldbeconnectedinparallelwiththe
galvanometer to measure up to 10A.

ELECTROMAGNETIC INDUCTION
Oerstedintheyear1820discoveredthatacurrentflowingthrougha
conductorisaccompaniedbyamagneticfieldaroundit.Manyattempts were
made after that to verify its reverse effect of the possibility of

producinganinducedemfbymeansofamagneticfield. Thepossibilityof

producingemfacrosstheendsofaconductorwiththechangingmagnetic  flux
linked with the conductor was demonstrated by Michael Faraday. Thus
electromagnetic induction is the phenomenon according to which
aninducedemfisproducedinacoilbythechangeofmagneticfluxlinked withit.

Faraday'slawsofelectromagneticinduction
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1. Wheneverthereisachangeinthemagneticfluxorthemagneticlines of
force passing through a circuit, an induced emf is produced in the
circuit.

2. The induced emf lasts only for the period during which the magnetic
fluxorthemagneticlinesofforcepassingthroughthecircuitactually

o Ndo
dt
change.
3. The magnitude of the induced emf is equal to the rate of change of
magnetic flux passing through the circuit.
c

3
i
\@gﬁ

Lenz'slaw

Thereisacloserelationshipbetweenthedirectionofthechanging
magneticfieldandthedirectionofthecurrentinducedbyit. TheRussian
Scientist,Lenzformulatedanimportantlawin1835givingthedirectionof  the
induced current produced in a circuit.

Lenz's law states that the induced current produced in a circuit
alwaysflowsinsuchadirectionthatitopposesthechangeorcausethat
producesit.

If there are N number of turns in a coil and ¢is the magnetic flux
linkedwitheachturnofthecoilthen,thetotalmagneticfluxlinkedwiththe

S
——— T ————————

+
1

]
Y

E K
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coilatanytimeisN¢. Thentheinducede.m.fis
ThenegativesignisaconsequenceofLenz'slaw.Lenz'slawisin
accordancewiththelawofconservationofenergy.
Fleming'sRightHandrule

Fleming suggested a rule which readily gives the direction of the
inducedemfinaconductormovingatrightanglestoamagneticfield.

Accordingtothisrule,whentheforefinger,themiddlefingerandthe
thumb of the right hand are stretched mutually perpendicular to each
other and if the forefinger represents the direction of the magnetic field
andthethumbrepresentsthedirectionofmotionoftheconductor,then
themiddlefingerpointsthedirectionoftheinducedcurrent.

This is an important rule and has wide practical applications. It is
sometimes called the dynamo or generator rule.
Selfinduction

Selfinductionisthepropertyofacoilwhichenablestoproducean
opposinginducedemfinit,whenthecurrentinthecoilchanges.

LetusconsideracoilSconnectedtoacellEandatapkeyK.When
thereisnocurrentflowingthroughthecoil,thereisnomagneticfluxlinked
withit. WhenthecircuitisclosedbypressingthetapkeyK,thecurrentin
thecircuitchangesfromzerotomaximumandthemagneticfluxpassing

|'||=+

throughthecoilalsoincreasesfromzerotoamaximumvalue.Duetothis
variationinmagneticfluxlinkedwiththecoil,aninducedemfisproduced
inthecoilitself,whichaccordingtoLenz'slaw,opposesthegrowthofthe
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current. Thus the current does not attain its maximum value
instantaneouslyonclosingthecircuitbuttakessometime. Thustheeffect
ofselfinductionistodelaytherateofthegrowthofcurrent.

Mutualinduction

This is the phenomenon according to which an induced emf is
produced in a circuit by the change of current in a neighbouring circuit.
Wheneverthereisachangeinthemagneticfluxlinkedwithacoil thereis
alsoachangeoffluxlinkedwiththeneighbouringcoilandthusproducing an
induced emf in the second coil.

LetusconsidertwocoilsP,P,andS,S,placedclosetoeachother.  The
coil P,P,connected in series with a battery B and a key K is called
primary,whereasthecoilS,S,withnocellinitiscalledsecondaryanda
galvanometerGisconnectedinserieswiththesecondarycoil.

WhenthekeyKispressed,thecurrentstartsflowingintheprimary  coil
and gradually reaches its maximum value and the magnetic flux linked
with it also increases. As a result, the magnetic flux passing through
the secondary changes and hence an induced current is
producedinthesecondarycoil.AccordingtoLenz'slaw,thedirectionof
theinducedcurrentissuchastoopposethegrowthofthecurrentinthe
primary.

When the key K is released, current starts decreasing from
maximum to zero value and therefore the magnetic flux linked with the
primary coil decreases. Therefore magnetic flux linked with secondary
coil also decreases and hence an emf is induced in the secondary coil.
According to Lenz's law, the induced current in the secondary flows in
such a direction so as to oppose the decrease in current in the primary
coil.

QUESTIONS

Part— A

1. WriteOhm'slaw

2. Write the law of resistances when the resistances are connected in
series

3. Write the law of resistances when the resistances are connected in
parallel

4. DefinethetermResistivity
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DefinethetermConductivity
WriteKirchoff'scurrentlaw
WriteKirchoff'svoltagelaw
WhatisaWheatstone'snetwork?
Whatismeantbyheatingeffectofelectriccurrent?

. WriteJoule'slawofheating

. Defineelectrolysis

. WriteFaraday'sfirstlawofelectrolysis

. WriteFaraday'ssecondlawofelectrolysis

. WhatisaVoltameter?

. DefineElectro-chemicalequivalent(e.c.e)ofanelement

. WriteFleming'slefthandrule

. Writetheprincipleofamovingcoilgalvanometer

. Whatismeantbythefigureofmeritofagalvanometer?

. Whatarethemeritsofamovingcoilgalvanometer?

. WriteLenz'slaw

. WriteFleming'srighthandrule

Part-B

. DerivetheconditionforbalancingtheWheatstone'snetwork.
. Describe an experiment to determine the specific heat capacity of a

liquidusingJoule'scalorimeter.

. Describe an experiment to determine the electrochemical equivalent

ofcopperusingcoppervoltameter

. Deriveanexpressionfortheforceactingonacurrentcarryingstraight

conductor placed in a uniform magnetic field

. Deriveanexpressionforthetorqueexperiencedbyarectangular

currentcarryingcoilplacedinsideauniformmagneticfield.

. Describetheconstructionandworkingofamovingcoilgalvanometer

withadiagram

. Describehowagalvanometercanbeconvertedintoi)anammeterand

iijavoltmeter.

. Whatiselectromagneticinduction?WriteFaraday'slawsofelectromagne

ticinduction.

. Explainselfinductionandmutualinduction.
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Exerciseproblems
1. Calculate the resistance of the wire of length 1.5m and
diameter0.5mmiftheresistivityofthematerialofthewireis49x10
‘ohmmetre.
[Ans3.7450hm]
2. Calculatetheresistivityofthematerialofawireoflength25.6mand
diameter 0.84mm whose resistance is 0.72 ohm
[Ans1.557x10 ohmmetre]
3. Calculate the resistance of a wire of 1.5m long and area of cross-
section 0.4mm?*whose resistivity is 46x10° ohm metre
[Ans4.3120hm]
4. Calculatetheelectrochemicalequivalentofametalwhenacurrentof
oneampereliberatesinonehourl.2gofmetalfromitselectrolyte
[Ans3.33x107kgC"]
5. Whatwillbethetimetakenfor2.2x10°kgofgoldistobedeposited
electrolytically by passing a current of one ampere? Given, e.c.e of
gold=0.68x10°kgC*
[Ans3235s]
6. Calculate the amount of current that should be passed through a
coppervoltametertodeposit3.12gofcopperinonehour(e.c.eof
copper = 3.33x107kgC™)
[Ans2.6A]
7. A galvanometer of resistance 30 ohm shows maximum deflection
foracurrentof2mA.Howthiscanbeconvertedintoavoltmeterto read
10v?
[Ans4970o0hmconnectedinserieswiththegalvanometer.]
8.An ammeter of resistance 0.60 ohm can measure current upto 1A.
Whatmustbetheshuntresistancetoenabletheammetertomeasurecurre
ntuptob5A?
[Ans0.150hm]
BrainTeaser
1. Intheelectrificationofahousehowthevariouslampsareconnected?
ExplainwWhy?
2. Why does a silver voltameter give accurate results than a copper
voltameter?
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UNIT -V
BASICSOFELECTRONICS

5.1.CAPACITORS
Introduction:

Apart from resistors and insulators, a capacitor is also the other
basicpassivecomponentcommonlyusedinelectricalcircuits.Capacitor
isadevicewhichhastheabilitytostorechargesintheformofelectrical
energy,whichneitheraresistornoraninsulatorcando.

Anidealcapacitormayretainthechargesstoredinitforalongtime,  after
power supply is removed from the circuit. That is, it can store
chargesforever.Thisstoredchargecandischargethroughaconductor (or)
wire.This discharge can cause shock or damage to the connected
equipment,duringthemisuseofcapacitorsinacircuit.

Constructionofacapacitor:

Two similar metallic conductors separated by an insulator (or)
dielectric medium forms a capacitor. Conductor — insulator — conductor
sequenceisthebasicideabehindacapacitor.

Thebasicdifferencebetweeninsulatoranddielectricmediumis:

Thematerialswhichdonothavefreeelectronsinthemareunableto
conductelectricityandtheyaretermedasinsulators.

Some material like ceramic behaves as a dielectric medium.
Chargesareinducedintheoppositefacesofit,becauseoftheexternal
appliedelectricfield. Suchmaterialiscalleddielectric.

All dielectric materials are insulators, but not all insulators make
gooddielectricmaterials.

Thedielectricmediumcouldbeair,mica,ceramic,paper,polyester,
Teflon,etc.

In the figure shown below two metallic conductors of equal area
“A’separatedbyadielectricmedium,formsatwoterminaldevice,named
asCapacitor.
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_ Dielectric with
Distance | Permittivity=¢

Lead

Conductive
Plate with e
Area = A
Theplatesarekeptperfectlyparalleltoeachother.Soitiscalledas
parallelplatecapacitor.Theconductingplatesofacapacitorcanbeeither
square or circular or rectangular or cylindrical or spherical in shape.

Shapeselectiondependsonitsapplicationandvoltagerating.

Capacitance:
An ideal capacitor is characterized by a single constant value

named as capacitance. The capacitance of a capacitor is defined as
amountofchargerequiredtocreateaunitpotentialdifferencebetweenits
platesorcapacitancecanalsobedefinedastheratioofchargeto
potentialdifference.

C=Charge/p.d = ‘Qfarad \%
IfQ =lcoulomb and V =lvolt
Then C=lfarad (F)

Capacitance of a capacitor depends upon the area of the plate,
distanceofseparationbetweentheplates“d’orthicknessofthedielectric

mediumused.
Theunitofcapacitanceis'farad'withsymbol'F'namedafterBritish

PhysicistMichaelFaraday.

Definitionof‘farad’:-
One farad is defined as the capacitance of a capacitor which

requiresachargeofonecoulombtoestablishap.dofonevoltbetween
theplates.
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Howmanyelectronsarepresentinonecoulombofcharge?
Lettherebe“n”electronsinonecoulomb.Butchargeq=ne,where
‘e’'isthechargeofoneelectron.

1
Therefore n A ———=6.25x10%electrons

e 1.6x101 "
Sotoestablishonevoltp.d.betweenthetwoplates,largenumberof
electronshavetomovefromoneplatetoanotherplate.Soonefaradis
toolargeforpracticalpurposes.

In most of the cases we have smaller unit like
onemillifarad=1mF=1x10°F=0.001F
onemicrofarad=1pF=1x10°F=0.000001F
onenanofarad=1nF=1x10°F=0.000000001F

TypesofCapacitors:-

Capacitors
Fi)ied Variable
v v
Electyolytic EIectrPstatic
v v oo v v v
Aluminum  TantalumCeramic Mica Plastic Paper

The symbol for capacitors is not unique. In the modern electronic
world,thesymbolforcapacitorsaregivenbelow.

—— =
Capacitor
e e e
Variable Trimmer

—| D+— Capacitor capacitor
_§+_

PolarizedCapacitor
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Energystoredinacapacitor
Energystoredinacapacitorisequaltotheworkdonetochargeit.
Theworkdoneisstoredintheformofenergy.Thatisworkdonetomove
theelectronfromoneplatetootherplate.
Formovingasmallamountofcharge“dqg”fromoneplatetoother
plateagainstthep.d,betweentheplates,workistobedone.

Workdone=p.dxchargeBut,

p.d.Vv dc
o]

Workdw =dgc

where,Wistheworkmeasuredinjoule
gisthechargemeasuredincoulomband c is
the capacitance measured in farad
Energy stored in a capacitor can be obtained by integrating this
equation. Starting with an uncharged capacitance (q = 0) and moving
chargeQfromoneplatetootherplate,

Therequiredwork“W”is

Q 2
W= £}olq:lQ —Lovz o=cv
oc 2C 2
Thisworkisstoredintheformofelectricalenergy.

POWERGENERATEDBYACAPACITOR
Sincepowerisenergydissipatedinatime,thepowergeneratedby a
capacitor can be expressed as

W Energy Energy

—_E  Time
dissipationtime

P

Example:-
The energy stored in a 10 pF capacitor charged to 230 V can be
calculatedas
w=tovetiiox10-x(230)?
2 2
Energy=0.26J
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Whenthisenergydissipatedwithin5psmeans,thepowergeneratedis
P=w=
5x10°6
Becauseofthisstoredenergy,wefeelelectricshockwhenwetouch the two
terminals of a capacitor simultaneously.
PRECAUTION:

Thefollowingprecautionsaretobetaken
(i) Allpowercapacitorsmustbefullydischargedbeforeworkingon

theequipment.

(i) All cables, motor windings, and other componentswhich can
exhibit capacitance must be discharged before working on the
componentsorassociatedcircuitry.

52000W= = 52KW

Capacitorsinseries:-
LetusconsiderthreecapacitorsofcapacitancesC,,C,andC respectively
connectedinseriesasshowninthefigure.

C, G, C, C,
+Q1 | +Q | +Q] | l
I | [ [
\A V, V,
+] - sl B
| | |
Ba Ba

Duetotheinducementofchargesontheplatesbytheappliedp.d.,

1) Chargeoneachcapacitorissameirrespectiveofitscapacitance.

2) p.d.acrosseachcapacitorisdifferent

3) Sumofthevoltageacrossthecapacitorsisequaltotheappliedbattery
Voltage“V”.

So, V=V +V,+ V,

v

)

WeknowC:Q(or)V:Q
\Y C
Sothep.d. betweenthefirst capacitoris
Ci= Q(or)VlzQ
Vi G
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Similarlyforsecond and third capacitors

V2=QandV3=QC2 C3

substitutingallinequation(1)

000 0

C C C G
IfC.istheeffectivecapacitanceoftheseriesconnection,then

(111 1)
%EQ ‘*L‘C*f C, c3|)

CancelingQon both sides

114 1) |
Cs +K¢1 C G

When capacitors are connected in series the reciprocal of the
effective capacitance is equal to the sum of the reciprocals of the
individualcapacitances.

Hence connecting capacitors in series is equivalent to increasing
the thickness of the electric medium. When we increase the thickness,
distanceincreases.Socapacitancedecreases.

CapacitorsconnectedinseriesblockDCandallowAC.
CapacitorsConnectedinParallel:-

LetusconsiderthreecapacitorsofcapacitancesC,,C,andC;respectively
connectedinparallelasshowninthediagram.

The charge Q suppliedby the battery is divided among the three
capacitorsasQ, Q,andQ, Therefore,

1) Chargesacrosseachcapacitoraredifferent.
2) p.d.acrossallcapacitorsissame
3) SumofthechargesstoredinthecapacitorsisQ
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'Q Qs

+ -

[
Ba

5. Q=Q1+Q,+Q3

WeknowC= 9 (on)Q

Thecharge stored

on the firstcapacitoris

Ql:ClV'
Similarlyforothertwo capacitors

Q2= szanng =C3V

Substitutingthisinequation(1)above

CVv= CV + CV + CgV
IfCistheeffectivecapacitanceoftheparallelconnection,
then CoV =V(C; + C, + Cy)
Cancellingthe“V”onboth sides

Cp=C1 + C2 + Cg

Whencapacitorsareconnectedinparallel,theeffective
capacitanceisequaltothesumoftheindividualcapacitances.
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Connectingcapacitorsinparallelisequivalenttoaddingtheirplate
areas. Hence, combined capacitance equals to sum of the individual
capacitances.

Applicationofcapacitors:-

Capacitors are used to accurately measure the fuel level in
airplanes fuel tank. As the fuel level between the plates varies, the
Capacitancealsovaries.

A motor capacitor such as a starting capacitor or running
capacitor,altersthecurrentthroughoneormorewindingsofanelectric
motor to create a rotating magnetic field.Around dual run capacitor is
usedinsomeairconditionercompressorunits,toboostboththefanand
compressormotorfunction.

Starter in a fluorescent tube is nothing but a simple capacitor. It is
connectedinparalleltothetube.Fluorescenttubecontainsnoblegases.
Initially tubes requires instant spark of discharge current, so that the
electrodes get hot enough to ionize the low pressure gas in the tube.
Oncethesegethotenoughitwillcontinuetoionisethegas. Thestarteris
providedtogivethatinstantdischargecurrent.Afterlightingupofthetube by
discharge process, capacitorstarter has no roll until the tube is
switchedoff.

In Radio,the variable capacitors are used with inductance to tune
the receiver to a different resonant frequency for receiving the
programmesofdifferentstationstransmittingdifferentfrequencywaves.

Capacitorswithaflexibleplatecanbeusedtomeasurestrain(or)
pressure.

Acamera flash unit contains a capacitor.The light energy for each
“flash”fromthecamera,isfromelectricalenergystoredinthecapacitor.
Hereelectricalenergyisconvertedaslightenergy.

Capacitors are manufactured in various sizes and shapes
depending upon their use in a circuit. Capacitors are used in FM, TV
Circuit,Radio,Cellphone,iPod,Computerandhi-fidevices.Acapacitor
isapartofallmodernelectronicgadgets.
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SolvedProblems:

1. Three capacitors each of capacitance 9 pF are connected in series.
Calculate the effective capacitance of the capacitors and potential
differenceacrosseachcapacitor,whentheyarepoweredby120vDC
supply.

Givenvalues:-

C,=9pF,C,=9pFandC,=9pF
Inseriesconnectionwithp.d.of120v.
C,=C,=C,=9pF
C
|
|

C,
| |
[

—

+| |-
| |

V=120v
Forseriesconnection,

1111 1)

Cs C C C C J
—3x 1 _ 1
Cs 9x10712  3x1071?
ThereforeCs =3x 10'°F =3pF

In series connection , sum of the p.d across the capacitor is equal
tosupplyvoltage120V

V=V1 + V2 + V3
120= 9+9+9 q Q+9

==
C, C, C. C C C
120 3930 C
9x10712
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120 —3

_ 31
0—12

a =3x120x10"?
Therefore,potentialdifference acrosseachcapacitor
—12
Ve _g _360x10*2_ 40v
Capcitance ~ 9x107%?
2. Calculatetheeffectivecapacitanceofthreecapacitorsofcapacitance

1mF,2mFand4mFrespectively,whentheyareconnectedinseries and
parallel configuration in a circuit.

=360 pC

Givenvalues:-
C.=1mF,C,=2mFandC,=4mF

(@) Whentheyareconnectedlnserles

CS ;lt ¢2 C3

_1+0.5+0.25_ 1.75
1073 103

Cs= 1x10°73 :lx10*3
1.75 1.75
Cs=0.571x10°=0.571mF

(b) Whentheyareconnectedinparallel
Co, =Ci +C, +Cg= (14+2+ 4)x10°%F
C, =7x10° F C, =7mF
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5. 2.SEMI CONDUCTORS
Introduction:

The branch of science and engineering dealing with current
conduction through vacuum tube or semiconductor is known as
electronics.

Initially,vacuumtubeswereusedintheprocessofelectricalsignal
generation, amplification and transmission. With the advent of
semiconductor devices like diode, transistor and other solid state
electroniccomponents,thevacuumtubeswerereplacedcompletelyfrom
allfieldsofapplications.Allmoderngadgetsliketelevision,computer,CD
player, automatic washing machine, etc., use microprocessors having
integrated chips which consist a large number of logic gates, diodes,
transistors,resistors,etc.,

Materials are classified as conductors, insulators and semi
conductors according to their electric conductivity. This classification is
purely based on the available number of free electrons within the
materials, apart from the bonded orbital electrons.

So the word conductivity is used to describe a material’s ability to
transport electricity. The metals like copper and gold are good
conductors. Glass and plastics, on the other hand, are very bad
conductors. Semi conducting materials like germanium and silicon has
conductivity somewhere between good conductors and insulators.

In semiconductors, charges movement can be manipulated
according to our need to make electronic devices. So silicon and
germanium are used as a base material for making electronic
componentslikediode,transistors,etc.

New emerging organic semi conductors with similar properties
resemblingconventionalsemiconductorsareavailablenow.Ingeneral,
nowaday'ssemiconductorsareclassifiedasinorganicandorganicsemi
conductors.Onecanfabricatediode,transistorsandotherdevicesusing
organicsemiconductorswhicharebiodegradable electronicdevices.

Devices fabricated using inorganic semi conductors like silicon,
Germanium,GalliumArsenide,Siliconcarbideetc.,arenotbio
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degradable which poses threat to our green environment. So the new
organic semi conductors will give us biodegradable materials, to lead
greenelectronicworld.

EnergyBandinSolids:

During solid formation, the outer most energy levels of the atoms
overlapwitheachothertoformabandofenergy.Anenergybandconsists
ofcloselyspacedenergylevels,whichareconsideredtobecontinuous.

The outermost electrons of an atom are called valence electrons
and the band of energy occupied by the valence electrons is known as
valence band (V.B.) This valence band may be partially filled or
completely filled but it cannot be empty.

The next higher permitted band of energy is called the conduction
band (C.B.). It is located above the valence band. The electrical
conductivityofsolidsdependsonthenumberofelectronspresentinthe
conduction band of their atoms.The conduction band may be empty or
partially filled and can never be completely filled. When the electrons
reachtheconductionbandfromthevalenceband,theycanfreelymove,
sotheyarecalledasfreeelectronsorconductionelectrons. Thesefree
electronsareresponsibleforflowofelectriccurrentthroughthesolid. The gap
between the valence band and the conduction band is called the
forbiddenenergygap(F.G.).

Materials are classified as good conductors, insulators and
semiconductorsbasedontheirabilitytoconductelectricity.

Energy band diagram for Conductors, insulators and semi
conductors:-

Our interest is focused on conducting property of a material. In
general,physicalandchemicalpropertiesofanelementaredecidedby  the
valence orbital electrons. For example, if valence orbit is filled, that
element is inert like He, Ne, etc. On the other hand the materials with
unfilled valence orbit exhibit electrical and magnetic properties like
metals.So,onlyvalencebandisconsideredforfurtherstudies. Theother  low
level bands are not contributing any significant changes in the
conductingproperties.
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The energy band occupied by the valence electrons is called

valenceband(V.B.)

Next, the conducting band (C.B) lies above the valence band.
Conductionbandisduetothefreeelectronsfromtheatomsofthecrystal
orsolid.Thesefreeelectronspossesskineticenergyandactsasacarrier

withinthecrystal.
The energy band diagrams for good conductors, insulators and

semiconductorareshowninthefigurebelow.

i (ConductionBand i d i d

g{ g EG“ LargeEnergy g EG‘;maIIE&:’:r)gy

gl NN &5 | o™ & mmmmm
I\ ValenceBand “\\\\\\' ValenceBand

@ (b) ©

TheaboveenergybanddiagramhasagapbetweenV.B.andC.B,
named asforbidden energy gap. So based on the energy gap between
the valence band and conduction band, the materials are classified as
goodconductor,badconductorandsemiconductor.

(a) Forgoodconductors,Es=0.Herevalencebandandconduction
bandisoverlappingeachother.

Zincisagoodexampleforconductorwhichhasoverlapofvalence
bandandconductionband.InZinc,valencebandiscompletelyfilledand the
conduction band is empty, but they overlap each other. Because of
overlap, it is considered as single band. Hence conduction band is
assumed as partially filled. Therefore, on applying a small electric field,
themetalsconductelectricity.

(b) Forlnsulator,Egvalueislarge.
Ininsulatorslikediamond,theforbiddenenergygapisquitelarge.
Theforbiddenenergygapvalueis6eV,sominimumof6eVenergyis required
for electron to move from valence band to conduction band.

Normallyconductionbandisemptyandvalencebandisfullforinsulators.
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Sincethereisnoelectronforconduction,thesetypeofmaterialsbehave
asinsulators.

(c) ForSemiconductingmaterials,theEgvalueisverysmall.

The energy band structure of the semi conductor is similar to the
insulator,buttheforbiddengapisverynarrow.Theforbiddenenergygap
isl.1eVforSilicon.ThesemiconductoractsasaninsulatoratOKandat
roomtemperaturethethermalenergyabsorbedfromthesurroundingis
enoughfortheelectrontojumpfromthevalencebandtotheconduction
band.Soasemiconductorstartsconductingatroomtemperature.

Fermilevel:-

AtOKtheelectronsstartfillingtheenergylevelsinvalenceband,  from
bottom to top level. Few electrons fill the bottom level and other
electrons above this level. So filling of energy starts from bottom of the
band to top of the band.

The highest energy level, which an electron can occupy in the
valencebandatOK,isnamedasFermilevel.

Fermilevelisalsodefinedastheenergylevelcorrespondingtothe
averageenergyofelectronsandholespresentinthecrystal.
IntrinsicSemiconductors:-

Ingeneral,semiconductorsareclassifiedasintrinsicandextrinsic semi
conductors. Semiconductors in pure form are called intrinsic semi
conductor.Example:-Acrystalformedbysiliconatomsalone.Thesilicon
atoms are arranging themselves by sharing an electron between the
neighbouring atoms. Such bond is covalent bond.

ConductionBand

.

N\ N

ValenceBand

BandEnergy

ELECTRON
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Inintrinsicsemiconductorlikesiliconforbiddenenergygapvalueis
1.1 eV. This energy is available for semiconductors placed at room
temperature.Duetothatthermalenergysomecovalentbondwithinthe
crystal breaks (or) some electrons are pumped from valence band to
conductionband.Inthebondfromwhichelectronisfreed,avacancyis
createdthere. Thisabsenceofelectronisnamedashole.Electronandholepai
riscreated. Thusatroomtemperature,apuresemiconductorwillhave both
electrons and holes wandering in random directions. This
electronandholesarecalledintrinsiccarriersandsuchasemiconductor
iscalledintrinsicsemiconductor.

Asthecrystaliselectricallyneutral,thenumberofelectronisequal to
number of holes, in intrinsic semiconductor.

.. Fermilevelliesatthemiddleoftheforbiddengap.

Thevacantplacecreatedinthevalencebandduetothejumpingof
electronfromthevalencebandtoconductionbandiscalled'hole’,which
ishavingpositivecharge.

Doping:-
Puresemiconductoratroomtemperaturepossessesfreeelectrons
and holes but their number is so small that conductivity offered by the
puresemiconductorscannotbeusedforanypracticalpurposelikedevice

making.

By the addition of certain selected impurities to the pure semi
conductor in a very small ratio (1:10°, the conductivity of a silicon or
germanium crystal can be remarkably improved.

Theprocessofaddingimpuritytoapuresemiconductorcrystalto
improve its conductivity is named as doping.
ExtrinsicSemiconductor:-

The impurity added semi conductors are named as extrinsic
semiconductors. TheextrinsicsemiconductorsareclassifiedasP-type
andN-typesemiconductors,basedonthetypeofimpurityatomsadded
tothesemiconductors.
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N-Type(Extrinsic)Semiconductor:-
Pentavalentelementlikeantimony(Sb)orarsenic(As)isaddedto pure
silicon crystals. These impurity atoms replace some of the silicon
atoms,hereandthereinthecrystal. Theaddedarsenic(As)atomshares
itfourelectronswiththeneighboratomsandreleaseitfifthelectrontothe crystal
for conduction. So these pentavalent elements are called donor
impurities,astheydonateelectrons.withoutcreatingholes.

In silicon, electron needs 1.1 eV to move from valence band to
conductionband.Thisenergybecomesavailabletothesemiconductor
evenatroomtemperature.Soatroomtemperaturefewcovalentbonds
withinthematerialarebrokenbythethermalenergyfromthesurrounding and
some electrons from the valence band are pumped to conduction
band. This process leaves some absence of electrons in the valence
band.Electronandholepairsarecreated.Atthesametime,thenumber
electronsintheconductionbandareincreasingfurtherbytheadditionof
pentavalent impurities without any addition of holes which already exist
withinthecrystal.Sothenumbersofelectronsaredonorelectronsplus
thermalelectronsatroomtemperature.Thisthermalexcitationproduces
verylesspairofelectronsandholes,whereastheaddedimpuritydonates
moreelectrons. Themajoritychargecarrierselectronsareoftheorderof
10* whereastheminoritychargecarriersholesareoftheorderof10°at 300K.

ConductionBand

e %" o | Fermi
[ ] L] LI ) ] Level
% L L] L] ase
I D
© o o o ooo \Donor
s o o o 06 o Level
m (=] o o o
o o
ValenceBand

FREE
ELECTRON
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Hence, the majority charge carriers are electrons in this material.
The electron carries negative charge, so it is named as N-type
semiconductorandconductionisduetolargenumberofelectrons.

Asthenumberofelectronsintheconductionbandismorethanthe
numberofholesinthevalanceband,inNtypesemiconductor,theFermi level
lies nearer to the conduction band
P-typeSemiConductor:-

Whentrivalentelementlikeindium,aluminium,boronisdopedwith
puresilicon,theaddedimpurityatomsreplacesomeofthesiliconatoms, here
and there in the crystal and establish covalent band with the
neighboringatoms.Indiumhasthreeelectronsbutthatindiumiscovered
byfoursiliconatomsasshowninthefigurebelow.So,oneofthecovalent
bondsisnotcompletedbysharingofelectronsbetweenthem.Thereisan
absence of electron which creates a hole.

ConductionBand
« e " s  |Acceptor
e e« s Level

mm
b3

o [=] o o000 K .
o o oo o Fermi
o o © o Level

o o

BandEnergy —»

ValenceBand

Indiumneedsonemoreelectrontocompleteitscovalentband.So
indium is an acceptor of electrons. Now, this extrinsic semiconductor
gains thermal energy from the surrounding at room temperature. So
someelectronabsorbsthisthermalenergyandjumpstotheconduction
band.Thiscreateselectronsandholespairduetothermalexcitation.So
thetotalnumberofholesinthevalancebandisduetodonor'satomplus
thermallygeneratedholes.

Theholesaremajorityandelectronsareminority.Henceconduction
is due to majority charge carriers which are holes. Here the holes are
behavinglikepositivechargecarriers.Sothismaterialisnamedas P-type.
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Asthenumberofholesinthevalencebandismorethanthenumber of
electrons in the conduction band, the Fermi level lies nearer to the
valence band, in Ptype semiconductor.

5.3.DIODESAND TRANSISTORS

Introduction:-

To understand electronic devices and circuits, brief idea about
semiconductor diodes is must. The semi conductor diode is a
fundamentaltwoterminalelectronicdevice,similartoaresistor.Thevolt ~ —
ampere (V-1) relationship of a resistor is linear. However, the V-I
characteristic of a diode is not only non linear but also depends on the
operating condition. That is resistor allow the charge carriers at any
condition and behaves like passive element. A diode allows current to
passthroughitinonedirectionandactsasaswitchinelectroniccircuits.
P-Njunctiondiode:-

Attheroomtemperature,apieceofP-typematerialhasmajorityof holes
and N-type material has a majority of electrons. When a part of intrinsic
semiconductor piece is doped with pentavalent impurities and
theremainingpartisdopedwithtrivalentimpurities,aP-Njunctiondiode
isformed.

P-region -veion+veion N-region
o © 1@ Yo
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Majority o ol® 2 o7 v Ve Majority
o
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Potentialbarrier
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Potentialbarrieranddepletionregion:

IntheP-Njunctiondiodeasshownintheabovefigure,thePregion
hascircleswithanegativesignindicatingimmobileionsandthemobile holes
are represented by small circle.

In the N region, the circles with a positive sign inside represents
immobile ions and the mobile free electrons are represented by small
dots.

Duringthejunctionformation,thefreeelectronsandholesonboth sides
of the junction migrate across the junction by the process of
diffusion.TheelectronspassingthroughthejunctionfromNregioninto the P
region recombines with holes in the P region very close to the junction.

SimilarlytheholescrossingthejunctionfromthePregionintotheN
region recombine with the electrons in the N region very close to the
junction. Thisrecombinationoffreeormobilechargesproducesanarrow
regiononeithersidesofthejunctionofwidthabout10“‘cmto10°cm.This
regioniscalledthedepletionregion,wheretherearenomobilecharges
available.

In the depletion region, the atoms on the left side of the junction
becomenegativeions(-)andtheatomsontherightsideofthejunction
become positive ions (+).Thus an internal potential difference (p.d.) is
produced across the junction. This p.d. is called the internal potential
barrier.This prevents the further flow of charge carrier from P-region to
N-region.Thepotentialbarrierforgermaniumis0.3Vandthatforsiliconis
0.7V.ThepotentialbarrierofaP-Njunctiondiodecanbedecreasedor
increasedbyapplyingexternalvoltage.

Thisbarrieractslikeabattery.Howeverthevalueofpotentialbarrier
depends upon the number of diffused impurity atoms within the silicon
crystal (or) depends upon the dopant concentration.

The arrow mark or arrow-head represents holes current flow
direction(ConventionalCurrentflowdirection),whentheyformacircuit
withanexternalsource.
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ForwardandReversebiasingofP-Njunctiondiode:

Biasing:
Applyingasuitabled.c.voltagetoadiodeisknownasbiasing.ltcan

bedoneintwoways.

ForwardBiasing:
WhenthepositiveterminalofthebatteryisconnectedtotheP-type

semiconductorandthenegativeterminaltotheN-typesemiconductorof

theP-Njunctiondiode,thejunctionissaidtobeforwardbiased.
Whentheappliedvoltageisincreasedfromzero,theholesandthe

electrons move towards the junction. Therefore the depletion layer is

decreasedanddisappearedi.e.,thepotentialbarrierisdisappeared.
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Potentialbarrier

While the holes and the electrons move across the junction, they
combine together and get neutralized. Electrons from the battery move
intotheN-typesemiconductor.Furthertheymoveacrossthejunctionand
comeoutoftheP-typesemiconductor.Hencethereisaflowofcurrent.  The
current is due to flow of electrons. Thus the P-N junction diode
conducts electricity. As the battery voltage increases, the current also
increases.Thecurrentisoftheorderofmilliampere(mA).
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Reversebiasing:
WhenthenegativeterminalofthebatteryisconnectedtotheP-type
semiconductorandthepositiveterminaltotheN-typesemiconductorof the
P-N junction diode, the P-N junction diode is said to be reverse

biased.Thenegativepotentialofthebatteryattractstheholes.Similarly,
thepositivepotentialofthebatteryattractstheelectrons. Thereforethe
holesandelectronsmoveawayfromthejunction.Hencethewidthofthe
depletionlayerincreasesandthereisnocurrentflowthroughthejunction diode
during reverse bias. However, as the reverse bias voltage increases,
the minority charge carriers move across the junction. Therefore there
is a very feeble current, which is of the order of microampere(uA).
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Diode acts as a switch. In forward biased state diode is in “ON”
position and inthereversebiased condition thesamediode isin“OFF”
position.Sodiodeisanelectronicdevicewhichallowstheconventional
current flow in one direction alone.

Diodescanbeusedinanumberofways.Forexample,adevicethat
usesbatteriesoftencontainsadiodethatprotectsthedeviceifyouinsert
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thebatteriesbackward. Thisdiodesimplyblocksanycurrentfromleaving
thebatteryifitisreversed.ltprotectsthesensitiveelectronicdevices.

P-Njunctiondiode—Rectification:

AP-Njunctiondiodeconductselectricitywhenitisforwardbiased.
Itdoesnotconductelectricitywhenitisreversebiased.Henceitisusedto
rectifyalternatingvoltage(A.C).

The process in which an AC voltage is converted into a
unidirectional(D.C)voltageisknownasrectificationandthecircuitused  for
the conversion is called a rectifier.

An electronic device which converts a.c. power into d.c. power is
namedasrectifier.
Principle:-

Itisbasedontheprinciplethatajunctiondiodeofferslowresistance path
for input signal, when forward biased and high resistance under
reversebiasedcondition.Whena.c.inputisappliedtoajunctiondiode, it
getsforwardbiasedduringthepositivehalfcycleandreversebiasedfor
negativehalfcycle.

TheFullWaveBridgeRectifier

This type of rectifier uses four diodes connected in a closed loop
"bridge"configurationtoproducethedesiredoutput. Themainadvantage  of
this bridge circuit is that it does not require a special centre tapped
transformer, normally used in the two diodes based full wave rectifier,
therebyreducingitssizeandcost. Thesecondarywindingisconnectedto one
pair of opposite ends of the diode bridge network and the load
resistance to the other two opposite corners of the bridge as shown
below.

TheDiodeBridgeRectifier

The two diodes labeled D,and D,are arranged in series pair with
respecttoeachother.SimilarlyothertwodiodesD2andD ,areinseries
pairwithrespecttoeachother.Herethediodesactasaswitch,duringthe
forwardbias.Duringthereversebiasedstateitactsasnonconductor.So
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two diodes are in “ON” and other two diodes are in “OFF” condition for
each half of the input signal. Only two diodes are conducting current
duringeachhalfcycle.Duringthepositivehalfcycleofthesupply,diodes
DlandD2conductinserieswhilediodesD3andD4arereversebiased
andthecurrentflowsthroughtheloadresistanceasshownbelow.

ACin

During the negative half cycle of the supply, diodes D3 and D4
conduct in series, but diodes D1 and D2 switched off as they are now
reversebiased.Thecurrentflowingthroughtheloadresistanceisinthe same
direction as before. That is current flow direction In the load
resistanceisfromtoptobottom.Asthecurrentflowingthroughtheloadis
unidirectional, the voltage developed across the load is also
unidirectional and thus we get d.c. voltage as output across the load
resistor.
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Transistor:

A junction diode cannot be used for amplifying a signal. For
amplification another type of semiconductor device called 'transistor'is
used.Transistorisathreesectionedsemiconductor.Transistorisasolid
state device. Two P-N junction diode placed back to back form a three

layertransistors.
base base
—— P [N| P [—= ——  N|P| N [—=o
emitter collector emitter collector

Thethreesectionsofthetransistorsarecalledemitter[E],base[B]
andcollector[C].Inatransistortheemitterisheavilydoped,sinceemitter has to
supply majority carriers. The base is lightly doped. Two type of
transistorsareavailable,namelyN-P-NandP-N-Ptransistor.

Symbolfortransistors:-

C C
collector collector
B B
base base
E E
emitter emitter
(a)PNP (b)NPN

In the symbolic representation for a transistor, the arrow mark is
placed on the emitter in the direction of conventional current flow, i.e.,
fromPtoNdirection.

ThreedifferentConfigurations:-

Inanelectroniccircuitatransistorcanbeconnectedinthree
differentways.Theyare,

(HCommonbase(CB)
(i) Commonemitter(CE)and
(iii) CommonCollector(CC)
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(a)CBMode (b)CEMode (c)CCMode

Thetermcommonisusedtodenotetheleadthatiscommontothe
inputandoutputcircuits. Thethreedifferentmodesareshownabovefor
NPNtransistor.

For proper working of a transistor, the input junction should be
forwardbiasedandtheoutputjunctionshouldbereversebiased.

Whydoweneedamplification?

When we cannot hear a stereo system, we have to increase the
volume,whenpictureinourtelevisionistoodark,weshouldincreasethe
brightnesscontrol.Inbothofthesecases,wearetakingarelativelyweak
signalandmakingitsstronger(i.e.,increasingofitspower). Theprocess
ofincreasingthepowerofana.c.signaliscalledamplification.

The circuit used to perform this function is called amplifier. An
amplifiermayalsobedefinedasadevice,whichamplifiestheinputweak
signal. Theinputsignalmaybeobtainedfromaphonograph,tapeheador
atransducersuchasthermocouple,pressuregaugeetc.

CommonEmitterAmplifier:-
Incommonemitteramplifier,theemitteriscommontoboththeinput  and
output circuits. The emitter is forward biased by using base-bias
battery Vg.and due to the forward bias, the resistance of input circuit is
low. The collector is reverse hiased by using bias battery V. The low
inputvoltagesignalisappliedinbase-emittercircuit(inputcircuit)andthe
amplifiedoutputisobtainedacrossthecollectorandemitter.
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INPUT —— VOLTAGE
VOLTAGE R SIGNAL
SIGNAL ! n-p-n v R
—_— 0

Theemittercurrent,basecurrentandcollectorcurrentarerelatedto
eachotherbytheequation.

=1+,

Also,correspondingtocollectorcurrentl,;thecollectorvoltagei.e.
voltageacrossthecollectorandemitterwillbe

Vee=Vec—IcRo

The variation in input signal voltage causes variation in emitter
current,whichinturnproduceschangeincollectorcurrentandhencein
collector voltage. These variations in collector voltage, which are
proportional to the input emitter current, appear as amplified output
voltage. The output and input voltage will be out of phase by 180°as
shownintheabovefigure.

A.C.voltagegain:-
Itistheratioofthechangeinoutputvoltagetothechangeininput voltage. It
is denoted byA.,.
Suppose that on applying an a.c. input signal, the input
currentchangesbyAl,andcorrespondingchangeintheoutputcurrentbyAl T
hen,

A_Chanqeinoutput voltage Changein
V' input voltage

Al . .
_AleXRow =" "Cxresistance gain
AIbXRin Alb
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A.C.powergain:

It is the ratio of the change in output power to the change in input
power.

. Changeinoutput power Change
A.C.powergain ="
in input power

(AIC)ZRout
b in
Advantagesofcommonemitterconfiguration:
Toncomparingthethreedifferentconfigurationsofanamplifier,with help
of their characteristics like input impedance, output impedance, current
gain, voltage gain, power gain and phase reversal the following are the
major advantages of common emitter configuration when
comparedwithotherconfigurations.

(2) Mediuminputimpedance
(b) Mediumoutputimpedance
(c) Highcurrentgain

(d) Highvoltagegain

(e) HighPowergain

() Phasereversal

Incommonemitteramplifier,theoutputsignalis180°outofphase
withinputsignal.

5.4DIGITALELECTRONICS

Introduction

With the invention of the transistor in 1948 by W.H.Brattain and
I.Bardeen,theelectroniccircuitsbecameconsiderablyreducedinsize. It
wasduetothefactthatatransistorischeaper,easilyavailable,smaller
compare to vacuum tube, less power consuming. It is widely used in
manyelectroniccircuits.
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With the development of printed circuit board (PCB) which further
reducedthesizeofelectronicequipmentsintheearly1960'sanewfield of
“microelectrics” was born primarily to meet the requirements of the
military,whichwantedtoreducethesizeofitselectronicequipment.The
driveforextremelysmallsizeofmicroelectroniccircuitsendsupwithan
invention of integrated circuits (ICs). Integrated circuits can contain
anything from one to millions of logic gates, flip-flops, multiplexers, and
othercircuitsinafewsquaremillimetre. Thesmallsizeofthesecircuits allows
high speed, low power dissipation and reduced manufacturing cost
compared with board-level integration (PCB).

Thisincreasedcapacityperunitareacanbeusedtodecreasecost
andincreasefunctionality.

In electronics, an integrated circuit (also known as IC chip, or
microchip) is a miniaturized electronic circuit (consisting mainly of
semiconductor devices, as well as passive components) that has been
manufactured on the surface of a thin substrate of semiconductor
material.Integratedcircuitsareusedinalmostallelectronicequipmentin
usetodayandhaverevolutionizedtheworldofelectronics.

TheintegratedcircuitwasinventedbyJackKilbyandRobertNoyce. This
invention is a boon for digital technologies like computer, mobile
phones,MP3andDVD's.Thislistcouldbealmostinfinite.

Digitalelectronics:

In the modern electronic world, signal processing plays vital role.
Differenttypesofsignalswithdifferentshapesaregeneratedbydifferent
devices.Twoshapesofsignalsorwavesareconsideredhere.

AnalogsignalandDigitalsignal:

The voltage signals which vary continuously with time are called
continuousoranalogvoltagesignals. TheFig(a)belowshowsatypical
voltagesignal,varyingasasinusoidalwaveofOto5v.

Ingeneral,symmetricalsquarewaveformsadigitalsignal.Fig(b)
belowshowsadigitalvoltagesignal,whichdoesnotvarycontinuallywith time.
The values will be equal to OV or 5V. By representing these two
voltagelevelsasabinarynumbers,0andlcanbeformed.

Digitalsignalprocessingisfamiliarandformedadigitalworld. The
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counters,computers,etcareoutcomeofdigitalelectronics.

t—»

PositiveandNegativelLogic:
Incomputingsystem,thebinarynumbersymbols“0”and“1”
representtwopossiblestatesofacircuitoranelectronicdevice.

Inpositivelogic,the“1’represents
1.an“ON"circuit 2.a"CLOSED"switch 3.a"HIGHvoltage
4.a”PLUS”sign 5.2"TRUE"statement.

Consequently,the“0’represents
1.an“OFF circuit 2.an“OPEN"switch 3.a“LOW’voltage
4a“MINUS”sign 5.a“FALSE”statement.

InNegativelogic,justoppositeconditionsprevail.
Suppose,adigitalsystemhastwovoltagelevelslikeOVand5V.
IfwesaythatvaluelstandsforSvandvalueOforOv,thenwehave

positivelogicsystem.

If on the other hand, we decide that’1” should represent Ov (low
voltage)andOshouldrepresent5v(highvoltage),thenwehavenegative
logicsystem.

Logicgates:

The logic gates are building blocks of digital electronics.They are
usedindigitalelectronicstochangeonevoltagelevel(inputvoltage)into
another (output voltage) according to some logical statement relating
them.

Thus,logicgateisadigitalcircuit,whichworksaccordingtosome logical
relationship between input and output voltage.

Thelogicgatemayhaveoneormoreinputs,butonlyoneoutput.
Truth table of a logic gate is a table that shows all possible input
combinationsandthecorrespondingoutputforthelogicgate.

Thelogicalstatementsthatlogicgatesfollowarecalled“Boolean
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expressions”.
1linBooleanalgebra,theadditionsign(+)isreferredasOR.The
Booleanexpressionis
y =A+B
ThisBooleanexpressionisreadasyisequaltoA'OR'B.
2. Themultiplicationsign(.)isreferredasANDinBooleanalgebra.The
Booleanexpressionis
y =A.B
ThisBooleanexpressionisreadasyisequaltoA’AND'B.
3. Thebarsign(-)isreferredtoasNOTinBooleanalgebra. TheBoolean
expressionis

y=A
Thisexpressionlsreadasyisequalto'NOT'A.

BASICLOGICGATES:

Thefollowingthreegatesviz.,ORgate, ANDgateandNOTgateare
calledasbasiclogicgates.
OR-GATE

In general, the simple OR gate is a two input and one output logic
gate. It combines the inputsAand B to give the output y, following the
Boolean expression y = A + B. The symbol, truth table and equivalent
electrical circuitare shown below.

ThefunctionoftheORgateis,theoutputis“TRUE”ifanyoneofits
inputsisinTRUE'condition.

JAA
AlB |y
4B olo| o
B y i L 1(0 1
. ol1] 1
{i]s 111 ] 1
Ba

TwoparallelSwitchesandLampisconnectedasshownabove.
Lamp “ON” is equal to 1
Lamp“OFF”isequalto0.
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Casel:-

IfboththeSwitchesAandBareopen.Nocurrentflowthroughthe
externalwire.SoLampis“OFF”i.e.equalto“0”.
Case2:-

If the Switch A is closed and B is open. The conventional current
passthrough“A’Lampis“ON”i.e..equalto1

1+0=1

Case3:-

IfSwitchAisopenandSwitchBisclosed.Currentpassthrough“B”,
SoLampis“ON’i.e..equalto1.

0+1=1
Case4:-
IfboththeSwitchesareclosed,Lampis“ON”,i.e.equaltol.
1+1=1

So,forallpossibleinputandtheobtainedoutputvaluesare tabulated. It is
called truth table.
ANDgate:-

Ingeneral,thesimpleANDgateisalsoatwoinputsandoneoutput
logicgate.ltcombinestheinputsAandBtogivetheoutputY,following
theBooleanexpression

y=A.B
i.e.yisequaltoA“AND”B.Thesymbol,equivalentcircuitandtruth
tableareshownbelow.

ThefunctionoftheANDgateis,theoutputis' TRUE'ifandonlyifall the
inputs are in "TRUE' condition.

JAA  AB

| =
[ —

Ba

R Or O|>
R, ool
R OO Ol
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In the above equivalent diagram the switches and the lamp is in
seriesconnectionmode.
Casel:-

IfboththeswitchesAandBareOPEN(i.e.,A=0,B=0)thenthelamp
willnotglow(i.e.y=0).Thecurrentwillnotpassthroughthelamp.
Case2:-

If the switch “A” is closed and “B” is open, current will not pass
throughthelamp.ThelampisOFF,soy=0.
Case3:-

If the switch “B” is closed and “A” is open, current will not pass
throughthelamp.ThelampisOFF,soy=0.
Case4:-

If both switchesAand B are closed, current will pass through the
circuit. Nowthelampis*“ON”andglowing.Soy=1.
NOTgate:-

TheNOTgateisaoneinputandoneoutputlogicgate. ltinvertsor
complements the input A to give output y following the Boolean
expression.

y=A
Thisgateisalsocalledas'inverter'. Thesymbol,equivalentcircuit
andtruthtableareshownbelow.Theequivalentdiagramisshownbelow.

ThefunctionoftheNOTgateistoinvertorcomplementitsinput.i.e.,
theoutputis' TRUE'ifinputis'FALSE'andviceversa.

+J_ i A y
P g Ope e [

Casel:-

Iftheswitch“A’isopen,thecurrentwillpassthroughthelampand
lampglows.

So,y=1whenA=0
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Case2:-

Iftheswitch“A”isclosed,thecurrentwilltakeshortestpath. Thatis
currentwillpassthroughtheswitchabove.Hencethelampis“OFF”,so y = 0
whenA= 1.

UNIVERSALLOGICGATES:

Any logic gate can be made from combinations of NAND gate or
NORgates.Hence,theNORgateandNANDgatearecalledasUniversal
logicgates.

NORgate

It is a logic gate in which OR gate is followed by a NOTgate.The
symbol,equivalentcircuitandtruthtableareshownbelow.
Thefunctionofthisgateis'inverting'theoutputoftheORgate.

y y
B B

ItcombinestheinputsAandBtogivetheoutputy,bythefollowing
Booleanexpression y=A+B

AlB vy AlB[ Y
AA olo]of1 oo 1
- 1lo0|1]o0 110l o0
A8 o1 z]0 ol1]o0
i B =)L 1120 11110
+ -
i
it

Casel:-

IfboththeswitchesAandBareopen,thecurrentflowthroughthe
lamp,Lampis“ON”.Soy=1.
Case2:-
IftheswitchAisclosedandBisopen,thecurrentwillpassthrough
theshortestpathorlowresistancepath.Henceconventionalcurrentflow

throughtheswitch“A”andreachesthecathodeofthebattery. Thelampis
“OFF”,soy=0.
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Case3:-

IftheswitchAisopenandBisclosed,theconventionalcurrentwill
passthroughtheshortestpath. ThecurrentwillpassthroughtheswitchB
andreachesthecathodeofthebattery.Currentwillnotpassthroughthe
lamp,solampisOFF,i.e.y=o.

Case4:-

IftheswitchAandBareclosed,thecurrentfromthebatterywillpass
through two parallel switches and reach the cathode of the battery.
Currentwillflowthroughshortestpath(or)lowresistancepath.Thelamp  is
“OFF”, soy =0.

NANDgate:-

It is logic gate in which AND gate is followed by NOT gate.
Thesymbol,equivalentcircuitandtruthtableareshownbelow.

Thefunctionofthisgateis‘inverting’theoutputoftheANDgate.

ItcombinestheinputsAandBtogivetheoutputy,bythefollowing
Booleanexpression

y:AE

— y Ae—|
B— B

A[B|Y]|Y A|lB| Y
ojlo]]o]1 olo| 1
A B
—AA A I T (o lol 2| 1]ol1
i o101 0| 1 1
Ba 1|1 1]1]0 1{1fo0
+ ., -
Casel:-

IfbothswitchesAandBareopen,thecurrentwillflowthroughthe
lamp.ThelampisON,soy=1
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Case2:-

If the switchAis closed and B is open, the current will again flow
throughthelamp.ThelampisON,soy=1.

Case3:-

IftheswitchAisopenandBisclosed,thecurrentflowsthroughthe
lamp.TheopenswitchAactasaintercircuitbreaker. ThelampisON,so y=1.

Case4:-

IftheswitchAandBarealsoinclosedposition,thecurrentwillpass
through the switches and reach the cathode of the battery. Current will
flow through shortest path (or) low resistance path. Hence, the lamp is
OFF,So,y=0
SimpleapplicationofNANDgate:-

NANDgateisusedtodesignaninteriorlightingsystemofacar.The
doorpositionlogicisusedhere.Thatis,Door“open’isequalto“0”input.
Thedoor“closed”isequalto”1”input.Nowatableisdrawnfordifferent
combinations ofthese inputs

Door Door Lanﬁ
A B y=A.B
0 0 1(ON)
open open
1 0
closed open 10N
0 1
open closed 10ON)
1 1
closed closed 0 (OFF)

From the above table it is clear that the lamp inside a car goes off
automatically,whenbothdoorsareclosed. ThesameNANDgatelogic
canbeextendedforallthefourdoorsofacarwithfourinputs.
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SPECIALLOGICGATES:

The following two logic gates, viz., the XOR and XNOR gates are
calledasspeciallogicgates.

1. TheXORgate:-
EXCLUSIVEORgateisabbreviatedasXORgate. Thefunctionof
thisgateistoproducetheTRUEconditionsonitsoutput,whenanyoneof its

input conditions is TRUE, but not both. i.e. the output of the gate is
HIGH(ONcondition)onlywhentheinputsaredifferent.

An OR gate recognises words with one or more 1s.The XOR gate
recognizesonlywordsthathaveoddnumberof1s.Thisiswhythecircuit is
known as EXCLUSIVE OR gate.

An XOR gate is obtained by using OR,AND & NOT gates. It is a
combinationofallthethreebasiclogicgates. Thediagram,symboland  truth
table is are shown below

A
0
0

i
1

P O R ol
O P O

TheBooleanexpressiontorepresentXORoperationis
Y=A+&WhichisreadasAXORB=AB+AB
2.  The“XNOR”gate:-

TheXNORgate(sometimesspelled'exnor'or'enor')isadigitallogic
gatewhosefunctionistheinverseoftheexclusiveOR(XOR)gate.The
symbolandtruthtableforXNORgateareshownbelow.

TheBooleanexperssionisY:A+@B+AB)_

w >
<
R R O o>
R OpR O|W
R O ORI
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IntegratedCircuits:-
AnlintegratedCircuit(IC)isjustacompactelectroniccircuit.lthas
bothactiveandpassivecomponents.

A discrete circuit is one that is built by connecting separate
components. In this case, each component is produced separately and
then all are assembled together to make the electronic circuit. For
example, consider house wiring. In that, basically switches, lamp and
wires are used. They are different components made by different
manufactures.Weassemblethemtoformacircuittoenergisethelamp
andotherequipments.

InIC,allcomponentsaremanufacturedonthesamesiliconwafer.
Diodes,transistors,resistors,capacitorsandtheirinterconnectionisalso
establishedwelltoperformaspecifictask.Henceallactiveandpassive
components are formed on the same chip, using microelectronic
techniques.

Scaleofintegration:-
Inscaleofintegration,thecircuitdensityandcomponentdensityis
playing important role. For example, 1 lakh components can form 100
circuits.Anothercircuitdesignercanform1000circuitsusingthesamel lakh
components. Hence comparing, circuit density and component density
is not unique. It all depends upon the application and circuit

designer'sidea.

An approximate method of classifying the amount of circuit or
componentsdensityisasfollows:-
1. SSI-SmallScalelntegration
Inthiscase,thenumberofcircuitspackedinonelCislessthan12
(or)numberofcomponentsislessthan50.
2. MSI-MediumScalelntegration:
Here, number of circuits per package is between 13 and 99 or
numberofcomponentsisbetween50and500.
3. LSI-LargeScalelntegration:-

In this case, circuit density is between 100 and 9999 or
componentsdensityisbetween5000and100000(hundredthousand).
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4. VLSI|-VeryLargeScalelntegration:-
Herethenumberofcircuitsperpackageisbetween10,000to
99,9990rnumberofcomponentsisbetween100000and1000000.
5. ULSI-UltraLargeScalelntegration:-
In this case, the circuit density is between 100 000 to 999 999 or
numberofcomponentsbetween1000000-10000000.
6. GSI-GigaScalelntegration:-
Herethenumberofcircuitsperpackageis1000000ormore.
Numberofcomponentsare100000000(Ninedigit)
InNSummary;

CircuitsperChip

SSI <12

MSI 12-99

LSl 100-9999

VLSI 10000-99999
ULSI 10000-9999999
GSl >1000000

ClassificationofICs:-

Integratedcircuits

v ; v
Monolithic FIYTT} Hybrid(active
(activeandpassive) (Passive) andpassive)
v v
Thin-Film ThickFilm
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ClassificationoflCsfunction:-
The earlier classification of ICs was based on their method of
construction,basedoncircuitdensityandcomponentdensity.

The hi-fi world is based on the signal processing. In general two
typesofsignalisreferredhere,analoganddigitalsignals.Now,theselCs
areclassifiedfurtherbasedonthesignaltheyprocess.

ICs

() LinearlCs:-

The Linear Integrated Circuits (LICs) are also referred as analog
ICs.SinewavesareusedandprocessedinthisICs.LICsfindwideusein
militaryandindustrialapplications.

(b) DigitallntegratedCircuits:-

In Digital Integrated Circuits (DICs), signal processed is digital
signals. Digital signals are usually binary. DICs are used in calculator
chips, micro processors, memory chips, etc.

AdvantageofICs:-

Icshavethefollowingadvantages:-

1. Extremely small physical size. Often the size is thousands of times
smallerthandiscretecircuit.

2. Weightlesswhencomparedwithadiscretecircuit. Sincemanycircuit
functionscanbepackedintoasmallarea,inmanyapplicationswhere
weight and space are critical, such as in air craft, space shuttle,
satellite, etc., the IC invention and application brought a very big
changeinthesatellitecommunicationandsatellitelaunching.

3. LifetimeoflCsislongwhichismostimportantfrombothmilitaryand
consumer application point of view. Most significant factor is the
absenceofsolderedconnections.

Extremelyhighreliability.|ICdamagesarelessunderproperusage.
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. In signal processing, the signal transfer from one circuit to another

circuitorfromonedevicetoanotherdeviceisfastwhenweuselCs..
Moreover,becauseofshortdistancebetweentheinternalcircuits,the
straysignalpickislessandnilinmanylCs.Responsetimeandspeed  are
more, on the other hand.

5. Lowpowerconsumption.

6. Easyreplacement

7. Cost effective due to mass production of IC and less failure rate in

massproduction.

DisadvantagesofICs:-

1.
2. ICsfunctionatfairlylowvoltages.

3.

4. |ICsaretemperaturesensitiveandusageoflCsinhotenvironmentisa major

Fabricationofcoilandinductorsisnotpossibleonasiliconwafer.
Theyhandlelimitedamountofpower.

disadvantage. So ICs are highly insulated from heat and
radiationinspacetechnologyapplications.

. The various components and their inter connections are tiny. So

powerfulmicroscopesareneededtocheckthelCs.

. IC failures may be due to defects in semiconducting materials.Apart

fromdefectsinthecrystalsusedforlCsfabrication,thedustparticles  will
also cause a major failure in ICs fabrication. So high class clean
roomisneeded.

. Singlecrystalgrowthwithoutdefectsneedsophisticatedmachines.

QUESTIONS

Part— A

o gk wnh e

Definecapacitanceofacapacitor.

Definefarad.

Writethreedielectricmediumusedinacapacitor.
Writeanytwoapplicationsofcapacitors.
Writetheenergystoredincapacitor,withdetails.
Writetheexpressionsforeffectivecapacitancewhentwocapacitors are

connected in Series and in parallel.
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10.
11.
12.

13.
14.
15.
16.

17.

18.
19.
20.

21.
22.
23.
24,
24.
25.
26.

27.

28.

29.
30.

Findtheeffectivecapacitancewhentwoequalcapacitorsare
connectedinseries.

Whatisforbiddenenergygap?

WhatisFermilevel?

WhatisDoping?

Whatisthepurposeofdoping?
Namethetwotypesofextrinsicsemiconductorandwritethe majority
and minority carriers in each.
WhatisaholeinPtypesemiconductors?
WhatispotentialbarrierinP-NJunctiondiodes?
WhatisdepletionregioninP-Njunctiondiodes?
Howwillyouconnectthebatteryforforwardbias?Forthisbias,does
thediodeactasaconductorornonconductor?.
Howwillyouconnectthebatteryforreversebias?Forthisbias,does
thediodeactasconductorornonConductor?
Whatistheadvantageofabridgetyperectifier?
DrawthesymbolforPNPandNPNtransistor.
Writethethreedifferentconfigurationsforatransistorusein
electroniccircuits.
Writeanytwoadvantageofcommonemitterconfiguration.
Whatisamplification?
Whatisthedifferencebetweenanaloganddigitalwaves?
Whatispositivelogic?

Whatisnegativelogic?

Whatarethebasiclogicgates?
DrawthesymbolforORgateandwritetheBooleanExpressionfor
thesame.
DrawthesymbolforANDgateandwritetheBooleanExpressionfor
thesame
DrawthesymbolforNOTgateandwritetheBooleanExpressionfor
thesame

Whataretheuniversallogicgates?
DrawthesymbolforNANDgateandwritetheBooleanExpression
forthesame
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31. Whatarethespeciallogicgates?
32. DrawthesymbolforNORgateandwritetheBooleanExpressionfor

thesame

33. DrawthesymbolforXORgateandwritetheBooleanExpressionfor
thesame

34. DrawthesymbolforXNORgateandwritetheBooleanExpression
forthesame.

35. WhatisanintegratedCircuit?

36. ScalingoflCsisbasedonwhatfactors?
37. WhatislinearIC?

38. WhatisdigitallC?

Part-B

1. Derive the expression for effective capacitance when three
capacitorsareconnectedinseries.

2. Derivetheexpressionforeffectivecapacitancewhenthree
capacitorsareconnectedinparallel.

3. Showthatwhentwoequalcapacitorsareconnectedinparallel,the
systemhasfourtimesthecapacitanceofthatobtained,whenthey
areconnectedinseries(Cp=4Cs)

4. Findtheresultantcapacitanceofthreecapacitorsofcapacitance
20mF,30mFand50mF,whentheyareconnectedinseriesandin
parallel.

5. Thecapacitorsofcapacitance3mFandsmFareconnectedin
series. Calculate the effective capacitance of the capacitors and
potentialdifferenceacrosseachCapacitor,whentheyarepowered
by60VDCsupply.

6. Explainhowtoidentifygoodconductors,semiconductorsand

insulatorsusingenergybanddiagram.

Writeshortnotesaboutintrinsicsemiconductor.

ExplaintheFormationofExtrinsicP-typesemiconductors.

ExplaintheFormationofExtrinsicN-typesemiconductors.

10. ExplaintheP-Njunctiondiodeformation,depletionregionand
barrierpotential.

© o N
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11. ExplaintheforwardbiasactioninaP-Njunctiondiode,withaneat
diagram.

12. ExplainthereversebiasactioninaP-Njunctiondiode,withaneat
diagram.

13. Explainthefullwavebridgerectifierwithaneatcircuitdiagramand
inputandoutputwaveforms.

14. Explaintheworkingofatransistorconnectedincommonemitter
configuration,asanamplifier.

15. Explainallthethreebasiclogicgateswithsymbols,Boolean
expressionsandTruthtables.

16. ExplaintheNANDandNORgateswithsymbols,Boolean
expressionsandtruthtables.

17. ExplaintheXORandXNORgateswithsymbolsandtruthtables.

18. Explain level of integration in ICs based on circuit densities
andcomponentdensities.

19. Discusstheadvantagesanddisadvantagesof|Cs.

Brainteasers:

1. Explainhowareversedbiasdiodeactsasvariablecapacitor.

2. Two capacitors of capacitance 3 m F and 6 m F are connected in
seriesandchargedbyconnectingabatteryof10v.Nextreplacethe
batteryfromthecircuit,connectawirebetweentheterminals(show
circuiting process). What is the final charge stored on the
capacitors?

3. Analyzethecircuitgivenbelowandexplainthecurrentflowdirection
through the circuit. When will the lamp glows connected in series
withthecapacitor?

Bulb

S,
A.C input
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whichisreversedbiased?

Inthefollowingcircuits,whichofthediodesisforward—biasedand

R
= = -10v
5. HowtheP.N.Ptransistorshownbelowisbiased?
+1V
C
oV B
6.

truthtable.

-2V

Provethatthefollowingdiagram'struthtableisequaltoNANDgate
AS—
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SECONDSEMESTER
2004ENGINEERINGPHYSICS-II

MODELQUESTIONPAPER-1

Time:3Hrs MaxMarks: 75

PART-A
Marks15x1=15

Note: Answeranyl5Questions.
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20.

Defineconvection.

Defineco-efficientofthermalconductivity.
Writetheexpressionforrootmeansquarevelocityofmolecules.
Definespecificheatcapacityofasubstance.
WriteFirstLawofthermodynamics.

Defineisothermalchange.

Definetemperatureofinversion.
Writeanytwoadvantagesofrenewableenergy.
WritetheSnell'slawofrefraction.

. Whatispopulationinversion?

. Writeanytwoapplicationsofphotoelectriccells.

. Whatisremotesensing?

. Defineresistivity.

. WriteJoule'slawofheating.

. WriteFleming'sLeftHandRule.

. Definemutualinduction.

. Define'farad'.

. Whatisa'hole'?

. Write the three possible configurations in which a transistor can be

connected.
Writethevariouslevelsofintegration.
PART-B
Marks5x12=60

Note:i)AnswerallQuestionschoosinganytwosubdivisionsfromeach

guestion.
iAllsubdivisionscarryequalmarks.

la)Listthepropertiesofthermalradiation.

b) Deriveanexpressionforthepressureofagasonthebasisof postulates

of kinetic theory of gases.
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c¢) Theratioofspecificheatcapacitiesofagasis1.66.Assumingthe
valueofuniversalgasconstantRas8.12JK"mol™ findthevalues of
specific heat capacity at constant pressure and specific heat
capacity at constant volume of the gas.

Il a)10litresofgasatSatmosphericpressureissuddenlycompressed to
half of its initial volume. Find the resulting pressure, assuming
=1.667.

b) Explainthecascadeprocessofliquefactionofoxygen.
¢) Explainsolarenergy,windenergyandtidalenergy.

Il a)Explaintheapplicationoftotalinternalreflectioninopticalfibre
cableasawaveguide.

b) ExplaintheproductionofLASERusingaSemiconductordiode source.
c¢) ExplaintheworkingprincipleofRADARwithablockdiagram. IV

a) DerivetheconditionforbalancingWheatstone'snetwork.

b) Deriveanexpressionforthetorqueactingonarectangularcurrent
carryingcoilplacedinauniformmagneticfield.

¢) AGalvanometerofresistance75Qshowsfullscaledeflectionfora
currentof100mA.Howwillyouconvertitintoi)anammetertoreada
maximumof5Aandii)avoltmetertoreadamaximumof10V?

Va)Threecapacitorsofvalues10F,20Fand30Fareusedinacircuit.
Findtheeffectivecapacitancewhentheyareconnectedi)inseries
andii)inparallel.

b) Explain the working of a Full Wave rectifier with a neat circuit
diagramusingP-NjunctiondiodesinbridgetypeConfiguration.

¢) ExplaintheworkingofaNPNtransistorasanamplifierincommon
emitter configuration, with a neat circuit diagram.
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SECONDSEMESTER
2004ENGINEERINGPHYSICS-II

MODELQUESTIONPAPER-II

Time:3Hrs MaxMarks: 75

PART-A
Marks15x1=15

Note: Answeranyl5Questions.

12.
13.
14.
15.
16.
17.
18.
19.
20.

Whatisconduction?

Writeanytwopropertiesofthermalradiation.

What is the relation between the pressure and kinetic energy of a
gas?

Definespecificheatcapacityofagasatconstantpressure.
WriteClausiusstatementofsecondlawofthermodynamics.
Whatisadiabaticchange?

WhatistheprincipleofCascadeprocess?

Whatissolarenergy?

Definerefractiveindexofamedium.

. WriteanytwoadvantagesofOpticalFibreCable.
. WriteEinstein'sphotoelectricequationandexplaineachterminthat

equation.
ExpandtheacronymRADAR.
WritethestatementofOhm'slaw.
WriteFaraday'sfirstlawofelectrolysis.
Whatisshunt?
WritethestatementofLenz'slaw.
Writeanytwoapplicationsofcapacitors.
Whatisdoping?

Definerectification.
DrawthesymbolicrepresentationofNANDgateandwriteitsBoolean
expression.
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PART-B
Marks5x12=60
Note:i)AnswerallQuestionschoosinganytwosubdivisionsfromeach
question.
i)Allsubdivisionscarryequalmarks.

| a)Explaintheselectionofgoodandpoorthermalconductorsbasedon
theirthermalconductivities.

b) The density of a gas is 1.25 kg m~at N.T.P. Find the Root mean
squarevelocityofitsmolecules.
c) DeriveMyer'srelationC,—C,=R.

Il a)9litersofagasatlatmpressureiscompressedslowlytopressure of 3

atm. Find the resulting volume.
b) ExplainliquefactionofairbyLinde'sprocess.
¢) Explaingeothermalenergyandbiomass.

[l @)Explainspontaneousandstimulatedemissions.

b) Explaintheworkingofphotoemissivecellandphotovoltaiccell.
a) Explainthecomponentsofremotesensing.

IV a)Calculate the length of the wire required to make a 10 ohm
resistance,iftheradiusofthewireis0.25mmandtheresistivityof
thematerialofthewireis1x10°Qm.

b) Describe an experiment to determine the electro chemical
equivalent of copper using copper volta meter.

c) Describe the construction and working of a moving coil
galvanometer.

V a)Deriveanexpressionforeffectivecapacitancewhencapacitorsare
connectedinparallel.

b) Explain the energy band diagram of good conductors, insulators
andsemiconductors.
¢) Explainvariouslevelsofintegration.
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SECONDSEMESTER

PRACTICAL -l

REFRACTIVEINDEX
ExperimentNo.:
Date:
Aim:
Todeterminetherefractiveindexofatransparentliquid(water)
usingtravellingmicroscope.
Apparatusrequired:
Givenliquid,glassbeaker,travellingmicroscope,lycopodium
powder,pin,etc.
Formula:
Therefractiveindexofliquid(water)
Real depth of the liquid
Apparentdepthof theliquid
_Reading 3 - Reading 1
~ Reading3-Reading2

Description:

Atravellingmicroscopeisanordinarymicroscopefixedonastandin
suchawaythatitmaybemadetotravelinverticalaswellashorizontal
directionwithoutdisturbingitsadjustedfocus. Thereadingsarerecorded by
means of main scale and vernier scale of high accuracy (0.001 cm)
attachedtotheinstrument.

Procedure:

The least count of the microscope is determined as in the case of
verniercalipers.

Asmallpinisfixedhorizontallywithwaxorcellotapeatthebottomof
theemptybeaker. Thetipofpinisfocussedclearlyonthemicroscopeand the
corresponding main scale reading (MSR) and vernier scale
coincidence(VSC)intheverticalscalearenotedinthetabularcolumn.
(Readingl)
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The given liquid is taken in the beaker. Now the pin is apparently
raised through a height. Therefore, it will be no longer in focus. The
microscopeismovedupwithoutchangingtheadjustedfocus,sothatthe
image of the pin is clearly seen through the microscope. The
correspondingmainscalereading(MSR)andvernierscalecoincidence
(VSC)intheverticalscalearenotedinthetabularcolumn.(Reading2)

Finally, a little lycopodium powder or saw dust which can float on
liquidisscatteredonthesurfaceoftheliquid. Themicroscopeisfurther
movedupwithoutchangingtheadjustedfocus,sothattheclearimageof
lycopodiumpowderisseenthroughthemicroscope.Thecorresponding
main scale reading (MSR) and vernier scale coincidence (VSC) in the
verticalscalearenotedinthetabularcolumn.(Reading3)

ThedifferencebetweenthisReading3andReadinglgivesthereal
depth of the liquid, whereas the difference between Reading 3 and
Reading2givestheapparentdepthoftheliquid.

By substituting the readings in the formula, the refractive index of the
liquid(water)isdetermined.

Result:

Therefractiveindexoftheliquid(water)=

M
o]
E = =
T B
Pin at the Pin viewed Lycopodiumpowder
bottomofthe throughthe scattered on the
beaker liquid surface of the

liquid
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TofindLeastcountofmicroscope:

Leastcount:

Valueof20MSD
ValueofIMSD

No.ofdivisionsonthevernierscale(n)

Tabularcolumn:

Leastcount=

cm

LeastCount(LC)=

cm

cm

lxvalueoflMSDn

= cm

Position

MicroscopeReadings

MSR

VSC VSR=VSCxL

C OR =MSR + VSR

Unit

cm

div cm

cm

Clear image of tip of
the pin fixed at the
bottomofthebeaker.

(Readingl)

Clear image of tip off
thepin,aftertheliquid
istakeninthebeaker.

(Reading?2)

Clearimageof

lycopodium  powder|
scatteredon the
surfaceofliquid.

(Reading3)

Calculation:

Therefractiveindexofliquid(water)

Real depth ofthe liguid

Apparentdepthoftheliquid
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RealdepthoftheLiquid =Reading3-Readingl

= cm- cm
= cm
Apparentdepthoftheliquid =Reading3-Reading2
= cm- cm
= cm
Refractiveindexoftheliquidu=
SOLAR CELL
ExperimentNo.:
Date:
Aim:

TodrawtheV-Icharacteristicscurveforthegivensolarcell.

Apparatusrequired:
Solarcell,milliammeter(0—-100mA),voltmeter(0-2V),variable
resistor(0—1kQ),60Wbulb,connectingwires,plugkey.

Theory:

Thesolarcellisasemiconductordevicethatconvertssolarenergy
(electromagnetic radiation) into electrical energy by photovoltaic effect.
Solar cells are widely used to produce electrical energy from sun's
radiation.

Asolarcellconsistsofap-njunctiondiode,inwhichelectronsand holes
are generated by the incident photons (i.e. electromagnetic
radiation).Whenanexternalcircuitisconnectedthroughthep-njunction
device, a current passes through the circuit. Therefore, the device
generatespowerwhentheelectromagneticradiationisincidentonit.

Procedure:
Avoltmeter,milliammeterandavariableresistorofOto1000o0hm
andaplugkeyareconnectedasshowninthecircuitdiagram.

Thesolarcellisilluminatedbyafilamentbulbof60W.Nowthetwo
pinsofthesolarcellarepluggedintothetwoterminals(AandA)of the
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milliammeterandtheshortcircuitcurrentl isnoted,keepingtheplugkey
inopencondition.

Thenthetwopinsofthesolarcellarepluggedintothetwoterminals
(VandV)ofthevoltmeterandtheopencircuitvoltageV,isnoted,keeping the
plug key in open condition.

Now the plug key is closed to include the variable resistor in the
circuit.Byslowlychangingthevalueofresistanceincludedinthecircuit, the
milliammeter readings are noted for various values of voltmeter
readingsinstepsof0.1Vor0.2V.

Thereadingsofboththemilliammeterandvoltmeterareenteredin
thetabularcolumn.Withthesereadings,theV—Icharacteristicsgraphof
thesolarcellisdrawn.

Result:

ThustheV-Icharacteristicsofthesolarcellisdrawn.

Note:
i) TheV.andlvaluesdependonthetypeofsolarcellandnumberof  solar
cells used in the solar panel.
i) These values also depend on the source of electromagnetic
radiation,whichweusetoirradiatethesolarcell.

iif) Careshouldbetakensothatthebulbandsolarcelldonotcome into
direct contact. (l.e. touch each other). In such case the
readingsofthemetersmaygobeyondtherangeandthesolarcell
maygetdamaged.

CircuitDiagram

S| Aa—isc

gz:_' (key open)
SOLAR oZ |V V—>Voc
PANEL g (key open)

g

E.M N
Radiation 0>
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TabularColumn:

Shortcircuitcurrentl, = mA
OpencircuitvoltageV,.= volt
SN Voltagegeneratedbythe Currentdeliveredbythe
N0 solar cell (V) solar cell (1)
Unit volt milliampere
ModelGraph:
Ya
) s Scale:xaxis:
°© .
o= Yaxis:
o=
= Q@
g:1
£3
23 g
SEE . X

VGC
Voltagegeneratedbythe Solar
cell (v) in volt—>

SPECTROMETER
ExperimentNo.:
Date:
Aim:

To determine the angle of the prism and the angle of minimum
deviation using spectrometer and to calculate the refractive index of
glass.

Apparatusrequired:

Spectrometer, given glass prism, Sodium vapour lamp, Reading

lens,blackcloth,etc.
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Formula:

Therefractiveindexofthematerialoftheglassprism

WhereA=angleoftheprism

D=angleofminimumdeviation

Description:
sin|rAL2m |J
o — e
sin|—
2]

Spectrometerisanopticalinstrumenthavingthreeparts

(i) Collimator (ii) Telescope and (iii) Prism table. The following initial
adjustmentsshouldbecarriedoutbeforestartinganyexperimentwitha
spectrometer.

a)

b)

c)

d)

Thetelescopeisturnedtowardsawhitewallofbackgroundandthe
eyepieceisgentlypushedinorpulledoutsothataclearimageofthe cross
wires is seen without parallax.

To adjust the telescope for parallel rays, the telescope is directed
towardsadistantobjectlikedistanttreeorbuildingandthedistance
between the objective lens and the eyepiece is altered till the clear
imageofthedistantobjectisseeninthefieldofviewoftelescope.

To adjust the collimator for parallel rays, the slit of the collimator is
illuminated with a monochromatic source of light (sodium vapour
lamp).Thetelescopeisbroughtinlinewiththecollimatorinorderto
catchtheimageoftheslitinthetelescope. Thedistancebetweenthe
convex lens in the collimator and the slit is altered to get the clear
imageoftheslitthroughthetelescope,sothatthewidthoftheslitis
minimized.
Theprismtableismadeperfectlyhorizontalbyadjustingthescrews
providedwiththehelpofthespiritlevel.
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Procedure:
AngleoftheprismA:

Aftermakinginitialadjustments,theleastcountofthespectrometer is
determined (as in Vernier Calipers).

Having a very fine slit, the telescope is adjusted for direct ray. A
prismisplacedontheprismtableasshowninthefigure. Thetelescopeis turned
to catch the reflected image from one polished face AB of the prism.
Fixing in that position, the tangential screw is adjusted till the
verticalcrosswireismadetocoincidewiththefixededgeoftheimageof
theslit. Thereadingsinthescaleslandllarenoted.

The telescope is then turned to the other polished faceAC of the
prism.Thereadingsinthescaleslandllarenotedwhentheverticalcross
wirecoincideswiththefixededgeoftheimageoftheslit. Thedifference
betweenboththescalelreadingsis2A.Similarlythedifferencebetween
boththescalellreadingsis2A. Thentheaverageoftheangleoftheprism
Aiscalculated.

AngleofminimumdeviationD:

Theprismisplacedontheprismtableasshowninthefigure. The
rayoflightfromthecollimatorincidentononepolishedfaceoftheprism  gets
refracted and emerges out of the other polished face. Viewing the
imageoftheslitthroughthetelescope,theprismtableandtelescopeare
rotatedsimultaneouslythroughsmallanglesuchthattheimageoftheslit
movestowardsthedirectray.Atonestage, itisfoundthattheimageofthe
slitisstationaryforamomentandonrotatingtheprismtablefurtherinthe
samedirectiontheimagebeginstoretraceitspath. Thetelescopeisfixed
atthatposition,thecrosswireismadetocoincidewiththefixededgeof
theimageoftheslit.Atthisminimumdeviationposition,thereadingsof scales
| and Il are noted.

Theprismisremovedfromtheprismtable. Thetelescopeisbrought in
line with the collimator and the image of the slit is seen through the
telescope.Theverticalcrosswireismadetocoincidewiththefixededge
oftheimageoftheslit. Thereadingsinthescaleslandllarenoted.

Thedifferencebetweenthetworeadingsofscalelorscalellgives  the
angle of minimum deviation D. Hence the refractive indexof the
materialoftheprismiscalculatedusingtheformula.
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Result:

Therefractiveindexofthematerialoftheprismu=

Telescope

Observations:
LeastcountofSpectrometer:

Value0f20MSD

ValueofIMSD

Prism table \
Collimator v

No.divisionsontheVernierscale(n) =

Tabularcolumnl:

LeastCount(LC)

=lxvalueof1MSD n

TodeterminetheangleoftheprismA

LC=
Spectrometerreadingsindegree
Scalel Scale ll
Ray
VSR = OR= VSR = OR=
MSR| VSC MSR|VSC
VSCxLC |[MSR+VSR VSCxLC [MSR+VSR
Readingof
thereflected X, = Xe=
ray (left)
Readingof
thereflected X,= X,=
ray(right)
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2A=(X1~X,)= 2A=(Xs~X,)=
A= = A= =
2 2
TheaverageangleoftheprismA = +
_ 2
A
Dire&tray
Tabularcolumnll:
TodeterminetheangleoftheminimumdeviationD
LC=
Spectrometerreadingsindegree
Scalel Scale ll
Ray
VSR = OR= VSR = OR=
MSR| VSC MSR| VSC
VSCxLC |[MSR+VSR VSCxLC [MSR+VSR
Readingof
minimum
. d= 3=
deviated
ray
Re.adlngof d,= di=
Direct ray
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Theangleoftheminimumdeviationoftheprism D=M

2
D,=(d,~d,)= D,=(ds~d,)=
Calculation:
[ A+D]
- Sln| L+2 IJ _ _
sin,—
2

Therefractiveindexofthematerialoftheglassprism

OHM'S LAW
VerificationofLawsofResistances
ExperimentNo.:
Date:
Aim:
Toverifythelawsofresistanceswhenthetwogivenstandard
resistancesareconnectedi)inseriesandii)inparallel,usingOhm'slaw.
Apparatusrequired:

Twoknownstandardresistances,battery,key,rheostat,ammeter,
voltmeter,connectingwires,etc.

Formulae:
i) WhentworesistancesR,&R,areconnectedinseries,theireffective
resistanceisgivenbytheformulaRs=R,;+R,

R =
S

Theformulafordeterminingtheeffectiveresistancebyexperimentis
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i) WhentworesistancesR,&R,areconnectedinparallel,their
RBuR,
R, +R,
effectiveresistanceisgivenbytheformula
RE
P
Theformulafordeterminingtheeffectiveresistancebyexperimentis
where
R,=thevalueoftheonestandardresistance
R,=thevalueoftheotherstandardresistance

E=Potentialdifferencebetweentheendsoftheresistances

(Voltmeterreading)

I=Currentflowingthroughtheresistances(Ammeterreading)
Procedure:

Resistancesinseries:

ThegiventworesistancesR,andR,areconnectedinseries.This
combination is again connected in series with a battery eliminator, key,
rheostat and an ammeter. The voltmeter is connected in parallel to the
combinationofresistancestomeasurethepotentialdifferenceacrossthe
resistances.

Now the circuit is closed. By adjusting the rheostat for different
values of current, the corresponding values of potential difference are
notedintabularcolumnl.TheeffectiveresistanceRsiscalculatedineach
caseusingtheformula.ThentheaveragevalueofeffectiveresistanceRsiscalc
ulated.

Resistancesinparallel:
ThegiventworesistancesR,andR,areconnectedinparallel. This
combination is again connected in series with a battery eliminator, key,
rheostat and an ammeter. The voltmeter is connected in parallel to the

combinationofresistances,tomeasurethepotentialdifferenceacross
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theresistances.

Now the circuit is closed. By adjusting the rheostat for different
values of current, the corresponding values of potential difference are
noted in tabular column 1.The equivalent resistance R.is calculated in
each case using the formula. Then the average value of effective
resistanceR,iscalculated.

Result:
1) Whentheresistancesareconnectedinseries:
i. TheeffectiveresistancebycalculationRs= ohm
ii. TheeffectiveresistancebyexperimentRs= ohm
2) Whentheresistancesareconnectedinparallel:
i. TheeffectiveresistancebycalculationR.= ohm
ii. The effective resistance by experiment R.= ohm
Thelawsofresistancesareverified,usingOhm'slaw.
Circuitdiagramforseriesconnection

Battery \l,
o

| (o} MAW

[ Rheostat

R R

AMAM__ MM (7)
+\J -
//_1\ Ammeter

+\_/-Voltmeter
ResistanceR, = ohm; ResistanceR,= ohm
EffectiveresistanceR.=R,+R,

= ohm = ohm
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Tabularcolumnl:

Currentflowingthrough Potentialdifferencebetween E

Sl the resistances the ends of resistances R=—

No (Ammeter reading) (Voltmeter reading) s [
I E

Unit div ampere div volt ohm

1.

2.

3.

4.

5.
TofindthevalueofeffectiveresistancewhenR,andR,areinseries
AveragevalueofeffectiveresistancewhenR,andR,

areconnectedinseriesRs = ohm
E
1)E= volt; I= ampere; R="=
S
I
Calculation:
2)
ke
Battery I||I' f¥ *Iﬂ
[ R, Rheostat
[ R | (A
WA 7
Ammeter
()
+ -

Voltmeter
Circuitdiagramforparallelconnection
ResistanceR,= ohm;R xRgsistanceR,= ohm

R.=
R,+R,

Effectiveresistance =
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Tabularcolumnll:

ohm

Currentflowingthrough Potentialdifferencebetween
Sl the resistances the ends of resistances R:E
No (Ammeter reading) (Voltmeter reading) s
I E
Unit div ampere div volt ohm
1.
2.
3.
4.
5.
TofindthevalueofeffectiveresistancewhenR,andR.areinparallel
Average value of effective resistance when R,andR,
areconnectedinparallelR;, = ohm

1)E= volt;
Calculation:
2)

ExperimentNo.:
Date:

Aim:

ampere;

E

Ry :l—: ohm

METRE BRIDGE

Apparatusrequired:
Metrebridge,givenwire,variableresistancebox,Leclanchecell,

312

Todeterminetheunknownresistanceofthegivenwire.




plugkey,galvanometer, highresistance,jockey,connectingwires, etc.

XX,
2

X

Formulae:
x=R2whentheresistanceboxRisintherightgap(G)

1
l,

x:RI—“whentheresistanceboxRisintheleftgap(G)
1 I3

Theresistanceofthegivenwireis where

R=valueofresistanceintroducedintheresistancebox

I,1,,l,andl,arebalancing lengths.

Description:

AmetrebridgeconsistsofauniformwireACoflengthonemetre.ltis
stretchedonawoodenboard.TheendsofthewirearefixedtotwothickL
shapedcopperstripsatAandC.Bindingscrewsareprovidedattheends
ofthestrips.Athirdcopperstripisfixedonthewoodenboardbetweenthe
firsttwostripssoastoformtwogapsG,andG,. Thisstripisprovidedwith
threebindingscrews.Ametrescaleisfixedonthewoodenboardparallel
tothelengthofthewiretomeasurethebalancinglengths.AjockeyJis
providedbymeansofwhichcontactcanbemadeatanypointonthewire.

Procedure:

TheunknownresistanceX(givenwire)whichistobedeterminedis
connectedinthegapG,andaresistanceboxRisconnectedinthegap G..

ALeclanche cell and a key K are connected between the pointsA
andC.Agalvanometer,highresistanceandthejockeyareconnectedas
showninfigure.

Asuitableresistance(say2.0Q)isintroducedintheresistancebox
R.NowthekeyisclosedandthejockeyispressedatapointneartheendAofmetr
ebridgewireandthenatapointneartheendC.Ifthedeflections
inthegalvanometerareinoppositedirections,thentheconnectionsarecorre
ct.
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ThejockeyisgentlyslidedfromAendonthebridgewireACtillthe
galvanometer shows null deflection and the balancing point J is found.
ThebalancinglengthAJismeasuredasl,andtheremaininglengthJCis
notedasl,i.e.l,=(100-,). Theexperimentisrepeatedbyincreasingthe
valuesintroducedintheresistanceboxinstepsof0.2Q2. Thereadings
aretabulated.Theresistanceofgivencoilofthewireiscalculatedusing
thegivenformula.TheaveragevalueoftheX;isfound.

The given wire X and resistance box R are interchanged i.e. the
unknown resistance X (given wire) is connected in the gap G,and the
resistanceboxRisconnectedinthegapG,.

A suitable value of resistance (say 2Q) is introduced in the
resistanceboxR.Nowthekeyisclosedandthejockeyispressedata
pointneartheendAofmetrebridgewireandthenatapointneartheend
C. If the deflections in the galvanometer are in opposite directions, the
connectionsarecorrect.

ThejockeyisgentlyslidedfromAendonthebridgewireACtillthe
galvanometer shows null deflection and the balancing point J is found.
ThebalancinglengthAJismeasuredasl,andtheremaininglengthJCis
notedasl,i.e.l,=(100-,). Theexperimentisrepeatedbyincreasingthe values
introduced in the resistance box in steps of 0.2Q.The readings are
tabulated. The resistance of given the wire is calculated using the
givenformula.TheaveragevalueofX,isfound.

UsingthevaluesofX,resis andX,theaveragevalueofunknown
tanceisdetermined.

Result:
Leclanchecell+ | | -

. . j
Resistan¢eofthegivenwireX=
Givenwire

314



Tabularcolumnl:

Known Balancing lengths l,
’\SII' Resistance =R |
0- R 1, ,=100-I, | 1,=1.0-I, 2
Unit ohm cm m cm m ohm

1.

2

3

4.

5
TofindtheunknownvalueofresistanceX,whenRisinthegapG,The
average value of X,= ohm

Calculation:
I
X:R—lz
! I
2
1) R= ohm;l, = m;l, = m
1,
X:R—:
! I
2
Leclanchecell+ | | - Ke,_\
I I NS
Resistancebox Givenwire
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2) R=

ohm;l,

Tabularcolumnl:

m;l,

’\SI(L'. Reﬁ?ﬁgﬁce Balancing Ie;ngths i X2:R|—4 I
R ls [,=100-l; | 1,=1.0-1 3

Unit ohm cm m cm m ohm

1.

2

3

4.

5

TofindtheunknownvalueofresistanceX,whenRisinthegapG,

TheaveragevalueofX,= ohm
Calculation:
2
l;
1) R= ohm; l,= m; l,= m
l,
X:R—:
2 I
3
Ave—rageresistance-ofthewirex:m
2
2) R= ohm; l, = m; l=
= ohm
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POTENTIOMETER

ExperimentNo.:
Date:
Aim:
Tocomparetheelectromotiveforces(e.m.fs)ofthegiventwocells,
usingapotentiometer.

Apparatusrequired:

Potentiometer, given two cells (Leclanche cell and Daniel cell),
batteryeliminator,rheostat,plugkey,twowaykey,galvanometer,high
resistance,jockey,connectingwires,etc.

Formula:

Theratioofe.m.fsoftwocells

where
E,=e.m.foffirstcell(Leclanchecell) E,
=e.m.fofsecondcell(Danielcell)
l,=balancing length when e.m.fofLeclanche cell isprojected in
theprimarycircuit
l,=balancinglengthwhene.m.fofDanielcellisprojectedinthe
primarycircuit

Description:

Thepotentiometerconsistsof4m,6mor10mlongwireofuniform
resistancekeptstretchedonawoodenboardbetweentwoterminals.To
maketheapparatuscompactthewireisarrangedontheboardinzigzag
manner in segments, each of one metre in length. A jockey is also
providedtomakecontactatanypointonthewire. Ametrescaleisfixed
parallel to the length of the wire using which readings can be taken
directly.

ThebatteryBa,keyK,rheostatRhandthepotentiometerwireAB
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areconnectedinseries.Thisiscalledprimarycircuit.

E,and E,are the e.m.fs of the Leclanche cell and Daniel cell
respectively which are to be compared. The positive terminals of
Leclanche cell and Daniel cell are connected to the terminal A of
potentiometer wire. The negative terminals are connected to the two
outerterminalsoftwowaykey.Thenthemiddleterminaloftwowaykeyis
connectedwithjockeythroughgalvanometerandhighresistance.Thisis
calledsecondarycircuit.

Procedure:

Theprimarycircuitisclosedandtherheostatintheprimarycircuitis
adjusted to send a suitable current. The top gap of the two way key is
closedtohavel eclanchecellofe.m.f.E includedinthecircuit. Thenthe
jockey is pressed at the endsAand B of the potentiometer wire. If the
deflections in the galvanometer are in opposite directions, then the
connectionsarecorrect.SimilarlytheDanielcellofe.m.f.Eisincludedin
thecircuitandthecircuitconnectionsarechecked.

Therheostat'smovableslideiskeptatoneend.Now,thetopgapof
thetwowaykeyisclosedtohavel eclanchecellofe.m.fE includedinthe
circuit. The jockey is gently slided fromAon the wire and the balancing
pointJ,,atwhichthereisnodeflectioninthegalvanometer,isobtained
accurately. ThebalancinglengthAJ,ismeasuredasl,.

Again,thebottomgapofthetwowaykeyisclosedtohaveDaniel cell of
e.m.f E,included in the circuit.The jockey is gently slided fromA end of
the wire and the balancing point J,s obtained accurately. The
balancing lengthAJ,is measured as |,.

The experiment is repeated by adjusting movable slide of the
rheostat for varying current in the primary circuit. In each case the
balancinglengthsl,andl,aremeasuredandreadingsaretabulatedinthe
tabularcolumn.Then,theratioofe.m.fsoftwocellsiscalculatedusing
theformula.

Note:
Ifvalueofe.m.fofoneofthetwocellsisknown,thee.m.foftheother
cellcanbecalculatedusingtheformula(E,/E,)=(l./I,).IfE isknown,the
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e.m.fofE,canbecalculatedusingeE2=(E, XL,)/I,
Result:
i) Thee.m.fsofgiventwocellsarecompared.
i) Theratioofe.m.fsofgiventwocellsisfoundtobe=

BatteryKey
L (} AAA
I \ Rheostat
PrimaryCircuit J
A B
H
I
LecImeheceII
|,
1=
Danielcell Twowaykey
SecondaryCircuit
Tabularcolumn: Tofind— =
E
Balancing lengths
Sl gleng E;:-li
No. For Leclanche cell For Daniel cell E, 1,
(ofemfE,)l, (ofemfE,)l,
Unit cm m cm m
1
2
3
4
5
6
7

Theaverage of

=
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Calculation:

1. 1= m; = m.
El_ll —
E B

2. 1= m; = m
El_ll —
E B

JOULE'S CALORIMETER

ExperimentNo.:
Date:
Aim:

To determine the specific heat capacity of water (liquid), using
Joule'scalorimeter.
Apparatusrequired:

Joule's calorimeter, battery eliminator, ammeter, voltmeter,
rheostat, plug key, stop watch, thermometer, digital balance, liquid
(water),connectingwires,etc.

Formula:
_ Elt _ miSe
(mg-my)(To-Ta) (mz-my)
Thespecificheatcapacityoftheliquid
where

E=potentialdifferenceacrosstheheatingcoil(Voltmeterreading)
I=currentflowingthroughtheheatingcoil(Ammeterreading)
t=timeforwhichthecurrentflowstoincreasethetemperatureof water
m,=massofemptyanddrycalorimeterwithstirrer
m,=massofcalorimeterwithstirrerandwater

320



S.=specificheatcapacityofthematerialofthecalorimeter
T =initialtemperatureoftheliquid
andT,=finaltemperatureoftheliquid

Description:

The Joule's calorimeter consists of a brightly polished copper or
aluminiumvesselclosedbyanebonitelidwithtwoholes.Aheatingcoil,
connectedtotwobindingscrewsprovidedontheebonitelidiskeptwithin -~ the
calorimeter.Through holes in the lid a sensitive thermometer and a
stirrer can be inserted. The calorimeter is placed inside a wooden box
stuffedwithcottonorwool.

Procedure:

Themassoftheclean,drycalorimeterwithstirrer(m,)isdetermined
usingadigitalbalance.Thecalorimeterisfilledtotwo-thirdofitsvolume
withthegivenliquid(water)andthemass(m,)isonceagaindetermined.

The calorimeter is kept in the wooden box and the heating coil is
completelyimmersedintheliquid.Connectionsaregivenasshowninthe
circuitdiagram.

Thecircuitisclosedforamomentandtherheostatisadjustedfora
suitablecurrentof0.8Aorl.0A. Theammeter and voltmeter readings are
notedaslandErespectively.Thecircuitiskeptopen.Now,theliquidis
stirredwellandtheinitialtemperature(T,)oftheliquidisdeterminedusing
asensitivethermometer.

The circuit is again closed and simultaneously a stopwatch is
started. Theliquidisstirredslowlyanduniformly. Thetemperatureofthe
liquid is noted for every minute in the tabular column. When the
temperatureoftheliquidisincreasedby5°c,thekeyisremovedandthe
stopwatchisstoppedsimultaneously.

The time (t second) for which the current was flowing through the
circuit is noted from the stopwatch. The specific heat capacity of the
materialofthecalorimeter(S,)istakenfromtables.

Then,thespecificheatcapacityofthewater(S)iscalculatedusing
thegivenformula.
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Result:

ThespecificheatcapacityofwaterisfoundtobeS= Jkg'K*
Battery Key
——de L
| VoltmeterRheostat
Ammeter +\/-
Cr
Ir
i€ } Thermometer
Zf Z Stirrer
o 2:. Liquid
Heatingcoil ’ Joule’sCalorimeter
f;. 19 Insulating materiel
é oo oD oI by Wooden box
ISP II IS IS4
Observation:
Massoftheemptycalorimeterwithstirrer (m) = g
= kg
Massofcalorimeterwithstirrer+water (my) = g
= kg
Currentflowingthroughtheheatingcoil } 0] = A
(Ammeterreading)
Potentialdifferenceacrossthecoil } E = \
(Voltmeterreading)
Initialtemperatureofwater (1) = °C
Finaltemperatureofwater (1) = °C
Timeforwhichcurrentispassedto ® = minutes
increasethetemperatureofwater = second
Specificheatcapacityofthe
materialofthecalorimeter(copper) (s) = Jkg*K*
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Tabularcolumn:

Torecordthetimetakenfor5Craiseintemperatureofwater

Timeinminutes Temp.ofwaterin°C
Timetakenfor5°craiseintemp.ofwater(t)= S
Calculation:

Thespecificheatcapacityofwater
. Elt _ miSc
(Mo-my)(T2-Ta) (my-my)
= Jkg'K*
COPPERVOLTAMETER

ExperimentNo.:
Date:
Aim:

Todeterminetheelectrochemicalequivalent(e.c.e)ofcopper,
usingcoppervoltameter.
Apparatusrequired:
Coppervoltameter,batteryeliminator,plugkey,rheostat,ammeter,
stopwatch,digitalbalance,connectingwires,emerysheet,etc.
Formula:
Theelectrochemicalequivalentofcopper
_m_mz—malt
e

z
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where
m =massofcopperdepositedonthecathode
m,=massofthecathodebeforepassingcurrent
m,=massofthecathodeafterpassingcurrent
I=currentflowingthroughtheelectrolyte(Ammeterreading)
t=timeofpassageofcurrent

Description:

The copper voltameter consists of a glass vessel, containing a
strongsolutionofcoppersulphate. Threeplatesofcopperaredippedin
thesolution. Thetwoouterplatesareconnectedtogetherandtheyform
theanode.Themiddleplateservesasthecathode.

Procedure:

Thecoppervoltameterisconnectedinserieswiththebattery,plug key,
rheostat and ammeter. It should be noted that the negative of the
battery is connected to the central cathode plate. After making all the
connections, the circuit is closed for a moment and the rheostat is
adjustedforasuitablecurrent,saylampere,intheammeter. Thecircuit
iskeptopen,thecathodeplateisremovedandcleanedwithemerysheet.
Itisthenwashedinwater,driedanditsmassm,isdeterminedaccurately
usingadigitalbalance.

Thecathodeplateisthenfixedinitspositionandthecircuitisclosed,
simultaneouslystartingastopwatch.Thecurrentispassedfor30minutes and
during the passage of current the ammeter value should be
maintainedasthesame.

After 30 minutes the cathode is taken out, rinsed with water, dried
and its mass m.is found accurately.The time of passage of current is
noted.The mass of copper deposited is determined and hence e.c.e. of
copper is calculated using the given formula.

Result:

TheelectrochemicalequivalentofcopperZ= kgC*
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Battery, | ) key Rheostat\l:
| (o} AMANV

| T \er

+®- J

Ammeter

Anode
Cathode

Anode

Copper sulpate
Solution(CuSo,)

Observation:

Massofthecathodebeforepassingcurrentm,Ma = g

= kg
ss of the cathode after passing current  m, = g

= kg
Massofthecopperdepositedatcathodem m = (mz=m,)

m = kg

Currentflowingthroughtheelectrolyte } I = A
(Ammeterreading)
Timeofpassageofcurrent t = minutes

= second

Recordingoftimeofpassageofcurrent(inminutes):

1 2 3 45 6 7 8 9 10 11 12 13 14 15
161718192021222324 25 26 27 28 29 30
Calculation:
Theelectrochemicalequivalentofcopper

Z:m: m,—m,
It It

= kgC*
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CHARACTERISTICSOFP-NJUNCTIONDIODE
ExperimentNo.:

Date:
Aim:

Todrawthevoltage-currentcharacteristicsofaP-NJunctiondiode in
forward bias and to find the 'dynamic forward resistance' and 'knee
voltage'fromthegraph
Apparatusrequired:

P-Njunctiondiode(GermaniumorSilicon),D.C.powersupply(0- 10
V), D.C. milliammeter (0 — 15 mA), D.C. Voltmeter (0 — 1.5 V),
resistance(500),etc.

Formula:

Thedynamicforwardresistancer=AVwh

ere Al

AV=asmallchangeinpotentialdifference(p.d)appliedtothediode

Ai = the corresponding change in the current flowing through the
diode
Knee voltage (V)): It is the approximate voltage above which the
diodecurrentincreasessharply.

Theory:
WhenthepositiveterminalofthebatteryisconnectedtoP-typeand

negativeterminaltoN-typeofasemiconductordiode,currentflowseasily

throughthediode.Nowitissaidtobeinforwardbias.

When the P-type material is connected to negative and N-type to
positiveofthebattery,thediodeoffersahighimpedancepathandlittle
currentflowsthroughthediode.Nowitissaidtobeinreversebias.

ThispropertyofP-NJunctiondiode,allowingtheflowofcurrentin
onedirectioneasilyismadeuseofinmanyelectroniccircuits,especially  in
solid state half-wave and full-wave rectifiers.
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Procedure:
TheanodeandcathodeofaP-Njunctiondiodecanbeidentifiedby
seeing a colour band or spot on the cathode.Also the cathode may be

having pointed edge in some type.

For forward biasing, the connections are given neatly as shown in
thediagram.Suitablerangesofmeters,resistanceandpowersupplycan
beselected.

Thecurrentflowingthroughthediodeisnotedforvariousvaluesof
p.d. applied across the diode and the readings are noted in the tabular
column. With these readings, a neat graph is drawn by taking forward
voltage applied acrossthediode inX-axisandforwardcurrentflowing
throughthediode(inmA)alongY-axis.

Thiscurveiscalledastheforwardcharacteristicsofthediode.From  this
graph, the approximate voltage above which the diode current
sharplyincreases,canbedetermined,whichgivesthe"KneeVoltage"of
thediode.

For germanium diode, the knee voltage is 0.3 volt and for silicon
diode the knee voltage is 0.7 volt, which is almost equal to the barrier
potential.

Intheupperregionofthecurve,twoperpendicularlinesOAandAB
aredrawntofindthedynamicforwardresistance,asshowninthemodel
graph.InthisOAgivesthevalueofsmallchangeinp.d.appliedacross the
diode (Av) and AB gives the corresponding change in the current
flowingthroughthediode(Ai). Thesevaluesaredetermined.

Thenthedynamicforwardresistanceofthediodeisdeterminedby
usingthegivenformula.

Result:
TheforwardcharacteristicsofaP-NJunctiondiodeisdrawn.

Fromthegraph,
()  Thedynamicforwardresistancer= ohm
(i) Thekneevoltage V= volt
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Forwardbias

DCpowersupply
(0-10v)

mili
AmmeterDiode

Voltmeter
(0-1.5v)

CircuitdiagramfordrawingtheforwardcharacteristicsofP-N
junctiondiode.

Tabularcolumn:
ReadingsfordrawingtheforwardcharacteristicsofP-Njunctiondiode

Sl. P.dappliedacrossthediode Currentflowingthroughthe
No. V) diode (i)
Unit div volt div milliampere(mA)
1.
2.
3.
4,
5.
6.
7.
8.
9.
Calculation:
Fromgraph,
AV = div;Ai = div
ForcalculatingAVinvolt
InX—axis10div= volt;1div= volt
SAV= div= X = volt
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—_
.
vs)

> Al

AV

I >

o Ve > X
Forwardp.d.appliedacross the
diodev(volt)

Currentflowingthrough
the diode | (mA)

ForcalculatingAiinmA

InY—axis10div= mA;1div= mA
A= div= X = mA
= x10°A
. . . . AV
(i) Thedynamicforwardresistance isr= E=
= ohm
(ii) ThekneevoltageisV,= div
= X
= volt
LOGIC GATES
ExperimentNo.
Date:
Aim:

Tofindtheoutputconditionfordifferentcombinationsoftheinputs
forNOTgateandtwoinputsAND,OR,NANDandNORIogicgates,using
ICChips.

Apparatusrequired:

Logicgateapparatuskitwithchipmountingbase,integratedcircuit
chips(ICchips)fortheabovelogicgates.
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Description:

The logic gate kit consists of required DC power supply, light
emittingdiodes(LEDs),toindicatetheinputandtheoutputsignal,toggle
switches to provide various combinations of input and breadboard to
mountthedesiredICchip.

InthekitwhentheLEDglows,thecorrespondingconditionis“ON”,
andthebinaryisl.IftheLEDdoesnotglowthecorrespondingcondition is
“OFF”, and the binary is 0.

Procedure:
() NOTgate:

Itisthesimplestformofthelogicgates.lthasonlyoneinputandone output.
The function of this gate is to produce one logic level from the
oppositelogiclevel.i.e.Iftheinputconditionis“ON”,theoutputcondition
willbe“OFF”andiftheinputconditionis*OFF”, theoutputconditionwill
be“ON".

The NOT gate is available in IC chip number 7404. The pin
configurationforthepowersupply,ground,inputandoutputofthelCchip
isgiveninthefigureandtheBooleanexpressionisalsogiven.

The 7404 IC is mounted on the base provided in the kit. Suitable
inputlevelisgivenandthecorrespondingoutputlevelisnotedinthetruth
tableofNOTgate.

The function of this gate is inverting or complementing the input
signal.So,thisgateisalsocalledasa'Complementerorinvertergate'.
(b) ANDgate:
Thisgatehastwoormoreinputsandonlyoneoutput. Thefunction
ofthisgateistoproduceatrueconditiononitsoutput,ifandonlyifallits
inputconditionsaretrue.i.e.,theoutputofthegateisin“ON”conditionif
andonlyifallitsinputsarein“ON"condition.
ThetwoinputsANDgateisavailableinlCchipnumber7408.The
pinconfigurationforthepowersupply,ground,inputandoutputofthelC
chipisgiveninthefigureandtheBooleanexpressionisalsogiven.
The7408ICismountedonthebaseprovidedinthekit. Suitable
combinations of input levels are given and the corresponding output
levelsarenotedinthetruthtableofANDgate.
Thisgateisalsocalledasa'Multipliergate'.
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(c) ORgate:
Thisgatehastwoormoreinputsandonlyoneoutput. Thefunction of this
gate is to produce the true condition on its output, when one or
moreofitsinputconditionsaretrue.i.e., Theoutputofthegateisin“ON”
conditionifanyoneofitsinputsisin“ON”condition.
ThetwoinputsORgateisavailableinlCchipnumber7432.Thepin
configurationforthepowersupply,ground,inputandoutputofthelCchip
isgiveninthefigureandtheBooleanexpressionisalsogiven.
The7432ICismountedonthebaseprovidedinthekit. Suitable
combinations of input levels are given and the corresponding output
levelsarenotedinthetruthtableofORgate.
Thisgateisalsocalledasa'Addergate’.
Theseabovethreegatesarecalled'BasicGates'.
(d) NANDgate:
Itisacombinationof ANDandNOTgates. Theoutputof NANDgate is
complementation of that of anAND gate.
ThetwoinputsNANDgateisavailableinlCchipnumber7400.The
pinconfigurationforthepowersupply,ground,inputandoutputofthelC
chipisgiveninthefigureandtheBooleanexpressionisalsogiven.
The7400ICismountedonthebaseprovidedinthekit. Suitable
combinationsofinputlevelsaregivenandthecorrespondingoutput
levelsarenotedinthetruthtableofNANDgate.
e) NORgate:
Thisgateisacombinationof NOTandORgates. Theoutputofthe
NORgateisComplementationofthatofanORgate.
ThetwoinputsNORgateisavailableinlCchipnumber7402.The
pinconfigurationforthepowersupply,ground,inputandoutputofthelC
chipisgiveninthefigureandtheBooleanexpressionisalsogiven.
The7402ICismountedonthebaseprovidedinthekit.Suitable
combinationsofinputlevelsaregivenandthecorrespondingoutput
levelsarenotedinthetruthtableofNORgate.
Theseabovetwogatesareknownas'Universalgates'.
Result:
Thustheoutputconditionfordifferentcombinationsoftheinputsfor
NOTgateandtwoinputsAND,OR,NANDandNORIogicgatesarenoted
inthetruthtable.

331



a) NOTgate:

Symbolic representation

+Vce
14I 131211 10 9 8

ool Lol Lol

) IC :7404

T[T [

1 2 3 4 5 6

GND
NOTgatelCchip
IC No: 7404
Pinconfiguration:
Inputpins :1,3,5,9,11,13
Outputpins:2,4,6,8,10,12
Groundpin :7
Powerpin(+V..):14
TruthtableforNOTgate
INPUT OUTPUT
A Y=A
0
1
b) ANDgate:
Ao—— y=A.B
Bo——

Symbolic representation
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+Vce
14 ] 1312 11109

) IC : 7408

2 3 45

TwoinputANDgatelC chip

IC No: 7408
Pinconfiguration:
Inputpins 0 1,2,4,5,9,10,12,13
Outputpins :3,6,8,11
Groundpin 7
Powerpin(+V,.):14
TruthtableforANDgate
INPUTS OUTPUT
A B Y=AB
0 0
0 1
1 0
1 1
c) ORgate:
A y=A+B

Symbolic representation
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+VCC
14] 1312 11108

) IC :7432 I—g
D [P

2 oS 45 6

ol

ND

TwoinputORgatelCchip
IC No: 7432

Pinconfiguration:
Inputpins:1,2,4,5,9,10,12,13
Outputpins:3,6,8,11
Groundpin:7
Powerpin(+V..):14
TruthtableforORgate

INPUTS OUTPUT

Y=A+B

A B

Rk O O

d) NANDgate:

Symbolic representation
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+Vce
1411312 11109 8

) IC :7400

DD

2 3 4
GND
TwoinputNANDgatelC chip

IC No: 7400

Pinconfiguration:
Inputpins:1,2,4,5,9,10,12,13
Outputpins:3,6,8,11
Groundpin:7
Powerpin(+V..):14
TruthtableforNANDgate

INPUTS output
A B y=AB
0 0
0 1
1 0
1 1
e) NORgate:
A
B

Symbolic representation
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+VCC
14| 13 121110 98

gears

IC :7402

caln

1 2 3 4 5 6 =7
GND
TwoinputNORgatelCchip

IC No: 7402
Pinconfiguration:
Inputpins:2,3,5,6,8,9,11,12
Outputpins:1,4,10,13
Groundpin:7
Powerpin(+V,.):14
TruthtableforNORgate

INPUTS output
A B y=A+B
0 0
0 1
1 0
1 1
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10.

MODELQUESTION PAPER

Determine the refractive index of the given transparent liquid using
travelingmicroscope.

DrawtheV-Icharacteristicsofthesolarcell.
Measuretheangleoftheprismandtheangleofminimumdeviation
usingspectrometerandthencalculatetherefractiveindexofglass.
Verifythelawsofresistancesbyconnectingthetwogivenstandard
resistances(i)inseriesand(ii)inparallel,usingOhm'slaw.

Determine the unknown resistance of the given wire, using metre
bridge.

Compare the electro motive forces (e.m.fs) of the given two cells,
usingpotentiometer.

Determine the specific heat capacity of water, using Joule's
calorimeter.

Determine the electro chemical equivalent (e.c.e.) of copper using
CopperVoltameter.
Drawthevoltage—currentcharacteristicsofaP-Njunctiondiodein
forward bias and then find the 'dynamic forward resistance'&'knee
voltage'fromthegraph.

Findtheoutputconditions fordifferentcombinations oftheinput for
NOTgate(7404)and2inputsAND, (7408)OR,(7432)NAND(7400)
&NOR(7402)logicgatesusinglCchips.
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