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Q1](a)Draw(123),(321),(102).

(3)

Ans)(123)

(321)

(1-02)



Q1](b)Explainwithdiagram HCPunitcellbasedonlatticeparameters.

(3)

Ans)Here, a=b≠c

And, α=β=90°,γ=120°

Everyunitcellisstructuredasfollows

 Inthebottom layerthecentralatomicsurroundedbysixotheridenticalatoms.

 Inthemiddlelayeratheightc/2threeatomsarepositioned.

Inthetoplayer,atheightCatomicdistributionissimilartothatofthebottom layer

Q1](c)Statepropertiesofmatterwaves.

(3)

Ans)

 Thesewavesareneithermechanicalnorelectromagneticwavestheseare

hypotheticalwaves

 MatterwaveswithdifferentdeBrogliewavelengthstravelwithdifferentvelocities

whereaselectromagneticwavesofallwavelengthstravelwiththesamevelocityC.



 ThedeBrogliewavelengthdependsonthekineticenergyofthematterparticle.

 Matterwavestravelfasterthanlight.

 Matterwavescantravelthroughvacuum oranyothermedium.

 Forparticleatrestv=0,soλ=∞,hencenomatterwavesareassociatedwithparticle

atrest.

Q1](d)Calculateelectron&holeconcentrationinintrinsicSiatroom temperatureif

itselectricalconductivityis4x10-4mho/m.Giventhatmobilityofelectron=

0.14m2/V-secandmobilityofholes=0.04m2/V-sec.

(3)

Ans)Data:μe=0.14m2/V-sec,μh=0.040m2/V-sec,σ=4×10-4mho/m

Formula:σi=ni(μe+μh).e

Calculations:ni=σi/e(μe+μh)

=4×10-4 /1.6×10-19(0.14+0.040)

ni=1.388×1016/m3

Answer:Carrierconcentration=1.388×1016/m3

Q1](e)ExplainMeissnerEffectwiththehelpofdiagram. (3)

Ans:-

Superconductingmaterialkeptinamagneticfieldexpelsthemagneticfluxoutitsbody

whencooledbelowthecriticaltemperatureandexhibitsperfectdiamagnetism.Thisiscalled

MEISSNEREFFECT.

 ItisfoundthatasthetemperatureofthespecimenisloweredtoTc,themagneticflux

issuddenlyandcompletelyexpelledfrom it.Thefluxexpulsioncontinuesfor

T<Tc.Theeffectisreversible.



 Whenthetemperatureisraisedfrom belowTc.Thefluxdensitypenetratesthe

specimenagainatT=Tcandthematerialturnstothenormalstate.

Q1](f)Aconferenceroom hasatotalvolumeof2000m3.Themagnitudeoftotal

absorptionwithintheconferenceroom is100Sabin.Calculatethereverberationtime.

(3)

Ans)Data:V=2000m3,a=100sabin

Formula:T=0.161×V/a

Calculations:T=0.161×V/a

T=(0.161×2000)/100

=3.22sec

Answers:Reverberationtime=3.22sec.

Q1](g)DiscussanythreeapplicationsofUltrasonicwaves.

(3)

Ans)Nondestructivetesting:

 Bigconcreteslabs,bigmetalscastingslikeguarderscaneasilybetestedforcracks,

cavotiesoranyotherflawsbyusingultrasonicwaves.Whenultrasonicwavedare

passedthroughaflawlessmetalorconcreteblockitshouldgotothebottom ofthe

blockfrom whereitisreflectedback.

 Ifthereisaflawe.g.,acrackoraholeoranimpuritytheultrasonicswavesget

reflectedfrom theflawduetothechangeinmedium.Bymeasuringthetimeinterval

betweensendingandreceivingtheultrasonicsignalinboththecaesestheflowcam

bedetectedandlocated.Thedetectionofsuchflawspriortothefailurewhileinuse

isofgreatpracticalimportance.

Emulsification:

 Usingcavitationeffectimmiscibleliquidslikeoilandwaterormercuryandwatercan

betransformedintostableemulsions.

Medicalapplications:

Ultrasonicwavesareusedin



 UltraSonography

 Ultrasonicimaging

 Dentalcutting

 UltrasonicTomography

Q2](a)StateHeisenberg'sUncertaintyPrinciple.Showthatelectrondoesn'texistin

thenucleus.Findtheaccuracyinthepositionofanelectronmovingwithspeed350

m/secwithuncertaintyof0.01%. (8)

Ans)Heisenberg'suncertaintyprinciplestatesthatonecannotmeasurepositionand

momentofthemovingparticleexactly.Thus,theinaccuraciesΔxandΔpinthe

simultaneousdeterminationoftheposition'x'andmomentum 'p'respectivelyofaparticle

arerelatedas

Δx•Δp≥ħ

Whereħ=h/2π,hbeingPlanck'sconstant.

Nonexistenceofelectroninsidethenucleus.

Iftheelectromagneticisinsidethenucleusofradiusoftheotherof10-15m,themaximum

uncertaintyinthepositionofelectronwillbeoftheorderofitsradius.

∴Δxmax=10-15

From thelimitingconditionofHeisenberg'suncertaintyprinciple,

Δxmax•Δpmin≥ħ

Δpmin=ħ/Δxmax=6.63×10-34/2×3.14×10-15=1.055×10-19kg-m/sec.

Now,Δpmin=mΔvmin

Hence, Δvmin=Δpmin/m=1.055×10-19/9.1×10-31

=1.159×1011m/s>c

As Δvmin<v v>1.159×1011m/a>c

Therefore,theelectronbehavesasarelativisticparticle.

Therelativisticenergyoftheelectronis

E=√mo
2c4+p2c2

Since,theactualmomentum oftheelectronp>>Δpmin,p2c2>>mo
2c2,therest



massenergyoftheelectronthevalueofwhichis0.511MeV.Hence,

E=pc

Assumingp=Δpmin,theleastenergythatanelectronshouldposseswithinanucleus

isgivenby

Emin=Δpmin•c=1.055x10-19x3x108

=3.165x10-11J Emin=3.165×10-11/1.6×10-19=197MeV

Inreality,theonlysourceofgenerationofelectronwithinanucleusistheprocessof

decay.Themaximum kineticenergypossessedbytheelectronsduringβ-decayisabout100

KeV.Thisshowsthatanelectroncannotexistwithinanucleus.

NumericalSolutlon:

Data:v=350m/sec,Δv/v=0.01%

Formula:Δx•Δp≥ħ

Calculations:Δx.m.Δv≥ħ

Δv=350×0.01/100=0.035

Δx≥ħ/mΔv≥6.63×10-34/2×3.14×9.1×10-31×0.035

≥3.314×10-3m

Answer:Minimum uncertaintyinpositionis3.314×10-3 m

Q2](b)ShowthatforintrinsicsemiconductorsoftheFermilevelliesmidway

betweentheconductionbandandthevalenceband.Withthehelpofdiagram explain

effectofimpurityconcentrationonFermilevelofNtypesemiconductor.

(7)

Ans)

 AtanytemperatureT>0Kisanintrinsicsemiconductor,anumberofelectronsare

foundintheconductionbandandtherestofthevalenceelectronsareleftbehindin

thevalenceband.

 LettherebenCnumberofelectronsintheconductionbandandnVnumberof

electronsinthevalenceband.

Hence,thetotalnumberofelectronsintheintrinsicsemiconductoris

N=nC+n .................................(1)



AtT=0KallNelectronsoccupyenergystatesinthevalenceband.

 OutofthesetotalNnumberofvalenceelectronsAmyNCnumberofelectronscam

reachtheconductionband.

Theprobabilityofoccupancyofanenergylevelintheconductionbandcanbewritten

from equation(1)as

f(EC)= 1

1+e(Ec-Ef)/kT

whereECisthepotentialenergyofarestelectroninconductionband.

 Here,EC istheminimum energyrequiredfortheelectrontoreachthebottom levelof

theconductionband.Theextraenergyisconvertedtoitskineticenergywithwhichit

movesfreelyintheconductionbandatanyenergylevel.

 Hence,thenumberifelectronsfoundintheconductionbandis

nC=Nf(EC)= N ........................(2)

1+e(Ec-Ef)/kT

 Similarly,anynVnumberifvalenceelectronsfrom thetotalofNelectronscanbring

leftbehindinthevalenceband.

 Theprobabilityofoccupancyofalevelinthevalencebandisgivenby

f(EV)= 1 .........................(3)

1+e-(Ef-Ev)/kT

as(EV-EF)isnegative.

 Hence,thenumberofelectronsinthevalencebandcanbringwrittenas

nV=NF(EV)= N .......................(4)

1+e-(Ef-Ev)/kT

 Substitutingequations(2)and(4)in(1),itisfoundthat.

N= N + N

1+e(Ec-Ef)/kT 1+e-(Ef-Ev)/kT

[1+e(Ec-Ef)/kT][1+e-(Ef-Ev)/kT]=2+e-(Ef-Ev)/kT+e(Ec-Ef)/KT

1+e(Ec-Ef)/kT+e-(Ef-Ev)/kT+e(Ec-2Ef+Even)/kT=2+e-m(Ef-Ev)/kT+e(Ec-Ef)/kT



e(Ec-2Ef+Ev)/kT=1

EC-2EF+EV/kT=0

EC+EV=2EF

EF=EC+EV

2

ThustheFermienergylevelliesinthemiddleoftheforbiddenenergygapinanintrinsic

semiconductor.

VariationofFermiLevelwithimpurityconcentration:

 Atlowimpurityconcentrationtheimpurityatomsdonotinteractwitheach

other.Hence,theextrinsiccarriershavetheirowndiscreteenergylevels.

 Withtheincreaseinimpurityconcentrationtheinteractionoftheimpurityatomsstart

andtheFermilevelvariesinthefollowingway.

 Astheimpurityatomsinteractsthedonorelectronaresharedbytheneighbouring

atoms.

 Thisresultsinsplittingofthedonorlevelandformationofthedonorbandbelowthe

conductionband.Withtheincreaseinimpurityconcentrationthewidthoftheband

increases.Atonestageitoverlapswiththeconductionband.Asthedonorband



widenstheforbiddengapdecreases.IntheprocesstheFermilevelshiftsupwards

andfinallyenterstheconductionbandasshown:

Q3](a)DeriveBragg'sconditionforX-raydiffraction.MonochromaticXraysare

incidentonacrystal.Ifthefirstorderrejectionisobservedatanangleof3.4°,at

whatanglewouldsecondorderreflectionexpected.

(8)

Ans)

W.L.Bragg’sexplainedthephenomenonofX-raydiffractionnfrom asinglecrystalshownas

follows

Whenabeam ofX-raysisincidentonacrystalitisscatteredbyindividualatomsoftherich

atomicplanes.Thus,eachatom becomeasourceofscatteredradiation.Theatomicplanes

responsiblefortheX-raydiffractionarecalledBRAGG’SPLANES.Therefore,thesetsof

Braggsplanesconstitutethecrystalgrating.Bragg’sscatteringorBragg’sdiffractionisalso

referredasBraggsreflection.BraggderivedalawcalledBragg’slawtoexplaintheX-ray

diffractioneffect.Hereabeam ofX-rayisincidentonasetofparallelplanesofacrystal.The

raysmakesglancingangleθandarepracticallyreflectedfrom differentsuccessive

planes.Thephaserelationshipofthescatteredrayscanbedeterminedfrom theirpath

differences.HeretwoparallelX-raysarereflectedfrom twoconsecutiveplanesP1andP.The

pathdifferencesbetweenthem asshown

δ=MB+BN=2MB=2ABsinθ.

HereAB=d,theinterplanarspacingofthecrystal

Hence, δ=2dsinθ



Thetwodiffractedraysreinforceeachotherwhentheyinterfereconstructivelywhentheir

path

differenceδisequaltonλ

Hence, 2dsinθ=nλ iscalledasBragg'sLaw

Numericalsolution:

Data:θ1=3.4°

Formula:2dsinθ=nλ

Solution:From equation,sinθ∝ n

Hence, sinθ1/sinθ2=n1/n2

sin(3.4)/sinθ2=1/2

sinθ2=0.1186

θ2=6.8113°

Answer:Hence,secondorderreflectionisexpectedat6.8113°

Q3](b)DeriveanexpressionforHallvoltageandHallcoefficientwithneatlabelled

diagram. (7)

Ans)Ifacurrentcarryingconductororsemiconductorisplacedinatransversemagnetic

field,apotentialdifferenceisdevelopedacrossthespecimeninadirectionperpendicularto

boththecurrentandmagneticfield.ThephenomenoniscalledHALLEFFECT.

Asshownconsiderarectangularplateofap-typesemiconductorofwidth‘w’andthickness

‘d’placedalongx-axis.Whenapotentialdifferenceisappliedalongitslength‘a’current‘I’

startsflowingthroughitinxdirection.

Astheholesarethemajoritycarriersinthiscasethecurrentisgivenby



I=nhAevd……………………………(1)

where nh=densityofholes

A=w×d=crosssectionalareaofthespecimen

vd=driftvelocityoftheholes.

Thecurrentdensityis

J=I/A=nhevd……………………..(2)

Themagneticfieldisappliedtransverselytothecrystalsurfaceinzdirection.Hencethe

holesexperienceamagneticforce

Fm=evdB…………………………….(3)

inadownwarddirection.Asaresultofthistheholesareaccumulatedonthebottom surface

ofthespecimen.

Duetothisacorrespondingequivalentnegativechargeisleftonthetopsurface.The

separationofchargesetupatransverseelectricfieldacrossthespecimengivenby

EH=VH/d…………………………..(4)

WhereVHiscalledtheHALLVOLTAGEandEHtheHALLFIELD.

Inequilibrium condition,theforceduetothemagneticfieldBandtheforceduetotheelectric

fieldEHactingonthechargesarebalanced.Sofrom theequation(3)

eEH=evdB

EH=vdB……………………………….(5)

Usingequation(4)intheequation(5)

VH=vdBd ……………………….(6)

From equation(1)and(2),thedriftvelocityofholes

vd=I/enhA=Jx/enh ……………………..(7)

Hence,hallvoltagecanbewrittenas

Animportantparameteristhehallcoefficientdefinedasthehallfieldperunitcurrent

densityperunitmagneticinductionandiswrittenas

VH=IBd/enhA

=JxBd/enh

Rh=VHA/IB



Q4](a)DifferentiatebetweenType-I&Type-IISuperconductors.

(5)

Ans)

Sr.No. TypeIsuperconducters TypeIIsuperconductors

1. TheyexhibitcompleteMeissnereffect. TheyexhibitpartialMeissnereffect.

2. Thereareperfectdiamagnetics. Theyarenotperfectdiamagnetics.

3. Theseareknownassoft

superconductors.

Theyareknownashard

superconductors.

4. Theyhaveonlyonecriticalmagnetic

field.

Theyhavetwocriticalmagneticfields.

5. Thesematerialundergoasharp

transitionfrom thesuperconducting

statetothenormalstateatthecritical

magneticfield.

Thesematerialsundergoagradual

transitionfrom thesuperconducting

statetothenormalstatebetweenthe

twocriticalmagneticfields.

6. Thehighestvalueofcriticalmagnetic

fieldis0.1WB/m2

Theuppercriticalmagneticfiledcan

beoftheorderof50Wb/m2

7. Applicationareverylimited. Theyareusedtogenerateveryhigh

magneticfields.

8. Examples:Lead,Tin,Mercury,etc Examples:AlloyslikeNb-Sn,Nb-Ti,

etc.

Q4](b)Discussindetailsanythreefactorsaffectingacousticsofahallwiththeir

remedies.

(5)

Ans)(1)Defect-Echo

Echoisasoundwavereflectedfrom aparallelhardsmoothsurface.Excessiveechoaffects

theacousticsofthehall.

Design:Asplayed(fanshaped)floorplanandthecoveringofinteriorsurfaceswithsuitable

absorbentmaterialminimizethedefectanddistributethesoundenergyuniformly

throughoutthehall.



(2)Defect-EchelonEffect

Successiveechoofasoundfrom asetofregularlyspacedparallelandsmoothsurfaces

causeEcheloneffectwhichmakestheoriginalsoundunintelligible.

Design:Thestepsinsidethehallshouldbecoveredwithabsorberlikecarpets.

(3)Defects:Reverberation

Thepersistenceofsoundinaroom duetomultiplereflectionfrom thewalls,thefloorandthe

ceilingforsometime,iscalledreverberation.

Design:Thoughexcessivereverberationdistortstheoriginalsoundasmallamountof

reverberationisdesirableinaconcerthallsinceitimprovesthequalityofmusic.The

reverberationisoptimizedbyplacingandfixingsoundabsorbingmaterialinthehall.This

waythereverberationtimeiscontrolledtoadesiredvalue.

Q4](c)Aquartzcrystalofthickness1mm isvibratingatresonance.Calculateits

fundamentalfrequency.(Assumethatforquartz,Y=7.9×1010N/m2andρ=2.650

gm/cc. (5)

Ans)Data: t1=1mm=10-3m,Y=7.8×1010N/m2,

ρ=2.650gm/cc=2650kg/m3

Formula: f=1/2t•√Y/ρ

Calculations: f=1/2×10-3 √7.9×1010/2650=2.73MHz

Answer:Frequency=2.73MHz

Q5](a)DefineLigancy.FindthevalueofcriticalradiusratioforLigancy3. (5)

Ans)Inanionicsolid,theactionsarepositionedatalternatelatticepoints.Generally,cations

aresmallerthananyoneinsize.inacrystal,thrnumberofanionssurroundingacationis

calledasLigancy.

Ligancy3:Triangularconfiguration

Thearrangementistriangularsinceatriangleisformedifthecentresoftheneighbouring

anionsarejoined.Incriticalconditionalltheneighbouringanionsandthecentralcationarein

contactwitheachother,asshowninfigure,

Here,BC=rAandOC=rA+rCand∠BCO=300



IntheΔOBC,weget

BC/CO=cos300

or rA/rC+rA=√3/2

or rC+rA/rA=2/√3

Thecriticalradiusratioisthus

rC/rA=0.155

Q5](b)Foranelectronpassingthroughpotentialdifference'V',showthatits

wavelengthis; (5)

λ=12.26/√VA°.

Ans)ThewavelengthofanelectronwithkineticenergyEisgivenby

λ=h/√2mE............................(1)

Ontheotherhand,thekineticenergyofanelectronpassingthroughpotentialdifference'V'is,

1/2mv2 =eV

Hence, E=eVThus,replacingEwitheVinequation(1),weget,

λ=h/√2meV ............................(2)

Substitutingvaluesof,

h=6.63×10-34 kg-m/s

m =9.1×10-31 kg

e=1.6×10-19 coulomb

inequation(2),weget,

λ=1.226×10-19 /√Vmetre

λ=12.26/√VA°

Q5](c)Whatistheprobabilityofanelectronbeingthermallyexcitedtoconduction

bandinSiat27°C.Thebandgapenergyis1.12eV. (5)

Ans)Data: T=27°C=300K, Eg=1.12eV



K=1.38×10-23J/K=86.25×10-26eV/K

Formula: f(EC)=1/1+e(Ec-Ef)/kT

Calculations:Sinceanintrinsicsemiconductor.Hence,

EC-EF=EG/2=0.56eV

f(EC)=1/1+exp[0.56/86.25×10-6×300]=3.9×10-10

Answer:Probability=3.9×10-10

Q6](a)ExplainPointdefectsincrystals. (5)

Ans)Inanycrystal,atalltemperaturesaboveabsolutezero,therearealwayssomefree

atomspresentwhichlodgethemselvesanywhereotherthem theirscheduledlatticesites.

Thisgiverisetopointdefects.

Pointdefectscanbeclassifiedintothefollowingcategories:

Vacancydefects:Thisisadefectinwhichanatom ismissingfrom aregularlatticesite,l.

Suchvacanciesariseinclosepackedstructures,i.e.,metallicstructures.

Interstitialdefects:Aninterstitialdefectisanimperfectioninwhichanatom thathasmoved

from its

regularlatticedateslodgesitselfintheintersticesi.e.,thevoidspace.

Substitutionalimpurity:Whenaregularatom leavesbehindavacancyandgoestothe

intersticesthevacantlatticesitecanbeoccupiedbyaforeignatom.

Interstitialimpurity:Thisisthekindofimperfectionwhenaforeignatom lodgesitselfinthe

interstices.Thuscanoxideonlywhentheforeignatomism substantiallysmallerthanthe

hostatom.

Schottkydefect:Inanioniccrystal,apairofvacanciesarisewhichleastomissingofone

Casioandoneanionfrom theregularlatticesites.ThisisknownasSchottkydefectinwhich

thechargeneutralityismaintained.

Frankeldefect:Thecationsarevsmallerthananions.Inioniccrystalsifacationleavesits

regularlatticesiteandlodgesitselfintheintersticesitiscalledFrenkeldefect.Itisa

combinationofacationvacancyandoneintersticialdefect.

Q6](b)Showthatgroupvelocityofmatterwavesassociatedwithaparticleisequalto

theparticlevelocity(Vgroup=Vparticle) (5)

Ans)



Consideraparticleofrestmassm,movingwithavclocity,v,whichisverylargeand

comparabletocwithv<c.Itsmassisgivenbytherelativisticformula,

m=mo/√1-(v2/c2)...............(1)

LetωbetheangularfrequencyandkbethewavenumberofthedeBrogliewaveassociated

withtheparticle.Herevisthefrequencyandλisthewavelengthofthematterwave.Hence,it

canbewrittenthat

ω=2πv=2π(mc2/h)

ω=2π/h•moc2/√1-(v2/c2)............(2)

And k=2π/λ=2πp/h=2πmv/h

k=2π/h•mov/√1-v2/c2

 Thewavevelocityisthethephasevelocitygivenby

vp=ω/k=c2/v..................(3)

 Sincethewavepacketiscomposedofwavesofslightlydifferentwavelengthand

velocities,thegroupvelocityiswrittenas

vg=dω/dk

 Thiscanbecalculatedusingequation(1)and(2)as

vg=dw/dv

dk/dv

=[d/dv(c2/√1-(v2/c2))]•[d/dv(v/√1-(v2/c2))]-1

vg=v

Thisshowsthatamatterparticleinmotionisequivalenttoawavepacketmoving

withgroup velocityvgwhereasthecomponentwavesmovewithphasevelocity,vp.

Q.6](c)Explaintheprinciple,constructionandworkingofLightEmittingDiode. (5)

Ans)Principle:Therecombinationprocess:

 Inaforwardbiasedp-njunctionthroughelectronsandholesdiffusethroughthe

junctioninoppositedirections.Inthisprocesstheyrecombinewitheachotherinthe

depletionregionandreleasesomeenergycalledtherecombinationenergy.

 Accordingtoenergybandstructure,duringtherecombinationprocesstheelectron



comebacktothevalencebandandfulfilthegapcalledahole.Thisisaccompanied

bythereleaseofsomeenergyequaltothebandgapenergyEg.

 ForordinarysemiconductorslikeGeandSithebandgapenergiesare1.12eVand

0.63eVrespectively.Inthesesolidstherecombinationenergyisheatenergy.

 However,ifEgrangesfrom 1.7eVto3.0eV,accordingtoE=hv=hc/λ,theemission

takesplacewithinthevisibleregion.ThisispossibleifthedirectbandAGPionic

crystalslikeGallium Arsenide(GaAs),Gallium ArsenidePhosphide(GaAsP)and

Gallium Phosphide(GaP)areusedasthediodematerial.Inthiscasethe

recombinationenergyisemittedasopticalenergy.

 Thewavelengthoftheemittedlightisgivenby

λ=hc/Eg =1.24/Eg(eV)µm

 Thecoloursoftheemittedlightareasfollows:

(1)GaAs,GaP,GaAsPforred,orange,yellowandgreenlight.

(2)ZnSandSiCforblue,

(3)GaNforviolet.

Constructionandworking:

 AlightemittingdiodeisalwaysforwardbiasedandtheforwardvoltageacrossaLED

isTypicalforwardLEDvoltagerangesfrom 1.2Vto3.2Vdependingonthedevice.

 ThesymbolofLEDandatypicalLEDcircuitareshowninFig.(a)and

(b)respectively.Theenergybanddiagram showingtherecombinationprocessis

showninFig.(c).TheintensityofthelightoutputofanLEDisdirectlyproportionalto

theforwardcurrentwhichisshowninFig.(d).

 ThematerialsusedforLEDoperateatlowvoltagesandcurrenttypicallyat1.5Vand

10mA.Hence,LEDsarelowpricedevicewhichcannotbeusedforillumination



purposes.

 TheLEDshaveverylowreversebreakdownvoltage,typically,3V.Therefore,LEDs

shouldneverbereversebiasedwhichwillcausedamagetoit.


