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Q1](a)Whatarecrystalimperfections?Mentionanytwosignificanceofit. (3)

Ans:-Inanidealcrystalatomsormoleculesarearrangedinaregularandperiodicmanner.Any

deviationinacrystalfrom acrystalfrom aperfectperiodicstructureiscalledIMPERFECTION.

Realcrystalsarealwaysimperfectinsomerespectasidealcrystaldonotexistinnatureand

cannotevenbeproducedartificially.Imperfectionshavesomeadvantagesastheresistivity,

conductivity,colour,luminescence,mechanicalandplasticspropertiesofmattercanbe

controlledbyregulatingimperfection.Pointdefectsarelocalizeddefectswhichmeansthatin

thesamecrystaldifferenttypesofpointsareobservedatitsdifferentparts.

Thecrystaldefectsareclassifiedintothefollowingtypes:

 POINTDEFECTSwhicharezerodimensionaldefects.

 LINEDEFECTSwhichareonedimensional.

 SURFACEDEFECTSwhicharetwodimensionaldefectsand

 VOLUMEDEFECTSwhicharetwodimensionaldefects.

------------------------------------------------------------------------------------------------

Q1](b)Writeschrodinger’stimedependentandtimeindependentwaveequations

ofmatterwavesinonedimensionalandstatephysicalsignificanceofthese

Equations (3)

Ans:-1.ONEDIMENSIONALTIMEDEPENDENTSCHRODINGEREQUATION.
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Thefirstandsecondterm onthelefthandsiderepresentsthekineticandpotentialenergies

respectivelyoftheparticlesandtherighthandsiderepresentsthetotalpotential.

2.ONEDIMENSIONALTIMEINDEPENDENTSCHRODINGEREQUATION.
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3.THREEDIMENSIONALTIMEINDEPENDENTSCHRODINGEREQUATION

H=- +V
ħ
2

2m
∇
2

Schrodingerequationisthefundamentalequationofquantum mechanics.Thisisextremely

usefulforinvestingvariousquantum mechanicalproblems.Thewavefunction,theprobability



density,theenergyvaluesofaquantum mechanicalparticle,etc.invarioussituationcanbe

calculatedwiththehelpofthisequation.

------------------------------------------------------------------------------------------------

Q1](c)DrawtheI-Vcharacteristicsofaphoto-diode.Whatismeantbydark

current? (3)

Ans:-

DARKCURRENT:

darkcurrent istherelativelysmall electriccurrent thatflowsthrough photosensitive

devices suchasa photomultipliertube, photodiode,or chargecoupleddeviceevenwhen

no photons areenteringthedevice;itconsistsofthechargesgeneratedinthedetectorwhenno

outsideradiationisenteringthedetector. Itisreferredtoas reversebiasleakagecurrent innon-

opticaldevicesandispresentinalldiodes.Physically,darkcurrentisduetotherandom

generationof electrons and holes withinthe depletionregion ofthedevice.

------------------------------------------------------------------------------------------------

Q1](d)Definesuperconductivityandcriticaltemperature.Plotthevariationof

resistanceversustemperatureincaseofsuperconductingstateofthematerial.

(3)

Ans:-Superconductivityisastateofmatterexhibitedbysomenormalconductorswhentheir

resistivitysuddenlydropstozeroataverylowtemperature.Thesuperconductivitypropertyofa

materialcanbeeasilybeeffectedbytemperature,magneticfieldandcurrent.

Superconductivityisapropertyofsomeconductorstheresistivityofwhichsuddenlydropsto

zeroatacertainlowtemperature, .ThesematerialsbehaveassuperconductorsbelowtheTc
criticaltemperature, andasnormalconductors.Tc

TheCRITICALTEMPERATUREisthetemperatureatwhichthenormalstateofaconductor

changestosuperconductingstate.criticaltemperatureisdifferentfordifferent



superconductors.

------------------------------------------------------------------------------------------------

Q1](e)Whatisreverberationtime?Discusssabineformula. (3)

Ans:-Thetimetakenbythesoundtofallfrom itsaverageintensitytoinaudibilityiscalledthe

reverberationtime.Itisalsodefinedastimeduringwhichthesoundintensityfallsfrom its

steadystatevaluetoitsone-millionthvalueafterthesourceisshutoff

∴ =
I

I
0

10
-6

SABINESFORMULA.

Sabinesderivedanexpressionforthereverberationtimeofafurnishedhallasfollows.

Thedecayintensityisgivenby,
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Hence,T=
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HencereverberationtimeisgivenbyT=0.161× …………………………..(1)
V

A

Henceequation(1)iscalledassabinesformula.

------------------------------------------------------------------------------------------------

Q1](f)State‘magnetostrictioneffect’.Mentionanytwoapplicationofultrasonic

waves. (3)

Ans:-Whenaferromagneticrodisplacedalongamagneticfielditundergoesasmallchange

initlength.Ifthesteadymagneticfieldisreplacedbyanalternatingmagneticfielditundergoes

alternateextensionandcontraction.Ifthefrequencyofthealternatingmagneticfieldishighthe



rodstartsvibratingexhibitinglongitudinalvibrations.Whenthefrequencyoftheappliedfieldis

hightherodproducesultrasonicwavesinthesurroundingmedium.

APPLICATION:

 Acoustictransducer:SONAR,Hydrophone,ultrasoniccleamimg,ultrasonicfriction

welding.

 Actuator:pump,Activevalve,Rotarymotor.

 Sensor:vibrationsensor,positionsensor,torquesensor.

------------------------------------------------------------------------------------------------

Q1](g)Calculateconductivityofagermanium sampleifadonarimpurityatoms

areaddedtotheextenttoonepartin germanium atomsatroom temperature.10
6

Assumethatonlyoneelectronofeachatom takespartinconductionprocess.

Given:-Avogadro’snumber=6.023× atom/gm-mol.10
23

AtomicweightofGe=72.6

Mobilityofelectrons=3800 sec
cm

2

volts

DensityofGe=5.32gm/ . (3)cm
3

Ans:-Givendata :-N =6.023× atoms/gm-mole ,atomicweightofGe,A=72.6,10
23

=0.38 -sec, ρ=5320kg/μe
m

2

V
m

3

Formula :-σ= eneμe

Solution :-no.ofatoms/unitvolume= =
Nρ

A

6.023× ×532010
26

72.6



= 441.35×1026

No.ofelectronsadded/unitvol = =ne
441.35×10

26

10
6

= 441.35×1020

Conductivity,σ= eneμe

=441.35× ×1.6× ×0.3810
20

10
-19

=2683

Conductivity =2683mho/m.

------------------------------------------------------------------------------------------------

Q2](a)Describewiththenecessarytheorythedavissonandgermanestablishing

wavenatureofelectrons.Calculatethede-brogliewavelengthofanalphaparticle

acceleratingthroughapotentialdifferenceof200voltsgiven:-massofalpha

particle=6.68× kg. (8)10
-27

Ans:-AccordingtodeBroglie’shypothesis,abeam ofmaterialparticlemustpossesswave

likecharacteristicsandshouldundergophenomenalikereflection,refraction,interference,

diffractionandpolarizationastheordinarylightwavesdo.Thefirstexperimentalverificationof

wavenatureofatomicparticleswasprovidedbydavissonandgermer.

DAVISSON-GERMEREXPERIMENT.

Inthisexperiment,from ahotfilamentFelectronsareacceleratedbyasmallvoltageVtostrike

atargetmadeofasinglenickelcrystal.

 Theelectronsarescatteredoffthecrystalinalldirections.

 Helpofanscatteredelectronsinalldirectionscanberecordedwiththehelpofan

electrondetectorwhichcanberotatedonacirculargraduatedscale.

 Foranyacceleratingvoltage,Vthescatteringcurveshowsapeakormaximum ina

particulardirection.Itisfoundthatforanacceleratingvoltageof54voltsaverylarge

numberofelectronsarescatteredataparticularangle,∅=50°.

 Itisassumedthattheelectronundergoesdiffractionandthepeakrepresentsthefirst

orderspectrum atanangleof50°.

Thediffractioneffectsisexplainedasfollows.

 Theatomicplanesofthenickelcrystalactliketherulingofadiffractiongrating.

 Theinteratomicdistancesofanickelcrystalisknowntobea=2.15A°.

 Theinteratomicspacingofanickelcrystalis

d=0.09A°.



 Since,itisassumedthattheelectronsundergodiffractiontheymustfollowbraggslaw,

2dsinθ=nλ

 Itisseenthattheglancingangleθ=65°.Assumingtheorderofdiffraction,n=1the

electronwavelengthisexperimentallycalculatedas

=1.65A°.λ
E

 Ontheotherhandsincetheelectronenergyis

E= m =eV
1

2
v
2

Thewavelengthassociatedwithanelectronwavecanbewrittenas

= = =λ
T

h

√2mE

h

√2meV

12.25

√V

 heretheacceleratingpotentialV=54voltsforwhichthetheoreticalelectronwavelength

isfoundtobe

=1.67A°.λ
T

Whichisveryclosetotheexperimentalvalue, .λ
E

 ThisagreementconfirmsdeBrogliehypothesisofmatterwaves.



NUMERICAL:

Givendata:- =6.68× kg, =4e=6.4× Cmp 10
-27

qα 10
-19

V=200volts.

Formula :- m = V , λ=1

2
v
2

qα
h

mv

Solutions :-- m = V , v=√1

2
v
2

qα
2 Vqα
m

λ=
h

√2 mVqα

=
6.63×10

-34

√2×6.4× ×6.68× ×20010
-19

10
-27

=0.507

Answer:deBrogliewavelengthofanalphaparticle

=0.507A°.λα

------------------------------------------------------------------------------------------------

Q2](b)Definetheterm driftcurrentandmobilityofachargecarriers.Calculatethe

currentproductinagermanium sampleofareaofcrosssection1 andcm
2

thicknessof0.01m,whenapotentialdifferenceof2Visappliedcrossit.Given:-

theconcentrationoffreeelectroningermanium is2× / andmobilitiesof10
19
m

3

electronsandholesare0.36 /voltssecand0.17 /voltssecrespectively.m
2

m
2

(7)

Ans:-DRIFTCURRENT:-

Driftcurrentisthe electriccurrent causedbyparticlesgettingpulledbyanelectricfield.

Directionofthedriftcurrentisalwaysinthedirectionoftheelectricfield.

Theamountofdriftcurrentdependsontheconcentrationofchargecarriersand

their mobility inthematerialormedium.

MOBILITYOFCHARGECARRIERS:-

Thisisapropertyofconductor,definedastheratioofdriftvelocitytoappliedelectricfieldina

conductor.Driftvelocityofchargecarriersinaconductordependupontwofactors,oneisthe

intensityofappliedelectricfieldacrosstheconductorandotherisonepropertyofthe

conductorcalledMobilityofChargeCarrier.

TheSIunitofmobilityis sec
m

2

V



NUMERICAL:

Givendata:-A=1 = ,t=0.01m,V=2volts.cm
2

10
-4
m

2

=2× / , =0.36 -sec, =0.17 -secn
i

10
19
m

3
μe

m
2

V
μ
h

m
2

V

Formula :-σ= e, R=r ,V=IR.n
i(+μe μ

h
) t

A

Solution :- σ= en
i(+μe μ

h
)

=2× ×1.6×10
19(0.36+0.17) 10

-19

=1.696mho/m

R=r =
t

A

1

σ

t

A

= × =58.96Ω
1

1.696

0.01

10
-4

I= = =0.0339Amp
V

R
2

58.96

Current:-0.0339Amp.

------------------------------------------------------------------------------------------------

Q3](a)Drawandexplaintheunitcellofsodium chloride(NaCl)crystaldetermine

effectivenumberofNaClmoleculeperunitcellandco-ordinationnumber. (8)

Ans:-NaClSTRUCTURE:-

Thisisanionicstructureinwhichthe ionsand ionsarealternatelyarranged.ItisaNa
+

Cl
-

combinationoftwoFCCsublatticeonemadeupof ionsandtheotherof ionsasifoneNa
+

Cl
-

sublatticeistranslatedthroughtheotheralongthecubeedges.

NaClunitcellwith ionsoccupyingtheregularFCClatticepointswith ionspositionedatNa
+

Cl
-

alternatepoints.Afaceofthisunitcellisshown.

AnotherNaClunitcellcanbeconsideredwiththepositionsof and ionsinterchanged.Na
+

Cl
-

Thefaceofsuchaunitcellisshown.

NaClUNITCELLPARAMETER:



(a)Totalnumberofmolecule/unitcells

Calculationfor =Here formsaFCCstructure.Hencetotalnumberof ions=4Na
+

Na
+

Na
+

Calculationfor =Thereare12 ionsattheedges.EveryedgelatticepointsissharedbyfourCl
-

Cl
-

neighbouringunitcell.Henceeveryedgelatticepointcarries¼ofanatom.Thereisonewhole

ionatthecentreofthestructure.Hence,Cl
-

Totalnumberof ions=(12×)+1=4.Cl
- 1

4

Sincethereare4 ionsandfour ionsinaNaClunitcell,therearefourNaClmoleculeNa
+

Cl
-

presentinaunitcell.

Hencenumberofmolecule/unitcell=4.

(b)AtomicRadius(r)

SinceNaClisanionicstructureandcationsaresmallerthananionsitisassumedthatradiusof

cation= andtheradiusofananion= .r
C

r
A

(c)Atomicpackingfactor(APF)

APF= itisfoundthata=2 +2

×(4×π )(4×π
4

3
r
3

C) 4

3
r
3

A

a
3 r

C
r
A

Hence, APF=( )
2π

3

+r
3

C
r
3

A

(rC+rA)
3

(d)Voidspace.

Thisisgivenby [1-( ) ]
2π

3

+r
3

C
r
3

A

(rC+rA)
3

------------------------------------------------------------------------------------------------

Q3](b)StateapplicationofHalleffect.InaHalleffectexperimentapotential

differenceof4.5μVisdevelopedacrossafoilofzincofthickness0.02mm when

acurrentof1.5Aiscarryinginadirectionperpendiculartoappliedmagneticfield

of2tesla.Calculate:-

(a)Hallcoefficientforzinc.

(b)Concentrationofelectron. (7)

Ans:-Ifacurrentcarryingconductororsemiconductorisplacedinatransversemagneticfield,

apotentialdifferenceisdevelopedacrossthespecimeninadirectionperpendiculartoboththe

currentthatthemagneticfield.ThephenomenoniscalledasHALLEFFECT.

ThenetelectricfieldEactingonthechargecarriersisaconstantoftheappliedelectricfieldEx
andhallelectricfield .TheanglemadebyEwiththexaxisiscalledtheHallanglewhichisE

H

givenby:-



------------------------------------------------------------------------------------------------

Q4](a)Discussformationofcopperpairsandenergygapinsuperconductoron

thebasisofBCStheory.

(5)

Ans:-Thequantum theoryofsuperconductivitydevelopedbybardeen,cooperandschriefferis

knownasBCStheory.

 Duringconductiontheelectronmotionisinterruptedbythesephononwavesand

resistivityariesinnormalconductors.

 Insuperconductorsduringtheinteractionofelectronswithphononssomeelectron

absorbsphononsandtheirenergyincreasesbyanamounthϑ.Whentheyreleasethis

energyasphononsotherelectronabsorbsthem.Inthiswayelectroninsuperconductors

interactwitheachotherthroughtheemissionandabsorptionofphonons.

 Ifaphononemittedbyoneelectronisabsorbedbyanotherelectron,theelectronform a

paircalledCooperpair.Thisphononmediatedelectroninteractionisattractive.

 Thereexistanenergygapbetweenthesuperconductingstateandthenormalstate.this

isdifferentfrom theenergygapinbandtheoryofsolids.Thisenergygaprepresentsthe

bindingenergyofacooperpair.Thisisoftheorderof eVatlowtemperature.10
-3

 Inthecooperpairsofelectronsthespinandthemomentaarecorrelated.Cooperpairs

haveaspinzero.

 Thestabilityofcopperpairsresultsinsuperconductivity.

=θ
H

( )tan
-1 E

H

E
X



------------------------------------------------------------------------------------------------

Q4](b)Stateanyfivefactorsaffectingtheacousticsofthebuildingandgivethe

remediesforeach. (5)

Ans:-Thedefects,thatcommonlyaffecttheacousticsofahallandhowtoeliminatethem to

designagoodauditorium aredescribedasfollows:-

1.Defect=NOISE

Anyunwantedsoundwhichcanbecreatedinsidethehallorcanbecarriedbyairfrom

outsideintothehalliscallednoise.

Design=Propersiteselection

Asitewithquitesurroundingisproperforahallorauditorium.Thebackgroundnoiselevelof

thehallshouldbebelow40-50dB.

2.Defect=Echo

Echoisasoundwavereflectedfrom aparallelhardsmoothsurface.Excessiveechoaffects

theacousticsofthehall.

Design=Asplayedfloorplanandthecoveringofinteriorsurfacewithsuitableabsorbent

materialminimizethedefectanddistributethesoundenergyuniformlythroughoutthehall.

3.Defect=EchelonEffect

Successiveechoofasoundfrom asetofregularlyspacedparallelandsmoothsurfaces

causeEcheloneffectwhichmakestheoriginalsoundunintelligible.

Design=thestepsinsidethehallshouldbecoveredwithabsorberlikecarpets.

4.Defect=Insufficientloudness



Excessiveabsorptionandlowreflectionofthesoundleadstothisdefect.

Design=inadditiontoloudspeakerlargesoundingboardsareusedbehindthesourceof

sound.Theabsorbentmaterialsareadjustedforthispurpose,aswell.

------------------------------------------------------------------------------------------------

Q4](c)Anultrasonicpulseof0.09M Hzsendsdowntowardsthesea-bedwhich

returnsafter0.55seconds.Thevelocityofultrasonicwavesinseawateris1800

m/sec.calculatethedepthofseaandwavelengthofultrasonicpulse.

(5)

Ans:-Givendata:-f=0.09× Hz, t=0.55sec ,v=1800m/sec.10
6

Formula :-2d=vt ,v=fλ

Solution :- d= = =495m
vt

2

1800×0.55

2

λ= = =0.2A°
v

f

1800

0.09×10
6

Answer :-depthofsea=495m

Wavelength=0.2A°

------------------------------------------------------------------------------------------------

Q5](a)Howdoesthepositionoffermienergylevelchangeswithincreasing

dopingconcentrationinp-typesemi-conductor?sketchdiagram. (5)

Ans:-Thistypeofbreakdownoccurswhenahighreversevoltageisappliedtoalightlydoped

junctiondiodeasshown.Inthiscase,theminorityelectronofthepsideacquirehighkinetic

energywithwhichtheyknockoutthevalenceelectronsofthehostatomsproducingelectron-

holepairs.Theseelectronholepairsgainkineticenergyfrom theelectricfieldandinturn

producemoreandmoreelectronpairs.Thisiscalledavalanchemultiplicationwhichoccursina

veryshorttimetogivelargereversecurrent.



------------------------------------------------------------------------------------------------

Q5](b)ExplainanalysisofcrystalstructureusingBragg’sXrayspectrometer(5)

Ans:-W.LBragg’sexplainedthephenomenonofX-raydiffractionfrom asinglecrystalshown

asfollows

Whenabeam ofX-raysisincidentonacrystalitisscatteredbyindividualatomsoftherich

atomicplanes.Thus,eachatom becomeasourceofscatteredradiation.Theatomicplanes

responsiblefortheX-raydiffractionarecalledBRAGG’SPLANES.ThereforethesetsofBraggs

planesconstitutethecrystalgrating.Bragg’sscatteringorBragg’sdiffractionisalsoreferredas

Braggsreflection.BraggderivedalawcalledBragg’slawtoexplaintheX-raydiffractioneffect.

Hereabeam ofX-rayisincidentonasetofparallelplanesofacrystal.Theraysmakesa

glancingangleθandarepracticallyreflectedfrom differentsuccessiveplanes.Thephase

relationshipofthescatteredrayscanbedeterminedfrom theirpathdifferences.Heretwo

parallelX-raysarereflectedfrom twoconsecutiveplanesPIandP2.Thepathdifferences

betweenthenasshown

δ=MB+BN=2MB=2ABsinθ

HereAB=d,theinterplanarspacingofthecrystal.Hence,

δ=2dsinθ

Thetwodiffractedraysreinforceeachotherwhentheyinterfereconstructivelywhentheirpath

differenceδisequaltonλ

Hence, 2dsinθ=nλ

ThisiscalledBragg’slaw.

------------------------------------------------------------------------------------------------

Q5](c)Findtheminimum energyofneutronconfinedtoanucleusofsizeofthe

orderof m.10
-14

Givenmassofneutron=1.675× kg (5)10
-27



Ans:-Givendata:-L= m10
-14

Formula :- = ( )…………………….(n=1,2,3…..)En n
2 h

2

8mL
2

Solution :- = ( )= …..(n=1)En n
2 h

2

8mL
2

(6.63× )×(6.63× )10
-34

10
-34

8×1.67× ×10
-27

)(10
-142

=3.29× JE
1

10
-13

Lowerenergy=3.29× J10
-13

------------------------------------------------------------------------------------------------

Q6](a)Calculatethecriticalradiusratioofanioniccrystalinligancy-6.whatisthe

maximum sizeofcationinligancy6configurationwhensizeofanionis2.02A°?(5)

Ans:-OCTAHEDRALCONFIGURATION:

TheoctahedralconfigurationofneighbouringanionsisfoundinNaClstructure.Herefour

anionsA,B,CandDarearrangedatthecornersofasquarewiththecationOatthecentreof

thesquare.Twomoreanionsaresituatedinfrontandatthebackofthecation.Thecentresof

allsixanionsform anoctahedron.

Herein∆BOC,<BOC=90°,BC=2 ,OB= + and<BCO=45°,r
A

r
C

r
A

Hence, =cos45°
BO

BC

Or, =
+r
C
r
A

2r
A

1

√2

Thecriticalradiusratiohereis,

NUMERICAL:

=0.414
r
C

r
A



Givendata :- =2.02A° ,ligancy=6.r
A(max)

Formula :-forligancy6,( )=0.732.
r
C

r
A

Calculations :- = ×0.732=2.02×0.732=1.478A°r
C

r
A

Answer :- =1.478A°r
C

------------------------------------------------------------------------------------------------

Q6](b)Whatdoyoumeanbygroupandphasevelocity?Showthatthede-Broglie

groupvelocityassociatedwiththewavepacketisequaltothevelocityofthe

particle. (5)

Ans:-GROUPVELOCITY:-

Whenanumberofwavesofslightlydifferentwavelengthsandvelocitiestraveltogetherina

medium theobservedvelocityofthisgroupofwavesiscalledtheGroupvelocity.Suchagroup

ofwavesiscalledawavepacket.

PHASEVELOCITY:-

Thevelocitywithwhichawavetravelsthroughamedium isknownasphasevelocityorwave

velocity.

RELATIONBETWEENPHASEANDGROUPVELOCITY.

Consideraparticleofrestmass movingwithavelocityv,whichisverylargeandcomparablemo

tocwithv<c,itsmassisgivenbytherelativisticformula.

m=
mo

-( )1
v
2

c
2

ω=2πϑ……..(ω=angularfrequency)

=2π =2π( )(Eh) mc
2

h

And k= = = (mv)
2π

λ

2pπ

h

2π

h

Wavevelocityisthephasevelocitygivenas

= =Vp
ω

k

c
2

v

=Vp
dω

dk



=Vg

dω
dv

dk
dv

=VVg

Thisshowsthatamatterparticlesinmotionisequivalenttoapacketmovingwithgroup

velocity whereasthecomponentwavesmoveswithphasevelocity .Vg Vp

Hencetherelationbetweenphasevelocityandgroupvelocityis:-

------------------------------------------------------------------------------------------------

Q6](c)Explaintheformationofpotentialbarrieracrosstheunbiasedp-njunction

region (5)

Ans:-Thep-njunctionisformedattheinitialstage,thefermilevelonthepandnsidesareat

differentenergystates.Thisisbecauseofthefactthatpsidehasexcessholesandnsidehas

excesselectronsasfreecarriers.

 Thediffusionthroughthejunctionstarttoequalizethenumberofchargecarrieronboth

sides.Astheconductionbandofthensidehashighdensityofcarrier,electronsofthe

conductionbanddiffusethroughthejunctionfrom thensidetothepside.Similarly

holesofthevalencebanddiffusethroughthejunctionfrom psidetonside.

∴ =VpVg c
2



 Asmoreelectronsoccupybandofpsidethefermilevel startsmovingupwardsalongE
FP

withtheentirep-typeenergybandstructure.Similarlymoreholesenteringthevalence

bandofn-sidemakethefermilevel movesdownwards.TheenergybandstructureE
Fn

alsomovedownwardswith .FinallyastagecomeswhenthechargedensityonbothE
Fn

sidesofthesamebandisuniform.Inthisequilibrium conditionthefermilevels andE
Fn

alignwitheachother.EFp

 Theconductionbandandthevalencebandofbothsidesarepositionedinsuchamanner

thataconductionhillofheight-e andvalencehillofheighte areformed.TheseareV
O

V
O

thepotentialenergiesoftheelectronsandholesrespectivelyduetothepotentialbarrier

.V
O

------------------------------------------------------------------------------------------------
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--------------------------------------------------------------------------------------------------------------

Q1](a)DrawtheunitcellofHCPstructureandworkouttheno.ofatomsper

unitcell. (3)

Ans:-Eachcorneratom issharedby6neighbouringunitcells.Henceeachcornercarriers

(1/6)thofanatom asshown:-

Eachfacecentrecarriers½atom.Inthemiddlelayertherearethreeatoms.Hencetotalnumber

ofatoms/unitcellsare

n=2 +2 +3=6(6×16) (12)

---------------------------------------------------------------------------------------------------------------

Q1](b)Themobilityofholesis0.025 /V-sec.whatwouldbetheresistivityofn-m
2

typeSiiftheHallcoefficientofthesampleis2.25× /C. (3)10-5m
3

Ans:-GivenData :- =0.025 /V-sec =2.25× /Cμ
h

m
2

R
H

10
-5
m

3

Formula :-ρ= , =σ
1

σ
μ
h

R
H

Calculations:- σ= = =1111.11mho/m
μ
H

R
H

0.025

2.25×10
-5

ρ=9× Ω-m10
-4

Answer:- Resistivity=9× Ω-m10
-4

---------------------------------------------------------------------------------------------------------------



Q1](c)Whatistheprincipleofsolarcell?Writeitsadvantagesand

disadvantages. (3)

Ans:-PRINCIPLE:-

Inphotoelectriceffectwhenradiationisincidentonametalsurfaceelectronareejected.In

photovoltaiceffect,certainmaterialsbeingexposedtoradiationgenerateselectronholepairs

availableforconduction.Asaresultavoltageisdevelopedacrossthematerial.Theradiation

energyE=hϑisrequiredtobegreaterthenthebandgapenergy ofthematerial.ThisisaEg
phenomenoninwhichlightenergyisconvertedintoelectricalenergy.

ADVANTAGES:-

 Environmentallyfriendly.

 Nonoise,nomovingparts.

 Noemission.

 Minimum maintenancerequired.

 Longlifetime,upto30years.

 PVoperatorevenincloudyweathercondition.

Disadvantages:-

 PVcannotoperatewithoutlight.

 Highinitialcoststhatovershadowthelowmaintenancecostsandlackoffuelcosts.

 Largeareaneededforlargescaleapplications.

 PVgeneratesdirectcurrentspecialDCappliancesoraninverterareneeded.

---------------------------------------------------------------------------------------------------------------

Q1](d)Anelectronisconfinedinaboxofdimension1A°.calculateminimum

uncertaintyinitsvelocity. (3)

Ans:-GivenData :-L= m10
-10

Formula :-∆ .∆ =ħXma p
mi

Calculations:-sincetheelectronisprobableanywherewithintheboxoflength m,10
-10

themaximum uncertaintyinlocatingitis,

∆ = mXma 10
-10

∆ .m.∆ =ħXma v
mi

∆ =v
mi

ħ

m∆Xma

=
6.63×10

-34

2×3.14×9.1× ×10
-31

10
-8



∆ =1.16× m/secv
mi

10
5

Answer:-minimum uncertaintyinvelocity=1.16× m/s10
5

---------------------------------------------------------------------------------------------------------------

Q1](e)Explainthefactorsonwhichreverberationtimedepends. (3)

Ans:-Themostimportantfactorinallregulationsisreverberationtime,whichisdefinedasthe
timeittakesforthesoundpressureleveltodrop60dBbelowitsoriginallevel.

Inmostcases,alowreverberationtimeimprovestheacousticalcomfort.Insomesituations,
however,suchasconcertsorconferencehalls,ahigherreverberationtimecanimprove
listeningcomfort.

Reverberationtimedependsonthesizeandshapeofthespacealongwiththeamount,quality
andpositioningofabsorbingsurfaceswithinthespace.Themoresoundabsorptionintheroom,
thelowerthereverberationtime.

---------------------------------------------------------------------------------------------------------------

Q1](f)Explaincavitationeffect. (3)

Ans:-Liquidscontainsmicroscopicbubblesofsize m to m.ultrasonicwaves10
-9

10
-8

propagateslongitudinallythroughliquids.Themoleculesofthemedium movesbackandforth

inthedirectionofpropagationofthewave.Thismovementinducesalternateregionsof

compressionandrarefraction.Adecreaseinpressureattheareaofrarefactioncauseslocal

boilingoftheliquid.Thiscausesanintenseevaporationinthebubblesandthebubblesgrowin

size.Thegrowthofthebubblesleadstotheircollapsewithinaveryshortspanofone

millisecond.Thecollapseofnumerousbubblesresultsintoalargenumberofshockwavesdue

towhichthelocaltemperatureincreasesbyabout ℃.Theshockwavesdevelophigh10
4

crushingpoweroftheliquidduetowhichthecavitationeffecthasapplicationslike.

1.Ultrasoniccleaning.

2.Emulsification.

3.Alloyformation.

Thismethodisalsocalledasagglomeration.

---------------------------------------------------------------------------------------------------------------

Q1](g)WhatisMaglev?Howitcanhaveveryhighspeed? (3)

Ans:-MAGLEVisanacronym ofmagneticlevitation.Themostspectacularapplicationsofthis

wouldbemaglevtrains.Thecoachesofthetraindonotslideoversteelrailsbutfloatonafour

inchaircushionabovethetrackusingMeissnereffectofsuperconductingmagnets.

Thecurrentflowingthroughitshorizontalcoilsproduceaverticalmagneticfield.ByMeissner

effectthesuperconductingmagnetSexpelstheverticalmagneticflux.Thislevitatesthetrain

andkeepsitafloattheguideway,thehorizontalcoilsarethuscalledlevitatingcoils.Onthe

otherhandcurrentpassingthroughtheverticalcoilproduceahorizontalmagneticfieldwhich

pushesthetrainforward.Thustheverticalcoilsarecalledpropellingcoils.



Thetrainisfittedwithretractablewheelssimilartothewheelsofanaircraft.Oncethetrainis

levitatedinairthewheelsareretractedintothebodyandthetrainglidesforwardontheair

cushion.

---------------------------------------------------------------------------------------------------------------

Q2](a)Drawthefollowing:(1,-1,3),(2,0,0),[0,0,-1]

Anelectronisacceleratedthrough1200voltsandisreflectedfrom acrystal.The

secondorderreflectionoccurswhenglancingangleis60°.Calculatetheinter

planarspacingofthecrystal. (8)

Ans:-1.Millerindices :(1 3)
̅
1

Intercepts :a,-a,a/3

2.Millerindices : (200)…………(canalsobewrittenas(100))

Reciprocals :1,∞,∞

Intercepts :a,∞,∞



---------------------------------------------------------------------------------------------------------------

Q2](b)Explaintheconceptoffermilevel.ProvethattheFermilevelexactlyatthe

centreoftheForbiddenenergygapinintrinsicsemiconductor. (7)

Ans:-FERMILEVEL

Fermilevelisnotanallowedenergylevelitisanimaginaryreferencelevelusedtospecifyother

energylevels.Fermilevelisdefinedasthehighestfilledenergylevelinanysolidatabsolute

zerotemperature.

Hence,atabsolutezerotemperatureallenergylevelsbelow areemptyforwhichtheE
F

probabilityofoccupancycanbewrittenfrom Fermi-Diracdistributionfunction.

AtanytemperatureT>0Kinanintrinsicsemiconductoranumberofelectronsarefoundinthe

conductionbandandtherestofthevalenceelectronsareleftbehindinthevalenceband.

N= +nc n
V

f = ………………………(1)(EC)
1

1+e
(-)/kTE

C
E
F

f = ………………………(2)(Ev)
1

1+e
-(-)/kTE

C
E
F

=Nf =n
V

(Ev)
N

1+e
-(-)/kTE

C
E
F

N= +
N

1+e
-(-)/kTE

C
E
F

N

1+e
(-)/kTE

C
E
F

1= +
1

1+e
-(-)/kTE

C
E
F

1

1+e
(-)/kTE

C
E
F

1=
2+ +e

(-)/kTE
C
E
F e

-(-)/kTE
C
E
F

[1+e
-E
C
E
F

kT][1+e
+-E
C
E
F

kT ]
Solvingaboveequationusingcrossmultiplicationmethod.

=1e
(-2 + )/kTE

C
E
F
E
V



=0
-2 +E
C
E
F
E
V

kT

=E
F

+E
C
E
V

2

HenceitisprovedthatfermienergylevelinintrinsicsemiconductorisattheCentreofforbidden

energygap.

---------------------------------------------------------------------------------------------------------------

Q3](a)FindthefollowingparameterforDC(DiamondCubic)structure:- (8)

1.No.ofatomsperunitcell.

2.Co-ordinationnumber.

3.Nearestatomicdistance.

4.Atomicradius.

5.APF.

Ans:-ThiscanbethoughtofasacombinationoftwoFCCsublatticeasifoneFCCsublatticeis

translatedalongabodydiagonaloftheothersublatticethroughadistance√3a/4from oneof

itscorners.ThereforeinadditiontoregularFCCatomsadditionalatoms,oneoneachofthe

fourbodydiagonalsarefoundinthisstructure.TwoFCCsublatticecanform theDCstructure.

1.NUMBEROFATOMS/UNITCELL(n):-

Totalnumberofatoms/unitcell=( ×8corners)+ +(4×
1

8 ( ×6facecorners
1

2 )
1oneachbodydiagonal)

∴n=8

2.CO-ORDINATIONNUMBER(N)

Everyatom withco-ordination(a/4,a/4,a/4)hasfournearestneighbour,oneatthenearest

cornerandthreeatthefacecentresofthethreeadjacentfacespassingthroughthenearest

corner.Forexample,theatom A,J,KandLarethenearestneighboursoftheadditionalatom P.

thefiveatomsA,J,KandPfrom atetrahedron



∴N=4

3.ATOMICRADIUS(r):-

Thedistancebetweentwonearestneighboursis

AP= =2r ∴r=
√3a

4

√3a

8

4.ATOMICPACKINGFACTOR(APF):-

APF= =0.34

8× (
4π

3
3a
8
)
3

a
3

Packingefficiency=34%

Hence,itisalooselypackedstructure.Butasalltheatomsareattachedwithcovalentbonds

thisisastrongstructure.

5.VOIDSPACE:-

ThevoidspaceinaDCunitcellis66%oftheentirecellstructure.

---------------------------------------------------------------------------------------------------------------

Q3](b)Definedriftcurrent,diffusioncurrentandP-Njunction.Theelectrical

conductivityofapuresiliconatroom temperatureis4× mho/m .ifthemobility10
-4

ofelectronis0.14 /V-Sandthatofholeis0.04 /V-S.calculatetheintrinsicm
2

m
2

carrierdensity. (7)

Ans:-DRIFTCURRENT:-

Driftcurrentistheelectriccurrent,ormovementofchargecarriers,whichisduetotheapplied

electricfield,oftenstatedastheelectromotiveforceoveragivendistance.

DIFFUSIONCURRENT:-

Diffusioncurrentisacurrentinasemiconductorcausedbythediffusionofchargecarriers.This

isthecurrentwhichisduetothetransportofchargesoccurringbecauseofnonuniform

concentrationofchargedparticlesinasemiconductor.

P-NJUNCTION:-

AdiodeisaPNjunctionwithp-typeononesideandn-typeontheother.Whenapositive

voltageisappliedtothep-typeside,itshrinksandovercomesthedepletionzone,causingthe

currentflowfrom thep-typetothen-typeside.

NUMERICAL:-

GivenData :-σ=4× mho/m , =0.14 /V-sec, =0.04 /V-S10
-4

μe m
2

μ
h

m
2



Formula :- = .eσ
i

n
i(+μe μ

h
)

Calculations :- =n
i

σ
i

.e(+μe μ
h
)

=
4×10

-4

1.6× (0.14+0.040)10
-19

=1.388× /n
i

10
16
m

3

Answer :-carrierconcentration= 1.388× /10
16
m

3

---------------------------------------------------------------------------------------------------------------

Q4](a)DistinguishbetweenTypeIandTypeIIsuperconductor. (5)

Ans:-

TYPE ISUPERCONDUCTOR TYPEIISUPERCONDUCTOR

1.TheyexhibitcompleteMeissnereffect

.

1.TheyexhibitpartialMeissnereffect.

1.Theseareperfectdiamagnetics. 2.Thesearenotperfectdiamagnetics.

2.Theseareknownassoft

superconductors.

3.Theseareknownashardsuperconductors.

3.Theyhaveonlyonecriticalmagnetic

field.

4.Theyhavetwocriticalmagneticfields.

4.Thesematerialsundergoesasharp

transitionfrom thesuperconducting

stateofthenormalstateatthecritical

magneticfield.

5.Thesematerialsundergoesagradual

transitionfrom thesuperconductingstateto

thenormalstatebetweenthetwocritical

magneticfields.

5.Thehighestvalueofcriticalmagnetic

fieldis0.1wb/ .m
2

6.Theuppercriticalfieldcanbeoftheorder

of50wb/ .m
2

6.Applicationsareverylimited. 7.Theyareusedtogenerateveryhigh

magneticfield.

7.Examples:-lead,tin,mercury,etc. 8.Examples:-alloyslikeNb-Sn,Nb-Ti,Nb-Zr,

etc.

---------------------------------------------------------------------------------------------------------------

Q4](b)Aclassroom hasdimension10×8×6 .thereverberationtimeis3sec.m
3

calculatethetotalabsorptionofsurfaceandaverageabsorption. (5)

Ans:-GivenData :-V=10×8×6=480m3

S=2[(10×8)+ +(10×6)]=376(8×6) m
3

T=3sec.



Formula :- T=0.161 =0.161
V

A

V

.Sαav

Calculations:-A= = =25.76sabine-
0.161×V

T

0.161×480

3
m

2

= = =0.068sabine.αav
A

S

25.76

376

Answer :-Totalabsorption,A=25.76 sabine-m2

Averageabsorptioncoefficient, =0.068sabine.αav

---------------------------------------------------------------------------------------------------------------

Q4](c)Explaintheprinciple,constructionandworkingofaMagnetostriction

Oscillator. (5)

Ans:-Thisisbasedontheprincipleofmagnetostrictioneffect.

 AferromagneticrodMNisclampedinthemiddle.Twocoils and arewoundroundL
1

L
2

itstwohalves.

 Thecoil isconnectedintheplate–cathodecircuitandthecoil isconnectedintheL
1

L
2

gridcathodecircuitofatriodevalveoscillator.

 ThecapacitorChasavariablecapacitance.

 Asthecircuitisswitchedontheplatecurrent startsflowingthroughcoil producingIp L
1

amagneticfieldBalongtheaxisoftherodasshown:-

 Nowtherodisplacedinamagneticfieldalongitslengthasaresultofwhichitsoverall

lengthwillchangebyasmallamount.

 Asthelengthchangesthefluxlinkedwith and alsochangesgivingrisetoanL
1

L
2

inducedemf,e=-dφ/dtacross .L
2

 Theinducedemfisfedtothegrid-cathodecircuitandtheoscillatorvalvegivesan

amplifiedalternatingvoltagesasoutputtotheplate-cathodecircuitcausingan

alternatingplatecurrent.

 Duetothealternatingcurrentflowingthroughcoil themagneticfieldbecomesanL
1

alternatingmagneticfieldgivingrisetothevibrationoftherod.

 Thefrequencyofmechanicalvibrationoftherodisgivenby

= √f
rod

p

2L

Y

ρ

Wherep=modeofvibration

L=lengthoftherod.

Y=Young’smodulusofthematerialoftherodand,

densityofthematerialoftherod.



Forfirstharmonicp=1andthefrequencyofvibrationbecomes

= √f
rod

p

2L

Y

ρ

Thefrequencyofthetriodevalveoscillatorisgivenby

=fosc
1

2π√ CL
1

ByvaryingthecapacitanceCofthevariablecapacitortheoscillatorfrequency, canbefosc
adjustedtothemechanicalfrequencyoftherod .Inthecasef

rod

=f
rod

fosc

Andresonancetakesplace.

 Atresonancetherodvibratesvigorouslyemittingultrasonicwavesfrom bothitsends.

 Byadjustingthelengthoftherodandthecapacitanceofthevariablecapacitorultrasonic

wavesoffrequencyupto300KHzcanbeproduced.

---------------------------------------------------------------------------------------------------------------

Q5](a)WriteFermiDiracdistributionfunction.Withthehelpofdiagram.Explain

thevariationofFermilevelwithtemperatureinn-typesemiconductor. (5)

Ans:-Eachenergybandinacrystalaccommodatesalargenumberofelectronenergylevels.

AccordingtoPauli’sexclusionprincipleanyenergylevelcanbeoccupiedbytwoelectronsonly,

onespinupanddown.however,alltheavailableenergystatesarenotfilledinanenergyband.

Theseparationbetweentheconsecutiveenergylevelisverysmallaround eVduetowhich10
-27

theenergystatesarenotfilledinanenergyband.

FERMIDIRACDISTRIBUTIONFUNCTION.

Thecarrieroccupancyoftheenergystatesisrepresentedbyacontinuousdistributionfunction

knownastheFermi-Diracdistributionfunction,givenby

f =(E)
1

1+e
(E-)/kTE

F



Thisindicatestheprobabilitythataparticularquantum stateattheenergylevelEisoccupiedby

anelectron.HerekisBoltzmann’sconstantandTisabsolutetemperatureofthe

semiconductor.Theenergy iscalledFermienergythatcorrespondstoareferencelevelE
F

calledFermilevel.

INn-TYPESEMICONDUCTOR.

 At0Kthefermilevel liesbetweentheconductionbandandthedonorlevel.E
Fn

 Astemperatureincreasesmoreandmoreelectronsshifttotheconductionbandleaving

behindequalnumberofholesinthevalenceband.Theseelectronholepairsareintrinsic

carriers.

 Withtheincreaseintemperaturetheintrinsiccarriersdominatethedonors.

 Tomaintainthebalanceofthecarrierdensityonbothsidesthefermilevel graduallyE
Fn

shiftsdownwards.

 Finallyathightemperaturewhenthedonordensityisalmostnegligible isverycloseE
Fn

to .E
Fi

---------------------------------------------------------------------------------------------------------------

Q5](b)DeriveSchrodingertimedependentwaveequationformatterwaves.(5)

Ans:-:-Foronedimensionalcase,theclassicalwaveisdescribedbythewaveequation

= ×
dy

2

dx
2

1

v
2

yd
2

dt
2

whereyisthedisplacementandvisthevelocityofthewavetravellinginadirection.The

displacementoftheparticleatanyinstant‘t’,atanypoint‘x’inspace

y(x,t)=Ae
j(kx-ωt)

whereω=2πϑandk=2π/λ

inanalogywiththisthewavefunctionwhichdescribesthebehaviourofthematterparticleat

anyinstant‘t’,atanypoint‘x’inspacecanbewrittenas



Ψ =A(x,t) e
j(kx-ωt)

Where, ω=2πϑ=2π =
E

h

E

ħ

And k= = ×p=
2π

λ

2π

h

p

ħ

Thetotalenergyoftheparticleisgivenby

E=kineticenergy+potentialenergy

= +V= +V
1

2
mv

2 (mv)
2

2m

E= +V
p
2

2m

OperatingthisonthewavefunctionΨ(x,t)itisfoundthat

EΨ(x,t)= Ψ +VΨ(x,t)
p
2

2m
(x,t)

Differentiatingequationwithrespectto‘x’and‘t’itisobtainedthat

= A =- Ψ(x,t)
Ψ(x,t)Ə
2

Əx
2 -p

2
e
j(kx-ωt)

k
2

Hence Ψ =-jAω =-jωΨ(x,t)
p
2

Ət
(x,t) e

j(kx-ωt)

Hencethefinalequationisasfollows:-

jħ =- × +VΨ(x,t)
ƏΨ(x,t)

Ət

ħ

2m

ΨƏ
2
(x,t)

Əx
2

Or - × + VΨ =jħ
ħ

2m

ΨƏ
2
(x,t)

Əx
2 (x,t)

ƏΨ(x,t)

Ət

Thefirstandthesecondterm onthelefthandsiderepresentsthekineticandpotentialenergies

respectivelyoftheparticleandtherighthandsiderepresentsthetotalenergy.

ThisiscalledastheonedimensionaltimedependentSchrodingerequation.

---------------------------------------------------------------------------------------------------------------

Q5](c)Findthedepthofseawaterfrom ashipontheseasurfaceitthetime

intervaloftwosecondsisrequiredtoreceivethesignalback.Giventhat:

temperatureofseawateris20℃,salinityofseawateris10gm/lit. (5)

Ans:-GivenData :-t=2sec,Temperature=20℃,

S=10gm/lit=10kg/m3

Formula :-d=
ϑt

2



ϑ=1510+1.14S+4.21t-0.037t
2

Calculations :- ϑ=1510+ + -0.037(1.14×10) (4.21×20) (20)
2

ϑ=1590.8m/s

D= =1590.8m
1590.8×2

2

Answer :-Depthofseawater=1590.8m

---------------------------------------------------------------------------------------------------------------

Q6](a)Definethecriticaltemperature.Slowthatinthesuperconductingstatethe

materialisperfectlydiamagnetic. (5)

Ans:-Thecriticaltemperatureisthetransitiontemperatureatwhichthenormalstateofa

conductorchangestosuperconductingstate.

Asuperconductingmaterialkeptinamagneticfieldexpelsthemagneticfluxoutitsbodywhen

cooledbelowthecriticaltemperatureandexhibitsperfectdiamagnetism.Thisiscalled

MEISSNEREFFECT.

 Itisfoundthatasthetemperatureofthespecimenisloweredto ,themagneticfluxisTc
suddenlyandcompletelyexpelledfrom it.ThefluxexpulsioncontinuesforT< .TheTc
effectisreversible.

 Whenthetemperatureisraisedfrom below .ThefluxdensitypenetratesthespecimenTc
againatT= andthematerialturnstothenormalstate.Tc

 Forthenormalstatethemagneticinductioninsidethespecimenisgivenby:

B= = H………………………………………..(1)μo(H+M) μ
O
(1+χ)

HereHistheappliedmagneticfield,m isthemagnetizationproducedwithinthespecimen,isχ

thesusceptibilityofthematerialand isthepermeabilityoffreespace.μo

 AtT< asseenaboveTc

B =0

Henceequation(1)reducedto,

M = -H

Andthusχ= =-1
M

H

 Thespecimenisthereforeaperfectdiamagnetic.Thediamagnetism producesstrong

repulsiontotheexternalmagnets.

 Thiseffectisusedtoidentifyasuperconductor,inlevitationeffectandsuspension

effect.



---------------------------------------------------------------------------------------------------------------

Q6](b)Inasolidtheenergylevelislying0.012eVbelowFermilevel.Whatisthe

probabilityofthislevelnotbeingoccupiedbyanelectron27℃? (5)

Ans:-Data :- -E=0.012eV ,T=27℃=300KE
F

K=1.38× J/K= =86.25× eV/K10
-23 1.38×10

-23

1.6×10
-19 10

-6

Formula :-f( )=E
C

1

1+e
(-)/kTE

C
E
F

Calculations:-Totalprobability=1

Probabilityofoccupyinganenergystate+Probabilityofnotoccupyingtheenergystate=1.

f(E)+Probabilityofnotoccupyingtheenergystate=1

Probabilityofnotoccupyingtheenergystate=1-f(E)

Here f(E)= = =0.386
1

1+e
(E-)/kTE

F

1

1+e
(0.012/86.25× ×300)10

-6

Hence,1-f(E)=1-0.386=0.614

Answer:-Probabilityofnotoccupying=0.614

---------------------------------------------------------------------------------------------------------------

Q6](c)Whatisthewavelengthofabeam ofneutronhaving:

1.Anenergyof0.025eV?

2.Anelectronandphotoneachhavewavelengthof2A°.whataretheir

momentum andenergy? =1.676× kg,h=6.625× J-sec. (5)mn 10
-27

10
-34

Ans:-1.GivenData :-energyofneutron=0.025eV.

Tofind :-wavelengthofabeam.

Calculation :- λ=
h

√2meV



=
6.626×10

-34

√2×1.676× ×0.025× ×1.610
-27

10
-19

=1.8095A°.

Hencewavelengthisequalto=1.8095A°.

2.GivenData :- λ=2A°, =1.676× kg,h=6.625× J-sec.mn 10
-27

10
-34

Tofind :- momentum andenergy.

Calculations :- λ = ,………………….(formomentum)
h

p

2× =10
-10 6.625×10

-34

p

P=3.3125× kg-m/sec.10
-24

λ=
h

√2mE

2× =10
-10 6.625×10

-34

√2×1.676× ×E10
-27

E=5.721× joules.10
-11

Hencemomentum =3.3125× kg-m/sec.andenergyis=5.721× joules.10
-24

10
-11

---------------------------------------------------------------------------------------------------------------
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Q1](a)‘CrystalactsasthreedimensionalgratingforX-rays’,explain. (3)

Ans:-CrystalactasthreedimensionalgratingwithX-rays

1.SincethewavelengthofX-raysisintheorderof1A°,ordinarygratingwhichhas6000lines
percm cannotproduceanappreciablediffractionpatternofX-rays.

2.Therefore,inthecaseofX-rays,insteadofordinarygratingcrystalsgratingsareused.In
crystalgratingatomsarearrangedatlatticepointsinaregularfashion.

3.Thesearrangedatomscorrespondtogratinglinesandthedistancebetweentwoatomsis
thegratingelement,intheorderoflecm.

4.Thecrystalgratingdiffersfrom opticalgratinginsuchawaythatincrystalgrating,the
atomiccentresarenotinoneplanebutaredistributedin3-dimensionalspace.Butin
opticalgrating,theyarelimitedtooneplane.

5.Hence,crystalactasthreedimensionalgratingwithX-rays

---------------------------------------------------------------------------------------------------

Q1](b)Calculatethefrequencyandwavelengthofphotonwhoseenergyis75eV.(3)

Ans:-GivenData :-E=75eV =75×1.6× = 1.20×10
-19

10
-17

Formula :-E= ,λ= =
1

2
mv

2 h

mv

h

p

Calculations:- E= = =
1

2
mv

2 (mv)
2

2m

h
2

2mλ
2

λ= = =1.41A°
h

√2mE

6.63×10
-34

√2×9.1× ×1.20×10
-31

10
-17

wavelength=1.41A°

frequency = =7.048×
1

λ
10

9

---------------------------------------------------------------------------------------------------

Q1](c)Drawtheenergybanddiagram ofp-njunctiondiodeinforwardandreverse

biascondition. (3)

Ans:-Forwardbiasingincreasestheelectrondensityintheconductionbandofthen-side.Asa

resultthefermilevelmovesupwards.Similarlyduetotheincreaseintheholedensityinthe

valencebandofthepside,thefermilevelmovesdownwards.Thefermilevelsand are

displacedrelativelybyanamounteVequaltothepotentialenergyduetotheappliedvoltage,V

whichcausethedisplacement.



TheheightoftheconductionhillreducesbythesameamounteVandbecomese( -V).SimilarlyVo
theheightofthevalencehillbecomes-e( -V).ThismakesthechargeflowthroughthejunctionVo
easier.

---------------------------------------------------------------------------------------------------

Q1](d)“Superconductorisaperfectdiamagnetic”,Explain. (3)

Ans:-Asuperconductingmaterialkeptinamagneticfieldexpelsthemagneticfluxoutitsbody

whencooledbelowthecriticaltemperatureandexhibitsperfectdiamagnetism.Thisiscalled

MEISSNEREFFECT.

 Itisfoundthatasthetemperatureofthespecimenisloweredto ,themagneticfluxisTc
suddenlyandcompletelyexpelledfrom it.ThefluxexpulsioncontinuesforT< .TheTc
effectisreversible.

 Whenthetemperatureisraisedfrom below .ThefluxdensitypenetratesthespecimenTc
againatT= andthematerialturnstothenormalstate.Tc

 Forthenormalstatethemagneticinductioninsidethespecimenisgivenby:

B= = H………………………………………..(1)μo(H+M) μ
O
(1+χ)

HereHistheappliedmagneticfield,m isthemagnetizationproducedwithinthespecimen,isχ

thesusceptibilityofthematerialand isthepermeabilityoffreespace.μo

 AtT< asseenaboveTc



B =0

Henceequation(1)reducedto,

M = -H

Andthusχ= =-1
M

H

 Thespecimenisthereforeaperfectdiamagnetic.Thediamagnetism producesstrong

repulsiontotheexternalmagnets.

 Thiseffectisusedtoidentifyasuperconductor,inlevitationeffectandsuspension

effect.

---------------------------------------------------------------------------------------------------

Q1](e)Whatisreverberationtime?Howisitimportant?Writethefactorsaffecting

Reverberationtime. (3)

Ans:-Inreverberationsoundproducedinanenclosurecontinuestobeheardforsometime.A

soundproducedinaroom undergoesmultiplereflectionsfrom thewalls,thefloorandtheceiling

beforebecominginaudible.Theprolongationofsoundinanenclosedplaceevenwhenthesound

sourcehasstoppediscalledreverberation.

Thetimetakenbythesoundtofallfrom itsaverageintensitytoinaudibilityiscalledthe

reverberationtime.Itisalsodefinedastimeduringwhichthesoundintensityfallsfrom itssteady

statevaluetoitsone-millionthvalueafterthesourceisshutoff

∴ =
I

I
0

10
-6

Andfrom equationit,isfoundas,

L=-60dB

Thusduringreverberationtimetheintensityleveldropsby60dB.

---------------------------------------------------------------------------------------------------

Q1(f)Aquartzcrystalofthickness1.5mm isvibratingwithresonance.Calculateit’s
fundamentalfrequencyiftheYoung’smodulusofquartzcrystalis7.9× N/ and10

10
m

2

densityis2650kg/ . (3)m
3

Ans:-GivenData :- =1mm = mm Y=7.9× N/t
1

10
-3

10
10

m
2

ρ=2650kg/m3

Formula :-f= √
1

2t

Y

ρ

Calculations :-f= √ =2.73MHz
1

2×10
-3

7.9×10
10

2650



Answers :-Frequency=2.73MHz

---------------------------------------------------------------------------------------------------

Q1](g)Mobility’sofelectronandholeinasampleofGeatroom temperatureare

0.36 /V-secand0.17 /V-secrespectively.Ifelectronandholedensitiesareequalm
2

m
2

anditis2.5× / ,calculateitsconductivity. (3)10
13
cm

3

Ans:-Data :- =0.36 /V-sec =0.17 /V-sec T=300°Kμe m
2

μ
h

m
2

=2.5× / =2.5×n
i

10
13
cm

3
10

19
m

3

Formula :- σ=n .e(-μeμh)

Calculations :- σ=2.5× (0.36+0.17)×1.6×10
19

10
-19

=2.12mho/metre

Answer :- σ=conductivity=2.12mho/metre

---------------------------------------------------------------------------------------------------

Q2](a)WithHeisenberg’suncertaintyprincipleprovethatelectroncannotsurvivein

nucleus.Anelectronhasaspeedof300m/sec.withuncertaintyof0.01%.findthe

accuracyinitsposition. (8)

Ans:-Initiallyassumethatanelectronisapartofanucleus.Thesizeofanucleusisabout1

fermi= m ifanelectronisconfinedwithinanucleustheuncertaintyinitspositionmustnotbe10
-15

greaterthanthedimensionofthenucleusi.e., m.hence,10
-15

∆ = mxm 10
-15

From thelimitingconditionofHeisenberg’suncertaintyprinciplegivenintheequationitcanbe

writtenas

∆ .∆ =ħxm p
mi

∆ = = =1.055× kg-m/secp
mi

ħ

∆x
mi

6.63×10
-34

2×3.14×10
-15 10

-19

Now,∆ =m∆p
mi

v
mi

Hence, ∆ = = =1.159× m/s>cv
mi

∆p
mi

m

1.055×10
-19

9.1×10
-31 10

11

As ,∆ <v,v>1.159× m/s>cv
mi

10
11

Thereforetheelectroninsidethenucleusbehavesasarelativisticparticle.

Therelativisticenergyoftheelectronis E= +√m
2

oc
4

p
2
c
2

Sincetheactualmomentum oftheelectronp>>∆ .. ≫ .,therestmassenergyofthep
mi
p
2
c
2

m
2

oc
2

electronthevalueofwhichis0.511MeV.Hence,E=pc

Assumingp=∆ theleastenergythatanelectronshouldposseswithinanucleusisgivenbyp
mi



=∆ .cE
mi

p
mi

=1.055× ×3×10
-19

10
8

=3.165× J10
-11

= =197MeV.E
mi

3.165×10
-11

1.6×10
-19

Inrealitytheonlysourceofgenerationofelectronwithinanucleusistheprocessofβ-decay.The

maximum kineticenergypossessedbytheelectronsduringβ-decayisabout100KeV.Thisshows

thatanelectroncannotexistwithinanucleus.

NUMERICAL:-

GivenData :- V =300m/sec, =0.01%
∆v

v

Formula :- ∆x.∆p≥ħ

Calculations :- ∆x.m.∆p≥ħ

∆v=300× =0.03
0.01

100

∆x≥ ≥
ħ

m∆v

6.63×10
-34

2×3.14×9.1×0.03×10
-31

≥ 3.8×10
-3

Thereforeuncertaintyinposition=3.8× m10
-3

---------------------------------------------------------------------------------------------------

Q2](b)ShowthatfermienergylevelinintrinsicsemiconductorisattheCentreof

forbiddenenergygap.

Whatistheprobabilityofanelectronbeingthermallyexcitedtotheconductionband

inSiat30℃.Thebandgapenergyis1.12eV. (7)

Ans:-AtanytemperatureT>0Kinanintrinsicsemiconductoranumberofelectronsarefoundin

theconductionbandandtherestofthevalenceelectronsareleftbehindinthevalenceband.

N= +nc n
V

f = ………………………(1)(EC)
1

1+e
(-)/kTE

C
E
F

f = ………………………(2)(Ev)
1

1+e
-(-)/kTE

C
E
F

=Nf =n
V

(Ev)
N

1+e
-(-)/kTE

C
E
F



N= +
N

1+e
-(-)/kTE

C
E
F

N

1+e
(-)/kTE

C
E
F

1= +
1

1+e
-(-)/kTE

C
E
F

1

1+e
(-)/kTE

C
E
F

1=
2+ +e

(-)/kTE
C
E
F e

-(-)/kTE
C
E
F

[1+e
-E
C
E
F

kT][1+e
+-E
C
E
F

kT ]
Solvingaboveequationusingcrossmultiplicationmethod.

=1e
(-2 + )/kTE

C
E
F
E
V

=0
-2 +E
C
E
F
E
V

kT

=E
F

+E
C
E
V

2

HenceitisprovedthatfermienergylevelinintrinsicsemiconductorisattheCentreofforbidden

energygap.

NUMERICAL:-

GivenData :-T=30℃ =303K =1.12eVEg

K=1.38× J/K= =86.25× eV/K10
-23 1.38×10

-23

1.6×10
-19 10

-6

Formula :- f =(EC)
1

1+e
(-)/kTE

C
E
F

Calculations:-Siisanintrinsicsemiconductor.Hence,

- = =0.56eVE
C
E
F

Eg
2

f( )= =4.9×E
C

1

1+exp(
0.56

86.25× ×303)10
-6

10
-10

probability= 4.9× .10
-10

---------------------------------------------------------------------------------------------------

Q3](a)Withneatdiagram ofunitcell,explainthestructureofHCPcrystaland

calculatetheno.ofionsperunitcell,coordinationno.,latticeconstantandpacking

factorofthestructure. (8)

Ans:-Thisisthemostcommonmetallicstructureexhibitedbyabouttwentyfivemetals,this

structurehasatomicarrangementinthreelayersasshown:-



STRUCTURE:-

 Inthebottom layerthecentralatom issurroundedbysixotheridenticalatoms.The

positionsofthesesevenatomsaremarkedbyA.

 Inthemiddlelayeratheightc/2threeatomsarepositionedeitheratpointBoratpointC.

 InthetoplayeratheightCatomicdistributionissimilartothatofthebottom layeri.e.,at

pointA.

NUMBEROFATOMS/UNITCELLS:-

Eachcorneratom issharedby6neighbouringunitcells.Henceeachcornercarriers(1/6)thofan

atom asshown:-

Eachfacecentrecarriers½atom.Inthemiddlelayertherearethreeatoms.Hencetotalnumberof

atoms/unitcellsare

n=2 +2 +3=6(6×16) (12)

COORDINATIONNUMBER:-

Considerthefacecentredatom Aoftheinterfaceoftwoadjacentunitcells.Ittouchessixcorner

atomsoftheinterfacethreeatomsofthemiddlelayeroftheupperunitcellandthreeatomsofthe

middlelayerofthelowerunitcell.

Hence,coordinationnumber=3(ofmiddlelayer1)+6(oftheinterface)+3(ofmiddlelayer2).

Thereforeco-ordinationnumberofHCPstructure=12.



ATOMICPACKINGFRACTION:-

1.Calculationofc/a:-

Considerthebottom layeroftheunitcellshown.Theatom aremarkedasB,C,D,E,F,GandO.the

middlelayeratheight.c/2consistsofatomsmarkedasP,Q,andR.whereatriangleisformedby

joiningO,BandG.thisisanequilateraltriangleofsidea.

Considerthemiddlelayeratom Qwhichtouchesthefacecentredatom O.hence,

OQ=2r.

DrawaperpendicularQM from QonON.OM istheheightofQfrom thebottom layer.Hence=c/2

SinceM istheorthocentreof∆OBG.

OM= ON= acos30°= a =
2

3

2

3

2

3

√3

2

a

√3

In∆OQM = +OQ
2

QM
2

OM
2

=( +((2r)
2

)
c

2

2

)
a

√3

2

Asr= .Thiscanbewrittenas
a

2

Therefore, =( +(a
2

)
c

2

2

)
a

√3

2

Hence =√
c

a

8

3



APF=

n××π×
4

3
r
3

volumeoftheunitcell

Asseeninfigure,areaofthehexagonalface=6×areaofequilateraltriangle

=6×ah =3a×asin60°
1

2

=
3√3

2
a
2

Volumeoftheunitcell=Area×Height= c
3√3

2
a
2

ForaHCPunitcell =√
c

a

8

3

Hencevolumeoftheunitcell= =3√2
3√3

2
a
3c

a
a
3

ThereforeAPF= = π=0.74

6×()π
4

3
()
a

2

3

3√2a
3

√2

6

---------------------------------------------------------------------------------------------------

3](b)StatetheHalleffect.DerivetheexpressionforHallcoefficientwithneat

diagram. (7)

Ans:-ifacurrentcarryingconductororsemiconductorisplacedinatransversemagneticfield,a

potentialdifferenceisdevelopedacrossthespecimeninadirectionperpendiculartoboththe

currentandmagneticfield.ThephenomenoniscalledHALLEFFECT.

Asshownconsiderarectangularplateofap-typesemiconductorofwidth‘w’andthickness‘d’

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

flowingthroughitinxdirection.



Astheholesarethemajoritycarriersinthiscasethecurrentisgivenby

I= Ae ……………………………(1)n
h

v
d

where =densityofholesn
h

A =w×d=crosssectionalareaofthespecimen

=driftvelocityoftheholes.v
d

Thecurrentdensityis

J= = e ……………………..(2)
I

A
n
h
v
d

Themagneticfieldisappliedtransverselytothecrystalsurfaceinzdirection.Hencetheholes

experienceamagneticforce

=e B …………………………….(3)Fm v
d

Inadownwarddirection.Asaresultofthistheholesareaccumulatedonthebottom surfaceof

thespecimen.

Duetothisacorrespondingequivalentnegativechargeisleftonthetopsurface.

Theseparationofchargesetupatransverseelectricfieldacrossthespecimengivenby,

= …………………………..(4)E
H

V
H

d

Where iscalledtheHALLVOLTAGEand theHALLFIELD.V
H

E
H

Inequilibrium conditiontheforceduetothemagneticfieldBandtheforceduetotheelectricfield

actingonthechargesarebalanced.Sotheequation(3)E
H

e =e BE
H

v
d

= B……………………………….(5)E
H

v
d

Usingequation(4)intheequation(5)

= Bd………………………….(6)V
H

v
d

From equation(1)and(2),thedriftvelocityofholesisfoundas

= = ……………………..(7)v
d

I

e An
h

J

en
h

Hencehallvoltagecanbewritten as

Animportantparameteristhehallcoefficientdefinedasthehallfieldperunitcurrentdensityper

unitmagneticinduction.

---------------------------------------------------------------------------------------------------

= =V
H

IBd

e An
h

BdJx
en

h

=R
H

E
H

BJx



Q4](a)Whatistheworkingprincipleofmaglev?Explainhowitcanacquirehigh

speed? (5)

Ans:-MAGLEVisanacronym ofmagneticlevitation.Themostspectacularapplicationsofthis

wouldbemaglevtrains.Thecoachesofthetraindonotslideoversteelrailsbutfloatonafour

inchaircushionabovethetrackusingMeissnereffectofsuperconductingmagnets.

 Thetrainhasasuperconductingmagnetbuiltintothebaseofthecarriages.

 Analuminium guidewayislaidonthegroundandcarrierselectriccurrent.

 Thewallsoftheguidewayhaveaseriesofhorizontalandverticalcoilsmountedinsidethe

guideway.Thesecoilsaremadeupofnormalconductors

 Thecurrentflowingthroughitshorizontalcoilsproduceaverticalmagneticfield.By

MeissnereffectthesuperconductingmagnetSexpelstheverticalmagneticflux.This

levitatesthetrainandkeepsitafloattheguideway,thehorizontalcoilsarethuscalled

levitatingcoils.

 Ontheotherhandcurrentpassingthroughtheverticalcoilproduceahorizontalmagnetic

fieldwhichpushesthetrainforward.Thustheverticalcoilsarecalledpropellingcoils.

 Thetrainisfittedwithretractablewheelssimilartothewheelsofanaircraft.Oncethetrain

islevitatedinairthewheelsareretractedintothebodyandthetrainglidesforwardonthe

aircushion.

 Whenthetrainistobehaltedthecurrentthroughthelevitatingandpropellingcoilsare

switchedoff.Thetraindescendsslowlyontotheguidewayandrunssomedistanceonit

tillitstops.

 Theutilityofsuchlevitationisthatinthefrictiontheenergylossisminimizedallowingthe

speedofthetrainriseupto581kmph.

---------------------------------------------------------------------------------------------------

Q4](b)Ahallofdimension25×18×12 hasanaverageabsorptioncoefficient0.2.m
3

findthereverberationtime.Ifacurtainclothofarea150 issuspendedatthem
2

Centreofhallwithcoefficientofabsorption0.75,whatwillbethereverberationtime

(5)

Ans:-GivenData :- volumeofhall=25×18×12 =5400



α=0.75 =0.2 =100αav S
curtain

m
2

Formula :- =0.161×T
1

V

×Sαav

=0.161×T
2

V

×S+ ×αav α
curtain

S
'

Calculate :-S=2 =1300[ + +(20×15)(15×10)(10×20)] m
2

V=20×15×10=3000m2

=0.161× =3.7sec.T
1

3000

0.1×1300

∴Absorptiontakesplacebyboththesurfacesofthecurtain

S’=2×100 =200m
2

m
2

=0.161× =1.84secT
2

3000

+(0.1×1300)(0.66×200)

Answer:-Changeinreverberationtime =1.85sec.

---------------------------------------------------------------------------------------------------

Q4](c)Statethepiezoelectriceffect.Withneatcircuitdiagram explaintheprinciple
andworkingofpiezoelectricoscillator. (5)

Ans:-Thepiezoelectriccrystalse.g.,quarts,tourmalineetchaveaveryspecialcharacteristics.

Thinslicesofthesecrystalsdevelopapotentialdifferenceacrossthetwooppositefaceswhen

subjectedtoamechanicalstressinaperpendiculardirection.ThisisknownasDIRECT

PIEZOELECTRICEFFECT.Ifthedirectionofthemechanicalstressisreversedthepotential

differencechangesitspolarityas:-

PIEZOELECTRICEFFECT:

Construction:-

 Piezoelectricoscillatorconsistsoftwocircuitsinteractingwitheachotherbymeansof
mutualinductancebetweeninductorsL, L1L1,and L2L2.

 ADCsupplyisconnectedtoatankcircuitconsistingofavariablecapacitor(C)andan
inductor L2L2.

 ThetankcircuitisconnectedtocollectorterminalofanNPNtransistor.



 Thebaseterminalofthetransistorisconnectedtoanothercoil L2L2,whichisconnectedto
groundontheotherendalongwithemitterterminaloftransistorandnegativeterminalof
theDCsupply.

Working:-

 Avariablecapacitor(C)andaninductor (L2)(L2) form atankcircuit.
 Thefrequencyoftheoscillationscanbechangedbychangingthevalueofcapacitance.

 Whenthecircuitisclosed,thecurrentflowsthroughthecircuitandchargesthecapacitor.

 Thenthecapacitorstartsdischargingthroughtheinductor,thustheelectricenergyis
storedintheform ofelectricandmagneticfieldofcapacitorandinductorrespectively.

 Thuselectricoscillationsareproducedinthetankcircuit.

 Thefrequencyofthisoscillatingelectricityisgivenby

f=12πL2C√f=12πL2C
 Withthehelpoftheotherelectroniccomponentsincludingatransistor,electrical

oscillationsareproducedcontinuously.

 ThisisfedtothesecondarycircuitconnectedtoQuartzcrystal(Q).

 Theoscillatingelectricfieldisconvertedtomechanicalvibrationofcrystalowingtothe
piezoelectriceffect.

 Thisvibrationproducessoundwaveofthefrequencyequaltothefrequencyofvibration,
whichisthefrequencyofelectricoscillations.

 Inthiswayultrasonicsoundwavescanbeproduced.

 Naturalfrequencyofcrystalisgivenby

f= √
k

2t

Y

ρ

o t=Thicknessofcrystalslab
o Y=Young'sModulus
o ρ=Density
o k=1,2,3,...(IntegerMultiple)

 Whenthefrequencyofelectricoscillationsisequaltothatofnaturalfrequencyofthe
crystal,resonanceisachievedandthesoundwavesofmaximum amplitudeareproduced.

---------------------------------------------------------------------------------------------------



Q5](a)Withenergybanddiagram ,explainthevariationoffermienergylevelwith

temperatureinextrinsicsemiconductor. (5)

Ans:-INn-TYPESEMICONDUCTOR.

 At0Kthefermilevel liesbetweentheconductionbandandthedonorlevel.E
Fn

 Astemperatureincreasesmoreandmoreelectronsshifttotheconductionbandleaving

behindequalnumberofholesinthevalenceband.Theseelectronholepairsareintrinsic

carriers.

 Withtheincreaseintemperaturetheintrinsiccarriersdominatethedonors.

 Tomaintainthebalanceofthecarrierdensityonbothsidesthefermilevel graduallyE
Fn

shiftsdownwards.

 Finallyathightemperaturewhenthedonordensityisalmostnegligible isveryclosetoE
Fn

.E
Fi

INp-TYPESEMICONDUCTOR.

 At0Kthefermilevel inap-typesemiconductorliesbetweentheacceptorlevelandEFp
thevalenceband.

 Withtheincreaseintemperaturemoreandmoreholesarecreatedinthevalenceband

asequalnumberofelectronsmovetotheconductionband.

 Astemperatureincreasestheintrinsicholesdominatetheacceptorholes.

 Hencethenumberofintrinsiccarriersintheconductionbandandinthevalenceband

becomenearlyequalathightemperature.

 Thefermilevel graduallyshiftsupwardstomaintainthebalanceofcarrierdensityEFp
aboveandbelowit.

 Athightemperaturewhentheacceptordensitybecomeinsignificantascomparedto

theintrinsicdensity, ispositionedveryclosetotheintrinsicfermilevel butlittleEFp E
Fi

belowit.



---------------------------------------------------------------------------------------------------

Q5](b)ExplainwithexamplehowtodeterminecrystalstructurebyBragg’sX-ray
spectrometer. (5)

Ans:-W.LBragg’sexplainedthephenomenonofX-raydiffractionfrom asinglecrystalshownas

follows

Whenabeam ofX-raysisincidentonacrystalitisscatteredbyindividualatomsoftherichatomic

planes.Thus,eachatom becomeasourceofscatteredradiation.Theatomicplanesresponsible

fortheX-raydiffractionarecalledBRAGG’SPLANES.ThereforethesetsofBraggsplanes

constitutethecrystalgrating.Bragg’sscatteringorBragg’sdiffractionisalsoreferredasBraggs

reflection.BraggderivedalawcalledBragg’slawtoexplaintheX-raydiffractioneffect.

Hereabeam ofX-rayisincidentonasetofparallelplanesofacrystal.Theraysmakesaglancing

angleθandarepracticallyreflectedfrom differentsuccessiveplanes.Thephaserelationshipof

thescatteredrayscanbedeterminedfrom theirpathdifferences.HeretwoparallelX-raysare

reflectedfrom twoconsecutiveplanesPIandP2.Thepathdifferencesbetweenthenasshown

δ=MB+BN=2MB=2ABsinθ

HereAB=d,theinterplanarspacingofthecrystal.Hence,

δ=2dsinθ

Thetwodiffractedraysreinforceeachotherwhentheyinterfereconstructivelywhentheirpath

differenceδisequaltonλ

Hence, 2dsinθ=nλ



ThisiscalledBragg’slaw.

---------------------------------------------------------------------------------------------------

Q5](c)ObtainonedimensionaltimedependentSchrodingerequation. (5)

Ans:-Foronedimensionalcase,theclassicalwaveisdescribedbythewaveequation

= ×
dy

2

dx
2

1

v
2

yd
2

dt
2

whereyisthedisplacementandvisthevelocityofthewavetravellinginadirection.The

displacementoftheparticleatanyinstant‘t’,atanypoint‘x’inspace

y(x,t)=Ae
j(kx-ωt)

whereω=2πϑandk=2π/λ

inanalogywiththisthewavefunctionwhichdescribesthebehaviourofthematterparticleatany

instant‘t’,atanypoint‘x’inspacecanbewrittenas

Ψ =A(x,t) e
j(kx-ωt)

Where, ω=2πϑ=2π =
E

h

E

ħ

And k= = ×p=
2π

λ

2π

h

p

ħ

Thetotalenergyoftheparticleisgivenby

E=kineticenergy+potentialenergy

= +V= +V
1

2
mv

2 (mv)
2

2m

E= +V
p
2

2m

OperatingthisonthewavefunctionΨ(x,t)itisfoundthat

EΨ(x,t)= Ψ +VΨ(x,t)
p
2

2m
(x,t)

Differentiatingequationwithrespectto‘x’and‘t’itisobtainedthat

= A =- Ψ(x,t)
Ψ(x,t)Ə
2

Əx
2 -p

2
e
j(kx-ωt)

k
2

Hence Ψ =-jAω =-jωΨ(x,t)
p
2

Ət
(x,t) e

j(kx-ωt)

Hencethefinalequationisasfollows:-

jħ =- × +VΨ(x,t)
ƏΨ(x,t)

Ət

ħ

2m

ΨƏ
2
(x,t)

Əx
2



Or - × + VΨ =jħ
ħ

2m

ΨƏ
2
(x,t)

Əx
2 (x,t)

ƏΨ(x,t)

Ət

Thefirstandthesecondterm onthelefthandsiderepresentsthekineticandpotentialenergies

respectivelyoftheparticleandtherighthandsiderepresentsthetotalenergy.

ThisiscalledastheonedimensionaltimedependentSchrodingerequation.

---------------------------------------------------------------------------------------------------

Q6](a)Defineligancyandcriticalradiusratio.Calculatecriticalradiusradiofor

ligancy6. (5)

Ans:-LIGANCY:-

Inanionicsolidthecationandanionarepositionedatalternatelatticepoints.Generallycations

aresmallerthananionsinsize.Inagivencrystalthenumberofanionssurroundingacationis

calledtheligancyi.e.,thecoordinationnumberofanioniccrystal.

RADIUSRATIO:-

Ifthesurroundinganionstoucheachotheraswellastouchthecentralcationstheconditionis

calledcritical.Inthiscasethecation-anionradiusratioiscalledthecriticalradiusratio / .Herer
C
r
A

and arethecationandanionradiirespectively.r
C

r
A

OCTAHEDRALCONFIGURATION:

TheoctahedralconfigurationofneighbouringanionsisfoundinNaClstructure.HerefouranionsA,

B,CandDarearrangedatthecornersofasquarewiththecationOatthecentreofthesquare.

Twomoreanionsaresituatedinfrontandatthebackofthecation.Thecentresofallsixanions

form anoctahedron.

Herein∆BOC,<BOC=90°,BC=2 ,OB= + and<BCO=45°,r
A

r
C

r
A

Hence, =cos45°
BO

BC

Or, =
+r
C
r
A

2r
A

1

√2



Thecriticalradiusratiohereis,

---------------------------------------------------------------------------------------------------

Q6](b)Whatisthesignificanceofwavefunction?Derivetheexpressionforenergy

Eigen

Valuesforfreeparticleinonedimensionalpotentialwell. (5)

Ans:-Waverepresentsthepropagationofadisturbanceinamedium.Awavefunctionwhich

describesthebehaviourofamatterwaveasafunctionofpositionandtime.Ithasnodirect

physicalsignificanceasitisnotanobservablequantity.However,thevaluesofthewavefunction

isrelatedtotheprobabilityoffindingthematterparticleatagivenpointinspaceatagiventime.

Inclassicalphysicsitisknownthat

TheintensityofradiationisdirectlyproportionaltothesquareofAmplitudeoftheelectromagnetic

wave.

Inananalogyinquantum mechanicsitcanbewrittenthat.

ThedensityofmatterparticleisdirectlyproportionaltothesquareofAmplitudeofthematter

wave.

Anonedimensionalpotentialwellisapotentialenergyfunctionmathematicallygivenby.

V(x)=0 at0≤x<L

=∞ atx≤0andx≥L

Thepotentialenergyiszeroinsidethewellandinfiniteattheboundaries.Aparticletrappedinside

theinfinitelyhighpotentialwellcanpropagatealongx-axisandgetsreflectedfrom theboundary

wallsatx=0andx=L,butcanneverleavethewell.Suchastateiscalledboundstate.

Withzeropotentialenergytheparticlebehavesasafreeparticleinsidethewell.Thereforethe

schodingerequationreads.

. = EΨ(x)
ħ
2

2m

Ψ(x)d
2

dx
2

+ =0
Ψd
2

dx
2

2mE

ħ
2

+ E(x)=0
Ψd
2

dx
2 k

2

Thebehaviouroftheparticledescribebythesolutionofequation(+x)andtheterm

representsthemotioninthebackward(-x)direction.HereAandBareconstants.Be
-jkx

=0.414
r
C

r
A



---------------------------------------------------------------------------------------------------

Q6](c)Whatisphotovoltaiceffect?ExplaintheprincipleandworkingofSolarcell.(5)

Ans:-PHOTOVOLTAICEFFECT:-

Inphotoelectriceffectwhenradiationisincidentonametalsurfaceelectronareejected.In

photovoltaiceffect,certainmaterialsbeingexposedtoradiationgenerateselectronholepairs

availableforconduction.Asaresultavoltageisdevelopedacrossthematerial.Theradiation

energyE=hϑisrequiredtobegreaterthenthebandgapenergy ofthematerial.ThisisaEg
phenomenoninwhichlightenergyisconvertedintoelectricalenergy.

SOLARCELL.

 Solarcellisasemiconductordevicethatconvertssolarenergyintoelectricalenergy.Thisis

ap-njunctiondiodewithverydopinglevel.Solarcellshaveaflatshapewithaverythintop

layer.Sothattheincidentsolarenergycanreachthejunctionarea.

 AsthesolarradiationisincidentonthedeviceduetotheradiationenergyE=hϑ≥Eg
electronholepairsaregeneratedinpandnregion.

 Intheenergybandstructureofthesolarcellinfigitisseenthattheconductionbandis

lowerintheregionthanthatinthepregion.Hence,thegeneratedelectronsofthe

conductionbandofpregiontraveltotheconductionbandofnregionwhichisatalower

electronenergylevel.Similarlytheholescreatedinthevalencebandofthenregionmove

tothevalencebandofthepregionatalowerholeenergylevel.

 Thisdiffusionofelectronsandholesthroughthejunctionconstitutesthecurrent.

 Thetopsurfaceofthesolarcelliscoatedwithanantireflectionfilm tomaximizethe

Ψ(x)=A + Be
jkx

e
-jkx



utilizationoftheincidentsolarenergybythejunction.

Asolarcelldoesnotneedapowersupply.Itgeneratespower.

Materialsusedforsolarcellaredifferenttypespfsemiconductor,singlecrystal,polycrystal,

thinsiliconwafersetc

--------------------------------------------------------------------------------------------------
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Q1](a)WhyX-raysareusedtostudythecrystalstructure? (3)

Ans:-ItiswellknownthatX-rayscanpenetratesolidssincetheseareveryhighenergetic

radiationsofveryshortwavelength(1A°).Inacrystallinesolidtheatomsareveryclosely

distributedincrystalplanes.Thecrystalplanes,thusform athreedimensionalslitsystem witha

spacing(1A°).DuetothisfactX-raysgetstronglydiffractedfrom variouscrystalplanes.By

analysingthediffractionpatternofacrystalitsinternalatomicarrangementcanbedetermined.

HenceW.HBraggexplainedthephenomenonofX-raydiffractionfrom asinglecrystal.Hencethis

wasthereasonforusingX-raysforthestudyofcrystalstructure.

--------------------------------------------------------------------------------------------------

Q1](b)Calculatethefrequencyandwavelengthofphotonwhoseenergyis75eV.(3)

Ans:-GivenData :-E=75eV =75×1.6× = 1.20×10
-19

10
-17

Formula :-E= ,λ= =
1

2
mv

2 h

mv

h

p

Calculations:- E= = =
1

2
mv

2 (mv)
2

2m

h
2

2mλ
2

λ= = =1.41A°
h

√2mE

6.63×10
-34

√2×9.1× ×1.20×10
-31

10
-17

wavelength=1.41A°

frequency = =7.048× .
1

λ
10

9

--------------------------------------------------------------------------------------------------

Q1](c)Drawtheenergybanddiagram ofp-njunctiondiodeinforwardandreverse

biascondition. (3)

Ans:-Forwardbiasingincreasestheelectrondensityintheconductionbandofthen-side.Asa

resultthefermilevelmovesupwards.Similarlyduetotheincreaseintheholedensityinthe

valencebandofthepside,thefermilevelmovesdownwards.Thefermilevelsand are

displacedrelativelybyanamounteVequaltothepotentialenergyduetotheappliedvoltage,V

whichcausethedisplacement.

TheheightoftheconductionhillreducesbythesameamounteVandbecomese( -V).SimilarlyVo
theheightofthevalencehillbecomes-e( -V).ThismakesthechargeflowthroughthejunctionVo
easier.



--------------------------------------------------------------------------------------------------

Q1](d)“Superconductorisaperfectdiamagnetic”,Explain. (3)

Ans:-Asuperconductingmaterialkeptinamagneticfieldexpelsthemagneticfluxoutitsbody

whencooledbelowthecriticaltemperatureandexhibitsperfectdiamagnetism.Thisiscalled

MEISSNEREFFECT.

 Itisfoundthatasthetemperatureofthespecimenisloweredto ,themagneticfluxisTc
suddenlyandcompletelyexpelledfrom it.ThefluxexpulsioncontinuesforT< .TheTc
effectisreversible.

 Whenthetemperatureisraisedfrom below .ThefluxdensitypenetratesthespecimenTc
againatT= andthematerialturnstothenormalstate.Tc

 Forthenormalstatethemagneticinductioninsidethespecimenisgivenby:

B= = H………………………………………..(1)μo(H+M) μ
O
(1+χ)

HereHistheappliedmagneticfield,m isthemagnetizationproducedwithinthespecimen,isχ

thesusceptibilityofthematerialand isthepermeabilityoffreespace.μo

 AtT< asseenaboveTc

B =0

Henceequation(1)reducedto,

M = -H



Andthusχ= =-1
M

H

 Thespecimenisthereforeaperfectdiamagnetic.Thediamagnetism producesstrong

repulsiontotheexternalmagnets.

 Thiseffectisusedtoidentifyasuperconductor,inlevitationeffectandsuspension

effect.

--------------------------------------------------------------------------------------------------

Q1](e)Whatisreverberationtime?Howitisimportant?writethefactorsaffecting

reverberationtime. (3)

Ans:-Inreverberationsoundproducedinanenclosurecontinuestobeheardforsometime.A

soundproducedinaroom undergoesmultiplereflectionsfrom thewalls,thefloorandtheceiling

beforebecominginaudible.Theprolongationofsoundinanenclosedplaceevenwhenthesound

sourcehasstoppediscalledreverberation.

Thetimetakenbythesoundtofallfrom itsaverageintensitytoinaudibilityiscalledthe

reverberationtime.Itisalsodefinedastimeduringwhichthesoundintensityfallsfrom itssteady

statevaluetoitsone-millionthvalueafterthesourceisshutoff

∴ =
I

I
0

10
-6

Andfrom equationit,isfoundas,

L=-60dB

Thusduringreverberationtimetheintensityleveldropsby60dB.

--------------------------------------------------------------------------------------------------

Q1](f)Aquartzcrystalofthickness1.5mm vibratingwithresonance.Calculateit’s

fundamentalfrequencyiftheYoung’smodulusofquartzcrystalis7.9× N/ and10
10

m
2

densityis2650kg/ . (3)m
3

Ans:-GivenData :- =1mm = mm Y=7.9× N/t
1

10
-3

10
10

m
2

ρ=2650kg/m3

Formula :-f= √
1

2t

Y

ρ

Calculations :-f= √ =2.73MHz
1

2×10
-3

7.9×10
10

2650

Answers :-Frequency=2.73MHz

--------------------------------------------------------------------------------------------------



Q1](g)MobilityofelectronandholeinasampleofGeatroom temperatureare0.36

/V-secand0.17 /V-secrespectively.Ifelectronandholesdensitiesareequalm
2

m
2

anditis2.5× / ,calculateitsconductivity. (3)10
13
cm

3

Ans:-Data :- =0.36 /V-sec =0.17 /V-sec T=300°Kμe m
2

μ
h

m
2

=2.5× / =2.5×n
i

10
13
cm

3
10

19
m

3

Formula :- σ=n .e(-μeμh)

Calculations :- σ=2.5× (0.36+0.17)×1.6×10
19

10
-19

=2.12mho/metre

Answer :- σ=conductivity=2.12mho/metre.

--------------------------------------------------------------------------------------------------

Q2](a)ArriveatHeisenberg’suncertaintyprinciplewithsingleslitelectrondiffraction.

Anelectronhasaspeedof300n/secwithuncertaintyof0.01%.Findtheaccuracyin

itsposition. (8)

Ans:-SINGLESLITELECTRONDIFFRACTION:THEWAVECHARACTRISTICSOFANELECTRON

 Consideranelectronmovingin‘x’directionwithavelocity‘'andaninitialmomentum ofVx
=m incidentonanarrowslitofwidth‘d’.px vx

 Theelectronisdiffractedthroughanangleθandstrikesthescreenthescreenatpoint orQ
1

point oneithersideofthecentralpointO.Q
2

 Onthewaytothescreentheelectrongainsaycomponentofmomentum ‘'.Asaresultitpy
reachesthepoint witharesultantmomentum ofp.Q

1

 Itisseenthat =psinθ,whichvarieswiththeangleofdiffractionθ.py

 Asthereisnoforceactinginx-directionontheelectron, remainsconstant.Thereforethepx
inaccuracyinthemeasurementofmomentum arisesfrom .py

Themaximum uncertaintyinthemeasurementofmomentum canbethemomentum itself.

Therefore,∆ = =psinθ.…………………………………(1)py py

 Forθsmallitcanbeassumedthat isthefirstminimum oftheelectrondiffractionQ
1



pattern.Inthatcasetheconditionforfirstminimum is:-

dsinθ=λ.…………………………………..(2)

 From (1)and(2)itcanbewrittenas ∆ =p ………………………………..(3)py
λ

d

 Ontheotherhandtheelectronneedstopassthroughanypointoftheslit,tobediffracted.

Thereforetheinaccuracyindeterminingthepositionoftheelectroninverysmallgivenby

∆ =d …………………………..(4)ym

 From (3)and(4)itisfoundthat

∆ ∆ =d.p =pλym pyma
λ

d

∆ .∆ =hym pyma

Thisverifiestheuncertaintyprinciple.

NUMERICAL:-

GivenData :- V =300m/sec, =0.01%
∆v

v

Formula :- ∆x.∆p≥ħ

Calculations :- ∆x.m.∆p≥ħ

∆v=300× =0.03
0.01

100

∆x≥ ≥
ħ

m∆v

6.63×10
-34

2×3.14×9.1×0.03×10
-31

≥ 3.8×10
-3

Thereforeuncertaintyinposition=3.8× m10
-3

--------------------------------------------------------------------------------------------------

Q2](b)WritetheFermiDiracdistributionfunctionandtermsinit.Whatisthe

probabilityofanelectronbeingthermallyexcitedtotheconductionbandinSiat30

℃.Thebandgapenergyis1.12eV. (7)

Ans:-Eachenergybandinacrystalaccommodatesalargenumberofelectronenergylevels.

AccordingtoPauli’sexclusionprincipleanyenergylevelcanbeoccupiedbytwoelectronsonly,

onespinupanddown.however,alltheavailableenergystatesarenotfilledinanenergyband.

Theseparationbetweentheconsecutiveenergylevelisverysmallaround eVduetowhichthe10
-27

energystatesarenotfilledinanenergyband.

FERMIDIRACDISTRIBUTIONFUNCTION.

Thecarrieroccupancyoftheenergystatesisrepresentedbyacontinuousdistributionfunction

knownastheFermi-Diracdistributionfunction,givenby



f =(E)
1

1+e
(E-)/kTE

F

Thisindicatestheprobabilitythataparticularquantum stateattheenergylevelEisoccupiedby

anelectron.HerekisBoltzmann’sconstantandTisabsolutetemperatureofthesemiconductor.

Theenergy iscalledFermienergythatcorrespondstoareferencelevelcalledFermilevel.E
F

FERMILEVEL

Fermilevelisnotanallowedenergylevelitisanimaginaryreferencelevelusedtospecifyother

energylevels.Fermilevelisdefinedasthehighestfilledenergylevelinanysolidatabsolutezero

temperature.

Hence,atabsolutezerotemperatureallenergylevelsbelow areemptyforwhichtheprobabilityE
F

ofoccupancycanbewrittenfrom Fermi-Diracdistributionfunction.

NUMERICAL:-

GivenData :-T=30℃=303K , =1.12eV,Eg

K=1.38× J/K = =86.25× eV/K10
-23 1.38×10

-23

1.6×10
-19 10

-6

Formula :-f( )=E
C

1

1+e
(-)/kTE

C
E
F

Calculation :-Siisanintrinsicsemiconductor.Hence,

- = =0.56eV.E
C
E
F

Eg
2

f( )= =4.9× .E
C

1

1+exp[ ]
0.56

86.25× ×30310
-6

10
-10

Answer :-Probability=4.9× .10
-10

--------------------------------------------------------------------------------------------------

Q3](a)Withneatdiagram ofunitcell,explainthestructureofNaClcrystaland

calculatetheno.ofionsperunitcell,coordinationno.andlatticeconstant.

CalculatethepackingfactorofNaClcrystalassumingtheradiusofN is0.98A°a
+

andradiusof is1.81A°. (8)Cl
-

Ans:-:-NaClSTRUCTURE:-

Thisisanionicstructureinwhichthe ionsand ionsarealternatelyarranged.ItisaNa
+

Cl
-

combinationoftwoFCCsublatticeonemadeupof ionsandtheotherof ionsasifoneNa
+

Cl
-

sublatticeistranslatedthroughtheotheralongthecubeedges.

NaClunitcellwith ionsoccupyingtheregularFCClatticepointswith ionspositionedatNa
+

Cl
-

alternatepoints.Afaceofthisunitcellisshown.



AnotherNaClunitcellcanbeconsideredwiththepositionsof and ionsinterchanged.TheNa
+

Cl
-

faceofsuchaunitcellisshown.

NaClUNITCELLPARAMETER:

(a)Totalnumberofmolecule/unitcells

Calculationfor =Here formsaFCCstructure.Hencetotalnumberof ions=4Na
+

Na
+

Na
+

Calculationfor =Thereare12 ionsattheedges.EveryedgelatticepointsissharedbyfourCl
-

Cl
-

neighbouringunitcell.Henceeveryedgelatticepointcarries¼ofanatom.ThereisonewholeCl
-

ionatthecentreofthestructure.Hence,

Totalnumberof ions=(12×)+1=4.Cl
- 1

4

Sincethereare4 ionsandfour ionsinaNaClunitcell,therearefourNaClmoleculeNa
+

Cl
-

presentinaunitcell.

Hencenumberofmolecule/unitcell=4.

(b)AtomicRadius(r)

SinceNaClisanionicstructureandcationsaresmallerthananionsitisassumedthatradiusof

cation= andtheradiusofananion= .r
C

r
A

(c)Atomicpackingfactor(APF)

APF= itisfoundthata=2 +2

×(4×π )(4×π
4

3
r
3

C) 4

3
r
3

A

a
3 r

C
r
A

Hence, APF=( )
2π

3

+r
3

C
r
3

A

(rC+rA)
3

(d)Voidspace.

Thisisgivenby [1-( ) ]
2π

3

+r
3

C
r
3

A

(rC+rA)
3

NUMERICAL:-

GivenData :- =0.98A°, =1.81A°r
C

r
A

Formula :- APF= . .
2π

3

+r
3

C
r
3

A

(+r
C
r
A
)
3



Calculations :- APF= . =0.66.
2π

3

+0.98
3
1.81

3

(0.98+1.81)
3

Answer :- APF=0.66

--------------------------------------------------------------------------------------------------

Q3](b)StatetheHalleffect.DerivetheexpressionforHallvoltageandHall

coefficientwithneatdiagram. (7)

Ans:-ifacurrentcarryingconductororsemiconductorisplacedinatransversemagneticfield,a

potentialdifferenceisdevelopedacrossthespecimeninadirectionperpendiculartoboththe

currentandmagneticfield.ThephenomenoniscalledHALLEFFECT.

Asshownconsiderarectangularplateofap-typesemiconductorofwidth‘w’andthickness‘d’

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

flowingthroughitinxdirection.

Astheholesarethemajoritycarriersinthiscasethecurrentisgivenby

I= Ae ……………………………(1)n
h

v
d

where =densityofholesn
h

A =w×d=crosssectionalareaofthespecimen

=driftvelocityoftheholes.v
d

Thecurrentdensityis

J= = e ……………………..(2)
I

A
n
h
v
d

Themagneticfieldisappliedtransverselytothecrystalsurfaceinzdirection.Hencetheholes

experienceamagneticforce

=e B …………………………….(3)Fm v
d

Inadownwarddirection.Asaresultofthistheholesareaccumulatedonthebottom surfaceof

thespecimen.

Duetothisacorrespondingequivalentnegativechargeisleftonthetopsurface.

Theseparationofchargesetupatransverseelectricfieldacrossthespecimengivenby,



= …………………………..(4)E
H

V
H

d

Where iscalledtheHALLVOLTAGEand theHALLFIELD.V
H

E
H

Inequilibrium conditiontheforceduetothemagneticfieldBandtheforceduetotheelectricfield

actingonthechargesarebalanced.Sotheequation(3)E
H

e =e BE
H

v
d

= B……………………………….(5)E
H

v
d

Usingequation(4)intheequation(5)

= Bd………………………….(6)V
H

v
d

From equation(1)and(2),thedriftvelocityofholesisfoundas

= = ……………………..(7)v
d

I

e An
h

J

en
h

Hencehallvoltagecanbewritten as

Animportantparameteristhehallcoefficientdefinedasthehallfieldperunitcurrentdensityper

unitmagneticinduction.

--------------------------------------------------------------------------------------------------

Q4](a)WhatisworkingprincipleofSQUID?Explainhowitisusedtodetectthe

magneticfield? (5)

Ans:-

 SQUIDisanacronym ofsuperconductingQuantum InterferenceDevice.

 ASQUIDisasuperconductingdevicethatcanmeasureanextremelysmallmagneticfield,

voltageorcurrent.Itisaverysensitivemagnetometerinwhichasuperconductingloopis

usedwithoneormoreJosephsonjunctions.

 Aschematicdiagram ofSQUIDisshown,theSQUIDiskeptinamagneticfield.ADCsuper

currentIentersthedevicethroughportC,getsdividedintotwoports and .ThecurrentI
1

I
2

and undergoesaphaseshiftwhilecrossingtheJosephsonjunctionsPandQandI
1

I
2

become and 'respectively.Thesupercurrents and 'interfaceatportD.I
'

1
I
2

I
'

1
I
2

InsuperconductorsthecurrentiscausedbytheCooperpairs.Sotheinterferingwavesare

thedeBrogliewavesoftheCooperpairs.Thephaseshiftsofthewavesoccurduetothe

appliedmagneticfield.Intheabsenceofthemagneticfieldthephaseshiftandthephase

differencearezero.

= =V
H

IBd

e An
h

BdJx
en

h

=R
H

E
H

BJx



 TheresultantcurrentatportDoscillatesbetweenmaximaandminima.Themaximaoccurs

whenthemagneticfluxincreasesbyonequantum givenby

= =2.06× wbφo

h

2e
10

-15

 InpracticeinsteadofthecurrentthevoltageVacrosstheSQUIDismeasured.Thevoltage

alsooscillateswiththechangingmagneticfield.

 ThustheSQUIDisaflux-to-voltagetransducerwhichconvertsasmallchangeinmagnetic

fluxintovoltage.

 BecauseoftheirextremesensitivitytomagneticfieldSQUIDShaveapplicationinmany

fieldlikegeology,medicine,engineering,etc.

 Someofthem arelistedbelow:-

1.Inmeasuringrockmagnetism andcontinentaldriftSQUIDsareused.

2.Thehumanbraingeneratesmagneticfieldsofabout wb/ .todetectthem SQUID10
-14

m
2

areusedinbrainimaging.

3.TheSQUIDsareusedinnondestructivetestingliketestingofthealuminium sheetsto

beusedforaircrafts.

--------------------------------------------------------------------------------------------------

Q4](b)Ahallofdimension25×18×12 hasanaverageabsorptioncoefficient0.2.m
3

findthereverberationtime.Ifacurtainclothofarea150 issuspendedatthem
2

centreofHallwithcoefficientofabsorption0.75,Whatwillbethereverberation

time? (5)

Ans:-GivenData :- volumeofhall=25×18×12 =5400

α=0.75 =0.2 =100αav S
curtain

m
2

Formula :- =0.161×T
1

V

×Sαav



=0.161×T
2

V

×S+ ×αav α
curtain

S
'

Calculate :-S=2 =1300[ + +(20×15)(15×10)(10×20)] m
2

V=20×15×10=3000m2

=0.161× =3.7sec.T
1

3000

0.1×1300

∴Absorptiontakesplacebyboththesurfacesofthecurtain

S’=2×100 =200m
2

m
2

=0.161× =1.84secT
2

3000

+(0.1×1300)(0.66×200)

Answer:-Changeinreverberationtime =1.85sec.

--------------------------------------------------------------------------------------------------

Q4](c)Statethepiezoelectriceffect.Withneatcircuitdiagram explaintheprinciple

andworkingofpiezoelectricoscillator. (5)

Ans:-Thepiezoelectriccrystalse.g.,quarts,tourmalineetchaveaveryspecialcharacteristics.

Thinslicesofthesecrystalsdevelopapotentialdifferenceacrossthetwooppositefaceswhen

subjectedtoamechanicalstressinaperpendiculardirection.ThisisknownasDIRECT

PIEZOELECTRICEFFECT.Ifthedirectionofthemechanicalstressisreversedthepotential

differencechangesitspolarityas:-

PIEZOELECTRICEFFECT:

Construction:-

 Piezoelectricoscillatorconsistsoftwocircuitsinteractingwitheachotherbymeansof
mutualinductancebetweeninductorsL, L1L1,and L2L2.

 ADCsupplyisconnectedtoatankcircuitconsistingofavariablecapacitor(C)andan
inductor L2L2.

 ThetankcircuitisconnectedtocollectorterminalofanNPNtransistor.

 Thebaseterminalofthetransistorisconnectedtoanothercoil L2L2,whichisconnectedto
groundontheotherendalongwithemitterterminaloftransistorandnegativeterminalof
theDCsupply.



Working:-

 Avariablecapacitor(C)andaninductor (L2)(L2) form atankcircuit.
 Thefrequencyoftheoscillationscanbechangedbychangingthevalueofcapacitance.

 Whenthecircuitisclosed,thecurrentflowsthroughthecircuitandchargesthecapacitor.

 Thenthecapacitorstartsdischargingthroughtheinductor,thustheelectricenergyis
storedintheform ofelectricandmagneticfieldofcapacitorandinductorrespectively.

 Thuselectricoscillationsareproducedinthetankcircuit.

 Thefrequencyofthisoscillatingelectricityisgivenby

f=12πL2C√f=12πL2C
 Withthehelpoftheotherelectroniccomponentsincludingatransistor,electrical

oscillationsareproducedcontinuously.

 ThisisfedtothesecondarycircuitconnectedtoQuartzcrystal(Q).

 Theoscillatingelectricfieldisconvertedtomechanicalvibrationofcrystalowingtothe
piezoelectriceffect.

 Thisvibrationproducessoundwaveofthefrequencyequaltothefrequencyofvibration,
whichisthefrequencyofelectricoscillations.

 Inthiswayultrasonicsoundwavescanbeproduced.

 Naturalfrequencyofcrystalisgivenby

f= √
k

2t

Y

ρ

o t=Thicknessofcrystalslab
o Y=Young'sModulus
o ρ=Density
o k=1,2,3,...(IntegerMultiple)

 Whenthefrequencyofelectricoscillationsisequaltothatofnaturalfrequencyofthe
crystal,resonanceisachievedandthesoundwavesofmaximum amplitudeareproduced.

--------------------------------------------------------------------------------------------------

Q5](a)Withenergybanddiagram ,explainthevariationoffermienergylevelwith

impurityconcentrationinextrinsicsemiconductor. (5)

Ans:-VariationofFermilevelwithimpurityconcentration



 Atlowimpurityconcentrationtheimpurityatomsdonotinteractwitheachother.Hence,

theextrinsiccarriershavetheirowndiscreteenergylevels.

 Withtheincreaseinimpurityconcentrationtheinteractionoftheimpurityatomsstartand

theFermilevelvariesinthefollowingway.

1.INn-TYPESEMICONDUCTOR:-

 Astheimpurityatomsinteractsthedonorelectronaresharedbytheneighbouring

atoms.

 Thisresultsinsplittingofthedonorlevelandformationofthedonorbandbelowthe

conductionband.

 Withtheincreaseinimpurityconcentrationthewidthofthebandincreases.Atone

stageitoverlapswiththeconductionband.

 Asthedonorbandwidenstheforbiddengapdecreases.IntheprocesstheFermilevel

shiftsupwardsandfinallyenterstheconductionbandasshown:-

2.INp-TYPESEMICONDUCTOR.

 Withtheincreaseintheimpurityconcentrationtheimpurityatomsinteract.Asaresultthe

acceptorlevelsplitsintoacceptorbandwhichgraduallywidenswithdopinglevelincrement.

 Finallytheacceptorlevelentersthevalenceband.InthisprocesstheFermilevelshifts

downwardsandathighdopinglevelitentersthevalenceband.

 Withthewideningoftheacceptorbandtheforbiddengapdecreasesasseen:-



--------------------------------------------------------------------------------------------------

Q5](b)ExplainwithexamplehowtodeterminecrystalstructurebyBragg’sX-ray

spectrometer. (5)

Ans:-W.LBragg’sexplainedthephenomenonofX-raydiffractionfrom asinglecrystalshownas

follows

Whenabeam ofX-raysisincidentonacrystalitisscatteredbyindividualatomsoftherichatomic

planes.Thus,eachatom becomeasourceofscatteredradiation.Theatomicplanesresponsible

fortheX-raydiffractionarecalledBRAGG’SPLANES.ThereforethesetsofBraggsplanes

constitutethecrystalgrating.Bragg’sscatteringorBragg’sdiffractionisalsoreferredasBraggs

reflection.BraggderivedalawcalledBragg’slawtoexplaintheX-raydiffractioneffect.

Hereabeam ofX-rayisincidentonasetofparallelplanesofacrystal.Theraysmakesaglancing

angleθandarepracticallyreflectedfrom differentsuccessiveplanes.Thephaserelationshipof

thescatteredrayscanbedeterminedfrom theirpathdifferences.HeretwoparallelX-raysare

reflectedfrom twoconsecutiveplanesPIandP2.Thepathdifferencesbetweenthenasshown

δ=MB+BN=2MB=2ABsinθ

HereAB=d,theinterplanarspacingofthecrystal.Hence,

δ=2dsinθ

Thetwodiffractedraysreinforceeachotherwhentheyinterfereconstructivelywhentheirpath

differenceδisequaltonλ

Hence, 2dsinθ=nλ

ThisiscalledBragg’slaw.

--------------------------------------------------------------------------------------------------

Q5](c)ObtainonedimensionaltimedependenttimeindependentSchrodinger

equation. (5)

Ans:-Foronedimensionalcase,theclassicalwaveisdescribedbythewaveequation

= ×
dy

2

dx
2

1

v
2

yd
2

dt
2



whereyisthedisplacementandvisthevelocityofthewavetravellinginadirection.The

displacementoftheparticleatanyinstant‘t’,atanypoint‘x’inspace

y(x,t)=Ae
j(kx-ωt)

whereω=2πϑandk=2π/λ

inanalogywiththisthewavefunctionwhichdescribesthebehaviourofthematterparticleatany

instant‘t’,atanypoint‘x’inspacecanbewrittenas

Ψ =A(x,t) e
j(kx-ωt)

Where, ω=2πϑ=2π =
E

h

E

ħ

And k= = ×p=
2π

λ

2π

h

p

ħ

Thetotalenergyoftheparticleisgivenby

E=kineticenergy+potentialenergy

= +V= +V
1

2
mv

2 (mv)
2

2m

E= +V
p
2

2m

OperatingthisonthewavefunctionΨ(x,t)itisfoundthat

EΨ(x,t)= Ψ +VΨ(x,t)
p
2

2m
(x,t)

Differentiatingequationwithrespectto‘x’and‘t’itisobtainedthat

= A =- Ψ(x,t)
Ψ(x,t)Ə
2

Əx
2 -p

2
e
j(kx-ωt)

k
2

Hence Ψ =-jAω =-jωΨ(x,t)
p
2

Ət
(x,t) e

j(kx-ωt)

Hencethefinalequationisasfollows:-

jħ =- × +VΨ(x,t)
ƏΨ(x,t)

Ət

ħ

2m

ΨƏ
2
(x,t)

Əx
2

Or - × + VΨ =jħ
ħ

2m

ΨƏ
2
(x,t)

Əx
2 (x,t)

ƏΨ(x,t)

Ət

Thefirstandthesecondterm onthelefthandsiderepresentsthekineticandpotentialenergies

respectivelyoftheparticleandtherighthandsiderepresentsthetotalenergy.

ThisiscalledastheonedimensionaltimedependentSchrodingerequation.

ONEDIMENSIONALTIMEINDEPENDENTSCHRODINGEREQUATION.

- × +V Ψ =EΨ(x)
ħ
2

2m

Ψd
2
(x)

dx
2 (x)(x)



--------------------------------------------------------------------------------------------------

Q6](a)Defineligancyandcriticalradiusratio.Calculatecriticalradiusratiofor

ligancy8. (5)

Ans:-Simplecubicdiatomicstructure.

Thecentresoftherightanionsfrom asimplecubicstructurewiththecationlocatedexampleof

thisconfigurationisCsClstructureinwhichthe ionsaresituatedattheeightcornersoftheCl
-

cubeandtheC ionisfoundatthebodycentre.s
+

Incriticalconditiontheeightcorneranionstouchthecentralcationalongthebodydiagonals.The

eightanionstoucheachotheralongthecubeedges.

Thebodydiagonalspassthroughtwooppositecorneranionsandthecentralcation.Herea=2r
A

andGD=√3a=2( + ).r
C

r
A

Therefore, =0.732
r
C

r
A

--------------------------------------------------------------------------------------------------

Q6](b)Whatisthesignificanceofwavefunction?derivetheexpressionforenergy

eigenvaluesforthefreeparticleinonedimensionalpotentialwell. (5)

Ans:-Waverepresentsthepropagationofadisturbanceinamedium.Awavefunctionwhich

describesthebehaviourofamatterwaveasafunctionofpositionandtime.Ithasnodirect

physicalsignificanceasitisnotanobservablequantity.However,thevaluesofthewavefunction

isrelatedtotheprobabilityoffindingthematterparticleatagivenpointinspaceatagiventime.

Inclassicalphysicsitisknownthat

TheintensityofradiationisdirectlyproportionaltothesquareofAmplitudeoftheelectromagnetic

wave.

Inananalogyinquantum mechanicsitcanbewrittenthat.

ThedensityofmatterparticleisdirectlyproportionaltothesquareofAmplitudeofthematter

wave.

Anonedimensionalpotentialwellisapotentialenergyfunctionmathematicallygivenby.

V(x)=0 at0≤x<L

=∞ atx≤0andx≥L



Thepotentialenergyiszeroinsidethewellandinfiniteattheboundaries.Aparticletrappedinside

theinfinitelyhighpotentialwellcanpropagatealongx-axisandgetsreflectedfrom theboundary

wallsatx=0andx=L,butcanneverleavethewell.Suchastateiscalledboundstate.

Withzeropotentialenergytheparticlebehavesasafreeparticleinsidethewell.Thereforethe

schodingerequationreads.

. = EΨ(x)
ħ
2

2m

Ψ(x)d
2

dx
2

+ =0
Ψd
2

dx
2

2mE

ħ
2

+ E(x)=0
Ψd
2

dx
2 k

2

Thebehaviouroftheparticledescribebythesolutionofequation(+x)andtheterm

representsthemotioninthebackward(-x)direction.HereAandBareconstants.Be
-jkx

---------------------------------------------------------------------------------------------------

Q6](c)Whatisphotovoltaiceffect?Explaintheprincipleandworkingofsolarcell.(5)

Ans:-:-PHOTOVOLTAICEFFECT:-

Inphotoelectriceffectwhenradiationisincidentonametalsurfaceelectronareejected.In

photovoltaiceffect,certainmaterialsbeingexposedtoradiationgenerateselectronholepairs

availableforconduction.Asaresultavoltageisdevelopedacrossthematerial.Theradiation

energyE=hϑisrequiredtobegreaterthenthebandgapenergy ofthematerial.ThisisaEg
phenomenoninwhichlightenergyisconvertedintoelectricalenergy.

SOLARCELL.

 Solarcellisasemiconductordevicethatconvertssolarenergyintoelectricalenergy.Thisis

ap-njunctiondiodewithverydopinglevel.Solarcellshaveaflatshapewithaverythintop

layer.Sothattheincidentsolarenergycanreachthejunctionarea.

 AsthesolarradiationisincidentonthedeviceduetotheradiationenergyE=hϑ≥Eg
electronholepairsaregeneratedinpandnregion.

 Intheenergybandstructureofthesolarcellinfigitisseenthattheconductionbandis

lowerintheregionthanthatinthepregion.Hence,thegeneratedelectronsofthe

conductionbandofpregiontraveltotheconductionbandofnregionwhichisatalower

electronenergylevel.Similarlytheholescreatedinthevalencebandofthenregionmove

tothevalencebandofthepregionatalowerholeenergylevel.

Ψ(x)=A + Be
jkx

e
-jkx



 Thisdiffusionofelectronsandholesthroughthejunctionconstitutesthecurrent.

 Thetopsurfaceofthesolarcelliscoatedwithanantireflectionfilm tomaximizethe

utilizationoftheincidentsolarenergybythejunction.

Asolarcelldoesnotneedapowersupply.Itgeneratespower.

Materialsusedforsolarcellaredifferenttypespfsemiconductor,singlecrystal,polycrystal,

thinsiliconwafersetc

--------------------------------------------------------------------------------------------------
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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.
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a.Draw the following for a cubic unit cell. [1́ 2́ 3́ ] , [2 0 0], [2́ 3́ 0]  .               (3M)

Ans :



b. Show that the Fermi energy level lies at the centre of the band gap in intrinsic semiconductors.
             (3M)

Ans : At any temperature T > 0 K

              ne = Number of electrons in conduction band .

nv = Number of holes in valence band

We have   

( )E EC f

KT
e cn N e

 


        where Nc = Effective density of states in conduction band

And  

( )E EF V

KT
v vn N e

 

 where Nv = effective density of states in valence band

For best approximation  Nc = Nv  .

For intrinsic semiconductor 

nc = nv  .
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As         NV = NC = 1   .
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     .

Taking ln on both sides

( 2 )
0C V FE E E

KT

  


    .∴ (EC + EV ) = 2 EF  .
        2

C V
F

E E
E


 

  .

Thus, the Fermi level in an intrinsic semiconductor lies at the center of forbidden energy gap .



c. The mobility of hole is 0.025 m2 / V.s. What would be the resistivity of p-type Si sample if its Hall
coefficient is 2.25× 10−5 m3/c .              (3M)

Given :  μ = 0.025 m2/Vs ,  RH = 2.25 X 10-5 m3/c  .

To find : Resistivity (ρ) .
Formula :     

HR



  .

Solution :     

52.25 10

0.025

X



  .

  ρ = 9 X 10-4  ohm-m .
d. Explain de broglie’s hypothesis of matter waves and deduce the expression for λ.              (3M)

Ans : Interference, diffraction requires wave nature for their explanation. In photo-electric effect 
Einstein visualized the incident light as a sort of particles which he called photons and accounted for 
the emission of electrons as due to the collision between these photons and electrons bound to the 
metal. During the collision, the photon transfers all its energy to the electrons which results in the 
emission of photo electrons. Here the behaviour of light is same as that of a particle. 

Louis De Broglie put forward the dual behaviour in terms of hypothesis which states "If the radiation 
behaves as particle under certain circumstances, then one can even expect that, entities which 
ordinarily behave as particles to exhibit properties attributed to only waves under appropriate 
circumstances.

Consider a wave of frequency ν

E = hν .

It can also be represented as 

E = mc2 .

         ∴ hν = mc2 .Now  p= momentum associated with photon which travels in free space .
           p= mc = 2mc

c =

h

c



= 

h



        ∴λ = hp  .  
e. Explain reverberation of sound.              (3M)

Ans : 1. Reverberation means the prolonged reflection of sound from walls, floor or roof of a hall. 

2. It is persistence of sound even after the sources of the sound has stopped. 



3. The time gap between the initial direct note and the reflected note upto a minimum audibility 
level is called reverberation time. 

4. When a source emits sound, the waves spread out and the listener is aware of the 
commencement of sound when the direct waves reach his ears. 

5. Subsequently, the listener receives sound energy due to reflected waves also. 

6. If the note is continuously sounded, the intensity of sound at the listener's ears gradually 
increases. 

7. After sometime, a balance is reached between the energy emitted per second by the source and 
energy lost or dissipated by walls or other materials.

f. Explain Meissner Effect with the help of diagram .              (3M)

Ans : 1) A superconducting material kept in a magnetic field expels the magnetic flux out of its body 
when cooled below the critical temperature and exhibits perfect diamagnetism. This effect is called 
‘Meissner effect’   

2) Refer fig. 4.4.1(a), where a specimen is subjected a magnetic field. The specimen is in normal 
state. We find that magnetic field penetrates the specimen.

3) Refer Fig. 4.4.1(b), now the specimen is cooled below its Tc, the superconductor expels field lines 
from its body. This is Meissner effect.     

4) Refer Fig. 4.4.1(c), when the field is switched off magnetic field will not be trapped by the 
superconductor cooled below Tc.

5) As specimen expels the magnetic flux, it is exhibition of perfect diamagnetism, susceptibility is 
found out to be -1. Let see it mathematically.

For normal state, magnetic induction inside the specimen is given by 

0 ( )B H M 

Where 0 = absolute permeability 

H = external field applied

M = Magnetization produced within specimen .

At  T < TC ,  B = 0    i.e. superconducting state



                                         ∴ 0 ( )H M  = 0

                                     Susceptibility = 

M

H = -1 .

g. Discuss any three applications of Ultrasonic waves .              (3M)

Ans : The applications of Ultrasonic waves are :

1) Echo Sounding :
a) Ultrasonic generator will send repeated pulses towards the target and the reflection 

from target is collected by a transducer and displayed on CRO screen along with the sent
impulse .

b) From the difference in time between pulse sent and collected, one can find the distance 
as velocity of ultrasound is known .

Distance of the target = 2
vt

                  where v= velocity   , t= time difference
This principle is used for depth sounding of water , detection of submerged objects and 
SONAR .

c) In sea water, the velocity of ultrasound is given by
                    v = 1510 + 1.14 S + 4.21 t – 0.037 t2.
where S = Salinity of sea water , t = temperature in  ֯  C,  v = velocity in m/sec .

2) Cavitation :
a) When ultrasonic waves of very high frequency pass through the liquid, formation of 

small bubbles, called micro bubbles takes place .
b) This is because excessive stress on the liquid breaks it apart and a bubble is formed .The 

bubbles are highly unstable and they soon collapse producing a high vacuum within .
c) Due to this action, implosion takes place .The area surrounding the bubble has a 

tremendous pressure .
d) The particles in the vicinity of these bubbles are strongly pulled towards the centre of 

the bubbles. This process of creating cavity is called cavitation .
e) It is used in

→ Emulsification of two immiscible liquids like water and oil .
→ To prepare dairy products, sauces and gravies, synthetic creams .

→ Dispersion of metals in the molten materials to obtain uniform alloying. 

Q2)a) Derive Bragg’s equation for X-ray diffraction in crystals. Calculate the glancing angle on a 
plane (1 0 0) of rock salt having lattice constant 2.814 A֯  corresponding to first order Bragg’s 
diffraction maximum for X-rays of wavelength 1.541 A֯.                            (8M)

Ans :  A monochromatic X-ray beam when made incident on them at an angle  which is called as 
glancing angle, and showed that constructive interference takes place between the rays scattered by
the atoms only when a condition called Bragg's Law is satisfied. 



  2 sinn d  .

Where   d = interplanar spacing and n= integer .

When the condition for constructive interference is satisfied, a sudden jump in the intensity is 
observed. 

In the figure, we have Bragg's plane with atoms shown with dots. An ordered or regular 
arrangement of atoms has been depicted. Let the interplanar spacing be D. A monochromatic and 
parallel beam of X-rays at glancing angle θ is made incident on planes. Ray AB will get scattered at 
point B on the first plane. Rays DE and GH which are parallel to AB will also experience scattering at 
points E and H respectively at second and third plane. The scattering due to atoms on crystal plane is
in all directions. 

Among the scattered rays select rays BC and EF which are parallel to each other. It is assumed that 
they have path difference Δ = nλ  and produce constructive interference. Bragg's Law provides the 
condition at which Δ= nλ .Lets obtain the value of path difference Δ.

Draw perpendiculars BP and BQ to the rays DE and EF. No one can say that upto BP, path covered by 
both the incident rays is the same. So as BQ onwards parallel rays BC and EF covers the same 
distance. 

Hence Path difference between rays 1 and 2 is

       Δ = PE + EQ



From Δ BPE and Δ BQE,  PE = BE sinθ  and  
EQ = BE sinθ 
       Δ = BE sinθ + BE sinθ = 2BE sinθ = 2d sinθ (BE = d).BE = d).As constructive interference is taking place,
        ∴ 2 sinn d   .

The same logic can be extended for rays 2 and 3.Hence if rays 1 and 2 gives constructive interference
and rays 2 and 3 also give constructive interference, then rays 1 and 3 will also provide the same.In 
this case, path difference between rays 1 and 3 will be

' 4 sin 2(2 sin ) 2d d        i.e.  integer multiple of ∆ . 
Numerical :   ( 1 0 0 ) ≡ ( h k l )  ,  a = 2.814 A֯  ,  n = 1  ,  λ = 1.514 A֯   

d = 
2 2 2

a

h k l   = 
2 2 2

1.514

1 0 0  = 1.514 A֯   .

nλ = 2dsinθ  .
 1 2.814 2 1.514 sinX X X    .

   

2.814
sin

2 1.514X
 

 = 0.0929  .

        
1sin (0.929)    =  6.833֯      .

Ans :   The glancing angle measures  6.833 ֯    . 

Q2)b) What is Hall Effect? Derive an expression for Hall Voltage. How can mobility be determined 
by using Hall Effect .?              (7M)

Ans : 1. If a metal or semiconductor, carrying a current I is placed in a transverse magnetic field B, an 
electric field E is induced in the direction perpendicular to both I and B. This phenomenon is known 
as Hall Effect and the electric field or voltage induced is called Hall Voltage (VH) . The physical process
of hall effect is as follows. Consider a specimen along positive x-direction. 

2. The current flowing through the specimen is in the positive x-direction and the magnetic field is in 
the positive z-direction. The force exerted on charge carriers, that is, on electrons is downward. The 
electrons move downward and thus voltage H (Hall Voltage) is developed with upper surface as 
positive and lower as negative. 



3. If the specimen is assumed to be of n-type, then magnetic force experienced by electrons will be 
towards -Y direction as it is applied transversely. ∴ Magnetic Force F = e ν B   .
4. Holes present in specimen will experience the same force but in positive Y direction. Hence 
electrons and holes will be separated. 

5. This develops potential difference between both the surface denoted by VH , called as Hall 
Voltage.

∴ H
H

V
E

w


  .

The current is given by  I = n A e ν    where ν = drift velocity .

 6. In equilibrium condition, the force due to magnetic field B and the force due to electric field EH 
acting on the charge are balanced .∴ e EH = eνB .

Or EH = νB  .∴ VH = Bνw .
ν = 

I J

enA en


  . where J = 

I

A   .

Hence Hall Voltage is written as



VH = 
.

IBw Bw
J

enA en


     

It can be modified by using A = w X t 

VH = 

IB

ent   .

By measuring VH , I , B and t , the charge density ( hn e  or en e ) can be calculated .

The Hall Coefficient HR  is defined as 

HR  = 

1

pe                   ( for p-type semiconductor )

HR  = 

1

ne          ( for n-type semiconductor )

H
H

V t
R

BI


     .

As     ne  ,   HR     where μ is mobility , σ is conductivity .
If the conductivity and Hall coefficient are measured, then the mobility can be determined .

Q3)a) Derive the relation between density and lattice constant for a cubic crystal. Calculate the 
lattice constant, atomic radius and packing factor for Chromium having BCC structure. Given 
density of Chromium is 5.98 gm/cc and atomic weight is 50.                                                               (8M)

Ans :  1. Let us considered the example of diamond cubic structure. The diamond lattice can be 
described as being built up from two identical interpenetrating FCC sub lattice one of which is 
displaced from the other by 1/4th of the length along body diagonal. 



2. The atomic basis is two atoms per lattice point, i.e. each lattice point corresponds to two identical 

atoms, one located at (0, 0, 0) and other at  

1 1 1
, ,
4 4 4
 
 
    .

3. The four corner atoms are at diagonally opposite points in the respective planes. With this 
arrangement, two carbon atoms one at the center of the tetrahedron and the other at the corner, 
form the basis. 

4. In a diamond structure, eight atoms are at eight corners, six face centered atoms at the centers of 
each of the six faces and four atoms are positioned on the way along the body diagonal inside the 
unit cell, in such a way that each of them is linked tetrahedrally with one corner and three face 
centered atoms. 

   Number of atoms / unit cell is 8 .

The length of body diagonal = 3a  and 

1

4  of body diagonal = 2 r .

 

3
2

4

a
r 
   .

     

3

8

a
r 

   .

APF (Atomic Packing Factor )

APF for diamond structure =  
(Number ofatoms per unit cell) X (Volume of oneelectron)

Volumeof unit cell
    .

    = 

3

3

3 3

4 34 88 3 83 0.34

a
XX r

a a


 
 
  

     .

APF for diamond structure = 0.34  .

Element exhibiting such structure are carbon, silicon, germanium, gray tin. The covalent bonding is 
strongest in diamond crystal (Z=6) so it is very hard and having high melting point. As the atomic 
number increases, the inter atomic distances increases, binding force becomes weaker. Bonding is 
weakest in Gray tin (Z = 50) .

Numerical :  ρ = 5.98 gm/cc  , M = 50 g .
We know that     3 nM

a
N

 
  where n is No. of atoms/unit lattice  , N is Avogadro’s Number     .

               ∴  3 nM
a

N


 .  

               

3
23

2 50

6.022 10 5.98

X
a

X X
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83.028 10a X    = 30.28                A֯

Since it is BCC lattice ,  

4

3

r
a 

  .

        ∴ 3

4

a
r 

   = 1.311     A֯

Since It is a BCC cubic lattice, the APF is 68% .

Q3)b) Explain the formation of P-N junction in equilibrium with energy band diagram and explain 
its conduction process in forward bias .              (7M)

Ans : 1. For unbiased p-n junction, no current flows through the junction. This also happens when 
junction is in thermal equilibrium. It implies that drift of minority carriers is counter balanced by the 
diffusion of majority carriers of equal number. 

2. A few majority carriers will always have enough Kinetic energy to overcome the built in barrier 
and tend to cross the junction. Barrier height is adjusted till the current due to majority carriers is 
balanced by the current due to minority carriers across the junction. 

 ∴  J(diffusion) = J(drift)   .
Let electron and hole drift current  be caused by electric field (hence drift current) 

 ∴ Net drift current is shown by ,
       Jdrift = Jhn + Jep .

For n and p region and due to minority carriers .

Similarly , 



J(diffusion) = Jhp + Jen   .

Therefore there cannot be a net built up of electrons or holes on either side with time due to 
electrical neutrality on both sides. 

Hence at equilibrium 

Jhp – Jhn = 0 and          Jen – Jep = 0

         ∴ Jhp = Jhn               and           Jen = Jep     at  equilibrium . 
Forward Biasing 

a. A potential barrier results due to immobile ions at p-n junction. Since a junction is depleted of the 
majority carriers and new majority carriers cannot arrive there, the resistance of this depletion layer 
is very high as compared to the remaining part of the semiconductor (Since mobile carriers are 
available there). 

b. If an external voltage with polarity as positive terminal connected to p-type and negative terminal 
with n-type, then entire voltage appears across the depletion layer and hence the potential barrier 
height is reduced,  (V0 – V ) .

c. Reduction in barrier potential supports the migration of majority carriers across the junction. This 
also results in further increase in diffusion component of current .

d. Increase in the current can also be termed as reduction of resistance at PN junction. 

e. With increase in forward voltage across PN junction, reduces the resistance and more current 
flows. 

f. Minority carriers are not affected in this process hence current due to minority carriers remains 
unaffected. 



g. Effect of forward biasing on band structure can be understood by considering the simple fact that 
negative terminal connected to n-side increases electron energy and positive terminal connected to 
p-side increases hole energy. This in turn provides upward shift to all energy levels on the n-side and 
lowers the energy level on p-side. 

h. Fermi level which was same for P and N side in unbiased junction, now gets separated by eV and 
becomes EFN  and  EFP  .

Q4)a) Differentiate between Type-I and Type-II Semiconductors .                                                     (5M)

Type I Type II

1. Type I semiconductors exhibit only one 
critical field .

1. Type II semiconductors exhibit two critical
fields namely lower critical field and 
higher critical field .

2. The  critical magnetic field value is very 
low .

2. The critical magnetic field value is high .

3. Type I semiconductors are explained on 
the basis of BCS Theory .

3. There is no fixed theory developed to 
explain it .   

4. Type I semiconductors exhibit perfect and
complete Meissner Effect .

4.Type II semiconductors donot exhibit 
perfect and complete Meissner Effect . 

5. These materials have limited technical 
applications because of very low field 
strength value .

5. These materials have wider technological 
applications because of very high field 
strength value . 

6. Examples : Pb, Hg, Zn, etc .      6. Examples : Nb3Ge, Nb3Si, Y1Ba2Cu3O7 , etc .



Q4)b) Discuss in detail any three factors affecting acoustics of a hall with their remedies .         (5M)

Ans : The three main factors affecting the acoustics of a hall are :

1. Shape of the hall :

a. It is one of the most important parameter to be considered for acoustically correct hall. 

b. As the reflections are created by roof and side walls,  they should be designed in such a way that 
echoes are not allowed to generate. 

c. In place of parallel walls, splayed side walls are preferred. Curved surface on walls, ceilings or floor
produce concentration of sound into particular region and absence of sound in other regions. Hence 
curved surface must be designed with proper care. 

2. Use of absorbents :

a. Once the construction of hall is completed certain errors are found or the hall requires further 
correction as far as acoustics are concerned. 

b. As the reflections from rear wall are of no use. It must be covered with absorbents, so as the 
ceiling. 

c. False ceiling provided in large halls solves this problem effectively. The floor needs to be covered 
with carpet so as unwanted reflections and the noise created by audience is suppressed. 

d. Even audience and auditorium act as absorbents. If more people are present in the hall, then 
more sound is absorbed. 

3. Reverberation :

a. Reverberation time must be maintained in such a way that it does not remain too short or too 
large i.e. nearly 0.5 seconds for lecture hall, around 1.2 for concert hall and around 2 for cinema 
halls. 

b. Proper use of absorbing materials, sufficient people as audience, presence of open windows, 
presence of furniture, etc are the major components which decide the reverberation time. 

c. Calculated use of such components will be helpful to either increase our or decrease the 
reverberation time.

 Q4)c) Calculate the de Broglie wavelength of alpha particles accelerating through a potential 
difference of 150 volts. Given mass of Alpha particles is 6.68 X 10-27 Kg.              (5M)

Given :    V = 150 Volts  ,   m = 6.68 X 10-27 Kg .

To find :     λ  .

Formula :   λ = 2

h

meV   .

     

34

27 19

6.626 10

2 6.67 10 2 1.6 10 150

X

X X X X X X




 


 = 8.28 X 10-13  m     .



     

Q5)a) Find the accuracy in the position of an electron moving with speed 350 m/sec with 
uncertainty of 0.01 % .              (5M)

Given :   v = 350 m/sec , 

40.01
0.01% 10

100

v

v


  
 .

To find :  ∆x  .
Formula :    

.
2

h
x p


  

    .

Solution :   Momentum of electron = p = mv .

             ∆p = m∆V = v
mv

v



 = 
31 4 329.11 10 350 10 3.189 10X X X X     .

Using Heisenberg’s Uncertainity Formula :

   
.

2

h
x p


  

               

1
.

2

h
x
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      .

34
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6.63 10

2 3.189 10

X
x

X X



 
   .

33.309 10x X   m  .

Ans : The accuracy in the position of electron is 3.309 X 10-3  m  .

Q5)b) A quartz crystal of thickness 1 mm is vibrating at resonance. Calculate its fundamental 
frequency. [Assume that for quartz, Y=7.9 X 1010 N/m2 and ρ=2.650 gm/cc].                     (5M)

Given :   t = 1 mm = 10-3 m  , Y = 7.9 X 1010  N/m2 , ρ = 2.650 gm/cc   .
To find :       .

Formula :  2

k Y

t





  .

Solution :   For fundamental frequency, consider first harmonic i.e.  k = 1 .

      

10

3

1 7.9 10

2 10 2.65

X

X
 

  .

      
78.633 10X Hz     .



Ans : The fundamental frequency of the crystal is 8.633 X 107 Hz    .

Q5)c) Calculate electron and hole concentration in intrinsic Si at room temperature if its electrical 
conductivity is 4 X 104 mho/m .Given that mobility of electron=0.14 m2/V-sec and mobility of 
holes=0.04 m2/V-sec .                            (5M)

Given :  σ = 4 X 104 mho/m ,  μe = 0.14 m2/V-sec  , μp = 0.04 m2/V-sec    .

To find :   concentration of electron (n) ,  concentration of hole (p)     .

Formula :   e ene    ,  p ppe 
    .

Solution :               
191.6 10 0.14e nX X X    .

             
4 194 10 1.6 10 0.14X nX X X   .

          
24 31.786 10 /n X m   .

       
191.6 10 0.04p pX X X 

   .

             
4 194 10 1.6 10 0.04X pX X X     .

    ∴  4

19

4 10

1.6 10 0.04

X
p

X X
   .

    
24 36.25 10 /p X m     .

 Q6)Write short notes on the following :

a. Davisson-Germer Experiment .                                           (5M)

Ans : 1) This experimental set-up is a modified spectrometer and work on diffraction of electron in 
form of a beam by a crystal . 1. Electrons are obtained by a heated filament and accelerated by a 
potential difference of 'V' volts. These electrons are directed towards a Ni crystal which is kept on 
prism table of spectrometer. 

2. Since electrons are considered as beam and expected to experience diffraction, a detector is 
replaced for telescope. The detector can be rotated on a circular path around the crystal. 



3. As expected, the electrons acting like a wave were diffracted in a particular direction which is in 
accordance with Bragg's Law. 

nλ = 2dsinθ    .
4.The maximum strength of diffracted wave is obtained at angle 2Φ' = 50° and accelerating potential
V = 54 Volts. 

5. In the figure above, the intensity which represents number of diffracted electrons is found to have
a peak at 2Φ' = 50°, this is analogous to x-ray diffraction from periodically arranged atoms of crystal. 
This behaviour cannot be explained by considering particle nature of electrons. If particle nature is 
accepted then we can consider only reflection not interference or diffraction. 

6. In Bragg's Law, angle θ represents glancing angle = 90 - Φ' = 90° - 25° = 65°.The interplanar spacing
is given by d = 0.909 °A. 

7. In ΔABC,  AB = D = 2.15 °A  (Inter atomic spacing) 

                   BC = d = Inter planar spacing 



              
sin 25

d

D
 

     .

            d = D sin 25° = 2.15 X sin 25  

            d = 0.909 °A .

This can be explained using the figure of atomic arrangement of Ni crystal. 

8. For the given value of d and θ we can write Bragg's Law for n = 1 ,
   1 X λ = 2 d sinθ = 2 X 0.909 X sin 65     .
           1.65A  

   .

From theoretical value obtained from de Broglie 's law we have 

    

12.25
1.67A

V
   

  .

Hence experimental value which is obtained by considering electron as wave is verified with 
theoretical value. This confirms de Broglie's hypothesis according to which particle and wave nature 
are equivalent to each other.

b. Maglev              (5M)

Ans : 1. Maglev trains are an application of frictionless bearings based upon Meissner Effect. 

2. Maglev stands for Magnetically Levitated vehicles. 

3. They are used in transportation by being set afloat above a guide way. 

4. The utility of such levitation is that in the absence of contact between moving and stationary 
systems the friction is eliminated. This brings great speeds with low energy consumption. 

5. The train has a superconducting magnet built into its base. 

6. There is Aluminum guide way over which the vehicle will set afloat by magnetic levitation. 

7. The magnetic levitation is brought about by enormous repulsion between two highly powerful 
magnetic field by superconducting magnet and Aluminum guide way. Wheels have no role to play 
when vehicle is lifted up. 

8. The track is made up of large number of segments and the flow of currents through the coils could
be related to the position and speed of the vehicle. 

9. Prototype of such vehicle has achieved speed of 400 kmph.



c. Bragg’s spectrometer              (5M)

Ans : 1. Bragg's Spectrometer is an instrument based upon Bragg's Law .This is a modified form of 
ordinary spectrometer to suit the use of x-rays. 

2. A monochromatic x-ray beam obtained from x-ray tube is made to pass through slits S1 and 
S2 and  which are made up of lead. The fine beam is then made to fall on the crystal C fixed 
on a crystal mount exactly at the center of circular turn table. 

3. The x-rays reflected are collected by ionization chamber is sturdy, the turn table is rotated till we 
get a sharp increase in the intensity. 

4. The sudden increase in the intensity of x-ray suggests that Bragg's Law is satisfied at the given 
angle θ of the incident beam. 
5. The peak in ionization current which represents the intensity occurs more than once as  is varied 
because Bragg's Law states nλ = 2dsinθ i.e. for n=1,2,3, …. We have θ1,θ2,θ3, ……

6. If the intensity (or ionization current) is plotted against glancing angle then we get the graph using 
which we find the angles θ1,θ2,θ3, …… where peak occurs .

7. Determination of crystal structure (for cubic crystals ) :

Here the crystal face used for reflecting the x-rays can be so cut that it remains parallel to one set of 
planes, then to another and so on when placed at center of the turn table on Bragg’s spectrometer 
with x-rays of known λ incident upon it. For a given plane used as reflecting surface, find the 
corresponding d using .

nλ = 2dsinθ     (take n=1)     .
8. Similarly find value of d for other planes as well .

For cubic structure we select three planes viz (1 0 0), (1 1 0), (1 1 1) .

As λ is same through entire experiment we get 



λ = 2d100sinθ1=2d110sinθ2=2d111sinθ3   .

100 110 111
1 2 3

1 1 1
: : : :

sin sin sin
d d d

  
 

 .

Where θ1,θ2 and θ3 obtained from graph intensity → θ i.e. where the peak occurs. 
Experimentally obtained values of  θ1,θ2 and θ3 will provide us d100, d110 and d111 .By comparing their 
ratio with Equation, one can determine crystal structure .

 

d. Crystal defects              (5M)

Ans : Any deviation from a perfect periodic arrangement of atoms or molecules is called 
imperfections or crystal defects. The crystal defects are classified into five types :

1. Lattice vibrations 

2. Point defect or zero dimension defect 

3. Line defect or one dimensional defect 

4. Planar or surface or two dimensional defect 

5. Volume defect or three dimensional defect. 

Point defects are of six types :

a. Vacancy defect                

 b. Interstitial 

c. Substitutional impurities.      

d. Interstitial impurities 



e. Schottkey defect

f. Frankel defect 

Vacancy defect :

a. Vacancy is produced due to the removal of an atom from its regular position in the lattice. The 
removed atom does not vanish. It travels to the surface of the material. For low concentration of 
vacancies, a relation is 

  
VE

KTn Ne




Where  n = Number of vacancies 

             N = Total number of atoms

             T = Temperature in K .

           EV = Average energy required to create a vacancy . 

b. Interstitial :

An extra atom of the same type is fitted into the void between the regularly occupied sites. Since in 
general the size of atom is larger than the void into which it is fitted, so the energy required for 
interstitial formation is higher than that of vacancy formation .



c. Substitutional impurities :

In this, a foreign atom is found occupying a regular site in a crystal lattice. 

d. Interstitial impurities :

Here a foreign atom is found at non regular site. 



e. Schottkey defect :

The point imperfection in ionic crystals occurs when a negative ion vacancy is associated with a 
positive ion vacancy. It is therefore a localized vacancy pair of positive and negative ions. This type of
defect maintains the crystal electrically neutral, it is called as Schottkey defect. 

For ionic crystals, numbers of pair ion production is

2
pE

KTn Ne


    .

 Where  N = Number of lattice site   where   

1

2( )C AN N N     .



  k = Boltzman constant 

EP = Energy required to create a pair of ion vacancy inside crystal lattice .

T = Temperature in Kelvin .  

f. Frenkel defect :

Frenkel defect occurs when an ion (generally cation) shifts from its position to interstitial position in 
the crystal lattice, then a vacancy is created. The defect is known as Frenkel defect. 

This defect can occur in ionic crystal when, 

I) The anion is much larger than cation. 

II) The ion has low co-ordination number.

Number of Frenkel defects creation is 

' 2( )
E

KTn NN e


      .

Where N = Number of lattice site

            N’ = Number of interstitial site 

             E = Energy required to remove an atom from its lattice site to an interstitial position . 

                      

                     



PHYSICS  SOLUTION  
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------------------------------------------------------------------------- 

Q1] Attempt any five questions from the following        (15) 

a) Draw (𝟎 𝟎 𝟐), (𝟏ഥ 𝟎 𝟎), (𝟎 𝟏 𝟏) 

Solution :- 

 

 

                            (0 0 2) 
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------------------------------------------------------------------------- 

(b)  Explain any three properties of matter waves.                         

Solution :- 

(1) Matter wave represents the probability of finding a particle in space. 

(2) Matter waves are not electromagnetic in nature. 

(3) de-Brogile or matter wave is independent of the charge on the material 
particle. It means, matter wave of de-Broglie wave is associated with every 
moving particle (whether charged or uncharged). 

(4) Practical observation of matter waves is possible only when the de-Broglie 
wavelength is of the order of the size of the particles.   

(5) Electron microscope works on the basis of de-Broglie waves. 

(6) The phase velocity of the matter waves can be greater than the speed of 
the light. 

(7) Matter waves can propagate in vacuum, hence they are not mechanical 
waves. 

(8) The number of de-Broglie waves associated with nth orbital electron is n. 

(9) Only those circular orbits around the nucleus are stable whose 
circumference is integral multiple of de-Broglie wavelength associated with the 
orbital electron. 

------------------------------------------------------------------------- 

(c) Differentiate between Direct and Indirect band gap semiconductor.   

Solution:- 

Direct band gap semiconductor Indirect band gap semiconductor 
A direct band-gap (DBG) 
semiconductor is one in which the 
maximum energy level of the valence 
band aligns with the minimum energy 
level of the conduction band with 
respect to momentum. 

An Indirect band-gap (IBG) 
semiconductor is one in which the 
maximum energy level of the valence 
band and the minimum energy level 
of the conduction band are misaligned 
with respect to momentum. 

In a DBG semiconductor, a direct 
recombination takes place with the 

In case of a IBG semiconductor, due to 
a relative difference in the 
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release of the energy equal to the 
energy difference between the 
recombining particles. 

momentum, first, the momentum is 
conserved by release of energy and 
only after the both the momenta align 
themselves, a recombination occurs 
accompanied with the release of 
energy. 

The probability of a radiative 
recombination is high. 

The probability of a radiative 
recombination is comparatively low. 

The efficiency factor of a DBG 
semiconductor is higher. Thus, DBG 
semiconductors are always preferred 
over IBG for making optical sources. 

The efficiency factor of a IBG 
semiconductor is lower. 

Example, Gallium Arsenide (GaAs). Example, Silicon and Germanium 

 
 

------------------------------------------------------------------------- 

(d) Explain any three conditions for Sustained Interference.              

Solution:- 

To obtain well defined interference patterns, the intensity at points 
corresponding to destructive interference must be zero, while intensity at the 
point corresponding to constructive interference must be maximum. To 
accomplish this the following conditions must be satisfied. 

 The two interfering sources must be coherent, that is, they must keep a 
constant phase difference.  
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 The two interfering sources must emit the light of the same wavelength and 
time period. This condition can be achieved by using a monochromatic 
common original source, that is, the common source emits light of a single 
wavelength. 

 The amplitudes or intensities of the interfering waves must be equal or very 
nearly equal so that the minimum intensity would be zero. 

 The separation between the two coherent sources must be as small as 
possible so that the width of the fringes is large and are separately visible. 

 The two sources must be narrow or they must be extremely small. A broad 
source is equivalent to a large number of fine sources. Each pair of fine 
sources will give its own pattern. The fringes of different interference 
patterns will overlap. 

 The distance between the two coherent sources and the screen must be as 
large as possible so that the width of fringes is large and are separately 
visible. 
 

 The two interference waves must be propagated along the same direction 
so that their vibrations are along a common line. 
 

------------------------------------------------------------------------- 

(e) A source is emitting 150W of red light of wavelength of 600nm. How 
many photons per second are emerging from the source.              

Solution :-  

E =
୦ୡ


=  

(.ଶ×ଵషయర)×(ଷ×ଵఴ)

×ଵషవ
 = 3.313 × 10ିଵଽJ  

E =  3.313 × 10ିଵଽJ  

Each photons carry 3.313 × 10ିଵଽJ of energy 

A 100W source means that it output 100 Joules of energy every second  

No of photons emitted = total energy output in one second/ energy carried per 
photon 

n =
ଵହ

ଷ.ଷଵଷ×ଵషభవ  = 4.527 × 10ଶ    

MUQuestionPapers.com 



Answer :-  𝟒. 𝟓𝟐𝟕 × 𝟏𝟎𝟐𝟎 

------------------------------------------------------------------------- 

(f) Explain the Meissner effect with application.       

Solution :- 

A superconducting material kept in a magnetic field expels the magnetic flux 
out its body when cooled below the critical temperature and exhibits perfect 
diamagnetism. This is called MEISSNER EFFECT. 

 It is found that as the temperature of the specimen is lowered to Tୡ, the 
magnetic flux is suddenly and completely expelled from it. The flux 
expulsion continues for   T < Tୡ. The effect is reversible. 

 When the temperature is raised from below Tୡ. The flux density 
penetrates the specimen again at T = Tୡ and the material turns to the 
normal state. 

 

 For the normal state the magnetic induction inside the specimen is 
given by: 
B = μ୭(H + M) = μ(1 + χ)H………………………………………..(1) 

Here H is the applied magnetic field , m is the magnetization produced within 
the specimen , is χ the susceptibility of the material and μ୭ is the permeability 
of free space. 

 At T < Tୡ as seen above  
B    =  0   
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M   =   -H 

And thus χ  =  
ୌ

  =  -1 

 The specimen is therefore a perfect diamagnetic. The diamagnetism 
produces strong repulsion to the external magnets. 

 This effect is used to identify a superconductor , in levitation effect 
and suspension effect. 

------------------------------------------------------------------------- 

(g) Explain Magento Resistance with application.       

Solution :- 

Magneto resistor definition 

Magneto resistor is a type of resistor whose resistance changes when an 
external magnetic field is applied. In other words, the flow of electric current 
through the magneto resistor changes when an external magnetic field is 
applied to it. Magnetic field is the region present around a magnetic object 
within which other objects experience an attractive or repulsive force. 

Magneto resistive effect is the property of some materials, which causes them 
to change their resistance under the presence of magnetic field. This magneto 
resistive effect occurs in materials such as semiconductors, non-magnetic 
metals, and magnetic metals. 

An Irish mathematical physicist and engineer William Thomson first discovered 
this magneto resistive effect in 1856. He observed that resistance of the pieces 
of iron increased when the electric current is flowing in the same direction as 
the magnetic force or magnetic field and the resistance is decreased when the 
electric current is flowing at 90° to the magnetic field or magnetic force. 

After that, he performed the same experiment with nickel and he found that 
the resistance of the nickel is affected in the same manner but the magnitude 
of this magnetic field was much greater than before. This effect is called 
Anisotropic Magneto Resistance (AMR).  
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Applications of magneto resistors 

The various applications of magneto resistors include: 

 Bio-sensors 
 Hard disk drives 
 Magnetic field sensors 
 Magneto resistors are used in electronic compass for measuring earth’s 

magnetic field. 
 Magneto resistors are used for measuring electric current. 

------------------------------------------------------------------------- 

Q2] A) show that Non-Existence of electron in the Nucleus, Find the 
uncertainty in the position of electron. The speed of an electron is measured 
to be 𝟒 × 𝟏𝟎𝟑 𝐦/𝐬 to an accuracy of 0.002%                      (8) 

Solution :- 

Initially assume that an electron is a part of a nucleus. The size of a nucleus is 
about 1 fermi = 10ିଵହm if an electron is confined within a nucleus the 
uncertainty in its position must not be greater than the dimension of the 
nucleus i.e., 10ିଵହm. hence, ∆x୫ =  10ିଵହm 
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From the limiting condition of Heisenberg’s uncertainty principle given in the 
equation it can be written as  

                                                               ∆x୫. ∆p୫୧ = ħ 

                                               ∆p୫୧ =  
ħ

∆୶ౣ
=  

.ଷ ×ଵషయర

ଶ×ଷ.ଵସ×ଵషభఱ
  = 1.055× 10ିଵଽkg-

m/sec 

                                                 Now ,  ∆p୫୧ = m∆v୫୧ 

                                      Hence ,        ∆v୫୧ =  
∆୮ౣ

୫
=  

ଵ.ହହ×ଵషభవ

ଽ.ଵ ×ଵషయభ
  = 1.159 ×

10ଵଵm/s >c 

                                                  As   , ∆v୫୧ < v ,  v> 1.159 × 10ଵଵm/s >c 

Therefore the electron inside the nucleus behaves as a relativistic particle. 

The relativistic energy of the electron is     E = ඥm୭
ଶcସ + √pଶcଶ 

Since the actual momentum of the electron p>> ∆p୫୧. pଶ. cଶ ≫ m୭
ଶ . cଶ, the rest 

mass energy of the electron the value of which is 0.511 MeV. Hence,   E= pc 

Assuming p = ∆p୫୧ the least energy that an electron should posses within a 
nucleus is given by 

                                                        E୫୧ =  ∆p୫୧. c  

                                                                 = 1.055 × 10ିଵଽ × 3 × 10଼ 

                                                                 = 3.165 × 10ିଵଵJ 

                                                           E୫୧ =  
ଷ.ଵହ×ଵషభ

ଵ.×ଵషభవ
 = 197 MeV. 

In reality the only source of generation of electron with in a nucleus is the 
process of β-decay. The maximum kinetic energy possessed by the electrons 
during β-decay is about 100KeV. This shows that an electron can not exist 
within a nucleus. 

 

NUMERICAL:-  
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Given Data     :-      V  = 4 × 10ଷ m/sec ,     ∆୴

୴
=?    ∆x = 0.002% 

Formula          :-                  ∆x. ∆p ≥  ħ 

Calculations   :-               ∆x. m. ∆p ≥  ħ 

                                           ∆x ≥
ħ

୫∆୴
   

   ∆v =  
.ଷ×ଵ×ଵషయర

.ଶ×ଶ×ଷ.ଵସ×ଽ.ଵ
  = 0.58 × 10ିଷ   

Uncertainty :- 

∆୴

୴
=  

(.ହ଼×ଵషయబ)

ସ×ଵయ
 = 1.45 × 10ିଷସ                                                     

Therefore uncertainty in position  =  𝟏. 𝟒𝟓 × 𝟏𝟎ି𝟑𝟒 

------------------------------------------------------------------------- 

Q2] B) Define the Fermi energy level, show that in intrinsic semiconductor 
Fermi level is at the centre of Forbidden energy gap. Draw the position of 
Fermi level in intrinsic, P type and N type semiconductor.     (7) 

Solution :- 

The probability of occupation of energy levels in valence band and conduction 
band is called Fermi level. At absolute zero temperature intrinsic 
semiconductor acts as perfect insulator. However as the temperature 
increases free electrons and holes gets generated. 

In intrinsic or pure semiconductor, the number of holes in valence band is 
equal to the number of electrons in the conduction band. Hence, the 
probability of occupation of energy levels in conduction band and valence band 
are equal. Therefore, the Fermi level for the intrinsic semiconductor lies in the 
middle of forbidden band. 

Fermi level in the middle of forbidden band indicates equal concentration of 
free electrons and holes. 

The hole-concentration in the valence band is given as  
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p =  Ne
ష൫ుూషు൯

ేా   

The electron-concentration in the conduction band is given as 

n =  Nୡe
ష൫ుౙషుూ൯

ేా   

Where KB is the Boltzmann constant 

   T is the absolute temperature of the intrinsic semiconductor 

   Nc is the effective density of states in the conduction band. 

   Nv is the effective density of states in the valence band. 

The number of electrons in the conduction band is depends on effective 
density of states in the conduction band and the distance of Fermi level from 
the conduction band.   

The number of holes in the valence band is depends on effective density of 
states in the valence band and the distance of Fermi level from the valence 
band.   

For an intrinsic semiconductor, the electron-carrier concentration is equal to 
the hole-carrier concentration. 

It can be written as 

                 p = n = ni 

Where P = hole-carrier concentration,   n = electron-carrier concentration 
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          and ni = intrinsic carrier concentration 

The fermi level for intrinsic semiconductor is given as, 

E =  
ిା

ଶ
  

Where EF is the fermi level 
               EC is the conduction band 
               EV is the valence band 

Therefore, the Fermi level in an intrinsic semiconductor  

lies in the middle of the forbidden gap. 

 

 

------------------------------------------------------------------------- 

Q3] A) Explain with diagram Bragg’s X ray Spectrometer. Calculate the 
interplaner spacing between the family of planes (1 1 1) in crystal of lattice 
constant 3𝐀°                                                    (8) 
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Bragg's spectrometer used to determine the wavelength of X - rays is shown in 
Fig. Bragg's spectrometer is similar in construction to an ordinary optical 
spectrometer. 

X-rays from an X-ray tube are made to pass through two fine slits S1 and 
S2 which collimate it into a fine pencil. This fine X-ray beam is then made to fall 
upon  the  crystal  'C' (usually sodium chloride crystal) mounted 
on   the  spectrometer table. This table is capable of rotation about a vertical 
axis and  its  rotation can be read on a circular graduated scale S. The 
reflected  beam after passing through the  slits  S3  and  S4 enters the ionization 
chamber. The X-rays entering the ionization chamber ionize the gas which 
causes a current to flow between the electrodes and the current can be 
measured by galvanometer G. The ionization current is a measure of the 
intensity of X-rays reflected by the crystal. 

The    ionization current is measured for different values of glancing         angle 
θ. A graph is drawn between the glancing angle θ and ionization current. 

 

 

For certain values of glancing angle,the ionization current increases abruptly. 
The first peak corresponds to first order, the second peak to second order and 
so on. From the graph, the glancing angles for different orders of reflection can 
be measured. Knowing the angle θ and the spacing d for the crystal, 
wavelength of X-rays can be determined. 
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NUMERICAL :- 

(h l k) =   (1 1 1)  

a = 3A°  

To find :- 

Inter- planar distance (d) 

Solution:- 

We know that,  

d =  
ୟ

√୦మା୩మା୪మ
 =  

ଷ

√ଵమାଵమାଵమ
 =   √3  

d = 1.732A°  

------------------------------------------------------------------------- 

Q3] B) Prove that the Diameter of the nth dark ring in Newton’s ring setup is 
directly proportional to the square root of the ring number. In Newton’s 
Rings reflected light of wavelength 𝟓 × 𝟏𝟎ି𝟓 cm. the diameter of the 10th  
dark ring is 0.5cm. calculate radius of curvature R.     (7) 

Solution :-  
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Let POQ be the plano-convex lens placed on a plane glass plate AB. Let R be 
the radius of curvature of the lens surface in contact with the plate. 

Let p be the radius of a Newton's ring corresponding to the constant film 
thickness 't'. The path difference between the two interfering rays in the 
reflected system is 

2μcos(r + θ) +


ଶ
  

λ = wavelength of incident light  

μ = 1 for air film  

r = 0 for normal incidence   

θ = 0 for large R  

 

From diagram  

Rଶ =  pଶ + (R − t)ଶ   

pଶ = Rଶ − (R − t)ଶ   

pଶ = 2Rt − t  

t ≪ R and hence we have  

pଶ = 2Rt  

Path difference between the interfering ray is ୮
మ

ୖ
+



ଶ
 

For dark rings :- 

Path difference = ୮
మ

ୖ
+



ଶ
 = (2n + 1) ቀ



ଶ
ቁ  (n=1,2,3 ………. )  
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If D is the difference of Newton’s ring then p =
ୈ

ଶ
 

ୈ
మ

ସୖ
 = nλ        where D୬ = Diameter of n୲୦ dark ring  

D୬
ଶ = 4Rnλ   

D୬   ∝   √n  

Hence the diameter of the dark ring is proportional to the square root of 
natural numbers. 

 

NUMERICAL :- 

Dଵ  = 0.5cm   

λ = 5 × 10ିହ  cm  

R = ? 

D୬ =  ඥ(2n − 1)(2λR)  

Dଵ =  ඥ(2 × 10 − 1)(2λR)  

0.5 = ඥ(2 × 10 − 1)(2 × 5 × 10ିହ × R)   

0.5ଶ = 19 × 10 × 10ିହ × R  

R = 131.57cm  

------------------------------------------------------------------------- 

Q4] A) Derive one dimensional time independent Schrodinger Equation    (5) 

Solution :- 

We start with the one-dimensional classic wave equation, 

பమ୳

ப୶మ =  
ଵ

୳మ

பమ୳

ப୲మ   

By introducing the separation of variables ,  
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u(x, t) =  ψ(x)f(t)  

We obtain  f(t) 
ୢమந(୶)

ப୶మ
 =

ଵ

୳మ
ψ(x)

ୢమ(୲)

ୢ୲మ
  

If we introduce one of the standard wave equation solutions for f(t) such as 
e୧ன୲ (the constant can be taken care of later in the normalization), we obtain 

ୢమந(୶)

ப୶మ
=  

ିனమ

୳మ
ψ(x)  

Now we have an ordinary differential equation describing the spatial 
amplitude of the matter wave as a function of position. The energy of a 
particle is the sum of kinetic and potential parts. 

Eଶ =  
୮మ

ଶ୫
+ V(x)  

Which can be solved for the momentum (p) to obtain 

p = {2m[E − V(x)]}ଵ/ଶ  

Now we can use the de Broglie formula to get an expression for the 
wavelength 

λ =
୦

୮
=  

୦

{ଶ୫[ି(୶)]}భ/మ
  

The term ன
మ

୳మ
 in equation can be written in terms of λ if we recall that 

ω = 2πv  and vλ = v 

னమ

୳మ
=  

ସమ୴మ

୳మ
 =

ସమ

మ
 =  

ଶ୫[ି(୶)

୦మ
   

When is almost always written in the form 

ି୦మ

ଶ୫
 
ୢమந(୶)

ୢ୶మ
+ V(x)ψ(x) = Eψ(x)  

A two-body problem can also be treated by this equation if the mass m is 
replaced with a reduced mass μ  

------------------------------------------------------------------------- 
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Q4] B) Differentiate between Type I and Type II superconductor    (5)  

Solution :- 

TYPE I SUPERCONDUCTOR  
 

TYPE II SUPERCONDUCTOR  

1. They exhibit complete Meissner 
effect  
 

1. They exhibit partial Meissner effect.  

2. These are perfect diamagnetics.  
 

2. These are not perfect diamagnetics.  

3. These are known as soft 
superconductors.  

3. These are known as hard 
superconductors.  
 

4. These materials undergoes a sharp 
transition from the superconducting 
state of the normal state at the critical 
magnetic field. 
  

4. These materials undergoes a 
gradual transition from the 
superconducting state of the normal 
state at the critical magnetic field.  

5. The highest value of critical 
magnetic field Is 0.1 wb/M2. 
  

5. The upper critical field can be of the 
order of 50 wb/m2.  

6. Applications are very limited.  6. They are used to generate very high 
magnetic field.  
 

7. Examples:- lead tin, mercury, etc.  7. Examples:- alloys like Nb-Sn, Nb-D, 
Nb- Zr, etc. 
 

 

------------------------------------------------------------------------- 

Q4] C) Find Resistance of an intrinsic Ge rod of dimension(1cm long, 1mm 

wide and 1mm thick) at 300K. For Ge 𝐧𝐢 = 𝟐. 𝟓 × 𝟏𝟎𝟏𝟗 /𝐦𝟑,  𝛍𝐧 = 𝟎. 𝟑𝟗
𝐦𝟐

𝐯
−

𝐬, 𝛍𝐩 = 𝟎. 𝟏𝟗
𝐦𝟐

𝐯
− 𝐬                        (5) 

Solution :-  

n୧ = 2.5 × 10ଽ /mଷ    
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μୣ = 0.39
୫మ


sec    

μ୦ = 0.91
୫మ


sec    

T = 300°K  

l =  10ିଶm  

A = bd =  10ିmଶ  

σ =  n୧e(μୣ + μ୦) = (2.5 × 10ଽ)(1.6 × 10ିଵ )(0.39 + 0.19) = 2.32/Ωm  

ρ =
ଵ


=

ଵ

ଶ.ଷ
= 0.431Ωm   

R =  ρ ቀ
୪


ቁ = (0.431Ωm) ×

ଵషమ

ଵషల 
= 4.31 × 10ଷΩ  

------------------------------------------------------------------------- 

Q5] A) Derive the condition for maxima and minima due to interference of 
light reflected from thin film of uniform thickness      (5) 

Solution :- 

 

Consider a thin film of uniform thickness (t) and R.I (μ) 

On Reflected side, 
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The ray of light R1 and R2 will interfere. 

The path difference between R1 and R2 is, 

Δ = μ(BC + CD) − BG 

BC = CD = ୲

ୡ୭ୱ୰
..........(1) 

Now, 

BD = (2t) tan r .......(2) 

BM = BD sin i 

BM = (2t) tan r sin i 

BM = 2tμsinrቀ
ୱ୧୬୰

ୡ୭ୱ୰
ቁ 

BM = 2μtቀ
ୱ୧୬ଶ୰

ୡ୭ୱ୰
ቁ..........(3) 

Substituting (i) and (iii) in Δ : 

Δ = μ(
୲

ୡ୭ୱ୰
+

୲

ୡ୭ୱ୰
)2μtቀୱ୧୬ଶ୰

ୡ୭ୱ୰
ቁ 

= 2μtcosr(1−sin2r) 

Δ = 2μtcosr 

For transmitted system : 

The transmitted rays CT1 and ET2 are also derived from the same incident ray 
AB and hence they are coherent. 

Path difference = △ = μ(CD + DE) – CL 

For constructive interference : 

2μtcos r = nλ 

For destructive interference : 

2μtcos r = (2n – 1)λ/2 

------------------------------------------------------------------------- 
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Q5] B) Explain Hall Effect. Derive the equation for Hall Voltage    (5) 

Solution :- 

If a current carrying conductor or semiconductor is placed in a transverse 
magnetic field, a potential difference is developed across the specimen in a 
direction perpendicular to both the current and magnetic field. The 
phenomenon is called HALL EFFECT. 

As shown consider a rectangular plate of a p-type semiconductor of width ‘w’ 
and thickness ‘d’ placed along x-axis. When a potential difference is applied 
along its length ‘a’ current ‘I’ starts flowing through it in x direction. 

As the holes are the majority carriers in this case the current is given by  

                                                               I = n୦Aevୢ    ……………………………(1) 

        where  n୦  = density of holes  

                      A    =  w × d  = cross sectional area of the specimen 

 

                       vୢ =  drift velocity of the holes. 

The current density  is  

                                                             J =  
୍


 = n୦evୢ     ……………………..(2) 

The magnetic field is applied transversely to the crystal surface in z direction. 
Hence the holes experience a magnetic force 

                                                             F୫ = evୢB   …………………………….(3)  
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In a downward direction. As a result of this the holes are accumulated on the 
bottom surface of the specimen. 

Due to this a corresponding equivalent negative charge is left on the top 
surface. 

The separation of charge set up a transverse electric field across the specimen 
given by, 

                                                                  Eୌ =  
ౄ

ୢ
  …………………………..(4) 

Where  Vୌ is called the HALL VOLTAGE  and Eୌ the HALL FIELD. 

In equilibrium condition the force due to the magnetic field B and the force 
due to the electric field Eୌ acting on the charges are balanced. So the equation 
(3)  

                                                             eEୌ = evୢB 

                                                              Eୌ = vୢB  ……………………………….(5) 

Using equation (4) in the equation (5) 

                                                                Vୌ = vୢB d  ………………………….(6) 

From equation (1) and (2), the drift velocity of holes is found as  

                                                               vୢ =  
୍

ୣ୬
=  



ୣ୬
     ……………………..(7) 

Hence hall voltage can be written as         

 

------------------------------------------------------------------------- 

Q5] C) Calculate the lowest three energy states of an electron confined in 
potential well of width 10A°        (5) 

Solution :- 

Potential well width :- 10 A°   

𝑉ு =  
ூௗ


 = ೣௗ
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L = 10 A°   =    10 × 10ିଵm 

Energy of electron in n୲୦   level →    E୬ =  
୬మ୦మ

଼୫మ
 =  nଶEଵ 

Eଵ  =   
୦మ

଼୫మ
 =  

(.ଷ×ଵషయర)మ

଼×ଽ.ଵ×ଵషయభ×(ଵ×ଵషభబ)మ
  =  

ସଷ.ଽହଽ×ଵషభ

ଶ଼
 = 6.0380 × 10ିଶJ  

Eଶ  = nଶEଵ  =  2ଶEଵ =   2ଶ × 6.0380 × 10ିଶ  = 24.152 × 10ିଶJ  

Eଷ  = nଶEଵ  =  3ଶEଵ =   3ଶ × 6.0380 × 10ିଶ  = 54.342 × 10ିଶJ  

------------------------------------------------------------------------- 

Q6] A) Explain multiferroics and its different types                         (5) 

Solution :- 

Multiferroics are defined as materials that exhibit more than one of the 
primary ferroic properties: 

 ferromagnetism—a magnetisation that is switchable by an applied 
magnetic field, 

 ferroelectricity—an electric polarisation that is switchable by an applied 
electric field, and 

 ferroelasticity—a deformation that is switchable by an applied stress, 

in the same phase. While ferroelecstric ferroelastics and ferromagnetic 
ferroelastics are formally multiferroics, these days the term is usually used to 
describe the magnetoelectric multiferroics that are simultaneously 
ferromagnetic and ferroelectric. Sometimes the definition is expanded to 
include non-primary order parameters, such 
as antiferromagnetism or ferrimagnetism. In addition other types of primary 
order, such as ferroic arrangements of magneotelectric multipoles of 
which ferrotoroidicity is an example, have also been recently proposed. 

Besides scientific interest in their physical properties, multiferroics have 
potential for applications as actuators, switches, magnetic field sensors or new 
types of electronic memory devices.  

Those materials which combine multiple ferroic properties such as 
ferromagnetism, ferroelectricity and ferroelasticity are known as multiferroics. 
Simultaneous coexistence of at least two ferroic properties takes place in the  
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same phase in multiferroics. It has the feasibility of exhibiting coupling 
between ferroelectricity and magnetism which is known as the 
magnetoelectric effect (ME). This ME enables the external electric field to 
change magnetization . 

 

1. Type-I Multiferroics: 

This type of multiferroics are older, more numerous and are good 
ferroelectrics. Above room temperature, the critical temperatures of the 
magnetic and ferroelectric transitions can be well. In these materials, the 
coupling between magnetism and ferroelectricity is unfortunately weak. 
Different origin of ferroelectricity and magnetism in type-I multiferroic are 
mostly due to different active subsystems of a material.  

2. Type-II Multiferroics: 

Due to the recent discovery of a novel class of multiferroics, there is the 
biggest excitement as ferroelectricity exists only in a magnetically ordered 
state and is caused by a particular type of magnetism. A nonzero electric 
polarization occurs in the low temperature phase. For example CuFeO2 with 
Tc = TN. 

------------------------------------------------------------------------- 

Q6] B) A soap film 𝟒 × 𝟏𝟎ି𝟓cm thick is viewed at angle of 35° to normal. 
Calculate wavelength of light in the visible spectrum which will be absent 
from the Reflected light (𝛍 = 𝟏. 𝟑𝟑)            (5) 

Solution :- 

μ = 1.33         𝑡 = 4 × 10ିହcm 
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i = 35°  

μ =
ୱ୧୬୧

ୱ୧୬୰
  

sinr =
ୱ୧୬୧

ஜ
=

ୱ୧୬ଷହ

ଵ.ଷଷ
 = 0.43  

r = 25.46  

cosr = 0.902  

Condition for darkness is 2μtcosr = nλ 

Substitute values of n as 1,2,3,4…… we will get corresponding wavelengths 
those wavelengths which fall in the visible spectra will remain absent. 

for n = 1, λଵ = 2 × 1.33 × 4 × 10ିହ × 0.902 = 9597AU  

for n = 2, λଵ = 2 × 1.33 × 4 × 10ିହ ×
.ଽଶ

ଶ
= 4798AU  

for n = 3, λଵ = 2 × 1.33 × 4 × 10ିହ × ቀ
.ଽଶ

ଷ
ቁ = 3199AU  

for n = 4, λଵ = 2 × 1.33 × 4 × 10ିହ ×
.ଽଶ

ସ
= 2399AU  

for n = 5, λଵ = 2 × 1.33 × 4 × 10ିହ ×
.ଽଶ

ହ
= 1919AU  

So wavelength corresponding to 4798 and 3199 AU will remain absent in the 
visible spectra 

------------------------------------------------------------------------- 

Q6] C) The Coefficient (Rh) of semiconductor is 𝟑. 𝟐𝟐 × 𝟏𝟎ି𝟒𝐦𝟑𝐜ି𝟏. Its 
resistivity is 𝟗 × 𝟏𝟎ି𝟑Ω𝐦. Calculate the mobility and concentration of 
carriers.                       (5) 

Solution:- 

Since Rୌ is positive the given specimen is p type material, Rୌ =
ଵ

୮ୣ
 

(p) =
ଵ

ୖౄୣ
=

ଵ

ଷ.ଶଶ×ଵషర×ଵ.×ଵషభవ
= 1.9 × 10ଶଶmିଷ     
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mobility(μ) = σୌRୌ =
ୖౄ

ౄ
 =  

ଷ.ଶଶ×ଵషర

ଽ×ଵషయ
 = 0.3577 × 10ିଵ mଶ /V − s  

------------------------------------------------------------------------- 
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