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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.
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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.
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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
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10
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SABINESFORMULA.

Sabinesderivedanexpressionforthereverberationtimeofafurnishedhallasfollows.

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

A

Henceequation(1)iscalledassabinesformula.
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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.
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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.
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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
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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.
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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
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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.
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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°
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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.
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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
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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
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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:-
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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

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


