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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
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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
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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
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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
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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

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


