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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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