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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.
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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.
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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
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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.
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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

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


