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ElectricDischargeThroughGases

Atnormalatmospheric pressure,the gases are poor

conductorofelectricity.Ifweestablishapotentialdifference(of

theorderof30kV)betweentwoelectrodesplacedinairata

distanceoffewcm from eachother,electricconductionstarts

intheform ofsparks.

The discharge of electricity through gases can be

systematicallystudiedwiththehelpofdischargetubeshown

below

As the pressure inside the discharge tube is gradually

reduced,thefollowingisthesequenceofphenomenonthatare

observed.

(1)Atnormalpressurenodischargetakesplace.

(2)Atthepressure10mm ofHg,azig-zagthinredspark

runsfrom oneelectrodetootherandcrackingsoundisheard.

(3)Atthepressure4mm.ofHg,anilluminationisobserved

attheelectrodesandtherestofthetubeappearsdark.This

typeofdischargeiscalleddarkdischarge.

(4)Whenthepressurefallsbelow 4mm ofHgthenthe

wholetubeisfilledwithbrightlightcalledpositivecolumnand

colouroflightdependsuponthenatureofgasinthetubeas

showninthefollowingtable.

Table25.1:Colourfordifferentgases

Gas Air H2 N2 Cl2 CO2 Neon

Colour Purple

red

Blue Red Green Bluish

white

Dark

red

(5)Atapressureof1.65mm ofHg:

Skycolourlightisproducedatthecathodeitiscalledas

negativeglow.Positivecolumnshrinkstowardstheanodeand

thedarkspacebetweenpositivecolumnandnegativeglow is

calledFaradaysdarkspace(FDS).

(6)Atapressureof0.8mm Hg:Atthispressure,negative

glow isdetachedfrom thecathodeandmovestowardsthe

anode.Thedarkspacecreatedbetweencathodeandnegative

glowiscalledasCrook'sdarkspace.Lengthofpositivecolumn

furtherreduced.Aglowappearatcathodecalledcathodeglow.

(7)Atapressureof0.05mm ofHg:Thepositivecolumn

splitsintodarkandbrightdiscoflightcalledstriations.

(8)Atthepressureof0.01or10–2mm ofHgsomeinvisible
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2Electron,Photon,PhotoelectricEffectandX-Rays

particlesmovefrom cathodewhichonstrikingwiththeglass

tubeontheoppositesideofcathodecausethetubetoglow.

Theseinvisibleraysemergingfrom cathodearecalledcathode

rays.

(9)Finallywhenpressuredropstonearly10–4 mm ofHg,

thereisnodischargeintube.

CathodeRays

(1)Cathoderays,discoveredbySirWilliam Crooke

(2)Theyarestreamsoffastmovingelectrons.

(3)They can be produced by using a discharge tube

containinggasatalowpressureoftheorderof10–2mm ofHg.

(4)Thecathoderaysinthedischargetubearetheelectrons

producedduetoionisationofgasandthatemittedbycathode

duetocollisionofpositiveions.

(5)Cathoderaystravelinstraightlines.

(6)Cathoderaysareemittednormallyfrom thecathode

surface.Theirdirectionisindependentofthepositionofthe

anode.

(7)Cathoderaysexertmechanicalforceontheobjectsthey

strike.

(8)Cathoderaysproduceheatwhentheystrikesametal

surface.

(9)Cathoderaysproducefluorescence.

(10)Whencathoderaysstrikeasolidobject,speciallya

metalofhighatomicweightandhighmeltingpointX-raysare

emittedfrom theobjects.

(11)Cathoderaysaredeflectedbyanelectricfieldandalso

byamagneticfield.

(12)Cathoderaysionisethegasesthroughwhichtheyare

passed.

(13)Cathoderayscanpenetratethroughthinfoilsofmetal.

(14)Cathoderaysarefoundtohavevelocityranging

to ofvelocityoflight.

J.J.Thomson'sExperiment

(1)It'sworkingisbasedonthefactthatifabeam of

electron issubjected to thecrossed electricfield and

magneticfield ,itexperiencesaforceduetoeachfield.In

casetheforcesontheelectronsintheelectronbeam dueto

these fields are equaland opposite,the beam remains

undeflected.

(2)Whennofieldisapplied,theelectronbeam produces

illuminationsatpointP.

(3)Inthepresenceofanyfield(electricandmagnetic)

electronbeam deflectedupordown(illuminationat or )

(4)Ifboth the fields are applied simultaneously and

adjusted such thatelectron beam passes undeflected and

producesilluminationatpointP.

Inthiscase;Electricforce=Magneticforce eE=evB

 v=velocityofelectron

(5)Aselectronbeam acceleratedfrom cathodetoanodeits

lossinpotentialenergyappearsasgainintheK.E.attheanode.

IfsupposeVisthepotentialdifferencebetweencathodeand

anodethen,lossinpotentialenergy=eV

AndgaininkineticenergyatanodewillbeK.E.

i.e.  

Thomsonfound,

Ifoneincludestherelativisticvariationofmasswithspeed

,then specific charge ofan electron

decreaseswiththeincreaseinitsvelocity.

(6)Thedeflectionofanelectroninapurelyelectricfieldis

givenby ;wherel=Lengthofeachplate,y=

deflection ofelectron in the field region,v= speed ofthe

electron.

MillikansOilDropExperiment

(1)Millikanperformedthepioneeringoildropexperiment

fortheprecisemeasurementofthechargeontheelectron.

(2)Byapplying suitableelectricfield acrosstwo metal

plates,thechargedoildropletscouldbecausedtoriseorfallor

evenheld stationaryinthefieldofview forsufficientlylong

time.Hefoundthatthechargeonanoildropletwasalwaysan

integralmultipleofanelementarycharge1.60210–19C.

(3)Inthisexperimentchargeonthedropisgivenby
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where=Coefficientofviscosityofair,v1 =Terminal

velocityofdropwhennoelectricfieldisappliedbetweenthe

plates,v2 = Terminalvelocityofdrop when electricfield is

appliedbetweentheplates.

V = Potentialdifference between the plates,d =

Separationbetweenplates,=densityofoil,=Densityofair.

PositiveRays

Whenpotentialdifferenceisappliedacrosstheelectrodes

ofadischargetube(10–3mm ofHg),electronsareemittedfrom

theperforatedcathode.Astheymovetowardsanode,theygain

energy.Theseenergeticelectronswhencollidewiththeatoms

ofthegasinthedischargetube,theyionizetheatoms.The

positiveionssoformedatvariousplacesbetweencathodeand

anode,traveltowardsthecathode.Sinceduringtheirmotion,

thepositiveionswhenreachthecathode,somepassthrough

theholesinthecathodeandafaintluminousglow comesout

from eachholeonthebacksideofthecathode.Itiscalled

positiverays,whicharecomingoutfrom theholes.

(1)Positiveraysarepositiveionshavingsamemassifthe

experimentalgasdoesnothaveisotopes.Howeverifthegas

hasisotopesthenpositiveraysaregroupofpositiveionshaving

differentmasses.

(2)Theytravelinstraightlinesandcastshadowsofobjects

placedintheirpath.Butthespeedofthepositiveraysismuch

smallerthanthatofcathoderays.

(3)Theyaredeflectedbyelectricandmagneticfieldsbut

thedeflectionsaresmallascomparedtothatforcathoderays.

(4)Theyshow aspectrum ofvelocities.Differentpositive

ionsmovewithdifferentvelocities.Beingheavy,theirvelocityis

muchlessthanthatofcathoderays.

(5)q/m ratiooftheseraysdependsonthenatureofthe
gasin thetube(whilein caseofthecathoderaysq/m is
constantanddoesn'tdependonthenatureofgasinthetube).
q/m forhydrogenismaximum.

(6)Theycarryenergyandmomentum.Thekineticenergyof
positiveraysismorethanthatofcathoderays.

(7)Thevalueofchargeon positiveraysisan integral
multipleofelectroniccharge.

(8)Theycauseionisation(whichismuchmorethanthat
producedbycathoderays).

Thomson'sMassSpectrograph

Itisusedtomeasureatomicmassesofvariousisotopesin

gas.Thisisdonebymeasuringq/m ofsinglyionisedpositive

ionofthegas.

(1)Thepositiveionsareproducedinthebulbattheleft
handside.Theseionsareacceleratedtowardscathode.Some
ofthepositiveionspassthroughthefineholeinthecathode.
ThisfinerayofpositiveionsissubjectedtoelectricfieldEand
magneticfieldBandthenallowedtostrikeafluorescentscreen

( but or ).

(2)Iftheinitialmotionoftheionsisin directionand
electricandmagneticfieldsareappliedalong axisthen

forceduetoelectricfieldisinthedirectionofy-axisanddueto
magneticfielditisalongz-direction.

The deflection due to electric field alone

.....(i)

The deflection due to magnetic field alone

.....(ii)

From equation(i)and(ii),

where ;Thisistheequation ofparabola.It

meansallthechargedparticlesmovingwithdifferentvelocities
butofsameq/m valuewillstrikethescreenplacedinyzplane
onaparabolictrackasshownintheabovefigure.

(3)Allthepositiveionsofsame.q/m movingwithdifferent

velocitylieonthesameparabola.Higheristhevelocityloweris

thevalueofyandz.Theionsofdifferentspecificchargewilllie

ondifferentparabola.

(4)Thenumberofparabolatellsthenumberofisotopes
presentinthegivenionicbeam.

BainbridgeMassSpectrograph
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InBainbridgemassspectrograph,fieldparticlesofsame

velocityareselectedbyusingavelocityselectorandthenthey

aresubjectedtoauniform magneticfieldperpendiculartothe

velocityoftheparticles.Theparticlescorrespondingtodifferent

isotopesfollowdifferentcircularpathsasshowninthefigure.

(1)Velocityselector:Thepositiveionshavingacertain

velocityvgetsisolatedfrom allothervelocityparticles.Inthis

chambertheelectricandmagneticfieldsaresobalancedthat

theparticlemovesundeflected.Forthisthenecessarycondition

is andE,Bandvshouldbemutuallyperpendicularto

eachother.

(2)Analysingchamber:InthischambermagneticfieldBis

appliedperpendiculartothedirectionofmotionoftheparticle.

Asaresulttheparticlesmovealongacircularpathofradius

also

Inthiswaytheparticlesofdifferentmassesgetsdeflectedon

circlesofdifferentradiiandreachondifferentpointsonthephoto

plate.

Separationbetweentwotraces

.

MatterWaves(de-BroglieWaves)

According to de-Broglie a moving material particle
sometimesactsasawaveandsometimesasaparticle.

Thewaveassociatedwithmovingparticleiscalledmatter
waveorde-Brogliewaveanditpropagatesintheform ofwave
packetswithgroupvelocity.

(1)de-Brogliewavelength:Accordingtode-Broglietheory,
thewavelengthofde-Brogliewaveisgivenby

Whereh=Plank'sconstant,m =Massoftheparticle,v=

Speedoftheparticle,E=Energyoftheparticle.

Thesmallestwavelengthwhosemeasurementispossible

isthatof -rays.

The wavelength ofmatterwaves associated with the

microscopic particles like electron,proton,neutron,-

particleetc.isoftheorderof m.

(2)de-Broglie wavelength associated with the charged

particles:Theenergyofachargedparticleacceleratedthrough

potentialdifferenceVis

Hencede-Brogliewavelength

Å, Å,

Å, Å

(3) de-Broglie wavelength associated with uncharged

particles:ForNeutronde-Brogliewavelengthisgivenas

Energyofthermalneutronsatordinarytemperature

; where T = Absolute

temperature,k=Boltzman'sconstant= Joule/kelvin,

So,

(4)Ratio ofwavelength ofphoton and electron :The

wavelengthofaphotonofenergyEisgivenby

WhilethewavelengthofanelectronofkineticenergyKis

givenby .Therefore,forthesameenergy,

theratio

CharacteristicsofMatterWaves

(1)Matterwave representsthe probabilityoffinding a
particleinspace.

(2)Matterwavesarenotelectromagneticinnature.

(3)de-Brogileormatterwaveisindependentofthecharge
onthematerialparticle.Itmeans,matterwaveofde-Broglie
waveisassociatedwitheverymovingparticle(whethercharged
oruncharged).

(4)Practicalobservationofmatterwavesispossibleonly

whenthede-Brogliewavelengthisoftheorderofthesizeofthe

particles.

(5)Electronmicroscopeworksonthebasisofde-Broglie

waves.

(6)Thephasevelocityofthematterwavescanbegreater

thanthespeedofthelight.

(7)Matterwavescanpropagateinvacuum,hencetheyare

notmechanicalwaves.

(8)Thenumberofde-Brogliewavesassociatedwithnth

orbitalelectronisn.

(9)Onlythosecircularorbitsaroundthenucleusare

stable whose circumference is integralmultiple ofde-

Brogliewavelengthassociatedwiththeorbitalelectron.

DavisionandGermerExperiment

(1)Itisusedtostudythescatteringofelectronfrom asolid

ortoverifythewavenatureofelectron.Abeam ofelectrons
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emittedbyelectrongunismadetofallonnickelcrystalcut

alongcubicalaxisataparticularangle.Nicrystalbehaveslikea

threedimensionaldiffractiongratinganditdiffractstheelectron

beam obtainedfrom electrongun.

(2)Thediffractedbeam ofelectronsisreceivedbythe

detectorwhichcanbepositionedatanyanglebyrotatingit

aboutthepointofincidence.Theenergyoftheincidentbeam of

electronscanalsobevariedbychangingtheappliedvoltageto

theelectrongun.

(3)Accordingtoclassicalphysics,theintensityofscattered

beam ofelectronsatallscattering anglewillbesamebut

Davisson and Germer,found thatthe intensityofscattered

beam ofelectronswasnotthesamebutdifferentatdifferent

anglesofscattering.Itismaximum fordiffractingangle50°at

54voltpotentialdifference.

(4)Ifthede-Brogliewavesexistforelectronsthenthese

should be diffracted as X-rays.Using the Bragg's formula

,wecandeterminethewavelengthofthesewaves.

where d = distance between diffracting planes,

=glancingangleforincidentbeam =Bragg'sangle.

ThedistancebetweendiffractingplanesinNi-crystalfor

thisexperimentisd=0.91ÅandtheBragg'sangle=65o.This

givesforn=1, Å

Now thede-Brogliewavelengthcanalsobedeterminedby

usingtheformula .Thusthede-

Brogliehypothesisisverified.

(5)The Bragg's formula can be rewritten in the form

containinginteratomicdistanceDandangle



Using

  Dsin=

HeisenbergUncertaintyPrinciple

(1)Accordingto Heisenberg'suncertaintyprinciple,itis

impossibletomeasuresimultaneouslyboththepositionandthe

momentum oftheparticle.

(2)Letxandpbetheuncertaintyinthesimultaneous

measurementofthepositionandmomentum oftheparticle,

then ;where andh=6.63 10–34J-sis

thePlanck'sconstant.

Amorerigoroustreatmentgives .

(3)Ifx=0thenp=andifp=0thenx=

i.e.,ifweareabletomeasuretheexactpositionofthe

particle (say an electron) then the uncertainty in the

measurementofthelinearmomentum oftheparticleisinfinite.

Similarly,ifweareabletomeasuretheexactlinearmomentum

oftheparticlei.e.,p=0,thenwecannotmeasuretheexact

positionoftheparticleatthattime.

An electron cannot be observed without changing it's

momentum

(4)Uncertaintyprinciplesuccessfullyexplains

(i)Non-existenceofelectronsinthenucleus

(ii)Finitesizeofspectrallines.

(5)TheHeisenberguncertaintyprincipleisalsoapplicable

to energy and time, angular momentum and angular

displacement.Hence and

(6)Iftheradiusofthenucleusisrthentheprobabilityof

findingtheelectroninsidethenucleusisx=2randuncertainty
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AccordingtoEienstein'squantum theorylightpropagatesin

thebundles(packetsorquanta)ofenergy,eachbundlebeing

calledaphotonandpossessingenergy.

(1)Energyofphoton:Energyofphotonisgivenby

wherec= Speed oflight,h = Plank's

constant=6.610–34 J-sec,  =FrequencyinHz,=
Wavelengthoflight.

Inelectronvolt 

(2)Massofphoton:Actuallyrestmassofthephotonis

zero.Butit'seffectivemassisgivenas

 .Thismassisalso

knownaskineticmassofthephoton

(3)Momentum ofthephoton

Momentum

(4)Numberofemittedphotons:Thenumberofphotons

emittedpersecondfrom asourceofmonochromaticradiation

ofwavelengthandpowerPisgivenas ;

whereE=energyofeachphoton

(5)Intensityoflight(I):Energycrossingperunitarea

normallypersecondiscalledintensityorenergyflux

i.e.

Atadistancerfrom apointsourceofpowerPintensityis

givenby 

(6)Numberofphotonsfallingpersecond(n):IfPisthe

powerofradiationandEistheenergyofaphotonthen

Photo-ElectricEffect

The photo-electric effectis the emission ofelectrons

(calledphoto-electronswhenlightstrikesasurface.Toescape

from thesurface,theelectronmustabsorbenoughenergyfrom

theincidentradiationtoovercometheattractionofpositiveions

inthematerialofthesurface.

Thephotoelectriceffectwasfirstobserved byHeinrich

HertzanditwasinvestigatedindetailbyWhilelm Hallwachsand

PhilippLenard.

The photoelectric effectis based on the principle of

conservationofenergy.

(1) Work function (or threshold energy) (W0) :The

minimum energyofincidentradiation,required to ejectthe

electronsfrom metallicsurfaceisdefinedasworkfunctionof

thatsurface.

0=Thresholdfrequency;

0=Thresholdwavelength

WorkfunctioninelectronvoltW0(eV)

Table25.2:Workfunctionofseveralelements

Element Workfunction

(eV)

Element Workfunction

(eV)

Platinum 6.4 Aluminum 4.3

Gold 5.1 Silver 4.3

Nickel 5.1 Sodium 2.7

Carbon 5.0 Lithium 2.5

Silicon 4.8 Potassium 2.2

Copper 4.7 Cesium 1.9

(2)Thresholdfrequency(0):Theminimum frequencyof

incidentradiationsrequiredtoejecttheelectronfrom metal

surfaceisdefinedasthresholdfrequency.

Ifincidentfrequency<0 Nophotoelectronemission

Formostmetalsthethresholdfrequencyisintheultraviolet

(correspondingtowavelengthsbetween200and300nm),but

forpotassium andcesium oxidesitisinthevisiblespectrum (

between400and700nm)

(3)Thresholdwavelength(0):Themaximum wavelength

ofincidentradiationsrequiredtoejecttheelectronsfrom a

metallicsurfaceisdefinedasthresholdwavelength.

Ifincidentwavelength>0 Nophotoelectronemission

(4)Einstein'sphotoelectricequation:AccordingtoEinstein,

photoelectriceffectistheresultofonetooneinelasticcollision

betweenphotonandelectroninwhichphotoniscompletely

absorbed

Einstein'sphotoelectricequationisE=W0+Kmax

where maximum kinetic energy of

emittedelectrons.

ExperimentalSetupforPhotoelectricEffect

(1)Twoconductingelectrodes,theanode(Q)andcathode

(P)areenclosedinanevacuatedglasstubeasshown
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(2)The batteryorothersource ofpotentialdifference
createsanelectricfieldinthedirectionfrom anodetocathode.

(3)Lightofcertainwavelengthorfrequencyfallingonthe
surfaceofcathodecausesacurrentintheexternalcircuitcalled
photoelectriccurrent.

(4)Aspotentialdifferenceincreases,photoelectriccurrent
alsoincreasestillsaturationisreached.

(5)Whenpolarityofbatteryisreversed(i.e.plateQ isat
negativepotentialw.r.t.plateP)electronsstartmovingback
towardsthecathode.

(6)AtaparticularnegativepotentialofplateQnoelectron

willreachtheplateQ andthecurrentwillbecomezero,this

negativepotentialiscalledstoppingpotentialdenotedbyV0.

Maximum kineticenergyofphotoelectronsintermsofstopping

potentialwillthereforebe

EffectofIntensityandFrequencyofLight

(1)Effectofintensity:Iftheintensityoflightisincreased

(whileit'sfrequencyiskeptthesame)thecurrentlevelsoffata

highervalue,showingthatmoreelectronsarebeingemittedper

unittime.ButthestoppingpotentialV0doesn'tchangei.e.

Intensity  no.ofincidentphoton  no.ofemitted

photoelectronpertimephotocurrent

(2)Effectoffrequency:Iffrequencyofincidentlight

increases,(keeping intensityis constant)stopping potential

increasesbuttheirisnochangeinphotoelectriccurrent

ImportantFormulaeforPhotoelectricEffect

(1) and

(2) 

(3)

(4)

(5)

(6)

ComptonEffect

(1)Thescatteringofaphotonbyanelectroniscalled

Comptoneffect.

(2)Theenergyandmomentum isconserved.

(3) Scattered photon will have less energy (more

wavelength)ascomparetoincidentphoton(lesswavelength).

(4)Theenergylostbythephotonistakenbyelectronas

kineticenergy.

(5)ThechangeinwavelengthduetoComptoneffectis

called Compton shift. Compton shift

If=0o,=0

=90o,

(calledComptonwavelength)

X-Rays

(1)X-rayswerediscoveredbyscientistRontgenthatswhy

theyarealsocalledRontgenrays.

(2) Rontgen discovered that when pressure inside a

dischargetubeiskept10–3mm ofHgandpotentialdifferenceis

kept25kV,thensomeunknownradiations(X-rays)areemitted

byanode.

(3) There are three essential requirements for the

productionofX-rays.

(i)Asourceofelectron

(ii)Anarrangementtoacceleratetheelectrons

(iii)Atargetofsuitablematerialofhighatomicweightand

highmeltingpointonwhichthesehighspeedelectronsstrike.

CoolidgeX-RayTube

(1)Itconsistsofahighlyevacuatedglasstubecontaining

cathodeandtarget(alsoknownasfilamenttypeX-raytube).

Thecathodeconsistofatungstenfilament.Thefilamentis

coatedwithoxidesofbarium orstrontium tohaveanemission

of electrons even at low temperature. The filament is

surroundedbyamolybdenum cylinderkeptatnegativepotential

w.r.t.thetarget.

(2)Thetarget(Itisamaterialofhighatomicweight,high

meltingpointandhighthermalconductivity)madeoftungsten

ormolybdenum isembeddedinacopperblock.
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(3)Thefaceofthetargetissetat45o totheincident

electronstream.

(4)Thefilamentisheatedbypassingthecurrentthroughit.

Ahighpotentialdifference(10kVto80kV)isappliedbetween

thetargetandcathodetoacceleratetheelectronswhichare

emittedbyfilament.Thestream ofhighlyenergeticelectrons

arefocussedonthetarget.

(5)Mostoftheenergyoftheelectronsisconvertedinto

heat(above98%)and onlyafraction oftheenergyofthe

electrons(about2%)isusedtoproduceX-rays.

(6)Duringtheoperationofthetube,ahugequantityofheat

isproducedinthistarget,thisheatisconductedthroughthe

copperanodetothecoolingfinsfrom whereitisdissipatedby

radiationandconvection.

(7)ControlofintensityofX-rays:Intensityimpliesthe

numberofX-ray photons produced from the target.The

intensity ofX-rays emitted is directly proportionalto the

electronsemittedpersecondfrom thefilamentandthiscanbe

increasedbyincreasingthefilamentcurrent.SointensityofX-

raysFilamentcurrent

(8)Controlofqualityorpenetration powerofX-rays:

QualityofX-raysimpliesthepenetratingpowerofX-rays,which

canbecontrolledbyvaryingthepotentialdifferencebetween

thecathodeandthetarget.

For large potentialdifference,energy of bombarding

electronswillbelargeandhencelargeristhepenetrationpower

ofX-rays.

Table25.3:TypesofX-rays

HardX-rays SoftX-rays

Morepenetrationpower Lesspenetrationpower

Morefrequencyoftheorderof

1019Hz

Lessfrequencyoftheorderof

1016Hz

Lesserwavelengthrange(0.1Å

–4Å)

Morewavelengthrange(4Å–

100Å)

PropertiesofX-Rays

(1)X-rays are electromagnetic waves with wavelength

range0.1Å–100Å.

(2)ThewavelengthofX-raysisverysmallincomparisonto

thewavelengthoflight.Hencetheycarrymuchmoreenergy

(ThisistheonlydifferencebetweenX-raysandlight)

(3)X-raysareinvisible.

(4)Theytravelinastraightlinewithspeedoflight.

(5)X-raysaremeasuredinRontgen(measureofionization

power).

(6)X-rayscarrynochargesotheyarenotdeflectedin

magneticfieldandelectricfield.

(7)

(8)Theyusedinthestudyofcrystalstructure.

(9)Theyionisegases

(10)X-raysdonotpassthroughheavymetalsandbones.

(11)Theyaffectphotographicplates.

(12)LongexposuretoX-raysisinjuriousforhumanbody.

(13)LeadisthebestabsorberofX-rays.

(14)ForX-rayphotographyofhumanbodyparts,BaSO4 is

thebestabsorber.

(15)TheyproducephotoelectriceffectandComptoneffect

(16)X-raysarenotemittedbyhydrogenatom.

(17)ThesecannotbeusedinRadarbecausetheyarenot

reflectedbythetarget.

(18)Theyshowalltheimportantpropertiesoflightrayslike;

reflection,refraction,interference,diffractionandpolarization

etc.

AbsorptionofX-Rays

X-raysareabsorbedwhentheyincidentonsubstance.

IntensityofemergentX-rays

SointensityofabsorbedX-rays

wherex=thicknessofabsorbingmedium,=absorption

coefficient

=WavelengthofX-ray)

FrequencyofX-ray)

Atomicnumberoftarget)

ClassificationofX-Rays

InX-raytube,whenhighspeedelectronsstrikesthetarget,

theypenetratethetarget.Theylosestheirkineticenergyand

comestorestinsidethemetal.Theelectronbeforefinallybeing

stoppedmakesseveralcollisionswiththeatomsinthetarget.

AteachcollisiononeofthefollowingtwotypesofX-raysmay

getformed.

(1)ContinuousX-rays

(2)CharacteristicX-rays

Water

Anode

V

T

Target

X-rays

Filament

C

Lead
chamber

Window

F
W

Fig.25.22

IncidentX-rays
I

Emergent
X-rays

x

I0
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ContinuousX-Rays

Asanelectronpassesclosetothepositivenucleusofatom

ofthetarget,theelectronisdeflectedfrom it'spathasshownin

figure.Thisresultsindecelerationoftheelectron.Thelossin

energyoftheelectronduringdecelerationisemittedintheform

ofX-rays.

TheX-rayphotonssoemittedform thecontinuousX-ray

spectrum.

(1)Minimum wavelength: Whentheelectronlooses
wholeofit'senergyinasinglecollisionwiththeatom,anX-ray
photonofmaximum energyhmaxisemittedi.e.

wherev=velocityofelectronbeforecollisionwithtarget
atom,V = potentialdifference through which electron is

accelerated,c=speedoflight=3108m/s

Maximum frequencyofradiations(X-rays)

Minimum wavelength=cutoffwavelengthofX-ray

(2)Intensity wavelength graph :The continuous X-ray
spectraconsistofallthewavelengthsoveragivenrange.These
wavelengthareofdifferentintensities.Followingfigureshows
the intensity variation ofdifferentwavelengths forvarious
acceleratingvoltagesappliedtoX-raytube.

Foreachvoltage,theintensitycurvestartsataparticular

minimum wavelength(min).Risesrapidlytoamaximum and

thendropsgradually.

The wavelength atwhich the intensity is maximum

dependsontheacceleratingvoltage,beingshorterforhigher

voltageandvice-versa.

CharacteristicX-Rays

Few ofthe fastmoving electrons having high velocity

penetratethesurfaceatomsofthetargetmaterialandknock

outthetightlyboundelectronsevenfrom theinnermostshells

oftheatom.Nowwhentheelectronisknockedout,avacancyis

createdatthatplace.

Tofillthisvacancyelectronsfrom highershellsjumptofill

thecreatedvacancies,weknow thatwhenanelectronjumps

from ahigherenergyorbitE1tolowerenergyorbitE2,itradiates

energy(E1 –E2).Thusthisenergydifferenceisradiatedinthe

form ofX-raysofverysmallbutdefinitewavelength which

dependsuponthetargetmaterial.TheX-rayspectrum consists

ofsharplinesandiscalledcharacteristicX-rayspectrum.

(1)K,L,M,…… series:Iftheelectronstrikingthetarget

ejectanelectronfrom theK-shelloftheatom,avacancyis

createdintheK-shell.Immediatelyanelectronfrom oneofthe

outershell,sayL-shelljumpstotheK-shell,emittinganX-ray

photonofenergyequaltotheenergydifferencebetweenthe

twoshells.Similarly,ifanelectronfrom theM-shelljumpstothe

K-shell,X-rayphotonofhigherenergyisemitted.TheX-ray

photonsemittedduetothejumpofelectronfrom theL,M,N

shellstotheK-shellsgivesK,K,KlinesoftheK-seriesofthe

spectrum.

Iftheelectronstrikingthetargetejectsanelectronfrom the

L-shellofthetargetatom,anelectronfrom theM,N…..shells

jumpstotheL-shellsothatX-raysphotonsoflesserenergyare

emitted.

Thesephotonsform theL-seriesofthespectrum.Ina

similarwaytheformationofM series,N seriesetc.maybe

explained.

(2)Intensity-wavelengthgraph:Atcertainsharplydefined

wavelengths,theintensityofX-raysisverylargeasmarkedK,

K ….as shown in figure.These X-rays are known as

characteristicX-rays.Atotherwavelengthstheintensityvaries

graduallyandtheseX-raysarecalledcontinuousX-rays.

Mosley'sLaw

Mosley studied the characteristic X-ray spectrum ofa

numberofaheavyelementsandconcludedthatthespectraof

differentelementsareverysimilarandwithincreasingatomic

+

X-rayphoton
e–

Fig.25.24

+

X-rayphoton
e–

e–

e–
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K

Fig.25.26
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number, the spectral lines merely shift towards higher

frequencies.

Healsogavethefollowingrelation

where=Frequencyofemittedline,Z=Atomicnumberof

target,a=Proportionalityconstant,b=Screeningconstantor

Shieldingconstant.

(Z–b)=Effectiveatomicnumber

aandbdoesn'tdependonthenatureoftarget.Different

valuesofbareasfollows

b=1 for K-series

b=7.4 for L-series

b=19.2 for M-series

(1)Mosley'slawsupportedBohr'stheory

(2)Itexperimentallydeterminedtheatomicnumber(Z)of

elements.

(3)Thislaw established the importance ofordering of

elementsinperiodictablebyatomicnumberandnotbyatomic

weight.

(4)GapsinMoseley'sdataforA=43,61,72,75suggested

existenceofnewelementswhichwerelaterdiscovered.

(5)TheatomicnumbersofCu,AgandPtwereestablished

tobe29,47and78respectively.

(6)WhenavacancyoccursintheK-shell,thereisstillone

electronremainingintheK-shell.AnelectronintheL-shellwill

feelaneffectivechargeof(Z–1)edueto+Zefrom thenucleus

and– efrom theremainingK-shellelectron,becauseL-shell

orbitiswelloutsidetheK-shellorbit.

(7) Wave length of characteristic spectrum

and energy of X-ray radiations.

(8)Iftransitiontakesplacefrom n2=2ton1=1(K-line)

(i)

(ii)

(iii)IngeneralthewavelengthofalltheK-linesaregivenby

wheren=2,3,4,….

WhileforK line

(iv)

UsesofX-Rays

(i)Instudyofcrystalstructure:StructureofDNAwasalso

determinedusingX-raydiffraction.

(ii)Inmedicalscience

(iii)Inradiography

(iv)Inradiotherapy

(v)Inengineering

(vi)Inlaboratories

(vii)Indetectivedepartment

(viii)Inartthechangeoccurringinoldoilpaintingscanbe
examinedbyX-rays.

 Discovery of positive rays helps in discovering of
isotopes.

 Thede-BrogliewavelengthofelectronsinfirstBohrorbit
ofanatom isequaltocircumferenceoforbit.

 Aparticlehavingzerorestmassandnonzeroenergy
andmomentum musttravelswithaspeedequaltospeedof
light.

 de-Brogliewavelengthassociateswithgasmolecules

isgivenas (Energyofgasmolecules

attemperatureTis )

 A photonisnotamaterialparticle.Itisaquantaof
energy.

 Whenaparticleexhibitswavenature,itisassociated
withawavepacket,ratherthenawave.

 Bycoatingthemetalsurfacewithalayerofbarium oxideor
strontiumoxideit'sworkfunctionislowered.

 We mustrememberthatintensity ofincidentlight
radiationisinverselyproportionaltothesquareofdistance
between source oflightand photosensitive plate P i.e.,

so )

 The photoelectric currentcan be increased byfilling
someinertgaslikeArgonintothebulb.Thephotoelectrons
emittedbycathodeionisethegasbycollisionandhencethe
currentisincreased.

 Comptoneffectshowsthatphotonhavemomentum.

 Production ofX-ray is the reverse phenomenon of
photoelectriceffect.

k

k

Z

Fig.25.29
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 Thethicknessofmedium atwhichintensityofemergent

X-raysbecomeshalfi.e. iscalledhalfvaluethickness

(x1/2)anditisgivenas .

 ContinuosX-raysareproducedduetothephenomenon

called"Bremsstrahlung".Itmeansslowingdownorbraking

radiation.

 ThewavelengthofcharacteristicX-raydoesn'tdepend

onacceleratingvoltage.Itdependsontheatomicnumber(Z)

ofthetargetmaterial.

 IncharacteristicX-rayspectrum and

also

 Nearlyallmetalsemitsphotoelectronswhenexposedto

UV light.Butalkalimetalslikelithium,sodium,potassium,

rubidium and cesium emit photoelectrons even when

exposedtovisiblelight.

 Oxidecoatedfilamentinvacuum tubesisusedtoemit

electronsatrelativelylowertemperature.

 Conductionofelectricityingasesatlowpressuretakes

becausecollidingelectronsacquirehigherkineticenergydue

toincreaseinmeanfreepath.

 Kineticenergyofcathoderaysdependsonbothvoltage

andworkfunctionofcathode.

 Photoelectriceffectisduetotheparticlenatureoflight.

 Hydrogenatom doesnotemitX-raysbecauseit'senergy

levelsaretooclosetoeachother.

 TheessentialdifferencebetweenX-raysandof-raysis

that,-raysemitsfrom nucleuswhileX-raysfrom outerpart
ofatom.

 Thereisnotimedelaybetweenemissionofelectronand
incidenceofphotoni.e.theelectronsareemittedoutassoon
asthelightfallsonmetalsurface.

 Iflightwerewave(notphotons)itwilltakeaboutanyear

toejectaphotoelectronoutofthemetalsurface.

 DozeofX-rayaremeasuredintermsofproducedionsor

freeenergyviaionisaiton.

 SafedozeforhumanbodyperweekisoneRontgen(One

RontgonistheamountofX-rayswhichemits2.5104Jfree

energythroughionizationof1gm airatNTP

 Thephotoelectronsemittedfrom themetallicsurface

have differentkinetic energies even when the incident

photonshavesameenergy.Thishappensbecauseallthe

electronsdonotexistinthesurfacelayer.

Thosecomingfrom belowthesurfaceloosemoreenergy

ingettingthemselvesfree.

 Einstein was awarded Nobelprize forexplaining the

photoelectriceffect.

 Uncertainty in the measurement of momentum of

photonwithinthenucleusis

where d = diameterofthe nucleus and x = d =

uncertaintyinthemeasurementofpositionofproton.

CathodeRaysandPositiveRays

1. IntheMillikan'sexperiment,thedistancebetweentwo

horizontalplatesis2.5cm andthepotentialdifference

appliedis250V.Theelectricfieldbetweentheplateswill

be

(a)900V/m (b)10000V/m

(c)625 V/m (d)6250V/m

2. Thecathoderayshaveparticlenaturebecauseofthefact

that

[CPMT1986;MNR1986]

(a)Theycanpropagateinvacuum

(b)Theyaredeflectedbyelectricandmagneticfields

(c)Theyproducedfluorescence

(d)Theycastshadows

3. In Millikan's experimentforthe determination ofthe

chargeontheelectron,thereasonforusingtheoilis

(a)Itisalubricant (b)Itsdensityishigher

(c)Itvapouriseseasily (d)Itdoesnotvapourise

4. Themassofaparticleis400 timesthanthatofan

electron and the charge is double.The particle is

acceleratedby5V.Initiallytheparticleremainedinrest,

then its final kinetic energy will be

[MPPMT1990]

(a)5eV (b)10eV

(c)100eV (d)2000eV

5. An electron (charge = ) is accelerated

throughapotentialof100,000V.Theenergyacquiredby

theelectronis [MPPET1989]

(a) (b)

(c) (d)

6. Whiledoinghisexperiment,Millikanonedayobservedthe

followingchargesonasingledrop

(i) (ii)

(iii) (iv)

(v) (vi)

        From thisdatathevalueoftheelementarycharge(e)

was        foundtobe [MPPMT1993]
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(a) (b)

(c) (d)

7. Whenelectronbeam passesthroughanelectricfield,they

gainkineticenergy.Ifthesamebeam passesthrough

magneticfield,then

(a)Theirenergyincreases

(b)Theirmomentum increases

(c)Theirpotentialenergyincreases

(d)Energyandmomentum bothremainsunchanged

8. Which ofthe following law is used in the Millikan's

method for the determination of charge

[DPMT2002]

(a)Ampere'slaw (b)Stoke'slaw

(c)Fleming'slefthandrule (d)Fleming'srighthandrule

9. Themassoftheelectronvarieswith

(a)Thesizeofthecathoderaytube

(b)Thevariationof‘g’

(c)Velocity

(d)Sizeoftheelectron

10. Whenthespeedofelectronsincreases,thenthevalueof

itsspecificcharge [MPPMT1994]

(a)Increases

(b)Decreases

(c)Remainsunchanged

(d)Increasesupto some velocityand then beginsto

decrease

11. Anelectronisacceleratedthroughapotentialdifference

of1000volts.Itsvelocityisnearly

[MPPMT1985;Pb.PET2003]

(a) (b)

(c) (d)

12. Inanelectrongunthecontrolgridisgivenanegative

potentialrelativetocathodeinorderto [NCERT1988]

(a)Decelerateelectrons

(b)Repelelectronsandthustocontrolthenumberof

electronspassingthroughit

(c)Toselectelectronsofsamevelocityandtoconverge

them alongtheaxis

(d)Todecreasethekineticenergyofelectrons
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13. The ratio of momenta of an electron and an  particle which are 

accelerated from rest by a potential difference of 100 V is   [MNR 1994; RPET 1997] 

 (a) 1 (b) 
m

m e2
 

 (c) 
m

m e  (d) 
m

m e

2
 

14. When subjected to a transverse electric field, cathode rays move    [MP PET 1994] 

 (a) Down the potential gradient 

 (b) Up the potential gradient 

 (c) Along a hyperbolic path 

 (d) Along a circular path 

15. The fact that electric charges are integral multiples of the 
fundamental electronic charge was proved experimentally by    [MP PET 1994] 

 (a) Planck (b) J.J. Thomson 

 (c) Einstein (d) Millikan 

16. In Millikan oil drop experiment, a charged drop of mass 

kg14108.1  is stationary between its plates. The distance 

between its plates is 0.90 cm and potential difference is 2.0 kilo 

volts. The number of electrons on the drop is 

[MP PMT 1994, 2003; MP PET 1997] 

 (a) 500 (b) 50 

 (c) 5 (d) 0  

17. The charge on electron was discovered by  

[BHU 1995; RPMT 1999; DCE 2004] 

 (a) J.J. Thomson (b) Neil Bohr 

 (c) Millikan (d) Chadwick 

18. From the following, what charges can be present on oil drops in 

Millikan's experiment   [MP PET 1995] 

 (a) Zero, equal to the magnitude of charge on  particle 

 (b) ,106.1,2 18 Ce    

 (c) eC 5.2,106.1 19  

 (d) ee,5.1  

 (Here e is the electronic charge) 

19. A narrow electron beam passes undeviated through an electric field 

mvoltE /103 4 and an overlapping magnetic field 

23 /102 mWeberB  . If electric field and magnetic field are 

mutually perpendicular. The speed of the electrons is   [MP PET 1995] 

 (a) 60 m/s (b) sm /103.10 7  

 (c) sm /105.1 7  (d) sm /1067.0 7  

20. In Thomson's method of determining e/m of electrons 

[MP PMT 1997] 

          (a) Electric and magnetic fields are parallel to electrons beam  

 (b) Electric and magnetic fields are perpendicular to each other 

and perpendicular to electrons beam 

 (c) Magnetic field is parallel to the electrons beam 

 (d) Electric field is parallel to the electrons beam 

21. Cathode rays enter into a uniform magnetic field perpendicular to 

the direction of the field. In the magnetic field their path will be    [MP PMT/PET 1998] 

 (a) Straight line (b) Circle 

 (c) Parabolic (d) Ellipse 

22. The specific charge of an electron is  [MP PMT/PET 1998; 

 J&K CET 2004; Pb. PET 2002; MH CET 1999] 

 (a) coulomb19106.1   

 (b) coulombstat10108.4   

 (c) kgcoulomb /1076.1 11  

 (d) kgcoulomb /1076.1 11  

23. An electron is moving with constant velocity along x axis. If a 

uniform electric field is applied along y axis, then its path in the 

yx   plane will be  [MP PMT 1999] 

 (a) A straight line (b) A circle 

 (c) A parabola (d) An ellipse 

24. Cathode rays are similar to visible light rays in that 

[SCRA 1994] 

 (a) They both can be deflected by electric and magnetic fields 

 (b) They both have a definite magnitude of wavelength 

 (c) They both can ionise a gas through which they pass 

 (d) They both can expose a photographic plate 

25. Which one of the following devices makes use of the electrons to 

strike certain substances to produce fluorescence  

[SCRA 1994] 

 (a) Thermionic valve (b) Photoelectric cell 

 (c) Cathode ray oscilloscope (d) Electron gun 

26. An oxide coated filament is useful in vacuum tubes because 

essentially   [SCRA 1994] 

 (a) It has high melting point 

 (b) It can withstand high temperatures 

 (c) It has good machanical strength 

 (d) It can emit electrons at relatively lower temperatures 

27. Gases begin to conduct electricity at low pressure because 

[CBSE PMT 1994] 

 (a) At low pressure, gases turn to plasma 

 (b) Colliding electrons can acquire higher kinetic energy due to 

increased mean free path leading to ionisation of atoms 

 (c) Atoms break up into electrons and protons 

 (d) The electrons in atoms can move freely at low pressure 

28. A beam of electrons is moving with constant velocity in a region 

having electric and magnetic fields of strength 120 Vm and 0.5 T 

at right angles to the direction of motion of the electrons. What is 

the velocity of the electrons 

[CBSE PMT 1996] 
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 (a) 20 1ms  (b) 40 1ms  

 (c) 8 1ms  (d) 5.5 1ms  

29. Kinetic energy of emitted cathode rays is dependent on 

[CPMT 1996] 

 (a) Only voltage  

 (b) Only work function 

 (c) Both (a) and (b) 

 (d) It does not depend upon any physical quantity 

30. The radius of the orbital of electron in the hydrogen atom 0.5 Å. 

The speed of the electron is sm /102 6 . Then the current in the 

loop due to the motion of the electron is 

[RPMT 1996] 

 (a) 1 mA (b) 1.5 mA 

 (c) 2.5 mA (d) mA2105.1   

31. The kinetic energy of an electron which is accelerated through a 
potential of 100 volts is 

[MP PET 1986; CBSE PMT 1997; AIIMS 1998] 

(a) J1710602.1   (b) 418.6 calories 

(c) K41016.1   (d) 3410626.6  W- sec  

32. When a proton is accelerated with 1 volt potential difference, then its 
kinetic energy is 

[CPMT 1997; CBSE PMT 1999; RPET 2003] 

 (a) eV
1840

1
 (b) 1840 eV 

 (c) 1 eV (d) 1840 c2 eV 

33. Energy of electrons can be increased by allowing them 

[JIPMER 1997] 

 (a) To fall through electric potential 

 (b) To move in high magnetic field 

 (c) To fall from great heights 

 (d) To pass through lead blocks 

34. Cathode rays and canal rays produced in a certain discharge tube 
are deflected in the same direction if  [SCRA 1998] 

 (a) A magnetic field is applied normally 

 (b) An electric field is applied normally 

 (c) An electric field is applied tangentially 

 (d) A magnetic field is applied tangentially 

35. In a Millikan's oil drop experiment the charge on an oil drop is 

calculated to be C191035.6  . The number of excess electrons 
on the drop is   [MNR 1998] 

 (a) 3.9 (b) 4 

 (c) 4.2 (d) 6 

36. Cathode rays consist of    [DCE 1999] 

(a) Photons (b) Electrons 

(c) Protons (d)  -particles 

37. A metal plate gets heated, when cathode rays strike against, it due to 
  [CPMT 2000; Pb. PET 2000] 

(a) Kinetic energy of cathode rays 

(b) Potential energy of cathode rays 

(c) Linear velocity of cathode rays 

(d) Angular velocity of cathode rays 

38. Cathode rays are    [RPET 2000] 

(a) Positive rays (b) Neutral rays 

(c) He rays (d) Electron waves 

39. An electron of charge ‘e’ coulomb passes through a potential 

difference of V  volts. Its energy in ‘joules’ will be  

[MP PET 2000] 

(a) eV /  (b) eV 

(c) Ve /  (d) V 

40. An electron is accelerated through a potential difference of 200 

volts. If me /  for the electron be 11106.1   coulomb/kg, the 
velocity acquired by the electron will be 

[MP PET 2000] 

(a) sm /108 6  (b) sm /108 5  

(c) sm /109.5 6  (d) sm /109.5 5  

41. Which is not true with respect to the cathode rays 

[Kerala PET 2001] 

(a) A stream of electrons 

(b) Charged particles 

(c) Move with speed same as that of light 

(d) Can be deflected by magnetic fields 

42. In Milikan’s experiment, an oil drop having charge q gets stationary 
on applying a potential difference V in between two plates separated 
by a distance ‘d’. The weight of the drop is    [MP PMT 2001] 

(a) qVd  (b) 
V

d
q  

(c) 
Vd

q
 (d) 

d

V
q  

43. Electron volt is a unit of    [MP PMT 2001] 

(a) Potential (b) Charge 

(c) Power (d) Energy 

44. In Thomson experiment of finding me /  for electrons, beam of 

electron is replaced by that of muons (particle with same charge as 
of electrons but mass 208 times that of electrons). No deflection 
condition in this case satisfied if  

[Orissa (Engg.) 2002] 

(a) B is increased 208 times 

(b) E is increased 208 times 

(c) B is increased 14.4 times 

(d) None of these 

45. The colour of the positive column in a gas discharge tube depends 

on   [Kerala (Engg.) 2002] 

(a) The type of glass used to construct the tube 

(b) The gas in the tube  

(c) The applied voltage  

(d) The material of the cathode 

46. Cathode rays are produced when the pressure is of the order of   [Kerala (Engg.) 2002] 

(a) 2 cm of Hg (b) 0.1 cm of Hg 

(c) 0.01 mm of Hg (d) 1 m  of Hg 
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47. The speed of an electron having a wavelength of m1010  is 

[AIIMS 2002] 

(a) sm /1025.7 6  (b) sm /1026.6 6  

(c) sm /1025.5 6  (d) sm /1024.4 6  

48. Which of the following is not the property of a cathode ray 

[CBSE PMT 2002] 

(a) It casts shadow  

(b) It produces heating effect 

(c) It produces flurosence 

(d) It does not deflect in electric field 

49. In a Thomson set-up for the determination of e/m, electrons 

accelerated by 2.5 kV  enter the region of crossed electric and 

magnetic fields of strengths 14106.3  Vm  and T3102.1   
respectively and go through undeflected. The measured value of 

me/  of the electron is equal to   

[AMU 2002] 

(a) 111 -100.1  kgC  (b) 111 -1076.1  kgC  

(c) 111 -1080.1  kgC  (d) 111 -1085.1  kgC  

50. The ratio of specific charge of an  -particle to that of a proton is    [BCECE 2003] 

 (a) 2 : 1 (b) 1 : 1 

 (c) 1 : 2 (d) 1 : 3 

51. In Bainbridge mass spectrograph a potential difference of 1000 V is 
applied between two plates distant 1 cm apart and magnetic field in 
B = 1T. The velocity of undeflected positive ions in m/s from the 
velocity selector is   

 [RPMT 1998] 

 (a) sm /107  (b) sm /10 4   

 (c) sm /10 5  (d) sm /10 2  

52. When cathode rays (tube voltage ~ 10 kV) collide with the anode of 
high atomic weight then we get [MP PET 1985] 

(a) Positive rays (b) X-rays 

(c) Gamma rays (d) Canal rays 

53. In Thomson's experiment if the value of q/m is the same for all 
positive ions striking the photographic plate, then the trace would 
be   [RPMT 1986] 

 (a) Straight line (b) Parabolic 

 (c) Circular (d) Elliptical 

54. In a discharge tube at 0.02 mm, there is a formation of 

[CBSE PMT 1996] 

(a) FDS (b) CDS 

(c) Both space (d)  None of these 

55. Electric field and magnetic field in Thomson mass spectrograph are 
applied    [RPMT 1998] 

(a) Simultaneously, perpendicular 

(b) Perpendicular but not simultaneously 

(c) Parallel but not simultaneously 

(d) Parallel simultaneously 

56. The current conduction in a discharged tube is due to  

[CBSE PMT 1999] 

(a) Electrons only  

(b) +ve ions and electrons   

(c) – ve ions and electrons  

(d) + ve ions, – ve ions and electrons 

57. In Milikan's oil drop experiment, a charged drop falls with terminal 
velocity V. If an electric field E is applied in vertically upward 
direction then it starts moving in upward direction with terminal 

velocity 2V. If magnitude of electric field is decreased to 
2

E
, then 

terminal velocity will become 

 [CBSE PMT 1999] 

(a) 
2

V
 (b) V 

(c) 
2

3V
 (d) 2V 

58. An electron is accelerated through a p.d. of 45.5 volt. The velocity 
acquired by it is (in ms-1)  [AIIMS 2004] 

(a) 6104   (b) 4104   

(c) 610  (d) Zero 

59. A cathode emits 14108.1   electrons per second, when heated. 

When 400V is applied to anode all the emitted electrons reach the 

anode. The charge on electron is C19106.1  . The maximum 
anode current is    

 [MP PMT 2004] 

(a) A7.2  (b) A29  

(c) A72  (d) 29 mA 

60. Order of  q/m  ratio of proton,  -particle and electron is   

 [AFMC 2004] 

(a)  pe  (b) ep   

(c) pe   (d) None of these 

61. A charge of magnitude e3  and mass m2  is moving in an electric 

field .E  The acceleration imparted to the charge is   

[DCE 2004] 

 (a) mEe 3/2  (b) mEe 2/3  

 (c) Eem 3/2  (d) Eem 2/3  
62. An electron initially at rest, is accelerated through a potential 

difference of 200 volt, so that it acquires a velocity ./104.8 6 sm  
The value of e/m of electron will be   

[DPMT 2003] 

 (a) kgC /1076.2 12  (b) kgC /1076.1 11   

 (c) kgC /1076.0 12  (d) None of these  

63. An  particle is accelerated through a p.d of 610  volt then K.E. of 

particle will be                  [Pb. PET 2003] 

 (a) 8 MeV (b) 4 MeV 

 (c) 2 MeV (d) 1 MeV 

64. Positive rays consists of     [RPMT 1996, 2003] 

 (a) Electrons  (b) Neutrons  

 (c) Positive ions  (d) Electro magnetic waves  
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65.  HeCO ,,  and H  ions are projected on the photographic 

plate with same velocity in a mass spectrograph. Which one will 
strike farthest   [RPMT 2003] 

 (a) O  (b) C  

 (c) He  (d) 
2H  

66. An electron beam is moving between two parallel plates having 

electric field mN /10125.1 6 . A magnetic field T10103   is 

also applied so that beam of electrons do not deflect. The velocity of 

the electron is   [MH CHT 2004] 

 (a) sm /4225  (b) sm /3750  

 (c) sm /2750  (d) sm /3200  

67. Positive rays was discovered by    [RPMT 1998] 

 (a) Thomson (b) Goldstem  

 (c) W. Crookes  (d) Rutherford 

68. An electron is moving in electric field and magnetic field it will gain 
energy from     [DCE 1998] 

 (a) Electric field  (b) Magnetic field 

 (c) Both of these  (d) None of these  

69. If an electron oscillates at a frequency of 1 GHz it gives    

[DCE 1999] 

(a) X-rays  (b) Mirowaves  

(c) Infrared rays  (d) None of these 

70. In an electron gun, the electrons are accelerated by the potential V.  
If e is the charge and m is the mass of an electron, then the 
maximum velocity of these electrons will be  [MP PMT 1987, 96; BHU 1995; MNR 1998] 

 (a) 
m

eV2
 (b) 

m

eV2
 

 (c) 
eV

m2
 (d) 

em

V

2

2

 

71. Which of the following have highest specific charge 

 [BHU 2005] 

 (a) Positron (b) Proton  

(c) He (d) None of these 

72. In Millikan’s oil drop experiment, an oil drop of mass kg61016   

is balanced by an electric field of ./10 6 mV  The charge in 

coulomb on the drop, assuming 2/10 smg   is   [UP SEAT 2005]  

 (a) 11102.6   (b) 91016      

 (c) 111016    (d) 131016   

 

Matter Waves 

 
1. The idea of matter waves was given by  

 (a) Davisson and Germer (b) de-Broglie 

 (c) Einstein (d) Planck 

2. Wave is associated with matter 

 (a) When it is stationary 

 (b) When it is in motion with the velocity of light only 

 (c) When it is in motion with any velocity 

 (d) None of the above 

3. The de-Broglie wavelength associated with the particle of mass m 
moving with velocity v is 

 [CBSE PMT 1992] 

 (a) mvh /  (b) hmv /  

 (c) vmh /  (d) hvm /  

4. A photon, an electron and a uranium nucleus all have the same 
wavelength. The one with the most energy  

     [MP PMT 1992] 

 (a) Is the photon 

 (b) Is the electron 

 (c) Is the uranium nucleus 

 (d) Depends upon the wavelength and the properties of the 

particle. 

5. A particle which has zero rest mass and non-zero energy and 
momentum must travel with a speed 

 [MP PMT 1992; DPMT 2001; Kerala PMT 2004] 

 (a) Equal to c, the speed of light in vacuum 

 (b) Greater than c 

 (c) Less than c 

 (d) Tending to infinity 

6. When the kinetic energy of an electron is increased, the wavelength 
of the associated wave will 

 (a) Increase 

 (b) Decrease 

 (c) Wavelength does not depend on the kinetic energy 

 (d) None of the above 

7. If the de-Broglie wavelengths for a proton and for a  particle are 

equal, then the ratio of their velocities will be    [NCERT 1972] 

 (a) 4 : 1 (b) 2 : 1 

 (c) 1 : 2 (d) 1 : 4 

8. The de-Broglie wavelength  associated with an electron having 

kinetic energy E is given by the expression 

[MP PMT 1990; CPMT 1996] 

 (a)
mE

h

2
 (b) 

mE

h2
 

 (c) mhE2  (d) 
h

mE22
 

9. Dual nature of radiation is shown by  [MP PET 1991] 

 (a) Diffraction and reflection 

 (b) Refraction and diffraction 

 (c) Photoelectric effect alone 

 (d) Photoelectric effect and diffraction 

10. For the Bohr's first orbit of circumference r2 , the de-Broglie 

wavelength of revolving electron will be 

[MP PMT 1987] 

 (a) r2  (b) r  

 (c) 
r2

1
 (d) 

r4

1
 

11. An electron of mass m when accelerated through a potential 

difference V has de-Broglie wavelength  . The de-Broglie 
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wavelength associated with a proton of mass M accelerated through 

the same potential difference will be  

[CBSE PMT 1995; EAMCET 2001; J & K CET 2004] 

 (a)  
M

m
  (b) 

M

m
   

 (c)  
m

M
  (d)  

m

M
  

12. What will be the ratio of de-Broglie wavelengths of proton and 

 particle of same energy 

[RPET 1991, 96; DCE 2002; Kerala PET 2005] 

 (a) 2 : 1 (b) 1 : 2 

 (c) 4 : 1 (d) 1 : 4 

13. What is the de-Broglie wavelength of the  particle accelerated 

through a potential difference V  [RPMT 1996] 

 (a) 
V

287.0
Å (b) 

V

27.12
Å 

 (c) 
V

101.0
Å (d) 

V

202.0
Å 

14. de-Broglie hypothesis treated electrons as 

[BHU 2000] 

(a) Particles (b) Waves 

(c) Both ‘a’ and ‘b’ (d) None of these 

15. The energy that should be added to an electron, to reduce its de-

Broglie wavelengths from 1010 m to 10105.0  m, will be [KCET (Engg./Med.) 2000] 

(a) Four times the initial energy 

(b) Thrice the initial energy 

(c) Equal to the initial energy 

(d) Twice the initial energy 

16. The de-Broglie wavelength of an electron having eV80  of energy is 
nearly  

(1eV = 1.6  10–19 J,  Mass of electron = 9  10–31kg  

Plank’s constant = 6.6  10–34 J-sec) 

[EAMCET (Engg.) 2001] 

(a) 140 Å (b) 0.14 Å 

(c) 14 Å (d) 1.4 Å 

17. If particles are moving with same velocity, then maximum de-Broglie 

wavelength will be for   [CBSE PMT 2002] 

(a) Neutron (b) Proton 

(c) -particle (d)  -particle 

18. If an electron and a photon propagate in the form of waves having 

the same wavelength, it implies that they have the same [CBSE PMT 1995; DCE 2001; AIIMS 2003] 

(a) Energy (b) Momentum 

(c) Velocity (d) Angular momentum 

19. The de-Broglie wavelength is proportional to  [RPET 2003] 

(a) 



1

  (b) 
m

1
  

(c) 
p

1
  (d) p  

20. Particle nature and wave nature of electromagnetic waves and 

electrons can be shown by   [AIIMS 2000] 

(a) Electron has small mass, deflected by the metal sheet  

(b) X-ray is diffracted, reflected by thick metal sheet  

(c) Light is refracted and defracted  

(d) Photoelectricity and electron microscopy  

21. The de-Broglie wavelength of a particle moving with a velocity 2.25 

 108 m/s is equal to the wavelength of photon. The ratio of kinetic 

energy of the particle to the energy of the photon is (velocity of 

light is 3  108 m/s) 

[EAMCET (Med.) 2003] 

(a) 1/8 (b) 3/8 

(c) 5/8 (d) 7/8 

22. According to de-Broglie, the de-Broglie wavelength for electron in an 
orbit of hydrogen atom is 10–9 m. The principle quantum number for 
this electron is  [RPMT 2003] 

(a) 1 (b) 2 

(c) 3 (d) 4 

23. The speed of an electron having a wavelength of m1010
 is 

[Manipal 1997; AIIMS 2002] 

(a) 61025.7  m/s (b) sm /1026.6 6  

(c) sm /1025.5 6  (d) sm /1024.4 6  

24. The kinetic energy of electron and proton is J3210  . Then the 
relation between their de-Broglie wavelengths is  

[CPMT 1999] 

(a) ep    (b) ep    

(c) ep    (d) ep  2  

25. The de-Broglie wavelength of a particle accelerated with 150 volt 

potential is 1010  m. If it is accelerated by 600 volts p.d., its 

wavelength will be    [RPET 1988] 

(a) 0.25 Å (b) 0.5 Å 

(c) 1.5 Å (d) 2 Å 

26. The de-Broglie wavelength associated with a hydrogen molecule 

moving with a thermal velocity of 3 km/s will be  

(a) 1 Å  (b) 0.66 Å  

(c) 6.6 Å   (d) 66 Å 

27. When the momentum of a proton is changed by an amount P
0

, the 

corresponding change in the de-Broglie wavelength is found to be 
0.25%. Then, the original momentum of the proton was    [CPMT 2002] 

(a) p
0

  (b) 100 p
0

  

(c) 400 p
0

  (d) 4 p
0

 

28. The de-Broglie wavelength of a neutron at 27oC is . What will be its 
wavelength at 927oC   [DPMT 2002] 

(a)  / 2 (b)  / 3 

(c)  / 4 (d)  / 9 
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29. An electron and proton have the same de-Broglie wavelength. Then 
the kinetic energy of the electron is  

[Kerala PMT 2004] 

(a) Zero 

(b) Infinity  

(c) Equal to the kinetic energy of the proton 

(d) Greater than the kinetic energy of the proton 

30. For moving ball of cricket, the correct statement about de-Broglie 
wavelength is     [RPMT 2001] 

(a) It is not applicable for such big particle  

(b) 
mE

h

2
 

(c) 
mE

h

2
 

(d) 
mE

h

2
 

31. Photon and electron are given same energy )10( 20 J . Wavelength 

associated with photon and electron are Ph  and el  then correct 

statement will be  [RPMT 2001] 

(a) elPh    (b) elPh    

(c) elPh    (d) C
Ph

el 



 

32. The kinetic energy of an electron with de-Broglie wavelength of 0.3 
nanometer is   [UPSEAT 2004] 

(a) 0.168 eV  (b) 16.8 eV  

(c) 1.68 eV  (d) 2.5 eV  

33. A proton and an -particle are accelerated through a potential 
difference of 100 V. The ratio of the wavelength associated with the 

proton to that associated with an -particle is    [DCE 2002; DPMT 2003] 

(a) 1:2  (b) 1:2  

(c) 1:22  (d) 1:
22

1
 

34. The wavelength of de-Broglie wave is 2m, then its momentum is (h 

= 6.63  10–34 J-s) [DCE 2004] 

(a) 3.315  10–28 kg-m/s  (b) 1.66  10–28 kg-m/s  

(c) 4.97  10–28 kg-m/s  (d) 9.9  10–28 kg-m/s  

35. de-Broglie wavelength of a body of mass 1 kg moving with velocity of 
2000 m/s is    [Pb. PMT 2003] 

(a) 3.32  10–27 Å (b) 1.5  107 Å 

(c) 0.55  10–22 Å (d) None of these  

36. The kinetic energy of an electron is 5 eV. Calculate the de-Broglie 

wavelength associated with it (h = 6.6  10–34 Js, m
e

 = 9.1  10–31 kg)    [Pb. PMT 2004] 

(a) 5.47 Å (b) 10.9 Å 

(c) 2.7 Å  (d) None of these  

37. The wavelength associated with an electron accelerated through a 
potential difference of 100 V is nearly  

[RPMT 2003] 

(a) 100 Å (b) 123 Å 

(c) 1.23 Å (d) 0.123 Å 

38. The de-Broglie wavelength     [RPMT 2004] 

(a) is proportional to mass 

(b) is proportional to impulse  

(c) Inversely proportional to impulse  

(d) does not depend on impulse  

39. Davission and Germer experiment proved  

[RPET 2002; DCE 2004] 

(a) Wave nature of light  (b) Particle nature of light  

(c) Both (a) and (b)  (d) Neither (a) nor (b)  

40. If the kinetic energy of a free electron doubles, its de-Broglie 
wavelength changes by the factor [AIEEE 2005] 

(a) 
2

1
 (b) 2  

(c) 
2

1
 (d) 2 

41. The energy that should be added to an electron to reduce its de 
Broglie wavelength from one nm to 0.5 nm is  

[KCET 2005] 

(a) Four times the initial energy  

(b) Equal to the initial energy 

(c) Twice the initial energy   

(d) Thrice the initial energy 

42. de-Broglie wavelength of a body of mass m and kinetic energy E is 
given by   [BCECE 2005] 

(a) 
mE

h
  (b) 

h

mE2
  

(c) 
mE

h

2
  (d) 

mE

h

2
  

43. The wavelength of the matter wave is independent of  

 [Kerala PMT 2005] 

(a) Mass (b) Velocity  

(c) Momentum  (d) Charge  

 

Photon and Photoelectric Effect 
 

1. The momentum of a photon is   kg29103.3 m/sec. Its frequency 

will be  

[CPMT 1980; MP PET 1992; DPMT  1999] 

 (a) Hz3103  (b) Hz3106  

 (c) Hz12105.7   (d) Hz13105.1   

2. The energy of a photon of wavelength  is given by   

  [CPMT 1974; CBSE PMT 1992; DCE 1998;  

BHU 2000; DPMT 2001] 

 (a) h  (b) ch  

 (c) hc/  (d) /hc  

3. The momentum of a photon is 16102  gm-cm/sec. Its energy is   [CPMT 1974] 

 (a) erg261061.0   (b) erg26100.2   

 (c) erg6106   (d) erg8106   

4. The rest mass of the photon is  

 [MP PET 1994; CPMT 1996; RPMT 1999; JIPMER 2002] 

(a) 0 

(b)   
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 (c) Between 0 and   

 (d) Equal to that of an electron 

5. The momentum of the photon of wavelength 5000Å  will be 

[CPMT 1987] 

 (a) -103.1 27 kg m/sec (b) -103.1 28 kg m/sec 

 (c) -104 29 kg m/sec (d) -104 18 kg m/sec  

6. The momentum of a photon of energy h will be  

     [DCE 2000] 

 (a) h  (b) ch /  

 (c) ch  (d) /h  

7. A photon in motion has a mass   [MP PMT 1992] 

 (a) hc /  (b) /h  

 (c) h  (d) 2/ ch  

8. If the momentum of a photon is p, then its frequency is 

[MP PET 1989] 

 (a) 
c

ph
 (b) 

h

pc
 

 (c) 
c

mh
 (d) 

h

mc
 

 Where m is the rest mass of the photon 

9. An AIR station is broadcasting the waves of wavelength 300 metres. 
If the radiating power of the transmitter is 10 kW, then the number 
of photons radiated per second is 

[MP PET 1989; RPMT 2000] 

 (a) 29105.1   (b) 31105.1   

 (c) 33105.1   (d) 35105.1   

10. The energy of a photon is hE   and the momentum of  photon 



h
p  , then the velocity of photon will be 

[CPMT 1991] 

 (a) E/p (b) Ep 

 (c) 

2










p

E
 (d) sm /103 8  

11. The approximate wavelength of  a photon of energy 2.48 eV is    [MP PMT 1987] 

 (a) 500 Å (b) 5000 Å 

 (c) 2000 Å (d) 1000 Å  

12. An important spectral emission line has a wavelength of 21 cm. The 
corresponding photon energy is  [MP PMT 1993] 

 (a) eV4109.5   (b) eV6109.5   

 (c) eV8109.5   (d) eV6108.11   

 )/103;1062.6( 834 smcJsh    

13. The momentum of a photon in an X-ray beam of 1010 metre 
wavelength is    [MP PET 1996] 

 (a)   kg23105.1 m/sec (b)   kg24106.6  m/sec  

 (c)   kg44106.6 m/sec (d)   kg52102.2  m/sec 

14. The energy of a photon of light with wavelength 5000 Å is 
approximately 2.5 eV. This way the energy of an X-ray photon with 
wavelength 1Å would be [MP PET 1997] 

 (a) 2.5/5000 eV (b) eV2)5000/(5.2  

 (c) eV50005.2   (d) eV2)5000(5.2   

15. Energy of a quanta of frequency 1510 Hz and 

sec-106.6 34 Jh   will be   [RPMT 1997] 

 (a) J19106.6   (b) J12106.6   

 (c) J49106.6   (d) J41106.6   

16. Momentum of a photon of wavelength  is 
[CBSE PMT 1993; JIPMER 2001, 02] 

 (a) 


h
 (b) Zero 

 (c) 
2c

h
 (d) 

c

h
 

17. Wavelength of a 1 keV photon is m91024.1  . What is the 
frequency of 1 MeV photon   

[CBSE PMT 1993; MP PET 2005] 

 (a) Hz151024.1   (b) Hz20104.2   

 (c) Hz181024.1   (d) Hz23104.2   

18. What is the momentum of a photon having frequency 

Hz13105.1     [BHU 1997] 

 (a) smkg /103.3 29  (b) smkg /103.3 34  

 (c) smkg /106.6 34  (d) smkg /106.6 30  

19. The energy of a photon of light of wavelength 450 nm is 

[BHU 1997; JIPMER 2000] 

 (a) J19104.4   (b) J19105.2   

 (c) J171025.1   (d) J17105.2   

20. Frequency of photon having energy 66 eV is 

[CPMT PMT 1997] 

 (a) Hz15108   (b) Hz151012   

 (c) Hz151016  (d) None of these 

21. Which of the following statement is not correct 
 [AFMC 1999] 

(a) Photographic plates are sensitive to infrared rays 

(b) Photographic plates are sensitive to ultraviolet rays 

(c) Infra-red rays are invisible but can cast shadows like visible 
light 

(d) Infrared photons have more energy than photons of visible 
light 

22. If we express the energy of a photon in KeV and the wavelength in 

angstroms, then energy of a photon can be calculated from the 
relation [AMU (Engg.) 1999] 

(a) hE 4.12  (b) /4.12 hE   

(c) /4.12E  (d) hE   

23. The frequency of a photon, having energy 100 eV  

is )-106.6( 34 secJh     [AFMC 2000] 

(a) Hz261042.2   (b) Hz161042.2   

(c) Hz121042.2   (d) Hz91042.2   

24. A photon of wavelength 4400 Å is passing through vacuum. The 
effective mass and momentum of the photon are respectively   [AMU 2000] 

(a) smkgkg /-105.1,105 2736    

(b) smkgkg /-105.1,105 2635    



 

 Electron, Photon, Photoelectric Effect and X-Rays 1401 

(c) Zero, smkg /-105.1 26  

(d) smkgkg /-1067.1,105 4336    

25. Which of the following is true for photon  [RPET 2001] 

(a)  


hc
E   (b) 2

2

1
muE   

(c) 
v

E
p

2
  (d) 2

2

1
mcE   

26. Which of the following is incorrect statement regarding photon[MH CET (Med.) 2001] 

(a) Photon exerts no pressure 

(b) Photon energy is hv  

(c) Photon rest mass is zero 

(d) None of these 

27. If a photon has velocity c and frequency , then which of following 
represents its wavelength   [AIEEE 2002] 

(a) 
E

hc
 (b) 

c

h
 

(c) 
2c

h
 (d) h  

28. The mass of a photo electron is   [MP PMT 2002] 

(a) kg27101.9   (b) kg29101.9   

(c) kg31101.9   (d) kg34101.9   

29. Energy of photon whose frequency is ,1012 MHz  will be  

[MH CET 2002] 

(a)  keV31014.4   (b) eV21014.4   

(c) MeV31014.4   (d) eV31014.4   

30. There are 1n  photons of frequency 1  in a beam of light. In an 

equally energetic beam, there are 2n  photons of frequency 2 . 

Then the correct relation is  [KCET 2003] 

(a)  1
2

1 
n

n
 (b) 

2

1

2

1






n

n
 

(c) 
1

2

2

1






n

n
 (d) 

2
2

2
1

2

1






n

n
 

31. Einstein's photoelectric equation states that   hEk . In this 

equation kE  refers to [CPMT 1982; MP PMT 1997] 

 (a) Kinetic energy of all the emitted electrons 

 (b) Mean kinetic energy of the emitted electrons 

 (c) Maximum kinetic energy of the emitted electrons 

 (d) Minimum kinetic energy of the emitted electrons 

32. Kinetic energy with which the electrons are emitted from the metal 

surface due to photoelectric effect is  [CPMT 1973] 

 (a) Independent of the intensity of illumination 

 (b) Independent of the frequency of light 

 (c) Inversely proportional to the intensity of illumination 

 (d) Directly proportional to the intensity of illumination 

33. The threshold wavelength for photoelectric emission from a material 

is 5200 Å.  Photo-electrons will be emitted when this material is 
illuminated with monochromatic radiation from a [IIT JEE 1982; MP PMT 1992; MP PET 1999;  

UPSEAT 2001; KCET 2004; J & K CET 2004; BHU 2004] 

 (a) 50 watt infrared lamp 

 (b) 1 watt infrared lamp 

 (c) 50 watt ultraviolet lamp 

 (d) 1 watt ultraviolet lamp 

 (e) Both (c) and (d) 

34. Threshold frequency for a metal is 1510 Hz. Light of 

Å4000 falls on its surface. Which of the following statements 

is correct  

(a) No photoelectric emission takes place 

(b) Photo-electrons come out with zero speed 

(c) Photo-electrons come out with 103 m/sec speed 

(d) Photo-electrons come out with 105 m/sec speed 

35. Photo cells are used for the 

 (a) Reproduction of pictures from the cinema film 

 (b) Reproduction of sound from the cinema film 

 (c) Automatic switching of street light 

 (d) (b) and (c) both 

36. Einstein got Nobel prize on which of the following works 

 [DCE 1995] 

 (a) Mass-energy relation 

 (b)  Special theory of relativity 

 (c) Photoelectric equation 

(d)   (a) and (b) both 

37. The photo-electrons emitted from a surface of sodium metal are 

such that   [MP PMT 1992] 

 (a) They all are of the same frequency 

 (b) They have the same kinetic energy 

 (c) They have the same de Broglie wavelength 

 (d) They have their speeds varying from zero to a certain 
maximum 

38. A metal surface of work function 1.07 eV is irradiated with light of 

wavelength 332 nm. The retarding potential required to stop the 

escape of photo-electrons is  [MP PMT 1992] 

 (a) 4.81 eV (b) 3.74 eV 

 (c) 2.66 eV (d) 1.07 eV 

39. In a photo cell, the photo-electrons emission takes place 

 (a) After 10–1sec on incident of light rays 

 (b) After 10–3sec on incident of light rays 

 (c) After 10–6sec on incident of light rays 

 (d) After 10–8sec on incident of light rays 

40. When light falls on a metal surface, the maximum kinetic energy of 

the emitted photo-electrons depends upon 

                                 [MP PMT 1989; MP PET 1992, 93] 

 (a) The time for which light falls on the metal 

 (b) Frequency of the incident light 

 (c) Intensity of the incident light 

 (d) Velocity of the incident light 

41. The electrons are emitted in the photoelectric effect from a metal 

surface   [MP PET 1992] 

 (a) Only if the frequency of the incident radiation is above a 

certain threshold value 
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 (b) Only if the temperature of the surface is high 

 (c) At a rate that is independent of the nature of the metal 

 (d) With a maximum velocity proportional to the frequency of the 

incident radiation 

42. The work function of a metal is 4.2 eV, its threshold    wavelength 

will be   [BHU 2003; CPMT 2004] 

    (a) 4000 Å (b) 3500 Å 

 (c) 2955 Å (d) 2500 Å 

43. The number of photo-electrons emitted per second from a metal 

surface increases when 

   [EAMCET (Med.) 1995; CBSE PMT 1993;  

   MP PMT 1994, 2002; MH CET 1999; KCET 2003] 

 (a) The energy of  incident photons increases  

 (b) The frequency of incident light increases  

 (c) The wavelength of the incident light increases 

 (d) The intensity of the incident light increases 

44. The work function of metal is 1 eV. Light of wavelength 3000 Å is 

incident on this metal surface. The velocity of emitted photo-

electrons will be  [MP PMT 1990] 

 (a) 10 m/sec (b) 3101 m/sec 

 (c) 4101 m/sec (d) 6101 m/sec 

45. The retarding potential for having zero photo-electron current   [MP PMT/PET 1988] 

 (a) Is proportional to the wavelength of incident light 

 (b) Increases uniformly with the increase in the wavelength of 
incident light 

 (c) Is proportional to the frequency of incident light 

 (d) Increases uniformly with the increase in the frequency of 
incident light wave 

46. In a dark room of photography, generally red light is used. The 
reason is 

 (a) Most of the photographic films are not sensitive to red light 

 (b) The frequency for red light is low and hence the energy hv of 

photons is less 

 (c) (a) and (b) both 

 (d) None of the above 

47. The work function of a metal is 19106.1  J. When the metal 

surface is illuminated by the light of wavelength  6400 Å, then the 
maximum kinetic energy of emitted photo-electrons will be 

 (Planck's constant Jsh 34104.6  ) [MP PMT 1989] 

 (a) J191014   (b) J19108.2   

 (c) J19104.1   (d) eV19104.1   

48. Ultraviolet radiations of eV2.6  falls on an aluminium surface 

(work function eV2.4 ). The kinetic energy in joules of the fastest 

electron emitted is approximately  

[MNR 1987; MP PET 1990; CBSE PMT 1993; 

  Pb. PMT 2001; BVP 2003; Pb. PET 2004] 

 (a) 21102.3   (b) 19102.3   

 (c) 
17102.3   (d) 

15102.3   

49. The work function for tungsten and sodium are 4.5 eV and 2.3 eV 

respectively. If the threshold wavelength   for sodium is Å5460 , 

the value of    for tungsten is 

     [MP PET 1990] 

 (a) 5893 Å (b) 10683 Å 

 (c) 2791 Å  (d) 528 Å 

50. A photon of energy 3.4 eV is incident on a metal having work 

function 2 eV. The maximum K.E. of photo-electrons is equal to   [MP PET 1991] 

 (a) 1.4 eV (b) 1.7 eV 

 (c) 5.4 eV (d) 6.8 eV 

51. The work function of a metallic surface is 5.01 eV. The photo-

electrons are emitted when light of wavelength 2000Å falls on it. 

The potential difference applied to stop the fastest photo-electrons is  

sec]1014.4[ 15 eVh   

   [MP PET 1991; DPMT 1999] 

 (a) 1.2 volts (b) 2.24 volts 

 (c) 3.6 volts (d) 4.8 volts 

52. The photoelectric threshold wavelength for a metal surface is 6600 

Å. The work function for this is  [MP PET 1991] 

 (a) 1.87 V (b) 1.87 eV 

 (c) 18.7 eV (d) 0.18 eV  

53. Photoelectric effect was successfully explained first by 

 (a) Planck (b) Hallwash 

 (c) Hertz (d) Einstein 

54. The spectrum of radiation Hz14100.1   is in the infrared region. 

The energy of one photon of this in joules will be 

[MP PET 1982] 

 (a) 481062.6   (b) 201062.6   

 (c) 2810
3

62.6   (d) 281062.63   

55. A radio transmitter operates at a frequency of 880 kHz and a power 

of 10 kW. The number of photons emitted per second are[CBSE PMT 1990; MP PET 1990] 

 (a) 311072.1   (b) 34101327  

 (c) 341027.13   (d) 3410075.0   

56. A photo cell is receiving light from a source placed at a distance of 1 

m. If the same source is to be placed at a distance of 2 m, then the 

ejected electron 

[MNR 1986; UPSEAT 2000, 01] 

 (a) Moves with one-fourth energy as that of the initial energy 

 (b) Moves with one-fourth of momentum as that of the initial 

momentum 

 (c) Will be half in number 

 (d) Will be one-fourth in number 

57. In a photoelectric experiment for 4000 Å incident radiation, the 

potential difference to stop the ejection is 2 V. If the incident light is 

changed to 3000 Å, then the potential required to stop the ejection 

of electrons will be 

[MP PET 1995] 

 (a) 2 V (b) Less than 2 V 

 (c) Zero (d) Greater than 2 V 



 

 Electron, Photon, Photoelectric Effect and X-Rays 1403 

58. Light of wavelength 4000 Å is incident on a sodium surface for 

which the threshold wave length of photo – electrons is 5420 Å. The 

work function of sodium is   

[MP PMT 1993; Pb. PMT 2002] 

 (a) 4.58 eV (b) 2.29 eV  

 (c) 1.14 eV (d) 0.57 eV 

59. Photo cell is  a device to   [MP PET 1993] 

(a) Store photons  

 (b) Measure light intensity  

 (c) Convert photon energy into mechanical energy 

 (d) Store electrical energy for replacing storage batteries 

60. If the work function for a certain metal is 19102.3  joule and it 

is illuminated with light of frequency 14108  Hz. The maximum 
kinetic energy of the photo-electrons would be 

[MP PET 1993] 

 (a) J19101.2   (b) J19105.8   

 (c) J19103.5   (d) J19102.3   

 )1063.6( 34 Jsh   

61. Stopping potential for photoelectrons  [MP PET 1994] 

 (a) Does not depend on the frequency of the incident light 

 (b) Does not depend upon the nature of the cathode material 

 (c) Depends on both the frequency of the incident light and nature 

of the cathode material 

 (d) Depends upon the intensity of the incident light 

62. The maximum wavelength of radiation that can produce 
photoelectric effect in a certain metal is 200 nm. The maximum 
kinetic energy acquired by electron due to radiation of wavelength 
100 nm will be [MP PMT 1994] 

 (a) 12.4 eV (b) 6.2 eV 

 (c) 100 eV (d) 200 eV 

63. When the light source is kept 20 cm away from a photo cell, 
stopping potential 0.6 V is obtained. When source is kept 40 cm 
away, the stopping potential will be  [MP PMT 1994] 

 (a) 0.3 V (b) 0.6 V 

 (c) 1.2 V (d) 2.4 V 

64. The minimum energy required to remove an electron is called[AFMC 1995; DPMT 2001] 

 (a) Stopping potential (b) Kinetic energy 

 (c) Work function (d) None of these  

65. Light of wavelength 4000 Å falls on a photosensitive metal and a 
negative 2V potential stops the emitted electrons. The work function 
of the material (in eV) is approximately 

 )103,106.1,106.6( 181934   mscCeJsh   

   [MP PMT 1995; MH CET 2004] 

 (a) 1.1 (b) 2.0 

 (c) 2.2 (d) 3.1 

66. Assuming photoemission to take place, the factor by which the 
maximum velocity of the emitted photoelectrons changes when the 
wavelength of the incident radiation is increased four times, is    [Haryana CEE 1996] 

 (a) 4 (b) 
4

1
 

(c) 2 (d) 
2

1
 

67. Work function of a metal is 2.51 eV. Its threshold frequency is   [MP PET 1996; Pb. PET 2003] 

 (a) 14109.5  cycle/sec (b) 14105.6  cycle/sec 

 (c) 14104.9  cycle/sec (d) 141008.6   cycle/sec 

68. Energy conversion in a photoelectric cell takes place from   

[AFMC 1993; MP PET 1996; MP PMT 1996] 

 (a) Chemical to electrical (b) Magnetic to electrical 

 (c) Optical to electrical (d) Mechanical to electrical 

69. Which one of the following is true in photoelectric emission 

[MP PMT 1996; JIPMER 2001, 02] 

 (a) Photoelectric current is directly proportional to the amplitude 
of light of a given frequency 

 (b) Photoelectric current is directly proportional to the intensity of 
light of a given frequency at moderate intensities 

 (c) Above the threshold frequency, the maximum K.E. of 
photoelectrons is inversely proportional to the frequency of 
incident light 

 (d) The threshold frequency depends upon the wavelength of 
incident light 

70. When a point source of light is at a distance of one metre from a 

photo cell, the cut off voltage is found to be V. If the same source is 

placed at 2 m distance from photo cell, the cut off voltage will be  

 (a) V (b) V/2 

 (c) V/4 (d) 2/V  

71. The work function of a photoelectric material is 3.3 eV. The 

threshold frequency will be equal to [UPSEAT 1999] 

 (a) Hz4108   (b) Hz56108   

 (c) Hz10108   (d) Hz14108   

72. If the work function of a metal is ''  and the frequency of the 

incident light is '' , there is no emission of photoelectron if 

 (a) 
h


   (b) 

h


   

 (c) 
h


   (d) 

h


   

73. A photoelectric cell is illuminated by a point source of light 1 m 

away. When the source is shifted to 2 m then 

[CBSE PMT 2003] 

 (a) Number of electrons emitted is half the initial number 

 (b) Each emitted electron carries half the initial energy 

 (c) Number of electrons emitted is a quarter of the initial number 

 (d) Each emitted electron carries one quarter of the initial energy 

74. Light of wavelength  strikes a photo-sensitive surface and electrons 

are ejected with kinetic energy E. If  the kinetic energy is to be 

increased to 2E, the wavelength must be changed to '  where   [MP PET 1997] 

 (a) 
2

'


   (b)  2'  

 (c) 


 '
2

 (d)  '  

75. If in a photoelectric experiment, the wavelength of incident radiation 
is reduced from 6000 Å to 4000 Å then  

 [MP PMT 1999] 

 (a) Stopping potential will decrease 

 (b) Stopping potential will increase 
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 (c) Kinetic energy of emitted electrons will decrease 

 (d) The value of work function will decrease 

76. The photoelectric work function for a metal surface is 4.125 eV. The 
cut-off wavelength for this surface is  

[CBSE PMT 1999; KCET 2001] 

 (a) 4125 Å (b) 2062.5 Å 

 (c) 3000 Å (d) 6000 Å  

77. As the intensity of incident light increases 

[CPMT 1999; CBSE PMT 1999; MH CET (Med.) 2000;  

KCET (Engg./Med.) 2001; Pb. PET 2001] 

 (a) Photoelectric current increases 

 (b) Photoelectric current decreases 

 (c) Kinetic energy of emitted photoelectrons increases 

 (d) Kinetic energy of emitted photoelectrons decreases 

78. Light of wavelength 5000 Å falls on a sensitive plate with 
photoelectric work function of 1.9 eV. The kinetic energy of the 
photoelectron emitted will be   [CBSE PMT 1998] 

 (a) 0.58 eV (b) 2.48 eV 

 (c) 1.24 eV (d) 1.16 eV 

79. Which of the following is dependent on the intensity of incident 
radiation in a photoelectric experiment 

[AIIMS 1998] 

 (a) Work function of the surface 

 (b) Amount of photoelectric current 

 (c) Stopping potential will be reduced 

 (d) Maximum kinetic energy of photoelectrons 

80. The work function of a substance is 4.0 eV. The longest wavelength 
of light that can cause photoelectron emission from this substance is 
approximately 

[IIT JEE 1998; UPSEAT 2002, 03; AIEEE 2004] 

 (a) 540 nm (b) 400 nm 

 (c) 310 nm (d) 220 nm 

81. The maximum kinetic energy of photoelectrons emitted from a 
surface when photons of energy 6 eV fall on it is 4 eV. The stopping 
potential in volts is 

[IIT JEE 1997 Re-Exam] 

 (a) 2 (b) 4 

 (c) 6 (d) 10 

82. Work function of a metal is 2.1 eV. Which of the waves of the 
following wavelengths will be able to emit photoelectrons from its 
surface  [Bihar MEE 1995] 

 (a) 4000 Å, 7500 Å (b) 5500 Å, 6000 Å  

 (c) 4000 Å, 6000 Å (d) None of these 

83. If mean wavelength of light radiated by 100 W lamp is 5000 Å, then 

number of photons radiated per second are 

[RPET 1997] 

 (a) 23103  (b) 22105.2   

 (c) 20105.2   (d) 17105  

84. The frequency of the incident light falling on a photosensitive metal 

plate is doubled, the kinetic energy of the emitted photoelectrons is   [Roorkee 1992] 

 (a) Double the earlier value (b) Unchanged 

 (c) More than doubled (d) Less than doubled 

85. When light of wavelength 300 nm (nanometer) falls on a 
photoelectric emitter, photoelectrons are liberated. For another 
emitter, however light of 600 nm wavelength is sufficient for 

creating photoemission. What is the ratio of the work functions of 
the two emitters 

[CBSE PMT 1993; JIPMER 2000] 

 (a) 1 : 2 (b) 2 : 1 

 (c) 4 : 1 (d) 1 : 4 

86. Threshold wavelength for photoelectric effect on sodium is 5000 Å. 

Its work function is   [CBSE PMT 1993] 

 (a) 15 J (b) J141016   

 (c) J19104   (d) J81104   

87. The cathode of a photoelectric cell is changed such that the work 

function changes from W
1

 to W
2

 (W
2

>W
1

). If the current before and 

after change are I
1

 and I
2

, all other conditions remaining unchanged, 

then (assuming h > W
2

)  

[CBSE PMT 1992] 

 (a) 21 II   (b) 21 II   

 (c) 21 II   (d) 121 2III   

88. A beam of light of wavelength   and with illumination L falls on a 

clean surface of sodium. If N photoelectrons are emitted each with 

kinetic energy E, then  [BHU 1994] 

 (a) LN   and LE   (b)  LN  and 


1
E  

 (c) N  and LE   (d) 


1
N and 

L
E

1
  

89. Which of the following statements is correct 

[CBSE PMT 1997] 

 (a) The current in a photocell increases with increasing frequency 
of light 

 (b) The photocurrent is proportional to applied voltage 

 (c) The photocurrent increases with increasing intensity of  

  light 

 (d) The stopping potential increases with increasing intensity of 
incident light 

90. What is the stopping potential when the metal with work function 
0.6 eV is illuminated with the light of 2 eV  

[BHU 1998; MH CET 2003] 

 (a) 2.6 V (b) 3.6 V  

 (c) 0.8 V (d) 1.4 V 

91. When yellow light is incident on a surface, no electrons are emitted 
while green light can emit. If red light is incident on the surface, 
then  

  [MNR 1998; MP PET 2000; MH CET 2000] 

 (a) No electrons are emitted 

 (b) Photons are emitted 

 (c) Electrons of higher energy are emitted 

 (d) Electrons of lower energy are emitted 

92. The photoelectric threshold wavelength of a certain metal is 3000Å. 
If the radiation of 2000Å is incident on the metal 

[MNR 1998; KCET 1994] 

 (a) Electrons will be emitted 

 (b) Positrons will be emitted 

 (c) Protons will be emitted 

 (d) Electrons will not be emitted 

93. A photocell stops emission if it is maintained at 2V negative 
potential. The energy of most energetic photoelectron is  

[JIPMER 1999] 
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(a) 2eV (b) 2J 

(c) 2kJ (d) 2keV  

94. The work functions for sodium and copper are eV2  and eV4 . 
Which of them is suitable for a photocell with 4000 Å light    [RPET 1999] 

(a) Copper (b) Sodium 

(c) Both (d) Neither of them 

95. For intensity I of a light of wavelength 5000Å the photoelectron 

saturation current is 0.40 A  and stopping potential is 1.36 V, the 

work function of metal is  

[RPET 1999] 

(a) 2.47 eV (b) 1.36 eV 

(c) 1.10 eV (d) 0.43 eV 

96. The work function of aluminium is 4.2 .eV  If two photons, each of 

energy 3.5 eV strike an electron of aluminium, then emission of 
electrons will be    [AFMC 1999] 

(a) Possible 

(b) Not possible 

(c) Data is incomplete 

(d) Depend upon the density of the surface 

97. In photoelectric effect if the intensity of light is doubled then 
maximum kinetic energy of photoelectrons will become 

 [RPMT 1999] 

(a) Double (b) Half 

(c) Four time (d) No change 

98. Energy required to remove an electron from aluminium surface is 
4.2 eV. If light of wavelength 2000 Å falls on the surface, the 
velocity of the fastest electron ejected from the surface will be    [AMU 1999] 

(a) m/sec5104.8   (b) m/sec5104.7   

(c) m/sec5104.6   (d) m/sec6104.8   

99. Mercury violet light )4558( Å  is falling on a photosensitive 

material )5.2( eV . The speed of the ejected electrons is in 

1ms , about  [AMU (Engg.) 1999] 

(a) 5103  (b) 51065.2   

(c) 4104   (d) 71065.3   

100. The work functions of metals A and B are in the ratio 1 : 2. If light 

of frequencies f  and f2  are incident on the surfaces of A and B 

respectively, the ratio of the maximum kinetic energies of 
photoelectrons emitted is (f is greater than threshold frequency of A, 
2f is greater than threshold frequency of B)   [EAMCET (Med.) 2000] 

(a) 1 : 1 (b) 1 : 2 

(c) 1 : 3 (d) 1 : 4 

101. Light of frequency  is incident on a substance of threshold 

frequency 
0

(
0

 < ). The energy of the emitted photo-electron will be   [MP PET 2000; 03] 

(a) )( 0 h  (b) /h  

(c) )( 0 he  (d) 0/h  

102. The stopping potential )( 0V    [BHU 2000] 

(a) Depends upon the angle of incident light 

(b) Depends upon the intensity of incident light 

(c) Depends upon the surface nature of the substance 

(d) Is independent of the intensity of the incident light 

103. If work function of metal is 3 eV  then threshold wavelength will be 
   [RPMT 2000] 

(a) 4125 Å (b) 4000 Å 

(c) 4500 Å (d) 5000 Å 

104. When wavelength of incident photon is decreased then 

[RPET 2000] 

(a) Velocity of emitted photo-electron decreases 

(b) Velocity of emitted photoelectron increases 

(c) Velocity of photoelectron do not charge 

(d) Photo electric current increases 

105. Quantam nature of light is explained by which of the following 

phenomenon   [RPET 2000] 

(a) Huygen wave theory 

(b) Photoelectric effect 

(c) Maxwell electromagnetic theory 

(d) de-Broglie theory 

106. When a metal surface is illuminated by light of wavelengths 400 nm 

and 250 nm, the maximum velocities of the photoelectrons ejected 

are v  and v2  respectively. The work function of the metal is (h = 
Planck’s constant, c = velocity of light in air)   [EAMCET (Engg.) 2000] 

(a) Jhc 6102   (b) Jhc 6105.1   

(c) Jhc 610  (d) Jhc 6105.0   

107. 4 eV is the energy of the incident photon and the work function in 

.2eV  What is the stopping potential  

[DCE 2000; AIIMS 2004] 

(a) 2V (b) 4V 

(c) 6V (d) V22  

108. Light of frequency  is incident on a certain photoelectric substance 

with threshold frequency 
0

. The work function for the substance is    [MP PMT 2001] 

(a) h (b) h
0

 

(c) )( 0 h  (d) )( 0 h  

109. If threshold wavelength for sodium is 6800Å then the work function 
will be [RPET 2001] 

(a) eV8.1  (b) eV5.2  

(c) eV1.2  (d) eV4.1  

110. If intensity of incident light is increased in PEE then which of the 
following is true   [RPET 2001] 

(a) Maximum K.E. of ejected electron will increase 

(b) Work function will remain unchanged 

(c) Stopping potential will decrease 

(d) Maximum K.E. of ejected electron will decrease 

111. Light of frequency Hz15108   is incident on a substance of 

photoelectric work function .125.6 eV  The maximum kinetic 

energy of the emitted photoelectrons is  [AFMC 2001] 

(a) 17 eV  (b) 22 eV  

(c) 27 eV  (d) 37 eV  

112. The photoelectric threshold wavelength for potassium (work 

function being eV2 ) is    [CPMT 2001] 

(a) 310 nm (b) 620 nm 

(c) 1200 nm (d) 2100 nm  
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113. Photons of energy 6 eV are incident on a metal surface whose work 
function is 4 eV. The minimum kinetic energy of the emitted photo-
electrons will be  [MP PET 2001] 

(a) 0 eV (b) 1 eV 

(c) 2 eV (d) 10 eV  

114. According to photon theory of light which of the following physical 
quantities associated with a photon do not/does not change as it 
collides with an electron in vacuum 

[AMU (Engg.) 2001] 

(a) Energy and momentum (b) Speed and momentum 

(c) Speed only (d) Energy only 

115. The lowest frequency of light that will cause the emission of 
photoelectrons from the surface of a metal (for which work function 
is 1.65 eV) will be    [JIPMER 2002] 

(a) Hz10104   (b) Hz11104   

(c) Hz14104   (d) Hz10104   

116. Light of two different frequencies whose photons have energies 

eV1  and eV5.2  respectively, successively illuminates a metal of 

work function eV5.0 . The ratio of maximum kinetic energy of the 
emitted electron will be 

[AIEEE 2002] 

(a) 1 : 5 (b) 1 : 4 

(c) 1 : 2 (d) 1 : 1 

117. Sodium and copper have work functions 2.3eV and 4.5 eV  

respectively. Then the ratio of their threshold wavelengths is nearest 
to    [AIEEE 2002] 

(a) 1: 2 (b) 4 : 1 

(c) 2 : 1 (d) 1 : 4 

118. Photon of 5.5 eV energy fall on the surface of the metal emitting 
photoelectrons of maximum kinetic energy 4.0 eV. The stopping 
voltage required for these electrons are 

  [Orissa (Engg.) 2002; DPMT 2004] 

(a) 5.5 V  (b) 1.5 V  

(c) 9.5 V  (d) 4.0 V  

119. A caesium photocell, with a steady potential difference of 60V 
across, is illuminated by a bright point source of light 50 cm away. 
When the same light is placed 1m away the photoelectrons emitted 
from the cell  [KCET 2002] 

(a) Are one quarter as numerous 

(b) Are half as numerous 

(c) Each carry one quarter of their previous momentum 

(d) Each carry one quarter of their previous energy 

120. A radio transmitter radiates 1 kW power at a wavelength 198.6 
metres. How many photons does it emit per second 

[Kerala (Engg.) 2002] 

(a) 1010  (b) 2010  

(c) 3010  (d) 4010  

121. The number of photons of wavelength 540 nm emitted per second 

by an electric bulb of power 100W is (taking h = secJ -106 34 ) 

 [Kerala (Engg.) 2002; Pb. PET 2001] 

(a) 100 (b) 1000 

 (c) 
20103  (d) 

18103  

122. When radiation is incident on a photoelectron emitter, the stopping 

potential is found to be 9 volts. If me /  for the electron is 
111108.1  kgC  the maximum velocity of the ejected electrons is 

  [Kerala (Engg.) 2002] 

(a) 15106  ms  (b) 15108  ms  

(c) 16108.1  ms  (d) 15108.1  ms  

123. Two identical metal plates show photoelectric effect by a light of 

wavelength A  falls on plate A and B  on plate B )2( BA   . 

The maximum kinetic energy is   [CPMT 2002] 

(a) BA KK 2  (b) 2/BA KK   

(c) BA KK 2  (d) 2/BA KK   

124. The threshold wavelength for photoelectric effect of a metal is 6500 
Å. The work function of the metal is approximately  

[MP PMT 2002] 

(a) 2 eV (b) 1 eV 

(c) 0.1eV  (d) 3 eV 

125. When ultraviolet rays are incident on metal plate, then photoelectric 
effect does not occurs. It occurs by the incidence of [CBSE PMT 2002; DCE 1997; AIIMS 2004] 

(a) X-rays (b) Radio wave 

(c) Infrared rays (d) Green house effect 

126. Light of frequency 4
0

 is incident on the metal of the threshold 

frequency 
0

. The maximum kinetic energy of the emitted 

photoelectrons is    [MP PET 2002] 

(a) 03 h  (b) 02 h  

(c) 0
2

3
h  (d) 0

2

1
h  

127. By photoelectric effect, Einstein, proved  [MP PET 2003] 

(a) hvE   (b) 2

2

1
.. mvEK   

(c) 2mcE   (d) 
2

2

n

Rhc
E   

128. The work function of sodium is 2.3 eV. The threshold wavelength of 

sodium will be    [BHU 2003] 

(a) 2900 Å (b) 2500 Å 

(c) 5380 Å (d) 2000 Å 

129. Which of the following shown particle nature of light 

[AFMC 2003; CBSE PMT 2001] 

(a) Refraction (b) Interference 

(c) Polarization (d) Photoelectric effect 

130. Two identical photo-cathodes receive light of frequencies 1f  and 

2f . If the velocities of the photo electrons (of mass m ) coming out 

are respectively 1v  and 2v , then  [AIEEE 2003] 

(a)  
2/1

2121

2
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(c)  
2/1

2121

2
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131. Consider the two following statements A and B and identify the 

correct choice given in the answers; 
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(A) In photovlotaic cells the photoelectric current produced is not 
proportional to the, intensity of incident light. 

(B) In gas filled photoemissive cells, the velocity of photoelectrons 
depends on the wavelength of the incident radiation.   [EAMCET (Engg.) 2003] 

(a) Both A and B are true (b) Both A and B are false 

(c) A is true but B is false (d) A is false B is true 

132. When radiation of wavelength   is incident on a metallic surface, 
the stopping potential is 4.8 volts. If the same surface is illuminated 
with radiation of double the wavelength, then the stopping potential 
becomes 1.6 volts. Then the threshold wavelength for the surface is  

[EAMCET (Engg.) 2003] 

(a) 2  (b) 4  

(c) 6  (d) 8  

133. The frequency and work function of an incident photon are  and 

0 . If 
0

 is the threshold frequency then necessary condition for the 

emission of photo electron is  [RPET 2003] 

(a) 0   (b) 
2

0   

(c) 0   (d) None of these 

134. Light of wavelength 1824 Å, incident on the surface of a metal, 
produces photo-electrons with maximum energy 5.3 eV. When light 
of wavelength 1216 Å is used, the maximum energy of photoelectrons 
is 8.7 eV. The work function of the metal surface is   [MP PMT 2004] 

(a) 3.5 eV (b) 13.6 eV 

(c) 6.8 eV (d) 1.5 eV 

135. If the energy of a photon corresponding to a wavelength of 6000 Å 

is J191032.3  , the photon energy for a wavelength of 4000 Å 
will be   [DPMT 2004] 

(a) 1.4 eV (b) 4.9 eV 

(c) 3.1 eV (d) 1.6 eV 

136. If the wavelength of light is 4000 Å, then the number of waves in 1 
mm length will be   [J & K CET 2004] 

(a) 25 (b) 0.25 

(c) 41025.0   (d) 41025  

137. The velocity of photon is proportional to (where  is frequency)   [Pb. PMT 2004] 

(a) 
2

2
 (b) 



1
 

(c)   (d)   

138. If the work function of a photometal is 6.825 eV. Its threshold 

wavelength will be )/103( 8 smc   

[Pb. PET 2000; BHU 2004] 

(a) 1200 Å (b) 1800 Å 

(c) 2400 Å (d) 3600 Å  

139. A photon of energy 8 eV is incident on a metal surface of threshold 

frequency Hz15106.1  , then the maximum kinetic energy of 

photoelectrons emitted is )106.6( 34 Jsh     [Pb. PET 2002] 

(a) 4.8 eV (b) 2.4 eV  

(c) 1.4 eV (d) 0.8 eV 

140. If the energy of the photon is increased by a factor of 4, then its 
momentum   [UPSEAT 2004] 

(a) Does not change 

(b) Decreases by a factor of 4 

(c) Increases by a factor of 4 

(d) Decreases by a factor of 2 

141. The ratio of the energy of a photon with nm150  to that with 

nm300  is   [DCE 2003] 

(a) 2 (b) 1/4 

(c) 4 (d) 1/2 

142. Photo-electric effect can be explained by [DCE 2003] 

(a) Corpusular theory of light (b) Wave nature of light 

(c) Bohr’s theory (d) Quantum theory of light 

143. In photoelectric effect, the K.E. of electrons emitted from the metal 
surface depends upon   [DCE 2003] 

(a) Intensity of light 

(b) Frequency of incident light 

(c) Velocity of incident light 

(d) Both intensity and velocity of light 

144. The photoelectric effect can be understood on the basis of 

[Pb. PET 2004] 

(a) The principle of superposition 

(b) The electromagnetic theory of light 

(c) The special theory of relativity 

(d) Line spectrum of the atom 

145. If the threshold wavelength for sodium is 5420 Å, then the work 
function of sodium is   [RPMT 2003] 

(a) 4.58 eV (b) 2.28 eV 

(c) 1.14 eV (d) 0.23 eV 

146. The work function of a metal is  [RPMT 2004] 

(a) The energy for the electron to enter into the metal 

(b) The energy for producing X-ray 

(c) The energy for the electron to come out from metal surface 

(d) None of these 

147. The minimum wavelength of photon is 5000 Å, its energy will be   [RPMT 2004] 

(a) 2.5 eV (b) 50 V 

(c) 5.48 eV (d) 7.48 eV 

148. Which of one is correct   [DCE 1998] 

(a) 222 cpE   (b) cpE 22   

(c) 22 pcE   (d) 222 / cpE   

149. The work function for metals A, B and C are respectively 1.92 eV, 
2.0 eV and 5 eV. According to Einstein’s equation, the metals which 
will emit photo electrons for a radiation of wavelength 4100 Å is/are[CBSE PMT 2005] 

(a) None of these (b) A only 

(c) A and B only (d) All the three metals 

150. A photosensitive metallic surface has work function 0hv . If photons 

of energy 02hv  fall on this surface the electrons come out with a 

maximum velocity of sm /104 6 . When the photon energy is 

increases to 05hv  then maximum velocity of photo electron will be[CBSE PMT 2005] 

(a) sm /102 6  (b) sm /102 7  

(c) sm /108 5  (d) sm /108 6  

151. A photocell is illuminated by a small bright source placed 1 m away. 

When the same source of light is placed m
2

1
 away, the number of 

electrons emitted by photo cathode would[CBSE PMT 2001; AIEEE 2005] 

(a) Decrease by a factor of 2 (b) Increase by a factor of 2 

(c) Decrease by a factor of 4 (d) Increase by a factor of 4 

152. The magnitude of saturation photoelectric current depends upon[AFMC 2005] 
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(a) Frequency (b) Intensity 

(c) Work function (d) Stopping potential 

153. For photoelectric emission, tungsten requires light of 2300 Å. If light 
of 1800 Å wavelength is incident then emission 

[AFMC 2005] 

(a) Takes place  

(b) Don’t take place 

(c) May or may not take place 

(d) Depends on frequency 

154. The light rays having photons of energy 1.8 eV are falling on a metal 
surface having a work function 1.2 eV. What is the stopping potential 

to be applied to stop the emitting electrons   [BHU 2005] 

(a) 3 eV (b) 1.2 eV 

(c) 0.6 eV (d) 1.4 eV 

155. The incident photon involved in the photoelectric effect experiment.   [EAMCET 2005]  

 (a) Completely disappears  

 (b) Comes out with an increased frequency       

 (c) Comes out with a decreased frequency 

(d) Comes out without change in frequency 

156. A photon of energy 8 eV is incident on metal surface of threshold 

frequency .106.1 15 Hz  The maximum kinetic energy of the 

photoelectrons emitted (in eV) (Take )106 34 Jsh  .    [MP. PET  2005]  

 (a) 1.6 (b) 6 

 (c) 2 (d) 1.2 

 

X-Rays 
 

1. An X-ray tube is operated at 50 kV. The minimum wavelength 
produced is    [CPMT 1996] 

(a) 0.5 Å  (b) 0.75 Å 

(c) 0.25 Å (d) 1 Å 

2. Which of the following wavelength falls in X-ray region 

[CPMT 1975; MP PMT 1984] 

(a) 10000 Å (b) 1000 Å 

(c) 1 Å (d) 10–2 Å  

3. A metal block is exposed to beams of X-ray of different wavelength. 
X-rays of which wavelength penetrate most      

[NCERT 1980; JIPMER 2002] 

 (a) 2 Å   (b) 4 Å 

 (c) 6 Å (d) 8 Å 

4. X-rays and gamma rays are both electromagnetic waves. Which of 
the following statements is true  [NCERT 1973] 

 (a) In general X-rays have larger wavelength than of gamma rays 

 (b) X-rays have smaller wavelength than that of gamma rays 

 (c) Gamma rays have smaller frequency than that of X-rays 

(d) Wavelength and frequency of X-rays are both larger than that 
of gamma rays 

5. In producing X-rays a beam of electrons accelerated by a potential 
difference V is made to strike a metal target. For what value of V, X-
rays will have the lowest wavelength of 0.3094 Å      [CPMT 1982; NCERT 1986, 87] 

(a) 10 kV (b) 20 kV 

(c) 30 kV (d) 40 kV 

6. In  radio theraphy, X-rays are used to    

[CPMT 1972; BHU 2005] 

(a) Detect bone fractures 

(b) Treat cancer by controlled exposure 

(c) Detect heart diseases 

(d) Detect fault in radio receiving circuits 

7. Hydrogen atom does not emit X-rays because 

[NCERT 1979; CPMT 1980, 90; RPET 1999] 

 (a) Its energy levels are too close to each other 

 (b) Its energy levels are too apart 

 (c) It is too small in size 

 (d) It has a single electron 

8. X-rays were discovered by  [NCERT 1977; BHU 2005] 

 (a) Becquerel (b) Roentgen 

 (c) Marie Curie (d) Von Laue 

9. X-rays are 

[CPMT 1975; EAMCET 1995; RPET 2000; SCRA 1994] 

 (a) Stream of electrons 

 (b) Stream of positively charged particles 

 (c) Electromagnetic radiations of high frequency 

 (d) Stream of uncharged particles 

10. The voltage applied across an X-rays tube is nearly 

[CPMT 1983] 

 (a) 10 V (b) 100 V 

 (c) 10000 V (d) 106 V 

11. The characteristic X-ray radiation is emitted, when 

[CPMT 1975, 80, 90; RPET 1999] 

 (a) The electrons are accelerated to a fixed energy 

 (b) The source of electrons emits a monoenergetic beam 

 (c) The bombarding electrons knock out electrons from  the inner 
shell of the target atoms and one of the outer electrons falls 
into this vacancy 

 (d) The valence electrons in the target atoms are removed as a 
result of the collision 

12. Molybdenum is used as a target element for production of X-rays 

because it is  [CPMT 1980; RPET 1999] 

 (a) A heavy element and can easily absorb high velocity electrons 

 (b) A heavy element with a high melting point  

 (c) An element having high thermal conductivity 

 (d) Heavy and can easily deflect electrons 

13. Mosley's law relates the frequencies of line X-rays 

 with the following characteristics of the target element 

[CPMT 1980; NCERT 1985] 

 (a) Its density  

 (b) Its atomic weight 

 (c) Its atomic number  

 (d) Interplaner spacing of the atomic planes 

14. Compton effect is associated with  [CPMT 1971] 

 (a)  rays (b)  rays 

 (c) X-rays (d) Positive rays 

15. X-rays are in nature similar to 

 (a) Beta rays (b) Gamma rays 

 (c) de-Broglie waves (d) Cathode rays 

16. If the cathode–anode potential difference in an X-ray tube be 105 V, 
then the maximum energy of X-ray photon can be 

 (a) 105 J (b) 105 MeV 

 (c) 10–1 MeV (d) 105 KeV 
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17. The shortest wavelength of X-rays emitted from an X-ray tube 
depends on the  

[MP PMT 1987; CPMT 1988, 92; IIT 1982] 

 (a) Current in the tube  

 (b) Voltage applied to the tube 

 (c) Nature of gas in the tube 

 (d) Atomic number of target material 

18. The wavelength of X-rays is of the order of  

 [CPMT 1983; MP PMT 1987; KCET 1994; JIPMER 1997] 

 (a) Centimetre (b) Micron (10-6 m) 

 (c) Angstrom (10-10 m) (d) Metre 

19. X – rays and  rays of the same energies may be distinguished by   [CPMT 1985] 

 (a) Their velocity (b) Their ionising power 

 (c) Their intensity (d) Method of production 

20. When a beam of accelerated electrons hits a target, a continuous X-

ray spectrum is emitted from the target. Which of the following 

wavelength is absent in the X-ray spectrum, if the X-ray tube is 

operating at 40,000 volts 

[MP PMT 1993; NCERT 1984; MNR 1995; RPMT 2002] 

 (a) 0.25 Å (b) 0.5 Å 

 (c) 1.5 Å (d) 1.0 Å 

21. For continuous X-rays produced wavelength is 

 (a) Inversely proportional to the energy of the electrons hitting the 
target 

 (b) Inversely proportional to the intensity of the electron beam 

 (c) Proportional to intensity of the electron beam 

 (d) Proportional to target temperature 

22. An X-ray has a wavelength of 0.010 Å. Its momentum is 

[AFMC 1980; RPMT 1995; Pb. PMT 2004] 

 (a) 2.126  10–23 kg-m/sec  (b) 6.626  10-22 kg-m/sec  

 (c) 3.456   20–25 kg-m/sec  (d) 3.313  10–22 kg-m/sec  

23. X-rays are not used for radar purpose because 

 (a) They are not reflected by the target 

 (b) They are not electromagnetic waves 

 (c) They are completely absorbed by the air 

 (d) They sometimes damage the target 

24. A direct X-ray photograph of the intestines is not generally taken by 

the radiologists because   [CPMT 1986, 88] 

 (a) Intestines would burst on exposure to X-rays 

 (b) The X-rays would not pass through the intestines 

 (c) The X-rays will pass through the intestines without causing a 
good shadow for any useful diagnosis 

 (d) A very small exposure of X-rays causes cancer in the intestines 

25. The patient is asked to drink 4BaSO for examining the stomach by 

X-rays because X-rays are 

 (a) Reflected by heavy atoms 

 (b) Refracted by heavy atoms 

 (c) Less absorbed by heavy atoms 

 (d) More absorbed by heavy atoms 

26. X-rays can be used to study crystal structure, if the wavelength lies 
in the range 

 (a) 2 Å to 0.1 Å  (b) 10 Å to 5 Å 

 (c) 50 Å to 10 Å (d) 100 Å to 50 Å 

27. When the accelerating voltage applied on the electrons increased 
beyond a critical value  [CPMT 1975] 

 (a) Only the intensity of the various wavelengths is increased 

 (b) Only the wavelength of characteristic relation is affected 

 (c) The spectrum of white radiation is unaffected 

 (d) The intensities of characteristic lines relative to the white 
spectrum are increased but there is no change in their 
wavelength 

28. The X-ray beam coming from an X-ray tube will be   

[IIT 1985; SCRA 1996; MP PET 1999] 

 (a) Monochromatic  

 (b) Having all wavelengths smaller than a certain maximum 
wavelength 

 (c) Having all wavelengths larger than a certain minimum 
wavelength 

 (d) Having all wavelengths lying between a minimum and a 
maximum wavelength 

29. The continuous X-rays spectrum produced by an X-ray machine at 
constant voltage has  [DPMT 1999] 

 (a) A maximum wavelength (b) A minimum wavelength 

 (c) A single wavelength (d) A minimum frequency 

30. The penetrating power of  X-rays increases with the 

[MP PMT 1984] 

 (a) Increase in its velocity (b) Increase in its frequency 

 (c) Increase in its intensity (d) Decrease in its velocity 

31. If 1  and 2  are the wavelengths of characteristic X-rays and 

gamma rays respectively, then the relation between them is   [MP PMT 1987] 

 (a) 
2

1

1


   (b) 21    

 (c) 21    (d) 21    

32. The wavelength   of the K  line of characteristic X-ray spectra 

varies with atomic number approximately 

[MP PMT 1987] 

 (a) Z  (b) Z  

 (c) 
2

1

Z
  (d) 

Z

1
  

33. The minimum frequency   of continuous X-rays is related to the 
applied potential difference V as 

 (a) V  (b) V  

 (c) 2/3V  (d) 2V  

34. If V be the accelerating voltage, then the maximum frequency of 
continuous X-rays is given by 

[NCERT 1971; CPMT 1991; 

                  MP PET 2000; RPMT 2001; MP PMT 2002] 

 (a) 
V

eh
 (b) 

e

hV
 

 (c) 
h

eV
 (d) 

eV

h
 

35. The minimum wavelength of X-rays produced by electrons 
accelerated by a potential difference of volts is equal to 

[CPMT 1986, 88, 91; RPMT 1997; RPMT 1997, 98; 

MP PET 1997, 98; MP PMT 1996, 98, 2003; UPSEAT 2005] 
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 (a) 
hc

eV
 (b) 

cV

eh
 

 (c) 
eV

hc
 (d) 

eh

cV
 

36. The potential difference applied to an X-ray tube is increased. As a 
result, in the emitted radiation 

[IIT 1988; ISM Dhanbad 1994;  

AIIMS 1997; MP PMT 1995, 2004] 

 (a) The intensity increases 

 (b) The minimum wavelength increases 

 (c) The intensity decreases 

 (d) The minimum wavelength decreases 

37. A potential difference of 42,000 volts is used in an X-ray tube to 
accelerate electrons. The maximum frequency of the X–radiations 
produced is    [MP PMT 1993] 

 (a) Hz1910  (b) Hz1810  

 (c) Hz1610  (d) Hz2010  

 JeV 19106.11(   and sec)1063.6 34   Jh  

38. Which of the following is accompanied by the characteristic X-ray 

emission   [MP PET 1993] 

 (a)  particle emission (b) Electron emission 

 (c) Positron emission (d) K–electron capture 

39. X-rays are known to be electromagnetic radiations. Therefore the X-
ray photon has   [MP PET 1993] 

 (a) Electric charge  

 (b) Magnetic moment 

 (c) Both electric charge and magnetic moment 

 (d) Neither electric charge nor magnetic moment 

40. X-rays of which of the following wavelengths are hardest   

 (a) 4 Å  (b) 1 Å  

 (c) 0.1 Å  (d) 2 Å  

41. X-ray beam can be deflected by   

[CPMT 2000; BHU 2001; Pb. PMT 2002] 

(a) Magnetic field  (b) Electric field 

 (c) Both (a) and (b) (d) None of these 

42. X-rays are produced due to   [CPMT 1985; JIPMER 2002] 

 (a) Break up of molecules  

 (b) Changing in atomic energy level 

 (c) Changing in nuclear energy level 

 (d) Radioactive disintegration 

43. X-rays region lies between   [CPMT 1990] 

 (a) Short radiowave and visible region 

 (b) Visible and ultraviolet region 

 (c) Gamma rays and ultraviolet region 

 (d) Short radiowave and long radiowave 

44. The structure of solid crystals is investigated by using   

[CPMT 1992; NCERT 1975; CBSEPMT 1992] 

 (a) Cosmic rays (b) X-rays 

 (c) Infrared radiations (d)  rays 

45. In an X-rays tube, the intensity of the emitted X-rays beam is 
increased by        [MNR 1992; RPMT 1996; UPSEAT 2000] 

 (a) Increasing the filament current 

 (b) Decreasing the filament current 

 (c) Increasing the target potential 

 (d) Decreasing the target potential 

46. The binding energy of the innermost electron in tungsten is 40 keV. 

To produce characteristic X-rays using a tungsten target in an X-rays 
tube the potential difference V between the cathode and the anti-
cathode should be  [IIT 1985] 

 (a) V< 40 kV  (b) V   40 kV 

 (c) V > 40 kV (d) V >/< 40 kV 

47. In above question the energy of the characteristic X-rays given out is   [IIT 1985] 

 (a) Less than 40 keV (b) More than 40 keV 

 (c) Equal to 40 keV (d)  40 keV  

48. The wavelength of most energetic X-rays emitted when a metal 

target is bombarded by 40KeV  electrons, is approximately  

( 341062.6 h  J-sec; 1 eV = 19106.1  J; c = )/103 8 sm  

[MNR 1991; MP PMT 1999; UPSEAT 2000; Pb. PET 2004] 

 (a) 300 Å  (b) 10 Å 

 (c) 4 Å (d) 0.31 Å 

49. X-rays which can penetrate through longer distances in substance 
are called                     [EAMCET 1983] 

 (a) Soft X-rays (b) Continuous X-rays 

 (c) Hard X-rays (d) None of the above 

50. An X-ray machine has an accelerating potential difference of 25,000 
volts. By calculation the shortest wavelength will be obtained as 

 ( 341062.6 h  J–sec; e = 19106.1  coulomb) 

[MP PET 1994] 

 (a) 0.25 Å  (b) 0.50 Å  

 (c) 1.00 Å  (d) 2.50 Å 

51. For the production of X-rays of wavelength 0.1 Å the minimum 

potential difference will be 

[MP PMT 1994; RPMT 1995] 

 (a) 12.4 kV  (b) 24.8 kV 

 (c) 124 kV (d) 248 kV 

52. Mosley measured the frequency (f) of the characteristic X-rays from 

many metals of different atomic number (Z) and represented his 

results by a relation known as Mosley's law. This law is (a, b are 

constants)  [MP PMT 1994; RPMT 1996] 

 (a) 2)( bZaf   (b) 2)( bfaZ   

 (c) )(2 bZaf   (d) 2/1)( bZaf   

53. Penetrating power of X-rays depends on  [MP PMT 1994] 

 (a) Current flowing in the filament 

 (b) Applied potential difference 

 (c) Nature of the target 

 (d) All the above 

54. The energy of a photon of characteristic X-rays from  a Coolidge 
tube comes from                [MP PET 1995] 

(a) The kinetic energy of the striking electron 

(b) The kinetic energy of the free electrons of the target 

(c) The kinetic energy of the ions of the target 

(d) An electronic transition of the target atom 

55. An X-ray tube operates on 30 kV. What is the minimum wavelength 
emitted 

34106.6( h Js, 19106.1 e Coulomb, 8103c ms–1)  

[MP PMT 1995; DPMT 2001, 03] 

 (a) 0.133 Å (b) 0.4 Å 
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 (c) 1.2 Å  (d) 6.6 Å  

56. The wavelength of the most energetic X–ray emitted when a metal 
target is bombarded by 100 KeV  electrons is approximately    [MP PET 1996] 

 (a) 12 Å  (b) 4  

 (c) 0.31 Å (d) 0.124 Å  

57. An electron beam in an X-ray tube is accelerated through a potential 
difference of 50000 volts. These are then made to fall on a tungsten 
target. The shortest wavelength of the X-ray emitted by the tube is   [MP PET 1997] 

 (a) 2.5 Å (b) 0.25 nm 

 (c) 0.25 cm (d) 0.025 nm 

58. For harder X-rays   [MP PET 1997] 

(a) The wavelength is higher  

(b) The intensity is higher 

 (c) The frequency is higher  

 (d) The photon energy is lower 

59. When cathode rays strike a metal target of high melting point with 
very high velocity, then 

[MP PMT 1997; AIIMS 1999] 

 (a) X-rays are produced  

 (b)  Ealpha-rays are produced 

 (c) TV waves are produced  

 (d) Ultrasonic waves are produced 

60. Penetrating power of X-rays can be increased by 

[MP PMT 1997, 2000] 

 (a) Increasing the potential difference between anode and cathode 

 (b) Decreasing the potential difference between anode and cathode 

 (c) Increasing the cathode filament current 

 (d) Decreasing the cathode filament current 

61. K characteristic X-ray refers to the transition  

[MP PMT 1999] 

 (a) 2n  to 1n  (b) 3n  to 2n  

 (c) 3n  to 1n  (d) 4n  to 2n  

62. X-rays are produced in X-ray tube operating at a given accelerating 
voltage. The wavelength of the continuous X-rays has values from   [IIT 1998; BVP 2003] 

 (a) 0 to   

 (b) min  to , where 0min   

 (c) 0  to max  where max  

 (d) min  to max , where 0 <  maxmin   

63. The wavelength of X-rays is   [EAMCET (Med.) 1995] 

 (a) 2000 Å  (b) 2 Å  

 (c) 1 mm (d) 1 cm 

64. The ratio of the energy of an X-ray photon of wavelength 1 Å to that 
of visible light of wavelength 5000 Å  is 

[EAMCET (Med.) 1995] 

 (a) 1: 5000 (b) 5000 : 1 

 (c) 1 :25  106  (d)  25  106 

65. According to Mosley's law, the frequency of a spectral line in X-ray 
spectrum varies as 

[EAMCET (Med.) 1995; Pb. PMT 1999] 

 (a) Atomic number of the element 

 (b) Square of the atomic number of the element 

 (c) Square root of the atomic number of the element 

 (d) Fourth power of the atomic number of the element 

66. For the structural analysis of crystals, X-rays are used because  [IIT 1992; JIPMER 2000] 

 (a) X-rays have wavelength of the order of interatomic spacing 

 (b) X-rays are highly penetrating radiations 

 (c) Wavelength of X-rays is of the order of nuclear size 

 (d) X-rays are coherent radiations 

67. The essential distinction between X-rays and  rays is that   

[BHU 1994; RPMT 1991; JIPMER 2001, 02] 

 (a)  rays have smaller wavelength than X-rays 

 (b)  rays emanate from nucleus while X-rays emanate from 

outer part of the atom 

 (c)  rays have greater ionizing power than X-rays 

 (d)  rays are more penetrating than X-rays 

68. The minimum wavelength of the X-rays produced by electrons 

accelerated through a potential difference of V volts is directly 

proportional to   [CBSE PMT 1996] 

 (a) V  (b) 2V  

 (c) V/1  (d) V/1  

69. What determines the hardness of the X-rays obtained from the 

Coolige tube   [RPMT 1996] 

 (a) Current in the filament  

 (b) Pressure of air in the tube 

 (c) Nature of target  

 (d) Potential difference between cathode and target  

70. The most penetrating radiation out of the following is  

[CBSE PMT 1997] 

 (a) X-rays (b)  -rays 

 (c)  particles (d)  rays 

71. On increasing the number of electrons striking the anode of an X-
ray tube, which one of the following parameters of the resulting X-
rays would increase  [SCRA 1998; DPMT 2000] 

 (a) Penetration power (b) Frequency 

 (c) Wavelength (d) Intensity 

72. What kV  potential is to be applied on X-ray tube so that minimum 

wavelength of emitted  X-rays may be 1Å ( 3410625.6 h J-sec)   [UPSEAT 1999] 

(a) kV42.12   (b) kV84.12  

(c) kV98.11  (d) kV78.10  

73. X-rays cannot be deflected by means of an ordinary grating due to [Pb. PMT 1999; MH CET 2000; BCECE 2004] 

(a) Large wavelength  (b) High speed 

(c) Short wavelength (d) None of these 

74. Consider the following two statements A and B and identify the 
correct choice in the given answer 

A: The characteristic X-ray spectrum depends on the nature of the 
material of the target. 

B:  The short wavelength limit of continuous X-ray spectrum varies 
inversely with the potential difference applied to the X-rays 
tube [EAMCET (Med.) 2000] 

(a) A is true and B is false (b) A is false and B is true  

(c) Both A  and B  are true (d) Both A and B are false 

75. The energy of an X- ray photon of wavelength 1.65 Å is  

1834 103,-106.6(   mscsecJh , )106.11 19 JeV   

[EAMCET (Engg.) 2000] 



 
     1412 Electron, Photon, Photoelectric Effect and X-Rays    

(a)  3.5 keV (b) 5.5 keV 

(c) 7.5 keV (d) 9.5 keV 

76. If  =10Å, then it corresponds to   [DCE 2000]  

(a) Infra-red  (b) Microwave 

(c) Ultra-violet (d) X-rays 

77. Bragg’s law for X-rays is    [UPSEAT 2001] 

(a) d sin  = n2  (b)  nd sin2  

(c) dn  2sin   (d) None of these 

78. The X-rays produced in a coolidge tube of potential difference 40V 
have minimum wavelength of  

[MH CET (Med.) 2001] 

(a) m81009.3   (b) m81009.5   

(c) m81009.4   (d) m81009.1   

79. For the production of X-rays, the target should be made of          [BHU 2000; CPMT 2001] 

(a) Steel  (b) Copper 

(c) Aluminum  (d) Tungsten 

80. Intensity of X-rays depends upon the number of  

[SCRA 1998; DPMT 2000; AFMC 2001] 

(a) Electrons  (b) Protons 

(c) Neutrons (d) Positrons 

81. In an X-ray tube electrons bombarding the target produce X-rays of 
minimum wavelength 1 Å. What must be the energy of bombarding 
electrons     [KCET 2001] 

(a) 13375 eV (b) 12375 eV 

(c) 14375 eV (d) 15375 eV 

82. If energy of K-shell electron is – 40000 eV  and If 60000 V  
potential is applied at coolidge tube then which of the following X-
ray will get form   [RPET 2001] 

(a) Continuous   

(b) White X-rays 

(c) Continuous and all series of characteristic 

(d) None of these 

83. For production of characteristic K X-rays, the electron transition 

is    [MP PET 2001] 

(a) 1to2  nn   (b) 2to3  nn  

(c) 1to3  nn  (d) 2to4  nn  

84. Penetrating power of X-rays does not depend on  

[MP PET 2001] 

(a) Wavelength  (b) Energy 

(c) Potential difference  (d) Current in the filament 

85. The potential difference applied to an X-ray tube is 5kV and the 
current through it is 3.2 mA. Then the number of electrons striking 
the target per second is  

[IIT-JEE (Screening) 2002]   

(a) 16102   (b) 16105  

(c) 17101   (d) 15104   

86. For the production of characteristic ,K X-ray, the electron 

transition is    [BHU 2002] 

(a) 12  nton   (b) 23  nton  

(c) 13  nton  (d) 14  nton  

87. When X  rays pass through a strong uniform magnetic field, Then 

they [MP PET 2002; RPMT 2002, 03] 

(a) Do not get deflected at all 

(b) Get deflected in the direction of the field 

(c) Get deflected in the direction opposite to the field 

(d) Get deflected in the direction perpendicular to the field 

88. If the potential difference applied across X-ray tube is V volts, then 

approximately minimum wavelength of the emitted X-rays will be    [MP PET 2002;  

  RPMT 1995; CBSE PMT 1996] 

(a) Å
V

1227
  (b) Å

V

1240
 

(c) Å
V

2400
 (d) Å

V

12400
 

89. What is the difference between soft and hard X-rays  

  [MP PMT 2002; AIIMS 2002] 

(a) Velocity (b) Intensity 

(c) Frequency (d) Polarization 

90. X-ray will travel minimum distance in  [MP PET 2003] 

(a) Air (b) Iron 

(c) Wood (d) Water 

91. The minimum wavelength of X-ray emitted by X-rays tube is 0.4125 

Å. The accelerating voltage is 

  [BHU 2003; CPMT 2004; MP PMT 2005] 

(a) 30 kV  (b) 50 kV 

(c) 80 kV (d) 60 kV  

92. Characteristic X-rays are produced due to   [AIIMS 2003] 

(a) Transfer of momentum in collision of electrons with target 
atoms 

(b) Transition of electrons from higher to lower electronic orbits in 
an atom  

(c) Heating of the target 

(d) Transfer of energy in collision of electrons with atoms in the 
target 

93. X-rays when incident on a metal [BCECE 2003; RPMT 2003] 

(a) Exert a force on it  (b) Transfer energy to it  

(c) Transfer pressure to it  (d) All of the above 

94. The minimum wavelength of X-rays produced in a coolidge tube 
operated at potential difference of 40 kV is  

[BCECE 2003; RPET 2002, 03] 

(a) 0.31 Å  (b) 3.1 Å 

 (c) 31 Å (d) 311 Å  

95. The potential difference between the cathode and the target in a 
Collidge tube is 100 kV. The minimum wavelength of the X-rays 
emitted by the tube is  [Pb. PMT 2004] 

(a) 0.66 Å (b) 9.38 Å  

 (c) 0.246 Å (d) 0.123 Å 

96. X-rays are produced by accelerating electrons by voltage V and let 
they strike a metal of atomic number Z. The highest frequency of X-
rays produced is proportional to 

    [UPSEAT 2004] 

(a) V (b) Z  

 (c) (Z – 1) (d) 2)1( Z  

97. If the operating potential of an X-ray tube is 50 kV, the velocity of 
X-rays coming out of it is [RPMT 2003] 

(a) sm /104 4  (b) sm /103 8  

 (c) sm /108  (d) sm /3  
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98. If the voltage of X-ray tube is doubled, the intensity of X-rays will 
become   [RPMT 2003] 

(a) Half (b) Unchanged 

(c) Double (d) Four times 

99. If the minimum wavelength obtained in an X-ray tube is 

m10105.2  , the operating potential of the tube will be 

    [RPMT 2003] 

(a) 2 kV (b) 3 kV 

 (c) 4 kV (d) 5 kV 

100. The wavelength of X-rays decreases, when [RPMT 2002] 

(a) Temperature of target is increased 

(b) Intensity of electron beam is increased 

 (c) K.E. of electrons striking the target is increased 

 (d) K.E. of electrons striking the target is decreased 

101. X-rays are produced in laboratory by [RPMT 1998] 

(a) Radiation 

(b) Decomposition of the atom 

 (c) Bombardment of high energy electron on heavy metal 

 (d) None of these 

102. In vacuum an electron of energy 10 keV hits tungsten target, then 
emitted radiation will be   [RPMT 2001] 

(a) Cathode rays (b) X-rays 

 (c) Infrared rays (d) Visible spectrum 

103. X-rays of Å1  have frequency  [DCE 1998] 

(a) Hz8103  (b) Hz18103  

 (c) Hz10103  (d) Hz15103  

104. Solid targets of different elements are bombarded by highly 
energetic electron beams. The frequency (f) of the characteristic X-
rays emitted from different targets varies with atomic number Z as   [AIIMS 2005] 

(a) Zf   (b) 2Zf   

 (c) Zf   (d) 2/3Zf   

105. Compton effect shows that   [DPMT 1995] 

(a) X-rays are waves 

(b) X-rays have high energy 

 (c) X-rays can penetrate matter 

 (d) Photons have momentum 

106. An X-ray tube with a copper target emits Cu K  line of wavelength 

1.50 Å. What should be the minimum voltage through which 
electrons are to be accelerated to produce this wavelength of X rays 

)/103sec,-1063.6( 834 smcJh    [Orissa JEE 1996] 

(a) 8280 V (b) 828 V 

 (c) 82800 V (d) 8.28 V 

107. In X-ray spectrum wavelength  of line K  depends on atomic 

number Z as   [RPMT 1995; DCE 2002] 

(a) 2Z  (b) 2)1(  Z  

 (c) 
)1(

1




Z
  (d) 

2)1(

1




Z
  

108. Absorption of X-ray is maximum in which of the following different 
sheets   [RPMT 1995] 

(a) Copper (b) Gold 

 (c) Beryllium (d) Lead 

109. The wavelength of K  line in copper is 1.54 Å. The ionisation 

energy of K electron in copper in Joule is 

    [EAMCET 1984] 

(a) 27102.11   (b) 16109.12   

 (c) 15107.1   (d) 161010   

110. The wavelength of K  line for an element of atomic number 43 is 

. Then the wavelength of K  line for an element of atomic 

number 29 is 

(a) 
29

43
 (b) 

28

42
 

 (c) 
4

9
 (d) 

9

4
  

111. In X-ray experiment K, K denotes  [DCE 2005] 

(a) Characteristic  

(b) Continuous wavelength 

(c) , -emissions respectively  

 (d) None of these 
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1. A 1A beam of protons with a cross-sectional area of 0.5 sq. mm is 

moving with a velocity of 14103  ms . Then charge density of 
beam is   [CPMT 2002] 

(a) 34 /106.6 mC  (b) 35 /106.6 mC  

(c) 36 /106.6 mC  (d) None of these 

2. A particle of mass M at rest decays into two particles of masses m
1

 

and m
2

, having non-zero velocities. The ratio of the de-Broglie 

wavelengths of the particles, 21 / is 

 [IIT-JEE 1999; KCET 2003] 

 (a) 21 /mm  (b) 12 /mm  

 (c) 1.0 (d) 12 / mm  

3. A photon and an electron have equal energy E. electronphoton /   is 

proportional to    

[UPSEAT 2003; IIT-JEE (Screening) 2004] 

(a) E  (b) E/1  

(c) E/1  (d) Does not depend upon E 

4. When photon of energy 4.25 eV strike the surface of a metal A, the 

ejected photoelectrons have maximum kinetic energy T
A

 eV and de-

Brolie wavelength A . The maximum kinetic energy of 

photoelectrons liberated from another metal B by photon of energy 

4.70 eV is eVTT AB )50.1(  . If the de-Broglie wavelength of 

these photoelectrons is AB  2 , then    [IIT-JEE 1994] 

 (a) The work function of A is 2.25 eV  

 (b) The work function of B is 4.20 eV 

 (c) eVTA 00.2   

 (d) eVTB 75.2  

5. An image of the sun is formed by a lens of focal length of 30 cm on 
the metal surface of a photoelectric cell and a photoelectric current I 
is produced. The lens forming the image is then replaced by another 
of the same diameter but of focal length 15 cm. The photoelectric 
current in this case is     [Manipal MEE 1995] 

 (a) 
2

I
 (b) I 

 (c) 2I (d) 4I 

6. When an inert gas is filled in the place vacuum in a photo cell, then   [MP PMT 1997] 

 (a) Photo-electric current is decreased 

 (b) Photo-electric current is increased 

 (c) Photo-electric current remains the same 

 (d) Decrease or increase in photo-electric current does not depend 

upon the gas filled 

7. A photon of 13107.1  Joules is absorbed by a material under 

special circumstances. The correct statement is 

 [MP PET 1999; JIPMER 2000] 

(a) Electrons of the atom of absorbed material will go the higher 
energy states 

(b) Electron and positron pair will be created 

(c) Only positron will be produced 

(d) Photoelectric effect will occur and electron will be produced 

8. The maximum velocity of an electron emitted by light of wavelength 

  incident on the surface of a metal of work function ,  is[MP PMT/PET 1998, MP PMT 2003] 

 (a) 

2/1
)(2







 





m

hc
 (b)  

m

hc )(2 
 

 (c)  

2/1
)(2







 





m

hc
 (d) 

2/1
)(2







 

m

h 
 

 Where h = Planck's constant, m = mass of electron and c = speed of 
light. 

9. When a point source of monochromatic light is at a distance of 0.2 
m from a photoelectric cell, the cut-off voltage and the saturation 
current are 0.6 volt and 18 mA respectively. If the same source is 
placed 0.6 m away from the photoelectric cell, then[IIT JEE 1992; MP PMT 1999] 

 (a) The stopping potential will be 0.2 V 

 (b) The stopping potential will be 0.6 V 

 (c) The saturation current will be 6 mA 

 (d) The saturation current will be 18 mA  

10. In a photoemissive cell with executing wavelength  , the fastest 

electron has speed v. If the exciting wavelength is changed to 

4/3 , the speed of the fastest emitted electron will be   [CBSE PMT 1998] 

 (a) 2/1)4/3(v  (b) 2/1)3/4(v  

 (c) Less than 2/1)3/4(v  (d) Greater than 2/1)3/4(v  

11. Ultraviolet light of wavelength 300 nm and intensity 1.0 watt/m2 falls 
on the surface of a photosensitive material. If 1% of the incident 
photons produce photoelectrons, then the number of photoelectrons 
emitted from an area of 1.0 cm2  of the surface is nearly   [AMU 1995] 

 (a) 141061.9  per sec (b) 131012.4   per sec 

 (c) 121051.1   per sec (d) 111013.2   per sec 

12. Photoelectric emission is observed from a metallic surface for 

frequencies 1  and 2  of the incident light rays )( 21   . If the 

maximum values of kinetic energy of the photoelectrons emitted in 

the two cases are in the ratio of k:1 , then the threshold frequency 
of the metallic surface is   

[EAMCET (Engg.) 2001] 

(a)  
1

21





k


 (b) 

1

21





k

k 
 

(c) 
1

12





k

k 
 (d) 

k

12  
 

13. Light from a hydrogen discharge tube is incident on the cathode of a 
photoelectric cell the work function of the cathode surface is 4.2 eV. 
In order to reduce the photo-current to zero the voltage of the 
anode relative to the cathode must be made    [DCE 2002] 

(a) – 4.2 V  (b) – 9.4 V  

(c) – 17.8 V  (d) +9.4 V 

14. Work function of lithium and copper are respectively 2.3 eV and 4.0 
eV. Which one of the metal will be useful for the photoelectric cell 

working with visible light ? (h = 6.6  10–34 J-s, c = 3  108 m/s)    [DPMT 2003] 

(a) Lithium  (b) Copper  

(c) Both  (d) None of these   

15. X-rays of wavelength 0.1 Å allowed to fall on a metal get scattered. 
The wavelength of scattered radiation is 0.111 Å. If h = 6.624  10–34 J-s 
and m

0

 = 9  10–31 kg, then the direction of the scattered photons will 
be 

 (a) cos–1 (0.547) (b) cos–1 (0.4484) 
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 (c) cos–1 (0.5) (d) cos–1 (0.3)  

16. The largest distance between the interatomic planes of a crystal is 10 -

7cm. The upper limit for the wavelength of X-rays which can be 
usefully studied with this crystal is 

    [CPMT 1984] 

 (a) 1 Å  (b) 2 Å  

 (c) 10 Å  (d) 20 Å  

17. An X-ray tube is operating at 50 kV and 20 mA. The target material 

of the tube has a mass of 1.0 kg and specific heat 495 J kg-1 
1Co . 

One percent of the supplied electric power is converted into X-rays 
and the entire remaining energy goes into heating the target. Then   [IIT 1995] 

 (a) A suitable target material must have a high melting 
temperature 

 (b) A suitable target material must have low thermal conductivity 

 (c) The average rate of rise of temperature of target would be 2 
°C/s 

 (d) The minimum wavelength of the X-rays emitted is about 

m101025.0   

18. The wavelength of K X-rays produced by an X-ray tube is 0.76 Å. 

The atomic number of the anode material of the tube is    [IIT 1996] 

 (a) 20 (b) 60 

 (c) 40 (d) 80 

19. X-ray beam of intensity 0I passes through an absorption plate of 

thickness d. If absorption coefficient of material of plate is  , the 

correct statement regarding the transmitted intensity I of X-ray is   [MP PET 1999] 

 (a) )1(0
deII   (b) deII  0  

 (c) )1( /
0

deII   (d) deII /
0

  

20. The K X-ray emission line of tungsten occurs at 021.0 nm . 

The energy difference between K and L levels in this atom is about   [IIT 1997 Cancelled] 

 (a) 0.51MeV (b) 1.2 MeV  

 (c) 59 KeV (d) 13.6 eV 

21. Electrons with energy 80 keV are incident on the tungsten target of 
an X-ray tube. K shell electrons of tungsten have ionization energy 
72.5 keV. X-rays emitted by the tube contain only  [IIT-JEE (Screening) 2000] 

(a) A continuous X-ray spectrum (Bremsstrahlung) with a 
minimum wavelength of  ~ 0.155Å 

(b) A continuous X-ray spectrum (Bremsstrahlung] with all 
wavelengths 

(c) The characteristic X-rays spectrum of tungsten 

(d) A continuous X-ray spectrum (Bremsstrahlung) with a 
minimum wavelength of ~ 0.155Å and the characteristic X-ray 
spectrum of tungsten 

22. The X-ray wavelength of L  line of platinum (Z=78) is .30.1 Å  

The X –ray wavelength of L  line of Molybdenum (Z=42) is   [EAMCET (Eng.) 2000] 

(a) 5.41Å (b) 4.20Å 

(c) 2.70Å (d) 1.35 Å 

23. The ratio of de-Broglie wavelengths of molecules of hydrogen and 
helium which are at temperature 27oC and 127oC respectively is  

(a) 
2

1
 (b) 

8

3
 

(c) 
3

8
 (d) 1 

24. A silver ball of radius 4.8 cm is suspended by a thread in the 

vacuum chamber. UV light of wavelength 200 nm is incident on the 

ball for some times during which a total energy of 1  10–7 J falls on 

the surface. Assuming on an average one out of 10 3 photons incident 
is able to eject electron. The potential on sphere will be 

(a) 1 V (b) 2 V 

(c) 3 V (d) Zero  

25. A photon of wavelength 6630 Å is incident on a totally reflecting 
surface. The momentum delivered by the photon is equal to  

(a) 6.63  10–27 kg-m/sec   (b) 2  10–27 kg-m/sec  

(c) 10–27 kg-m/sec (d) None of these  

26. The ratio of de-Broglie wavelength of a -particle to that of a 
proton being subjected to the same magnetic field so that the radii 
of their path are equal to each other assuming the field induction 

vector B  is perpendicular to the velocity vectors of the -particle 
and the proton is  

(a) 1 (b) 
4

1
 

(c) 
2

1
 (d) 2 

27. K wavelength emitted by an atom of atomic number Z = 11 is . 

Find the atomic number for an atom that emits K radiation with 

wavelength 4  [IIT-JEE (Screening) 2005] 

 (a) Z = 6 (b) Z = 4 

(c) Z = 11 (d) Z = 44 

28. The potential energy of a particle of mass m is given by  

  









1;0

10;
)(

0

x

xE
xU  

 
1

 and 
2

 are the de-Broglie wavelengths of the particle, when 0  x 

 1 and x > 1 respectively. If the total energy of particle is 2E
0

, the 

ratio 
2

1




 will be  

 [Based on IIT-JEE (Mains) 2005] 

(a) 2 (b) 1 

(c) 2  (d) 
2

1
 

29. Rest mass energy of an electron is 0.51 MeV. If this electron is 

moving with a velocity 0.8 c (where c is velocity of light in vacuum), 

then kinetic energy of the electron should be. 

(a) 0.28 MeV (b) 0.34 MeV 

(c) 0.39 MeV (d) 0.46 MeV  

30. A proton, a deutron and an -particle having the same momentum, 

enters a region of uniform electric field between the parallel plates 

of a capacitor. The electric field is perpendicular to the initial path 

of the particles. Then the ratio of deflections suffered by them is 

 

 

 
 p d 

+ 

– 

Screen 
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(a) 1 : 2 : 8 (b) 1 : 2 : 4 

(c) 1 : 1 : 2 (d) None of these  

31. In order to coincide the parabolas formed by singly ionised ions in 
one spectrograph and doubly ionized ions in the other Thomson’s 
mass spectrograph, the electric fields and magnetic fields are kept in 
the ratios 1 : 2 and 3 : 2 respectively. Then the ratio of masses of the 
ions is    

(a) 3 : 4 (b) 1 : 3 

(c) 9 : 4 (d) None of these  

32. Let  ,   and   denote the wavelengths of the X-rays of the 

 KK ,  and L  lines in the characteristic X-rays for a metal 

(a)     (b)     

(c) 
  


111

 (d) 
  


111

 

33. The minimum intensity of light to be detected by human eye is 
210 /10 mW . The number of photons of wavelength 

m7106.5   entering the eye, with pupil area 2610 m , per 
second for vision will be nearly 

(a) 100 (b) 200 

(c) 300 (d) 400 

34. In X-ray tube when the accelerating voltage V is halved, the 

difference between the wavelength of K line and minimum 
wavelength of continuous X-ray spectrum 

(a) Remains constant  

(b) Becomes more than two times 

(c) Becomes half  

(d) Becomes less than two times 

35. In a photocell bichromatic light of wavelength 2475 Å and 6000 Å 
are incident on cathode whose work function is 4.8 eV. If a uniform 

magnetic field of 3  10–5 Tesla exists parallel to the plate, the radius 
of the path describe by the photoelectron will be (mass of electron = 

9  10–31 kg) 

(a) 1 cm (b) 5 cm 

(c) 10 cm (d) 25 cm 

36. Two metallic plates A and B, each of area 5  10–4m2 are placed 
parallel to each other at a separation of 1 cm. Plate B carries a 
positive charge of 33.7 pc. A monochromatic beam of light, with 
photons of energy 5 eV each, starts falling on plate A at t = 0, so 
that 1016 photons fall on it per square meter per second. Assume that 
one photoelectron is emitted for every 106 incident photons. Also 
assume that all the emitted photoelectrons are collected by plate B 
and the work function of plate A remains constant at the value 2 eV. 
Electric field between the plates at the end of 10 seconds is 

(a) 2  103 N/C (b) 103 N/C 

(c) 5  103 N/C  (d) Zero 

37. In the following arrangement y = 1.0 mm, d= 0.24 mm and D = 1.2 m. 
The work function of the material of the emitter is 2.2 eV. The 
stopping potential V needed to stop the photo current will be 

 

 

 

 

 

 

(a) 0.9 V  (b) 0.5 V  

(c) 0.4 V (d) 0.1 V  

38. The eye can detect 5  104 photons per square metre per sec of 

green light ( = 5000 Å) while the ear can detect )/(10 213 mW . 

The factor by which the eye is more sensitive as a power detector 

than the ear is close to  

(a) 5 (b) 10 

(c) 106  (d) 15 

39. A photon collides with a stationary hydrogen atom in ground state 

inelastically. Energy of the colliding photon is 10.2 eV. After a time 

interval of the order of micro second another photon collides with 

same hydrogen atom inelastically with an energy of 15 eV. What will 

be observed by the detector   [IIT-JEE (Screening) 2005] 

(a) 2 photon of energy 10.2 eV  

(b) 2 photon of energy of 1.4 eV  

(c) One photon of energy 10.2 eV and an electron of  energy 1.4 eV  

(d) One photon of energy 10.2 eV and another photon of 1.4 eV  

 
 
 
 
 
 
1. The curve drawn between velocity and frequency of photon in 

vacuum will be a      [MP PET 2000] 

 (a) Straight line parallel to frequency axis 

 (b) Straight line parallel to velocity axis 

 (c) Straight line passing through origin and making an angle of 45o 
with frequency axis 

 (d) Hyperbola  

2. Which of the following figure represents the variation of particle 
momentum and the associated de-Broglie wavelength   [AIIMS 1982] 

 

 (a)  (b)  

  

 

   

 (c)  (d) 

 

  

 

3. The figure shows the variation of photocurrent with anode potential 
for a photo-sensitive surface for three different radiations. Let 

ba II , and cI  be the intensities and ba ff ,  and cf  be the 

frequencies for the curves a, b and c respectively [IIT-JEE (Screening) 2004] 

 

 (a) ba ff   and ba ll   

 (b) ca ff   and ca ll   

A 

S y 

d 

Bright 

Dark 

Bright 

Dark 

Bright 

D 

p 

 

p 

 

p 

 

p 

 

Photo current 

O Anode potential 

a 

b 
c 
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 (c) ba ff   and ba ll   

 (d) ba ff   and ba ll   

4. According to Einstein's photoelectric equation, the graph between 
the kinetic energy of photoelectrons ejected and the frequency of 
incident radiation is     

[MP PMT 1994; CBSE PMT 1996; CBSE PMT 2004] 

 

 (a)  (b)  

  

 

 

 

 (c)  (d)  

 

 

 

 

5. For the photoelectric effect, the maximum kinetic energy kE  of the 

emitted photoelectrons is plotted against the frequency  of the 

incident photons as shown in the figure. The slope of the curve 
gives     

     [CPMT 1987; MP PET 2001; DPMT 2002] 

 

 

 

 

 

 (a) Charge of the electron  

 (b) Work function of the metal 

 (c) Planck's constant  

 (d) Ratio of the Planck’s constant to electronic charge 

6. The stopping potential V for photoelectric emission from a metal 

surface is plotted along Y-axis and frequency  of incident light 

along X-axis. A straight line is obtained as shown. Planck's constant 
is given by    [CPMT 1987; 

Similar to MP PMT 2000; Kerala PET 2001] 

 

 

 

 

 

 (a) Slope of the line 

 (b) Product of slope on the line and charge on the electron 

 (c) Product of intercept along Y-axis and mass of the electron 

 (d) Product of Slope and mass of electron 

7. In an experiment on photoelectric effect the frequency f of the 

incident light is plotted against the stopping potential 0V . The 

work function of the photoelectric surface is given by (e is 
electronic charge)    [CPMT 1987] 

 

 (a) OB  e in eV 

 (b) OB in volt 

 (c) OA in eV 

 (d) The slope of the line AB  

8. The stopping potential as a function of the frequency of the incident 

radiation is plotted for two different photoelectric surfaces A and B. 
The graphs show that work function of A is     [DPMT 1992] 

 

 

 

 

 

 (a) Greater than that of B  

 (b) Smaller than that of B 

 (c) Equal to that of B  

 (d) No inference can be drawn about their work functions from the 
given graphs 

9. The intensity of X-rays from a Coolidge tube is plotted against 

wavelength as shown in the figure. The minimum wavelength found 

is c  and the wavelength of the K line is k . As the accelerating 

voltage is increased  

        [IIT-JEE (Screening) 2001] 

 

 

 

 

 

 (a) )( CK   increases (b) )( CK   decreases 

 (c) K  increases (d) K  decreases 

10. The figure represents the observed intensity of X-rays emitted by an 
X-ray tube as a function of wavelength. The sharp peaks A and B 
denote     [CBSE PMT 1995] 

 

 

 

 

 

 

 (a) Band spectrum (b) Continuous spectrum 

 (c) Characteristic radiations (d) White radiations 

11. The graph between intensity of light falling on a metallic plate (I) 
with the current (i) generated is [DCE 2001]  

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 

 

12. For a photoelectric cell the graph showing the variation of cut of 

voltage (V
o

) with frequency () of incident light is best represented 

by     [DCE 2001; MP PET 2003] 

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  
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13. The curve between current (i) and potential difference (V) for a 
photo cell will be 

 

 (a)  (b)  

 

 

 

 (c)  (d)  

 

 

 

 

14. The correct curve between the stopping potential (V) and intensity 
of incident light (I) is 

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 
 

15. The value of stopping potential in the following diagram  

 

 (a) – 4V 

 (b) – 3 V 

 (c) – 2V  

 (d) – 1 V 

16. In the following diagram if V
2

 > V
1

 then  

(a) 21    

(b) 21    

 (c) 21    

 (d) 21    

17. A point source of light is used in an experiment on photoelectric 

effect. Which of the following curves best represents the variation of 

photo current (i) with distance (d) of the source from the emitter 

 (a) a 

 (b) b 

 (c) c 

 (d) d  

18. According to Einstein’s photoelectric equation, the plot of the kinetic 
energy of the emitted photo electrons from a metal versus  the 
frequency, of the incident radiation gives a straight line whose slope   [AIEEE 2004] 

 (a) Is the same for all metals and independent of the intensity of 

the radiation 

 (b) Depends on the intensity of the radiation 

 (c) Depends both on the intensity of the radiation and the metal 

used  

 (d) Depends on the nature of the metals used 

19. The stopping potential )( 0V  versus frequency () plot of a 

substance is shown in figure the threshold wave length is  

 

 

 

 

 

 

 (a) m14105   

 (b) 6000Å 

 (c) 5000 Å  

 (d) Can not be estimated from given data 

20. Figure represents a graph of kinetic energy (K) of photoelectrons (in 
eV) and frequency (v) for a metal used as cathode in photoelectric 

experiment. The work function of metal is 
 

 (a) 1 eV  

 (b) 1.5 eV  

 (c) 2 eV  

 (d) 3 eV  

21. Figure represents the graph of photo current I versus applied 
voltage (V). The maximum energy of the emitted photoelectrons is 

 

 

 (a) 2eV 

 (b) 4 eV 

 (c) 0 eV 

 (d) 4 J  

22. The graph that correctly represents the relation of frequency  of a 

particular characteristic X-ray with the atomic number Z of the 
material is  

 

(a)  (b)  

 

 

 

 

 

 (c)  (d)  

 

 

 

23. The intensity distribution of X-rays from two coolidge tubes 

operated on different voltages V
1

 and V
2

 and using different target 
materials of atomic numbers Z

1

 and Z
2

 is shown in the figure. Which 
one of the following inequalities is true? 

 

(a) V
1

 > V
2

, Z
1

 < Z
2

  

(b) V
1

 > V
2

, Z
1

 > Z
2

  

(c) V
1

 < V
2

, Z
1

 > Z
2

  

(d) V
1

 = V
2

, Z
1

 < Z
2

  

24. The correct graph between the maximum energy of a photoelectron 

and the inverse of wavelength of the incident radiation is given by 
the curve  
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 (a) A  

 (b) B  

 (c) C  

 (d) None of the above 

25. The continuous x-ray spectrum obtained from a Coolidge tube is of 

the form 

 

 (a)  (b)  

 

 

 

 (c)  (d)  

 

 
 

26. The dependence of the short wavelength limit min  on the 

accelerating potential V is represented by the curve of figure 

 

 (a) A 

 (b) B 

 (c) C 

 (d) None of these 

27. The variation of wavelength   of the K  line with atomic number 

Z of the target is shown by the following curve of  

 (a) A 

 (b) B 

 (c) C 

 (d) None of these 

28. In the graph given below. If the slope is 151012.4  V-sec, then 
value of ‘h’ should be 

 

 

 

 

 

  

 (a) 31106.6   J-sec 

 (b) 34106.6  J-sec 

 (c) 31101.9   J-sec 

 (d) None of these 

29. The curves (a), (b) (c) and (d) show the variation between the 

applied potential difference (V) and the photoelectric current (i), at 

two different intensities of light (I
1

 > I
2

). In which figure is the 

correct variation shown  

 

 (a)  (b)  

 

 

 

 (c)  (d)  

 

 

 

30. The figure showing the correct relationship between the stopping 

potential V
0

 and the frequency  of light for potassium and tungsten 

is  

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 

31. The log-log graph between the energy E of an electron and its de-

Broglie wavelength   will be 

 

 (a)  (b)  

 

 

 

 (c)  (d)  

 

 

 

32. The graph between the square root of the frequency of a specific 

line of characteristic spectrum of X-rays and the atomic number of 

the target will be 

 

 

 (a)  (b)  

 

 

 

 

 

 (c)  (d)  

 

 

33. In the diagram a graph between the intensity of X-rays emitted by a 

molybdenum target and the wavelength is shown, when electrons of 

30 keV are incident on the target. In the graph one peak is of K  

line and the other peak is of K  line  
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 (a) First peak is of K  line at 0.6 Å  

 (b) Highest peak is of K line at 0.7 Å 

 (c) If the energy of incident particles is increased, then the peaks 

will shift towards left  

 (d) If the energy of incident particles is increased, then the peaks 

will shift towards right  

34. The maximum value of stopping potential in the following diagram 

is 

 

 (a) – 4V 

 (b) – 1V 

 (c) – 3V 

 (d) – 2V 

35. In a parabola spectrograph, the velocities of four positive ions P,Q,R 

and S are v
1

, v
2

, v
3

 and v
4

 respectively  

 (a) 4321 vvvv   

 (b) 4321 vvvv   

 (c) 4321 vvvv   

 (d) 4321 vvvv   

36. In Thomson spectrograph experiment, four positive ions P,Q,R and S 

are situated on Y-X curve a shown in the figure  

 

 

 

 

 

(a) The specific charge of R and S are same 

(b) The masses of P and S are same 

(c) The specific charges of Q and R are same 

(d) The velocities of R and S are same 

37. The slope of frequency of incident light and stopping potential 

graph for  a given surface will be  [MP PET 1999; 

MP PMT 2000; JIPMER 2001, 02; UPSEAT 2003] 

 (a) h (b) h/e  

 (c) eh (d) e  

38. From the figure describing photoelectric effect we may infer 

correctly that   [KCET 2005] 

 

 

 

 

 

 

(a) Na and Al both have the same threshold frequency 

(b) Maximum kinetic energy for both the metals depend linearly on 

the frequency 

(c) The stopping potentials are different for Na and Al for the 

same change in frequency 

(d) Al is a better photo sensitive material than Na 

 
 
 
 
 
 

Read the assertion and reason carefully to mark the correct option out of 
the options given below: 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 

1. Assertion  : The energy (E) and momentum (p) of a photon are 

related by cEp / . 

Reason  :  The photon behaves like a particle. 

[AIIMS 2005] 

2. Assertion  : Photoelectric effect demonstrates the wave nature 
of light. 

Reason  : The number of photoelectrons is proportional to 
the frequency of light. [AIIMS 2004] 

3. Assertion  : When the speed of an electron increases its specific 
charge decreases. 

Reason  : Specific charge is the ratio of the charge to mass.[AIIMS 2001] 

4. Assertion  :  X-ray travel with the speed of light. 

Reason  : X-rays are electromagnetic rays. 

[AIIMS 2001] 

5. Assertion  : Mass of moving photon varies inversely as the 
wavelength. 

Reason  : Energy of the particle 2light)of  (Speed  Mass   

[AIIMS 2000] 

6. Assertion  : Kinetic energy of photo electrons emitted by a 
photosensitive surface depends upon the intensity 
of incident photon. 

Reason  : The ejection of electrons from metallic surface is 
possible with frequency of incident photon below 
the threshold frequency. [AIIMS 1999] 

7. Assertion  : Separation of isotope is possible because of the 
difference in electron numbers of isotope. 

Reason  : Isotope of an element can be separated by using a 
mass spectrometer.  [AIIMS 1999] 

8. Assertion  : The specific charge of positive rays is not constant. 

Reason  : The mass of ions varies with speed. 

[AIIMS 1999] 

9. Assertion  : Photosensitivity of a metal is high if its work 
function is small. 

Reason  : Work function 0hf  where 0f  is the threshold 

frequency. [AIIMS 1997] 

10. Assertion  : The de-Broglie wavelength of a molecule varies 
inversely as the square root of temperature. 
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Reason  : The root mean square velocity of the molecule 

depends on the temperature. 

[AIIMS 1997] 

11. Assertion  :  An electron is not deflected on passing through 

certain region of space. This observation confirms 

that there is no magnetic field in that region. 

Reason  : The deflection of electron depends on angle 

between velocity of electron and direction of 

magnetic field.  

12. Assertion  : Electric conduction in gases is possible at normal 

pressure. 

Reason  : The electric conduction in gases depends only upon 

the potential difference between the electrodes. 

13. Assertion  : Light is produced in gases in the process of electric 

discharge through them at high pressure. 

Reason  : At high pressure electrons of gaseous atoms collide 

and reach and excited state. 

14. Assertion  : If different gases are filled turn by turn at the same 

pressure in the discharge tube the discharge in 

them takes place at the same potential. 

Reason  : The discharge depends only on the pressure of 

discharge tube and not on the ionisation potential 

of gas. 

15. Assertion  : An electric field is preferred in comparison to 

magnetic field for detecting the electron beam in a 

television picture tube. 

Reason  : Electric field require low voltage. 

16. Assertion  : The specific charge for positive rays is a 

characteristic constant. 

Reason  : The specific charge depends on charge and mass of 

positive ions present in positive rays. 

17. Assertion  : In Millikan's experiment for the determination of 

charge on an electron, oil drops of any size can be 

used. 

Reason : Millikan's experiment determine the charge on 

electron, by simply measuring the terminal velocity.  

18. Assertion  : In the process of photoelectric emission, all the 

emitted photoelectrons have the same kinetic 

energy. 

Reason  : The photon transfers its whole energy to the 

electron of the atom in photoelectric effect. 

19. Assertion  : In photoelectric effect, on increasing the intensity of 
light, both the number of electrons emitted and 
kinetic energy of each of them get increased but 
photoelectric current remains unchanged. 

Reason  : The photoelectric current depends only on 
wavelength of light. 

20. Assertion  : Though light of a single frequency 
(monochromatic) is incident on a metal, the 
energies of emitted photoelectrons are different. 

Reason  : The energy of electrons emitted from inside the 
metal surface is lost in collision with the other 
atoms in the metal. 

21. Assertion  : The threshold frequency of photoelectric effect 
supports the particle nature of sunlight. 

Reason  : If frequency of incident light is less than the 
threshold frequency, electrons are not emitted from 
metal surface. 

22. Assertion  : In photoemissive cell inert gas is used. 

Reason  : Inert gas in the photoemissive cell gives greater 
current. 

23. Assertion  : X-rays cannot be diffracted by means of grating. 

Reason  : X-rays does not obey Bragg's law. 

24. Assertion  : X-rays can penetrate through the flesh but not 
through the bones. 

Reason  : The penetrating power of X-rays depends on 
voltage. 

25. Assertion  : Intensity of X-rays can be controlled by adjusting 
the filament current and voltage. 

Reason  : The intensity of X-rays does not depend on number 
of X-ray photons emitted per second from the 
target. 

26. Assertion  : Anode of Coolidge tube gets heated up at time of 
emission of X-rays. 

Reason  : The anode of Coolidge tube is made of a material of 
high melting point. 

27. Assertion  : Penetrating power of X-rays increases with the 
increasing the wavelength. 

Reason : The penetrating power of X-rays increases with the 

frequency of X-rays. 

28. Assertion  : X-rays are used for studying the structure of 

crystals. 

Reason  : The distance between the atoms of crystals is of the 

order of wavelength of X-rays. 

29. Assertion  : The phenomenon of X-ray production is basically 
inverse of photoelectric effect.  

Reason  : X-rays are electromagnetic waves. 

30. Assertion  : Soft and hard X-rays differ in frequency as well as 
velocity. 

Reason  : The penetrating power of hard X-rays is more than 
the penetrating power of soft X-rays. 

 

 

 

 

 
 

Cathode Rays and Positive Rays 
 

1 b 2 b 3 d 4 b 5 d 

6 a 7 d 8 b 9 c 10 b 

11 c 12 b 13 d 14 b 15 d 

16 c 17 c 18 b 19 c 20 b 

21 b 22 c 23 c 24 d 25 c 

26 d 27 b 28 b 29 c 30 a 

31 a 32 c 33 a 34 a 35 b 

36 b 37 a 38 d 39 b 40 a 

41 c 42 d 43 d 44 c 45 b 

46 c 47 a 48 d 49 c 50 c 

51 c 52 b 53 b 54 b 55 d 

56 d 57 c 58 a 59 b 60 a 
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61 b 62 b 63 c 64 c 65 b 

66 b 67 a 68 a 69 d 70 b 

71 a 72 c       

 
Matter Waves 

 

1 b 2 c 3 a 4 a 5 a 

6 b 7 a 8 a 9 d 10 a 

11 b 12 a 13 c 14 b 15 b 

16 d 17 c 18 b 19 c 20 d 

21 b 22 c 23 a 24 a 25 b 

26 b 27 c 28 a 29 d 30 b 

31 a 32 b 33 c 34 a 35 a 

36 a 37 c 38 c 39 d 40 a 

41 d 42 d 43 d     

 
Photon and Photoelectric Effect 

 

1 d 2 d 3 c 4 a 5 a 

6 b 7 d 8 b 9 b 10 a 

11 b 12 b 13 b 14 c 15 a 

16 a 17 b 18 a 19 a 20 c 

21 d 22 c 23 b 24 a 25 a 

26 a 27 a 28 c 29 d 30 c 

31 c 32 a 33 e 34 a 35 d 

36 c 37 d 38 c 39 d 40 b 

41 a 42 c 43 d 44 d 45 d 

46 c 47 c 48 b 49 c 50 a 

51 a 52 b 53 d 54 b 55 a 

56 d 57 d 58 b 59 b 60 a 

61 c 62 b 63 b 64 c 65 a 

66 d 67 d 68 c 69 b 70 a 

71 d 72 a 73 c 74 c 75 b 

76 c 77 a 78 a 79 b 80 c 

81 b 82 d 83 c 84 c 85 b 

86 c 87 a 88 b 89 c 90 d 

91 a 92 a 93 a 94 b 95 c 

96 b 97 d 98 a 99 b 100 b 

101 a 102 d 103 a 104 b 105 b 

106 a 107 a 108 b 109 a 110 b 

111 c 112 b 113 a 114 c 115 c 

116 b 117 c 118 d 119 a 120 c 

121 c 122 c 123 b 124 a 125 a 

126 a 127 a 128 c 129 d 130 b 

131 d 132 b 133 c 134 d 135 c 

136 c 137 d 138 b 139 c 140 c 

141 a 142 d 143 b 144 d 145 b 

146 c 147 a 148 a 149 c 150 d 

151 d 152 b 153 a 154 c 155 a 

156 a         

 
X-Rays 

 

1 c 2 c 3 a 4 a 5 d 

6 b 7 a 8 b 9 c 10 c 

11 c 12 b 13 c 14 c 15 b 

16 c 17 b 18 c 19 d 20 a 

21 a 22 b 23 a 24 c 25 d 

26 a 27 d 28 c 29 b 30 b 

31 c 32 c 33 b 34 c 35 c 

36 d 37 a 38 d 39 d 40 c 

41 d 42 b 43 c 44 b 45 a 

46 c 47 a 48 d 49 c 50 b 

51 c 52 a 53 b 54 d 55 b 

56 d 57 d 58 c 59 a 60 a 

61 a 62 b 63 b 64 b 65 b 

66 a 67 b 68 d 69 d 70 d 

71 d 72 a 73 c 74 c 75 c 

76 d 77 b 78 a 79 d 80 a 

81 b 82 c 83 c 84 d 85 a 

86 d 87 a 88 d 89 c 90 b 

91 a 92 b 93 d 94 a 95 d 

96 d 97 b 98 b 99 d 100 c 

101 c 102 b 103 b 104 b 105 d 

106 a 107 d 108 d 109 b 110 c 

111 a         

 
Critical Thinking Questions 

 

1 b 2 c 3 b 4 abc 5 d 

6 b 7 b 8 c 9 b 10 d 

11 c 12 b 13 b 14 a 15 a 

16 d 17 acd 18 c 19 b 20 c 

21 d 22 a 23 c 24 c 25 b 

26 c 27 a 28 c 29 b 30 a 

31 c 32 c 33 c 34 d 35 b 

36 a 37 a 38 a 39 c   

 
Graphical Questions 

 

1 a 2 d 3 a 4 d 5 c 

6 b 7 a 8 b 9 a 10 c 

11 b 12 d 13 d 14 b 15 a 
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16 d 17 d 18 a 19 b 20 c 

21 b 22 c 23 a 24 a 25 a 

26 a 27 c 28 b 29 b 30 c 

31 c 32 b 33 b 34 a 35 a 

36 a 37 b 38 b     

 
Assertion and Reason 

 

1 a 2 d 3 b 4 a 5 b 

6 d 7 e 8 b 9 b 10 a 

11 e 12 d 13 d 14 d 15 d 

16 b 17 e 18 e 19 d 20 a 

21 b 22 a 23 c 24 b 25 c 

26 b 27 e 28 a 29 b 30 e 

 
 
 
 
 
 

Cathode Rays and Positive Rays 
 

1. (b) Electric field mV
d

V
/10000

105.2

250
2






. 

2. (b)  

3. (d) In Millikan's experiment, drops of non-volatile liquid (cloak oil) 
are used to prevent evaporation.  

4. (b) eVeeVE 1052    

5. (d) 519 10106.1  eVE J14106.1   

6. (a) Any charge in the universe is given by  

n

q
eneq   (where n is an integer)  

654321654321 :::::::::::: nnnnnnqqqqqq  

09.18:48.16:13.13:5.11:204.8:563.6

654321 ::::::: nnnnnn  

Divide by 6.563 

75.2:5.2:0.2:75.1:25.1:1 654321 ::::::: nnnnnn  

Multiplied by 4  

11:10:8:7:5:4 654321 ::::::: nnnnnn  

45

10967.73 19

654321

654321








nnnnnn

qqqqqq
e  

C1910641.1   
(Note : If you take 45.0743 in place of 45, you will get the 

exact value) 

7. (d) Because magnetic force always points perpendicular to the 
particle velocity. That is why velocity remains unchanged 

thereby keeping energy 






 2

2

1
mv  and momentum (mv) 

unchanged. 

8. (b)  

9. (c) Mass is basically a constant term for any physical application at 

low velocity. But in accordance with Einstein’s theory of 
relativity, at higher speeds the mass of the particle change 
according to formula 

 
)/(1 22

0

cv

m
m


  

10. (b) Refer Q.No. 9. Here the velocity of electron increases, so as per 
Einstein’s equation mass of the electron increases, hence the 

specific charge 
m

e
 decreases. 

11. (c) If the voltage given is V, then the energy of electron 

 
m

eV
veVmv

2

2

1
  

 7

31

19

10875.1
101.9

1000106.12











sm /109.1 7  

12. (b)  

13. (d) Momentum mvp   and 
m

QV
v

2
  

 QmVp 2  Qmp  
 m

m

me

me

p

p eee

22





  

14. (b) In an electric field, a force opposite to the direction of electric 

field acts on negatively charged particles (i.e. from lower 

potential to higher potential).  

15. (d)  

16. (c) 
Ve

mgd
n

E

mg
QmgQE   

 5
106.1102

109.010108.1
193

214











n  

17. (c)  

18. (b) In Millikan’s experiment, the charges present on the oil drops 

are the integral multiples, so 2e and )106.1(10 18 Ce   

charges are present. 

19. (c) sm
B

E
vevBeE /105.1

102

103 7

3

4








 

20. (b)  

21. (b) Charged particles trace a circular path in a perpendicular 

magnetic field. 

22. (c) kgC
m

e
/1076.1

101.9

106.1 11

31

19











 

23. (c)  

24. (d) Light consists of photons and cathode rays consists of 

electrons. However both effect the photographic plate. 

25. (c)  

26. (d)  

27. (b) For ionisation, high energy electrons are required. 

28. (b) .sec/40
5.0

20
m

B

E
v   

29. (c) Higher the voltage, higher is the KE.  Higher the work function, 

smaller is the KE. 
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30. (a) Time period of revolution of electron 
v

r
T





 22
  

 Hence corresponding electric current 
r

ev

T

e
i

2
  

 .1
105.014.32

102106.1
10

619

mAi 









 

31. (a) JoulesVQK 1719 106.1100106.1.    

32. (c) VeVolteVQK 111.   

33. (a) Kinetic energy  Potential difference 

34. (a) In discharge tube cathode rays (a beam of negative particles) 

and canal rays (positive rays) moves opposite to each other. 
They will experience a magnetic force in the same direction, if 
a normal magnetic field is switched on  

 

 

 

35. (b) 4
106.1

1035.6
19

19











e

Q
n  

36. (b)  

37. (a) When cathode rays strike the metal plate, they transfer their 
energy to plate. 

38. (d) Cathode rays are beam of electrons. 

39. (b) eVVeQVK   

40. (a) V
m

e

m

QV
vQVmv 








 2

2

2

1 2  

 smv /108200106.12 611  . 

41. (c) Speed of the cathode rays is smm /103sec/10 77   

42. (d) 
d

QV
mgmgQE   

43. (d)  

44. (c) In the condition of no deflection 
2

2

2VB

E

m

e
 If m is 

increased by 208 times then B should be increased 

4.14208  times 

45. (b) The colour of the positive column in a discharge tube depends 

on the type of gas e.g. For air, colour is purple red, for 2H , 

colour is Blue etc. 

46. (c)  

47. (a) sm
m

h

m

p
v /1025.7

10101.9

106.6 6

1031

34












 

48. (d) Cathode rays are stream of negative charged particle, so they 
deflect in electric field. 

49. (c) 
233

24

2

2

)102.1(105.22

)106.3(

2 




VB

E

m

e
 

 kgC /108.1 11 . 

50. (c) Specific charge 
m

q
 ; Ratio 

2

1

























m

m

q

q

m

q

m

q

p

p

p

. 

51. (c) 
B

E
v  ; where mV

d

V
E /10

101

1000 5

2






  

   smv /10
1

10 5
5

 . 

52. (b)  

53. (b)  

54. (b)  

55. (d) In Thomson’s mass spectrograph BE ||  

56. (d) 

57. (c) In the absence of electric field (i.e. E = 0) 

 rvmg 6                        …(i) 

 

 

  In the presence of Electric field  

 )2(6 vrQEmg     …(ii)  

 

 

 

 When Electric field to reduced to E/2 

   )'(62/ vrEQmg           …(iii) 

 After solving (i), (ii) and (iii) 

 We get vv
2

3
'  

58. (a) 
31

19

101.9

5.45106.122









m

eV
v sm /104 6  

59. (b) A
t

ne

t

Q
i 61914 108.28106.1108.1    

 A29  

60. (a) mmm pe    





























m

q

m

q

m

q

pe

 

61. (b) Acceleration 
 

m

Ee

m

QE
a

2

3
  

62. (b) 
2002

)104.8(

22

1 262
2






V

v

m

e
eVmv .1076.1 11

kg

C
  

63. (c) eVMeVVeVQK 210210)2(. 66   

64. (c) Positive rays consist of positive ions.  

65. (b) 
q

m
r

qB

mv
r  2

2
2    

q

m
 is maximum for C  

66. (b) sm
B

E
v /3750

103

10125.1
10

6











 

67. (a) Positive rays was discovered by J.J. Thomson. 

68. (a)  

mg 

D1 = 6rv  B 

– 

F 

+ 

F 

v 

D3 = 6r(2v) 

mg 

E/2 

QE/2 

mg 

D2 = 6r(2v) 

E 

D2 QE 
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69. (d) If electron oscillate with a frequency of 1 GHz, it does not 
radiate any energy, which corresponds a definite wavelength. It 
only radiate when it jump from one orbit to another orbit. 

70. (b) 
m

eV
v

m

eV
vmveV

22

2

1 22   

71. (a) 

72. (c) mgeE   
E

mg
e   11

6

6

1016
10

101016 





 C. 

 

Matter Waves 
 

1. (b)  

2. (c) According to de-Broglie hypothesis. 

3. (a) 
mv

h

p

h
  

4. (a) :
2mE

h

mv

h
  

2

2

2 m

h
E   

   is same for all, so 
m

E
1

 . Hence energy will be maximum 

for particle with lesser mass. 

5. (a) Particle is photon and it travels with the velocity equal to light 
in vacuum. 

6. (b) 
EmE

h

p

h 1
;

2
   (h and m = constant) 

7. (a) 
1

4
;

1

2

2

1

2211


m

m

v

v

vm

h

vm

h
  

8. (a) 
mE

h

mv

h
mEmvEmv

2
;2

2

1 2    

9. (d) natureDual 
nature WavenDiffractio

 nature Particle effectric Photoelect












 

10. (a) 
2

nh
mvr   According to Bohr’s theory 

   n
mv

h
nr 








2    for 1n , r 2  

11. (b) 
mE

h

2
   

m

1
   (E = same)  

12. (a) 
1

21

2


p

p

m

m

mmE

h 




   

13. (c) 
VQm

h

mE

h




22

  

On putting CQ 19106.12   

kgmm p
271067.144   Å

V

101.0
  

14. (b)  

15. (b) 
1

2

2

11

2 E

E

EmE

h





  

 12

1

2

10

10

4
105.0

10
EE

E

E









 

 Hence added energy 112 3EEE   

16. (d) 
1931

34

106.1801092

106.6

2 








mE

h
 Å4.1  

17. (c) 
mmv

h 1
   

18. (b) If an electron and a photon propagates in the from of waves 
having the same wavelength, it implies that they have same 

momentum. This is according to de-Broglie equation, 


1
p  

19. (c) 
pp

h 1
   

20. (d) In photoelectric effect particle nature of electron is shown. 
While in electron microscope, beam of electron is considered as 
electron wave. 

21. (b) 2
particle

2

1
mvK   also 

mv

h
  

 
 2

.
2

1 2
particle

vh
v

v

h
K 








                  ...(i) 

      


hc
K photon      ...(ii) 

 
8

3

1032

1025.2

2 8

8

photon

particle







c

v

K

K
 

22. (c) 3
1013.514.32

10

2
2

11

9









r
nnr




  

23. (a) By using 
vm

h

e

electron    
eem

h
v


  

./1025.7
10101.9

106.6 6

1031

34

sm









 

24. (a) By using 
mE

h

2
     E = 10–32 J = Constant for both 

particles. Hence 
m

1
  Since ep mm   so .ep    

25. (b) By using 
V

1
      

1

2

2

1

V

V





  

 2
150

60010

2

10





   

2

 = 0.5 Å. 

26. (b) 
rmsmv

h
  Å66.0

1031067.12

106.6
327

34











  

27. (c) 
p

1
    








p

p
   








p

p
  

  
400

1

100

25.00 
p

p
   p = 400 p

0 

. 

28. (a) 
T

neutron

1
     

1

2

2

1

T

T





   

   2
300

1200

)27273(

)927273(

2










    .

2
2


   

29. (d) 
m

E
mE

h 1

2
              ( constant) 

  pe mm   so pe EE   
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30. (b)  

31. (a) Wavelength of photon will be greater than that of electron 
because mass of photon is less than that of electron 

e  ph  

32. (b) 
2

2

22 


m

h
E

mE

h
   

2931

234

)103.0(101.92

)106.6(







 J181065.2   

eV8.16  

33. (c) 
mQmQV

h 1

2
   

pp

p

Qm

Qm 




  

22
24







pp

pp

Qm

Qm
 

34. (a) 
6

34

102

1063.6












h
p

p

h
 

sec/-1031.3 28 mkg  

35. (a) m
mv

h 37
34

103.3
20001

106.6 






  Å27103.3   

36. (a) 
1931

34

106.15101.92

106.6

2 








mE

h
  

Åm 47.510469.5 10    

37. (c) 
100106.1101.92

106.6

2 1931

34










mQV

h
  

 Å23.1  

38. (c) The De-Broglie wavelength is 
|||| I

h

p

h


||

1

I
   

39. (d) Davission and Germer proved the wave nature of electron by 
performing an experiment. 

40. (a) 
mE

h

2
   

E

1
 .   

41. (d) 
mE2


 ;

'

'

E

E







2

1

5.0










E

E
 E

E
E 4

25.0
'   

  The energy should be added to decrease wavelength. 

  EEE 3'   

42. (d) 

43. (d)  

 
Photon and Photoelectric Effect 

 

1. (d) 
h

pc

c

h
p  


34

829

106.6

103103.3







 Hz13105.1   

2. (d)  

3. (c) )103(102 1016  cpE
c

E
p .106 6 erg  

4. (a)  

5. (a) 


h
p  smkg /-103.1

)105000(

106.6 27

10

34










  

6. (b) 
c

E
p 

c

h
  

7. (d) 
2

2

c

h
mmchE


   

8. (b) 
h

pc

c

h

c

E
p  


 

9. (b) 
hc

P

t

n

t

nhc

t

W
P















834

3

103106.6

3001010







 

 31105.1   

10. (a) Momentum of photon 
c

E
p   

  Velocity of photon 
p

E
c   

11. (b) By using  
)(

12375
)(

Å
eVE


  

 ÅÅ 50009.4989
48.2

12375
   

12. (b) eV
hc

E 6

19

348

109.5
106.121.0

1062.6103 












 

13. (b) Momentum of photon  

  
10

34

10

106.6







h
p = 6.6  10–24 kg - m/sec.  

14. (c) eVE
E

E 5000)5.2('
5000

1

'

5.21



 

15. (a) JhE 191534 106.610106.6      

16. (a) Since 2mch  , hence 


 h

c

h
mcp   

17. (b) 
34

196

106.6

106.1101









h

E
hE  Hz20104.2   

18. (a) 
8

1334

103

105.1106.6








c

h
p


sec/-103.3 29 mkg  

19. (a) 
9

834

10450

1031062.6











hc
E J19104.4   

20. (c) 
34

19

106.6

106.166









h

E
hE  Hz151016   

21. (d) ;
1


E  also visibleinfrared    so  visibleinfrared EE   

22. (c) Energy of photon 


hc
E   (Joules) )(eV

e

hc


  

 
)(

12375

)(106.1

103106.6
19

834

)( ÅÅ
E
eV 











 

 


4.12

)(

37.12
)( 

Å
keVE  

23. (b)    3419 106.6106.1100hE  

 Hz161042.2  . 

24. (a) smkg
h

p /.105.1
104400

106.6 27

10

34
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 and mass kg
c

p
m 36

8

27

105
103

105.1 






  

25. (a)  

26. (a)  

27. (a) 
E

hchc
E  


 

28. (c)  

29. (d) 
19

61234

106.1

1010100.6
)(










e

h
eVE


eV31014.4  . 

30. (c) 
1

2

2

11




 

n

n

n
nhE . 

31. (c) According to Einstein's photoelectric equation. 

32. (a) Kinetic energy of photoelectrons depends on the frequency of 

incident radiations and is independent of the intensity of 

illumination. 

33. (e) In this case, for photoelectric emission the wavelength of 

incident radiations must be less then Å5200 . Wavelength of 

ultraviolet radiations is less then this value (5200 Å) but 

wavelength of infrared radiations is higher than this value. 

34. (a) Frequency of light of wavelength )4000( Å  is 

15

10

8

1075.0
104000

103










c
 which is less than 

the given threshold frequency. Hence no photoelectric 

emisssion takes place.  

35. (d) Refer to the application of photo-cell. 

36. (c) Albert Einstein was awarded Nobel Prize in 1921 for discovering 

the photoelectric effect. 

37. (d)  

38. (c) Energy of incident light eVeVE 72.3
3320

12375
)(   

     )3320332( Ånm   

 According to the relation 00 eVWE   

 
e

eVeV

e

WE
V

07.172.3)( 0
0





 .65.2 Volt  

39. (d)  

40. (b) );( 0max WhK       frequency of incident light. 

41. (a) Refer to threshold frequency. 

42. (c) ÅeVW 2955
2.4

1237512375
)( 0

0

0  


 

43. (d) Intensity  (No. of photons)  (No. of photoelectrons) 

44. (d) eVEKWE 125.4
3000

12375
;max0   

 eVeVeVWEK 125.31125.40max   

 Jmv 192
max 106.1125.3

2

1   

 
31

19

max
101.9

106.1125.32







 v sm /101 6  

45. (d) Retarding potential )( 00  
e

h
V  

46. (c)  

47. (c) 19

10

834

0max 106.1
106400

103104.6 









 W

hc
K


 

   J19104.1   

48. (b) )()()( 0max eVWeVEeVK  eV22.42.6   

  )(max JoulesK JJ 1919 102.3106.12     

49. (c) Since 
0

0


hc
W  ; 

T

Na

Na

T

W

W






)(

)(

0

0  or 

T

NaNa
T

W

W

)(

)(

0

0



 Å2791
5.4

3.25460



  

50. (a) eVeVWEK 4.1)24.3()( 0max   

51. (a) Energy of incident light  eVE 18.6
2000

12375
  

According to relation 00 eVWE   

e

eVeV

e

WE
V

)01.518.6()( 0
0





 VV 2.117.1   

52. (b) .87.1
6600

12375
0 eVW   

53. (d)  

54. (b) 1434 100.11064.6  hE J201062.6   

55. (a) Number of photons emitted per second 

 31

334

3

1072.1
10880106.6

1010







h

p
n  

56. (d) Number of ejected electrons
2)Distance(

1
)(Intensity   

Therefore an increment of distance two times will reduce the 

number of ejected electrons to th
4

1
of the previous one. 

57. (d) According to Einstein's photoelectric equation 

 max0 KWE   









0

0

11

e

hc
V  

 Hence if  decreases 0V  increases. 

58. (b) eV
Å

W 28.2
5420

12375

)(

12375

0

0 


 

59. (b) Number of electrons can be measured which are directly 

proportional to the intensity of radiation. 

60. (a) 0max WhK   191434 102.3108106.6    

 J19101.2   

61. (c)  

62. (b) 













)(

1

)(

1
12375)(

0

max
ÅÅ

eVK


 

 









2000

1

1000

1
12375  eV2.6    

63. (b) Stopping potential does not depend on the relative distance 
between the source and the cell. 

64. (c)  
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65. (a) Energy of incident light eVeVE 09.3
4000

12375
)(   

Stopping potential is – 2V  so eVK 2max   

Hence by using max0 KWE  ; W
0

eV09.1 eV1.1  

66. (d) 2
max0

2

1
mvW

hc



 

Assuming 0W  to be negligible in comparison to 


hc
 

i.e. 


11
max

2
max  vv . 

(On increasing wavelength  to 4, v
max

 becomes half). 

67. (d) 
34

19
0

000
106.6

106.151.2









h

W
hW   

   .sec/1008.6 14 Cycle  

68. (c)  

69. (b)  

70. (a) By changing distance of source, photoelectric current changes. 
But there is no change in stopping potential. 

71. (d) Hz
h

W 14

34

19
0

0 108
106.6

106.13.3











   

72. (a) For no emission of photoelectron, energy of incident light < 

Work function 
h

h


   

73. (c) Number of electrons emitted   intensity 
2)distance(

1
 

  4
1

2
2

1

2

2

1 























d

d

n

n
 

4

1
2

n
n   

74. (c) 0W
hc

E 


 and 0
'

2 W
hc

E 


  

  























EW

EW

WE

WE

/2

/1
'

2

'

0

0

0

0 



  

  Since 
2

1

)/2(

)/1(

0

0 




EW

EW
 so 

2
'


   

75. (b) Stopping potential 









0

0

11

e

hc
V . As   decreases so 

0V  increases. 

76. (c) Å
Å

eVW 3000
125.4

12375

)(

12375
)(. 0

0

 


 

77. (a) Intensity increases means more photons of same energy will 
emit more electrons of same energy, hence only photoelectric 
current increases. 

78. (a) eVEKWE 475.2
5000

12375
;max0    

eVWEK 57.09.1475.20max   

79. (b)  

80. (c) nmÅ
W

hc
3103100

4

12400

0

0   

81. (b)  eVVK s ||max   VVs 4||   

82. (d) Threshold wavelength Å8.5892
1.2

12375
0   

83. (c) 
834

10

103106.6

105000100.










hc

P

t

n

t

nhc
P




 

  201050.2   

84. (c) 00maxmax0 WhWEKKWE    

01 WhK    and 02 2 WhK    12 2KK   

85. (b) Work function
0

hc
 ; where 0  is threshold wavelength.  


1

2

10

0

0

0 2

2

1 




W

W
 

86. (c) JJ
hc

W 19

10

834

0

0 104
105000

10310625.6 












 

87. (a) The work function has no effect on current so long as 

0Wh  . The photoelectric current is proportional to the 

intensity of light. Since there is no change in the intensity of 

light, therefore 21 II  . 

88. (b) Number of photons emitted is proportional to the intensity. 

Also EW
hc

 0


. 

89. (c) Photoelectric current  Intensity of light 

90. (d) V
e

eVeV

e

WE
V 4.1

)6.02()( 0
0 





  

91. (a) gyr   . Here threshold wavelength y . 

92. (a) For electron emission 0incident    

93. (a) .2)||( 0max eVeVVK   

94. (b) Threshold wavelength for Na, ÅNa 5.6187
2

12375
  

 Also 75.3093
4

12375
Cu  

 Since ÅNa 4000 ; So Na is suitable.  

95. (c) By using max0 KWE   

 eVE 475.2
5000

12375
  and eVeVK 36.10max   

 So eVWW 1.136.1475.2 00  . 

96. (b) For emission of electrons incident energy of each photon must 
be greater than work function (threshold energy). 

97. (d) maxK  of photoelectrons doesn’t depends upon intensity of 

incident light. 

98. (a) By using 2
max0

2

1
mvWE   where eVE 18.6

2000

12375
  

2
max

2

1
2.418.6 mveVeV   2

max
2

1
98.1 mveV   

  2
max

3119 101.9
2

1
106.198.1 v   

 smv /104.8 5
max   

99. (b) By using 2
max0

2

1
mvWE  ; where eVE 71.2

4558

12375
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 2
max

31101.9
2

1
5.271.2 veVeV    

 2
max

3119 101.9
2

1
106.121.0 v   

 smv /1065.2 5
max   

100. (b) max0 KWE        …..(i) 

 AA KWhf        …..(ii) 

 and BABB KWKWhf  22      














2

1

B

A

W

W
  

 Dividing equation (i) by (ii) 

 
2

1

22

1







B

A

BA

AA

K

K

KW

KW
 

101. (a)  

102. (d) Stopping potential depends upon the energy of photon 

103. (a) Å
eVW

4125
3

12375

)(

12375

0

0   

104. (b) With decrease in wavelength of incident photons, energy of 
photoelectrons increases. 

105. (b)  

106. (a) By using 2
0

2

1
mvW

hc



 

 2
09 2

1

10400
mvW

hc






  …..(i) 

 and 2
09

)2(
2

1

10250
vmW

hc


 
  …..(ii) 

 On solving (i) and (ii) 

 














 99

2

10400

1

10250

1

32

1 hc
mv  …..(iii) 

 From equation (i) and (iii) JhcW 6
0 102  . 

107. (a) voltVeVeVeVeVWE 224 0000   

108. (b)  

109. (a) eVW 8.1
6800

12375
0   

110. (b) With the increase in intensity of light photoelectric current 
increases, but Kinetic energy of ejected electron, stopping 

potential and work function remains unchanged.  

111. (c) eVJhE 331028.5108106.6 181534    By 

using 0maxmax0 WEKKWE 

 eV27125.633   

112. (b) Å
W

5.6187
2

1237512375

0

 nm620   

113. (a) Minimum kinetic energy is always zero. 

114. (c) Speed of photon is sm /103 8  in vacuum. 

115. (c) Minimum frequency : 00 hW    

  Hz
h

W 14

34

19
0

0 104
106.6

106.165.1











  

116. (b) By using max0 KWE  0max WEK   

 Hence, 5.05.011 K  

 and 
4

1
25.05.2

2

1
2 

K

K
K . 

117. (c) 
1

2

3.2

5.4

)(

)(1

10

20

2

1
0 

W

W
W






. 

118. (d) 0max eVK    eVeV 40   VV 40   

119. (a) Number of photo electrons  

 (N)  Intensity 

2

1

2

2

1

2

1















d

d

N

N

d
 

 
41

4

50

100 1
2

2

2

1 N
N

N

N









 . 

120. (c) 
16.198

103106.6
10

834
3






n

t

nhc

t

W
P


 

3010 n . 

121. (c) 
110540

103106
100

9

834








n

t

nhc
p


 20103n   

122. (c) 0max0
2
max 2

2

1
V

m

e
veVmv 








  

./108.19108.12 611 sm  

123. (b) max0 KW
hc




A

A

KW
hc

 0


                ...(i) 

 and B

B

KW
hc

 0


                         ...(ii) 

 Subtracting (i) from (ii), AB

AB

KKhc 










11
 

  AB

BB

KKhc 









 2

11
 AB

B

KK
hc


2

 ...(iii) 

 From (ii) and (iii), BAB KWKK  022  

 02 WKK AB   

 
22

0WK
K B

A   which gives 
2

B
A

K
K  . 

124. (a) eVeV 29.1
6500

12375
0  . 

125. (a) rayUVrayX     

126. (a) max00max0 )4( KhhKhE   0max 3 hK  . 

127. (a)  

128. (c) ÅW 5380
3.2

12375
0  . 

129. (d) 

130. (b) Using Einstein photoelectric equation max0 KWE    

 2
101

2

1
mvWhf     …..(i) 

 2
202

2

1
mvWhf     …..(ii)  
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 )(
2

1
)( 2

2
2
121 vvmffh  )(

2
)( 21

2
2

2
1 ff

m

h
vv   

131. (d)  

132. (b) By using 0

0

11
V

e

hc

















 

 8.4
11

0















e

hc
   …..(i)  

 and 6.1
1

2

1

0















e

hc
   …..(ii) 

 From equation (i) by (ii), 




4

6.1

8.4

1

2

1

11

0

0

0
































. 

133. (c)  

134. (d) max0 KWE  . From the given data E is 6.78 eV (for = 

1824 Å )  or eV17.10 (for Å1216 )  

 eVKEW 48.13.578.6max0   

  or  

    .47.17.817.100 eVW   

135. (c) 
6000

40001032.3

2

19

2

1

2

1 





EE

Ehc
E






 

 .1.31098.4 19
2 eVJE    

136. (c) Number of waves 4

10

3

1025.0
104000

10









 

137. (d) Velocity of photon c  

138. (b) ÅÅ 18001813
825.6

12375
0   

139. (c) Work function 1534
00 106.1106.6  hW  

    J1810056.1  eV6.6  

 From 0maxmax0 WEKKWE  eV4.1  

140. (c) 


hc
E

h
P  ,  .PcE   

141. (a) 
1

2

150

300

2

1 
E

Ehc
E


 

142. (d)  

143. (b) If frequency of incident light increases, kinetic energy of 

photoelectron also increases. 

144. (d) Photoelectric effect can be explained on the basis of spectrum 

of an atom. 

145. (b) eVW 28.2
5420

1237512375

0

0 


 

146. (c)  

147. (a) eVeVE 5.247.2
5000

1237512375



 

148. (a) Momentum 222 cpE
c

E
p   

149. (c) Energy of incident radiations (in eV) eV01.3
4100

12375
  

Work function of metal A and B are less then eV01.3 , so A 
and B will emit photo electrons.   

150. (d) From 2
max0

2

1
mvWE   

 2
100

2

1
2 mvhh     2

10
2

1
mvh         .....(i) 

and 2
200

2

1
5 mvhh     2

20
2

1
4 mvh     .....(ii) 

 Dividing equation (ii) by (i) 
1

4
2

1

2 













v

v
 

   smvv /10810422 66
12   

151. (d) Number of photoelectrons  
2)Distance(

1
. 

152. (b) The value of saturation current depends on intensity. It is 
independent of stopping potential  

153. (a) In tungsten, photoemission take place with a light of 

wavelength 2300 Å. As emission of electron is inversely 
proportional to wavelength, all the wavelengths smaller then 

2300 Å will cause emission of electrons. 

154. (c) Stopping potential = .6.02.18.1 eVeVeV   

155. (a)  

156. (a)  0..  hhEK 























eVeV
19

1534

106.1

106.1106
8  

 = eVeVeV 268   
 

X-Rays 
 

1. (c) ÅÅ 25.0247.0
1050

12375
3min 


 . 

2. (c) X-rays are electromagnetic waves of wavelength ranging from 

0.1 to .100 Å  

3. (a) Penetrating power is greater for lower wavelength. 

4. (a)  

5. (d) From the formula 

   
3094.0

1237512375

min




V kVkV 4099.39   

6. (b) Refer to the application of X-rays. 

7. (a)  

8. (b)  

9. (c)  

10. (c) The voltage applied across the X-ray tube is of the range of 10 

kV – 80 kV. 

11. (c)  

12. (b) In X-ray tube, target must be heavy element with high melting 
point. 

13. (c) 22 )()( bZabZ    

 Z = atomic number of element (a, b are constant). 

14. (c)  
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15. (b) X-rays and gamma rays are electromagnetic waves. 

16. (c) Since Å
V

12375
min  ÅÅ 123.0

10

12375
5

  

  ;
min

max


hc
E   

 On putting the values. .10 1
max MeVE   

17. (b) .min
eV

hc
  where h, c and e are constants. Hence 

V

1
min   

18. (c) Range of X-rays is 0.1Å to 100 Å.  

19. (d) The production of X-rays is an atomic property whereas the 

production of  -rays is a nuclear property. 

20. (a) Å30.0
000,40

12375
min   Hence wavelength less than 0.30 

Å is not possible. 

21. (a) 
eV

hc
min  

22. (b) 
10

34

1001.0

106.6











h
p sec/-106.6 22 mkg . 

23. (a) X-rays are absorbed by the target; they are not reflected by the 
target. 

24. (c)  

25. (d)  

26. (a)  

27. (d)  

28. (c)  

29. (b) Continuous spectrum of X-rays consists of radiations of all 
possible wavelength range having a definite short wavelength 
limit. 

30. (b) 
t

h
P

t

E 
  

 i.e. Penetrating power  energy  Frequency 

31. (c) In general X-rays have larger wavelength than that of gamma 
rays. 

32. (c) According to Mosley's law 2)( bZa   and 



1

  

33. (b) VeVhE    

34. (c) 
h

eV
heVE  maxmax   

35. (c) 
min

max



hc

heVE   
eV

hc
 min  

36. (d) 
eV

hc
min  or 

V

1
min   On increasing potential, min  

decreases. 

37. (a) eVh o  Hz
h

eV
o

19

34

19

10
1063.6

42000106.1











  

38. (d) Nucleus of heavy atom captures electron of k-orbit. This is a 
radioactive process, so vacancy of this electron is filled by an 
outer electron and x-rays are produces. 

39. (d) Because they are electromagnetic waves. 

40. (c) 
min

max

1


   Hard X-rays have high frequency and low 

wavelength. 

41. (d) X-rays are electromagnetic in nature so they remains unaffected 
in electric and magnetic field.  

42. (b)  

43. (c)  

44. (b) X-rays have high energy. They penetrate into the solid crystal 
and used to find out the internal structure.  

45. (a) By changing the filament current with the help of rheostat, 
thermionic emission intensity of X-rays can be changed. 

46. (c) Applied voltage must be greater than binding energy. 

47. (a)  

48. (d) ÅÅ 31.0309.0
)1040(

12375
3




  

49. (c)  

50. (b) Å
VeV

hc 12375
min   ÅÅ 5.0495.0   

51. (c) ;
12375

min Å
VeV

hc
  kV

Å
V 124

in

12375



 

52. (a) Mosley's law is 2)( bZaf   

53. (b) The potential difference across the filament and target 
determines the energy and thence the penetrating power of X-
rays. 

54. (d) The energy of X-ray photon obtained from a coolidge tube by 

an electronic transition of target atom such as K  line is 

obtained from transition from L orbit in K orbit. 

55. (b) Å
V

4.0
1030

1237512375
3min 


  

56. (d) ÅÅ 124.0
10100

12375
3min 


  

57. (d) nm025.0
50000

12375
min      

58. (c)  

59. (a) Refer theory 

60. (a) With the increase in potential difference between anode and 

cathode energy of striking electrons increases which in turn 
increases the energy (penetration power) of X-rays. 

61. (a)  

62. (b)  

63. (b) The wavelength range of X-ray is 0.1 Å – 100 Å.  

64. (b) Energy 



c

hhE   
1

5000

1

2

2

1 




E

E
  

65. (b)  

66. (a) Interatomic spacing in a crystal acts as a diffraction grating. 

67. (b) The wavelength of the -rays is shorter. However the main 

distinguishing feature is the nature of emission. 

68. (d) eVh max  eV
hc


min

 
V

1
min    
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69. (d) Hard X-rays are of higher energy and the energy of X-rays 

depends on the potential difference between the cathode and 

the target. 

70. (d) Penetration is directly proportional to the energy of radiations. 

71. (d) Greater the number of electrons striking the anode, larger is 

the number of X-ray photons emitted. 

72. (a) VVÅ
V

12375
1

1237512375
min   

kVkV 42.12375.12   

73. (c)  

74. (c)  

75. (c) .5.77500
65.1

12375
)( keVeVeVE   

76. (d)  

77. (b)  

78. (a) mÅ 8
min 1009.3

40

12375   

79. (d) Target should be of high atomic number and high melting 

point 

80. (a) Intensity of X-rays depends upon the number of electron 

striking the target. 

81. (b) eV
e

hc
eVE 12375

101106.1

103106.6
)(

1019

834












 

82. (c) When applied voltage is greater then energy of K-electron, 

continuous and all characterstic X-rays are emitted. 

83. (c)  

 

 
 

84. (d) When current through the filament increases, number of 

emitted electrons also increases. Hence intensity of X-ray 

increases but no effect on penetration power. 

85. (a) sec
e

i

t

N

t

Ne
i /102

106.1

102.3 16

19

3











 

86. (d)  

87. (a) Because X-rays are electromagnetic (Neutral) in nature. 

88. (d) 
VeV

hc
19

834

min
106.1

1036.6







 Å

VV

1240012375
  

89. (c) Frequency of hard X-rays is greater than that of soft X-rays. 

90. (b)  

91. (a) kVVÅ
V

30
4125.0

1237512375
min   

92. (b)  

93. (d)  

94. (a) ÅÅ 31.0309.0
1040

12375
3min 


  

95. (d) 
319

834

min
10100106.1

103106.6










eV

hc
  Å123.0  

96. (d) According to Mosley’s law 2)( bZ   

 For k  line, ,1b  and it has maximum frequency so 

2
max )1(  Z  

97. (b) The velocity of X-rays is always equal to that of light. 

98. (b)  

99. (d) Å
V

12375
min 

5.2

12375
 V = 4950 V ≃ 5 kV.  

100. (c) ;
(energy)

min
eV

hc
  when KE  (or )eV  increases,   

decreases. 

101. (c)  

102. (b) When a high energy electron incident on heavy metal, it 
produces X-rays. 

103. (b) Hz
c 18

10

8

103
101

103








  

104. (b) 2

22

11
Z

Z

c

Z
 


  

105. (d)  

106. (a) 
10

834

105.1

1031063.6











hc
eV  

1019

834

105.1106.1

1031063.6







 V  =8280 Volt.   

107. (d)  

108. (d)  

109. (b) Required ionisation  energy  

 
10

834

1054.1

103106.6











hc
J 16109.12  J 

110. (c) 
2)1(

1




Z


2

2

1

1

2

1

1



















Z

Z




 

 

22

2

28

42

129

143


























   

4

9
2  . 

111. (a)  
 

Critical Thinking Questions 
 

1. (b) For one second, distance = Velocity = sec/103 4 m  and 

CiQ 6101  . Charge density
Volume

Charge
  

  35

64

6

/106.6
105.0103

10
mC








 . 

2. (c) By law of conservation of momentum 

  221122110 vmvmvmvm   

 – ve sign indicates that both he particles are moving in 
opposite direction. Now de-Broglie wavelengths 

 
11

1
vm

h
  and 

22

2
vm

h
 ; 1

11

22

2

1 
vm

vm




 

3. (b) 
E

hc
photon   and 

mE

h

2
proton   

n=4 

n=3 

n=2 

n=1 
k  k  k  
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E

m
c

2

electron

photon





 

E

1

electron

photon





  

4. (a,b,c) K
max 

= E – W
0

 

   T
A

 = 4.25 – (W
0

)
A

   ...(i)  

  T
B

 =(T
A

– 1.5)= 4.70 – (W
0

)
B

  ...(ii) 

  Equation (i) and (ii) gives (W
0

)
B 

– (W
0

)
A

 = 1.95 eV 

  De Broglie wave length 
mK

h

2


K

1
   

   
B

A

A

B

K

K





 

5.1
2




A

A

T

T
  T

A

 = 2eV 

  From equation (i) and (iii)  

 W
A 

= 2.25 eV and W
B

 = 4.20 eV. 

5. (d)  

6. (b) In the presence of inert gas photoelectrons emitted by cathode 
ionise the gas by collision and hence the current increases.  

7. (b) For electron and positron pair production, minimum energy is 
1.02 MeV. 

Energy of photon is given 1.7  10-3 J 
19

13

106.1

107.1







  

= 1.06 MeV. 

Since energy of photon is greater than 1.02 MeV,  

So electron, positron pair will be created.  

8. (c) According to Einstein’s photoelectric equation 

  

2/1

2 )(2

2

1







 







 m

hc
vmv

hc
 

9. (b) Cut off voltage is independent of intensity and hence remains 
the same. Since distance becomes 3 times, so intensity (I) 

becomes .
9

I
 Hence photo current also decreases by this factor 

i.e. becomes .2
9

18
mA  

10. (d) 2
max

0

2
max0

2

1

2

1
mv

hchc
mvWh 


  

  2
max

0

0

2

1
mvhc 












 

















 


0

0
max

2





m

hc
v  

  When wavelength is   and velocity is v, then 

  











 


0

02





m

hc
v    …. (i) 

  When wavelength is 
4

3
 and velocity is v’ then 

  













0

0

)4/3(

)4/3(2
'





m

hc
v   ….(ii) 

  Divide equation (ii) by (i), we get 

  














0

0

0

0

4

3

)]4/3(['

v

v
 

  

















0

0

2/1
)]4/3([

3

4
' vv  i.e. 

2/1

3

4
' 








 vv  

11. (c) Intensity of light  

  
A

nhc

Area

W att
I    Number of photon 

hc

IA
n


  

   Number of photo electron = 
hc

IA


100

1
 

  12

834

94

105.1
103106.6

10300101

100

1











     

12. (b) By using max0 Khh    

  101 )( Kh      ….(i) 

  And 202 )( Kh     ….(ii) 

  
KK

K 1

2

1

02

01 








, Hence 

1

21
0






K

K 
 . 

13. (b) 00 eVWE   

  For hydrogen atom, eVE 6.13  

   + 13.6 = 4.2 + eV
0

  

   V
e

eV
V 4.9

)2.46.13(
0 


  

  Potential at anode = – 9.4 V 

14. (a) From 
0

0

12375

W
   

  The maximum wavelength of light required for the 

photoelectron emission, ÅLi 5380
3.2

12375
)( 0  .  

Similarly 
4

12375
)( 0 Cu = 3094 Å. 

Since the wavelength 3094 Å does not in the visible region, but 
it is in the ultraviolet region. Hence to work with visible light, 
lithium metal will be used for photoelectric cell. 

15. (a) Direction of scattered photon 
h

cme



 1cos  

  Here Å011.0  

  
34

83110

10624.6

103101.910011.0
1cos








   

               547.0453.01    

  )547.0(cos 1  

16. (d) Bragg's law,  nd sin2  or 
n

d 


sin2
  

  For maximum wavelength, 1)(sin,1 maxmin  n  

  d2max   or Åcm 20102 7
max     

17. (a,c,d) WVIP 100010201050 33    

  Power converted into heat = 990 W 

  sec/2990 CTTms o  

  Now eV
hc


min

m
eV

hc 10
min 10248.0   

18. (c) The wavelength of X-ray lines is given by Rydberg 
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  Formula 















2
2

2
1

2 111

nn
RZ


 

  For K  line, 11 n  and 22 n  

  









4

31 2RZ


 

2/1

3

4










R
Z  

  

2/1

1017 )1076.0()10097.1(3

4












 mm
= 39.99  40 

19. (b) If intensity of X-ray is decreased by dI, when it passes through 
a length dx of absorbing material then, the amount of observed 

intensity is I dx. 

Thus, – dI = I dx   or 0 I
dx

dI
  

On solving this equation I = I
0

e– 


x =I
0

e–


d    (x =d) 

20. (c) 


hc
EE LK  eV

)106.1()10021.0(

)103()106.6(
199

834








 =59keV 

21. (d) Minimum wavelength of continuous X-ray spectrum is given by  

155.0
1080

1237512375
Å) in(

3min 



E(eV)

  

  Also the energy of the incident electrons (80 KeV) is more than 
the ionization energy of the K-shell electrons (i.e. 72.5 KeV). 
Therefore characteristic X-ray spectrum will also be obtained 
because energy of incident electron is enough to knock out the 
electron from K or L shells.   

22. (a) The wave length of L line is given by 

  
222

2

)4.7(

1

3

1

2

1
)4.7(

1













Z
zR 


 

  
2

1

2
2

2

1

)4.7(

)4.7(






z

z




2

2

2 )4.778(

)4.742(30.1







Å41.52   

23. (c) de-Broglie wavelength 
rmsmv

h
 , rms velocity of a gas 

particle at the given temperature (T) is given as  

  kTmv rms
2

3

2

1 2 
m

kT
vrms

3
 Tmkmv rms 3  

   
mkT

h

mv

h

rms 3
  

  
3

8

)27273(2

)127273(4







HH

HeHe

He

H

Tm

Tm




 

24. (c) 
hc

E
n




11

834

97

101
103106.6

10200101











 

 Number of electrons ejected 8

3

11

10
10

10
  

  V
r

q
V 3

108.4

109)106.110(

4 2

9198

0












 

25. (b) The momentum of the incident radiation is given as 


h
p  . 

When the light is totally reflected normal to the surface the 
direction of the ray is reversed. That means it reverses the 
direction of it’s momentum without changing it’s magnitude  

 
10

34

106630

106.622
2












h
pp = 2  10–27 kg-m/sec.  

26. (c) When a charged particle (charge q, mass m) enters 
perpendicularly in a magnetic field (B) than, radius of the path 

described by it qBrmv
qB

mv
r  .  

Also de-Broglie wavelength 
mv

h
  

 
qBr

h


2

1










rq

rq pp

p

 

27. (a)  111
1

1  a
v

f


 and  1
2

2  Za
v

f


 

  By dividing, 
1

10

1

2




Z




1

10

1

4




Z
 Z = 6  

28. (c) K.E.= 2 E
0

– E
0

 = E
0

  (for 0  x  1)   

0

1
2 Em

h
  

  K.E. = 2 E
0

 (for x > 1)  

0

2
4 Em

h
 .2

2

1 



 

29. (b) Given m
0

c2 = 0.51 MeV and v = 0.8 c  

  K.E. of the electron = mc2– m
0

c2  

  But 
6.036.08.0

11

00

2

0

2

2

0 mm

c

c

m

c

v

m
m 















  

  Now, 
6.0

51.02 mc  MeV = 0.85 MeV 

   K.E. = (0.85 – 0.51)MeV = 0.34 MeV.  

30. (a) The deflection suffered by charged particle in an electric field is 

mp

ELDq

um

ELDq
y

/22
     (p =mu) 

   
2p

qm
y    y

p

 : y
d

 : y 222
::





p

mq

p

mq

p

mq

d

dd

p

pp
   

  Since p = p
d

 = p
p

  (given) 

  m
p

 : m
d

 : m = 1 : 2 : 4 and q
p

 : q
d

 : q = 1 : 1 : 2  

   y
p

 : y
d

 : y = 1 1 : 1  2 : 2  4 = 1 : 2 : 8   

31. (c) Using ;2 y
m

q
kZ 








  where 

E

LDB
k

2

 . For parabolas to 

coincide in the two photographs, the 
m

qk
 should be same for 

the two cases. Thus,  
22

2
2

11

2
1 )2(

mE

eLDB

mE

LDeB
  

   
2

1

1

2

2

2

1

2

1 




























E

E

B

B

m

m

4

9

2

1

1

2

4

9
  

32. (c) According to the energy diagram of X-ray spectra  

  


hc
E 

E


1
  

  (E = Energy radiated when e– jumps from, higher energy orbit 
to lower energy orbit)  



 

 Electron, Photon, Photoelectric Effect and X-Rays 1437 

  
 Lkk EEE )()()(      

  Also 
 Lkk EEE )()()(   

  
  


hchchc

  


111
 

33. (c) By using ;
A

P
I    where P = radiation power 

   AIP   IA
t

cnh



 

hc

IA

t

n 
  

  Hence number of photons entering per sec the eye 

834

7610

103106.6

106.51010

















t

n
= 300. 

34. (d) min

 K  When V is halved min  becomes two times 

but 


K remains the same. 

        min2' 

 K aK  )(2  

        )(2'    

35. (b) Energy of photons corresponding to light of wave length 
1

 = 

2475 Å is .5
2475

12375
1 eVE   

  and that corresponding to 
2

 = 6000 Å is  

  eVE 06.2
6000

12375
2   

  As E
2

 < W
0

 and E
1

 > W
0

 

  Photoelectric emission is possible with 
1

 only. Maximum 
kinetic energy of emitted photoelectrons K = E – W

0

 = 5 – 4.8 = 
0.2 eV.  

  Photo electrons experiences magnetic force and move along a 
circular path of radius  

  
519

1931

103106.1

106.12.010922









BQ

mk
r  

  = 0.05 m = 5 cm.  

36. (a) Number of photoelectrons emitted up to t = 10 sec are  

610

Time)(Area time)unitper                             

 area unit per of photonsNumber (


n  

    7416

6
105)]10()105()10[(

10

1
   

At time t = 10 sec  

Charge on plate A ; q
A

 = +ne = 5  107  1.6  10–19  

                                   = 8  10–12 C = 8 pC  

and charge on plate B ; q
B

 = 33.7 – 8 = 25.7 pc  

Electric field between the plates  

412

12

0 1051085.82

10)87.25(

2

)(












A

qq
E AB


.102 3

C

N
  

37. (a) As we know in Young's double slit experiment fringe width = 
separation between two consecutive fringe or dark fringes 

d

D
    

Here y2   
d

D
y


2   

D

yd2
  

 Åm 4000104
2.1

1024.01012 7
33




 


  

Energy of light incident on photo plate  

    eVeVE 1.3
4000

12375
)(   

According to Eienstein photoelectric equation 

E = W
0

 + eV
0

   VeV
ee

WE
V 9.0

)2.23()( 0
0 





  

38. (a) JeVE 19104475.2
5000

12375   

So the minimum intensity to which the eye can respond  

EyeI  (Photon flux)  (Energy of a photon) 

 )/(102–~)104()105( 214194 mWIEye
    

Now as lesser the intensity required by a detector for detection, 
more sensitive it will be 

 
Eye

Ear

Ear

Eye

I

I

S

S
 5

102

10
14

13









 i.e. as intensity (power) 

detector, the eye is five times more sensitive than ear.  

39. (c) Due to 10.2 eV photon one photon of energy 10.2 eV will be 
detected. 

Due to 15 eV photon the electron will come out of the atom 
with energy (15 - 13.6) = 1.4 eV. 

 

Graphical Questions 
 

1. (a) Velocity of photon (i.e. light) does not depend upon frequency. 
Hence the graph between velocity of photon and frequency will 
be as follows  

 

 

 
 

    

2. (d) De-Broglie wavelength 
p

h
   

p

1
  

  i.e. graph will be a rectangular hyperbola.  

33..  (a)  The stopping potential for curves a and b is same.  

      ba ff   

  Also saturation current is proportional to intensity  

      ba II    

4. (d) According to Einstein equation 

  max0 Khh     0max  hhK  on comparing it 

with ,cmxy   it is clear to say that,  

  This is the equation of straight line having positive slope (h) 

and negative intercept )( 0h  on KE axis.  

5. (c) Comparing Einstein’s equation 

  0max  hhK  , with ,cmxy  we get slope, hm    

Velocity of photon (c) 

Frequency () 
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6. (b) 0max  hhK    00  hheV   
e

h

e

h
V 0

0


   

  Comparing this equation with cmxy  , we get slope 

e

h
m    emh  . 

7. (a)  Using Einstein’s equation, 
e

W

e

h
V 0

0 







               

  Comparing this equation with cmxy   

  We get intercept on – V
0

 axis 
e

W0  

   
e

W
OB 0   eOBW 0  

8. (b) From the given graph it is clear that if we extend the given 
graph for A and B, intercept of the line A on V axis will be 
smaller as compared to line B means work function of A is 
smaller than that of B. 

9. (a) Wavelength k  is independent of the accelerating voltage (V), 

while the minimum wavelength c  is inversely proportional to 

V. Therefore as V increases, k  remains unchanged whereas 

c  decreases or ck    will increase.  

10. (c) In X-ray spectra, depending on the accelerating voltage and the 
target element, we may find sharp peaks super imposed on 
continuous spectrum. These are at different wavelengths for 
different elements. They form characteristic X-ray spectrum.      

11. (b) Photo current (i) directly proportional to light intensity (I) 

falling on a photosensitive plate.  Ii  

12. (d) According to Einstein’s equation 

   h = W
0

 + K
max

  
e

W

e

h
V 0

0 







   

  This is the equation of straight line having positive slope (h/e) 

and intercept on 0V  axis, equals to 
e

W0  

13. (d) In photocell, at a particular negative potential (stopping 
potential V

0

) of anode, photoelectric current is zero, 

At the potential difference between cathode and anode 
increases current through the circuit increases but after some 
time constant current (saturation current) flows through the 
circuit even if potential difference still increasing. 

14. (b) Stopping potential does not depend upon intensity of incident 
light (I).  

15. (a) Stopping potential is that negative potential for which photo 
electric current is zero. 

16. (d) 


















e

W

e

h
V 0

0  . From the graph 12 VV   

   
e

W

e

h

e

W

e

h 0102 


  12    

   21    (as 



1

 )  

17. (d) 
2

1

d
I   and photo current Ii   

2

1

d
i   

18. (a) max0 KEhh     0max  hhKE   

  On comparing this equation with cmxy   we get 

   hm Universal constant  

19. (b) Åm
c

6000106
105

103 7

14

8

0

0 



 


  

20. (c) Work function is the intercept on K.E. axis i.e. 2eV.  

21. (b) From the graph stopping potential |V
s

|= –V  

Also k
max 

= (|V
0

|eV = 4eV.  

22. (c) By Moseley’s law, )( bZa   or, 22 )( bZa   

Comparing with the equation of a parabola, axy 42   it 

conforms to graph c.  

23. (a) 
eV

hc
min   

V

1
  

  12    (see graph)  21 VV   

  )( bZa   Moseley’s law  

  2)1(  Z  
2)1(

1




Z
              












1

  

  21    (see graph for characteristic lines)  12 ZZ  .  

24. (a) 
0

0max



hchc

hhK   i.e. graph between maxK  and 



1
 will be straight line having slope (hc) and intercept 

0

hc
 on 

– KE axis. 

25. (a)  varies from 0 to max .   

26. (a) 
eV

hc
min   V

e

hc
loglog.log min   

  
e

hc
V logloglog min   

 This is the equation of straight line having slope (–1) and 

intercept 
e

hc
log  on minlog e  axis. 

27. (c) For K
  

line 2)1(  Z   
2)1(

1




Z
  

i.e. the graph between  and z will be (c).  

28. (b) Slope of 0V  curve 
e

h
  

  h = Slope  e = 1.6  10–19 4.12  10–15   

 sec-106.6 34 J . 

29. (b) 21 II   (given)            i
1

 > i
2

   )( Ii  

 and stopping potential does not depend upon intensity. So its 

value will be same )( 0V . 

30. (c) Slope of V
0 

–  curve for all metals be same 








e

h
 i.e. curves 

should be parallel.  

31. (c) 
Em

h

mE

h 1

22
 . Taking log of both sides 

Em

h 1
log

2
loglog   E

m

h
log

2

1

2
loglog   

 
m

h
E

2
loglog

2

1
log    

 This is the equation of straight line having slope (–1/2) and 

positive intercept on log  axis. 
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32. (b) )( bZ    

33. (b) Peak of K is greater than peak of K
 

line.   

34. (a) |– 4V|> |– 2 V|  

35. (a) .
1
2v

x  The ion whose deflection is less, its velocity will be 

more. From the curve 4321 xxxx  , therefore 

4321 vvvv  .  

36. (a)  All the positive ions of same specific charge moving with 
different velocity lie on the same parabola.  

37. (b) The equation of curve between V
0

 and  is 0
0 V

e

h

e

h



. 

This is equation of a straight line with slope 
e

h
 . 

38. (b) Stopping potential equals to maximum kinetic energy. 

  Since stopping potential is varying linearly with the frequency. 
There fore max. KE for both the metals also  vary linearly with 
frequency.       

 

Assertion and Reason 
 

1. (a)  Momentum of a photon is given by 


h
p   

Also the photon is a form of energy packets behaves as a 

particle having energy 


hc
E  . So 

c

E
p   

2. (d) Photoelectric effect demonstrates the particle nature of light. 
Number of emitted photoelectrons depends upon the intensity 
of light. 

3. (b) Charge does not change with speed but mass varies with the 

speed as per relation 

2

2

0

1
c

v

m
m



 . Hence specific charge 

e/m decreases with increase in speed.  

4. (a) X-rays lies in electromagnetic spectrum.  

5. (b) Mass of moving photon  




c

h

c

h
m 

2
 and 2mcE  . 

6. (d) According Einstein equation ;0 hhKE   i.e., KE 

depends upon the frequency. Photoelectron emitted only if 
incident frequency more than threshold frequency. 

7. (e) The atomic number (number of electrons or protons) remains 
same in isotope. Isotope of an element can be separated on 
account of their different atomic weight by using mass 
spectrograph. 

8. (b) The specific charge )/( me  of the positive rays is not universal 

constant because these rays may consists of ions of different 
element. 

9. (b)  Less work function means less energy is required for ejecting 
out the electrons.  

10. (a) de-Broglie wavelength associated with gas molecules varies as 

T

1
  

11. (e) If electron is moving parallel to the magnetic field, then the 
electron is not deflected i.e., if electron is not deflected we 
cannot be sure that there is no magnetic field in that region.  

12. (d) At normal pressure positive ions and electrons liberated by 
ionisation of gas atoms, due to cosmic rays are very small in 
number and they collide constantly with the gas atoms which 
are present in large numbers, and hence are unable to move a 

long distance under the electric field and soon get recombined 
i.e., flow of ions in the gas does not take place. 

13. (d) Light is produced in gases in the process of electric discharge 
at low pressure. When accelerated electrons collide with atoms 
of the gas, atoms get excited. The excited atoms return to their 
normal state and in this process light radiations are emitted. 

14. (d) The discharge depends on both pressure of discharge tube and 
ionisation potential of gas. Since the ionisation potential of 
different gases are different, hence the discharge in different 
gases takes place at different potential. 

15. (d) If electric field is used for detecting the electron beam, then 
very high voltage will have to be applied or very long tube will 
have to be taken. 

16. (b) Specific charge of a positive ion corresponding to one gas is 
fixed but it is different for different gases. 

17. (e) In Millikan’s experiment oil drops should be of microscopic 
sizes. If much bigger oil drops are used, then a very high 
electric field will be required to balance it which is not possible 
to achieve practically. 

Further, the apparent weight of the liquid ga3

3

4
  

.6)( airliquid va   

If a is large, v  will be large and the experimental errors will be 
high. 

18. (e) Only the photoelectrons emitted from the surface of the metal 
have maximum kinetic energy. Those emitted from inside the 
metal loses part of their energy in collision with the other 
atoms inside the metal. 

19. (d) On increasing the intensity of incident light, the current in 
photoelectric cell will increase. The energy of the photons 

)( h  will, however not increase with increase in intensity, and 

hence the kinetic energy of the emitted electrons will not 
increase. 

20. (a) When a light of single frequency falls on the electron of inner 
layer of metal, then this electron comes out of the metal 
surface after a large number of collisions with atoms of its 
upper layer. 

21. (b) There is no emission of photoelectrons till the frequency of 
incident light is less than a minimum frequency, however 
intense light it may be. In photoelectric effect, it is a single 

particle collision. Intensity is ,Nh   where h  is the 

individual energy of the photon and N is the total number of 
photon. In the wave theory, the intensity is proportional, not 

only to 2  but also to the amplitude squared. For the same 
frequency, increase in intensity only increase the number of 
photons (in the quantum theory of Einstein). 

22. (a) The photoemissive cell may be evacuated contain an inert gas 
at low pressure. An inert gas in the cell gives greater current 
but causes a time lag in the response of the cell to very rapid 
changes of radiation which may make it unsuitable for some 
purpose. 

23. (c) Wavelength of X-rays is very small )( Å . Hence they are not 

diffracted by means of ordinary grating. X-rays follows the 
Bragg’s law. 

24. (b) The penetrating power of X-rays depends upon the voltage 
applied across the tube producing X-rays. X-rays can pass 
through matter of lighter elements such as flesh (which is 
composed of oxygen, hydrogen and carbon) but cannot pass 
through substances made of heavier elements like bones (which 
are made of phosphorus and calcium). 

25. (c) Intensity of X-rays (I) is proportional to the filament current 
and also to the square of the voltage. It is well known that 
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intensity of X-rays depends on the number of photons emitted 
per second from target. 

26. (b) When fast moving electrons strike the atoms of the target, then 
most of their kinetic energy is used in increasing the thermal 
agitation of the atoms of the target and only a small part is 
radiated in the form of X-rays. So the temperature of the target 
rises. 

27. (e) Higher is the wavelength of X-ray, lesser is the frequency and 
penetration power. 

28. (a) The distance between the atoms of crystals is of the order of 
wavelength of X-rays. When they fall on a crystal, they are 
diffracted. The diffraction pattern is helpful in the study of 
crystal structure. 

29. (b) In photoelectric effect, the photon falling on some matter is 
absorbed by the matter and its energy is transferred to an 
electron of the matter. In X-ray production, photons are 
produced which get energy from energetic electrons ionising 
the inner shells of the target which in turn cause a cascade of 
emission lines. 

30. (e) Soft and hard X-rays differ only in frequency. But both types of 
X-ray travel with speed of light. 
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1. Which of the following will have the least value of 
m

q
 

 (a) Electron (b) Proton 

 (c) -particle (d) -particle 

2. When green light is incident on the surface of metal, it emits photo-
electrons but there is no such emission with yellow colour light. 
Which one of the colour can produce emission of photo-electrons 

 (a) Orange (b) Red 

 (c) Indigo (d) None of the above 

3. An electron is moving through a field. It is moving (i)  opposite an 

electric field (ii) perpendicular to a magnetic field as shown. For 

each situation the de-Broglie wave length of electron  

 

 

 

 

(a) Increasing, increasing  (b) Increasing, decreasing  

(c) Decreasing, same (d) Same, Same 

4. The figure shows different graphs between stopping potential )( 0V  

and frequency () for photosensitive surface of cesium, potassium, 

sodium and lithium. The plots are parallel. Correct ranking of the 
targets according to their work function greatest first will be 

 

 

 

 

 

 

 

 (a) (i) > (ii) > (iii) > (iv) (b) (i) > (iii) > (ii) > (iv) 

 (c) (iv) > (iii) > (ii) < (i) (d) (i) = (iii) > (ii) = (iv) 

5. The K  X-rays arising from a cobalt (z = 27) target have a 

wavelength of 179 pm. The K  X-rays arising from a nickel target 

(z = 28) is  

 (a) > 179 pm  (b) < 179 pm 

 (c) = 179 pm (d) None of these  

6. If a voltage applied to an X-ray tube is increased to 1.5 times the 

minimum wavelength )( min  of an X-ray continuous spectrum shifts 

by pm26 . The initial voltage applied to the tube is 

 (a)  10 kV (b)  16 kV 

 (c)  50 kV (d)  75 kV 

7. Light of wavelength 2475 Å is incident on barium. Photoelectrons 
emitted describe a circle of radius 100 cm by a magnetic field of flux 

density 510
17

1  Tesla. Work function of the barium is (Given 

)107.1 11
m

e
 

(a) 1.8 eV  

(b) 2.1 eV  

(c) 4.5 eV  

(d) 3.3 eV 

8. Five elements A, B, C, D and E have work functions 1.2 eV, 2.4 eV, 

3.6 eV, 4.8 eV and 6 eV respectively. If light of wavelength 4000 Å 
is allowed to fall on these elements, then photoelectrons are emitted 
by 

 (a) A, B and C (b) A, B, C, D and E 

 (c) A and B (d) Only E  

9. If light of wavelength 1  is allowed to fall on a metal, then kinetic 

energy of photoelectrons emitted is 1E . If wavelength of light 

changes to 2  then kinetic energy of electrons changes to 2E . 

Then work function of the metal is 

 (a) 
21

2121 )(



 EE
 (b) 

)( 21

2211







 EE
 

 (c) 
)( 12

2211







 EE
 (d) 

)( 12

2121







EE
 

10. If maximum velocity with which an electron can be emitted from a 

photo cell is sec/104 8 cm , the stopping potential is (mass of 

electron = 9  10–31 kg)  

 (a) 30 volt (b) 45 volt 

 (c) 59 volt (d) Information is insufficient 

11. Three particles having their charges in the ratio of 1 : 3 : 5 produce 
the same spot on the screen in Thomson’s experiment. Their masses 
are in the ratio of 

 (a) 5 : 3 : 1 (b) 3 : 1 : 5 

 (c) 1 : 3 : 5 (d) 5 : 1 : 3 

12. If the momentum of an electron is changed by p, then the de-

Broglie wavelength associated with it changes by 0.50%. The initial 

momentum of the electron will be 

 (a) 
200

p
 (b) 

199

p
 

 (c) p199   (d) 400 p 

13. If 10000 V is applied across an X-ray tube, what will be the ratio of 

de-Broglie wavelength of the incident electrons to the shortest 

wavelength of X-ray produced (
m

e
 for electron is 

111108.1  kgc ) 

 

V0 

 5.0 5.2 5.4 5.6 5.8 

(1014 Hz) 

E 
 

v 
 

e– 

(i) 

B 
 

v 
 

e– 

(ii)  

 B 
 

Barium 

e– 
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(a) 1 (b) 0.1 

(c) 0.2 (d) 0.3 

14. Two large parallel plates are connected with the terminal of 100 V 

power supply. These plates have a fine hole at the centre. An 

electron having energy 200 eV is so directed that  it passes through 

the holes. When it comes out it's de-Broglie wavelength is  
 

 

 

(a) 1.22 Å 

(b) 1.75 Å 

(c) 2 Å  

(d) None of these 

15. According to Bohr's theory, the electron in orbits have definite 

energy values, then according to uncertainty principle, the life time 

of an excited state will be  

(a) Zero  (b) Finite  

(c) 10–8 sec  (d) Infinite  

16. Monochromatic light of wavelength 3000 Å is incident on a surface 

area 4cm2. If intensity of light is 150 mW/m2, then rate at which 

photons strike the target is  

(a) 3  1010/sec (b) 9  1013/sec 

(c) 7  1015/sec (d) 6  1019/sec  

17. For characteristic X-ray of some material  

(a) )()()(  KEKEKE   (b) )()()(  MELEKE   

(c) )()()(   KKK   (d) )()()(   KLM   

18. The maximum velocity of electrons emitted from a metal surface is 

V. When frequency of light falling on it is f. The maximum velocity 

when frequency becomes 4f is  

(a) 2 V (b) > 2 V  

(c) < 2 V   (d) Between 2 V and 4 V 

19. If the potential difference between the anode and cathode of the X-

ray tube is increases  

 

 

 

 

 

 

 

(a) The peaks at R and S would move to shorter wavelength  

(b) The peaks at R and S would remain at the same wavelength  

(c) The cut off wavelength at P would decrease  

(d) (b) and (c) both are correct  

20. The collector plate in an experiment on photoelectric effect is kept 

vertically above the emitter plate. Light source is put on and a 

saturation photo current is recorded. An electric field is switched on 

which has a vertically downward direction  

(a) The photo current will increase 

(b) The kinetic energy of the electrons will increase 

(c) The stopping potential will decrease 

(d) The threshold wavelength will increase  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

1. (c) Mass of -particle is maximum so 











m

q
 is least.  

2. (c) Wave length of green light is threshold wave length.  
Hence for emission of electron, wave length of incident light < 
wavelength of green light. 

3. (c) 
mv

h
 . Since v is increasing in case (i), but it is not 

changing in case (ii). Hence, in the first case de-Broglie 
wavelength will change, but it second case, it remain the same 

4. (c) The graph between V
0

 and  cut the -axis at 
0

. 

For the given graphs  )(0)(0)(0)(0 )()()()( iiiiiiiv    

 (W
0

)
(iv) 

> (W
0

)
(iii)

 > (W
0

)
(ii)

 > (W
0

)
(i)

. 

(SET -25) 

I 
R 

P  

S 

Q
 

e– 

200 eV 

+ 
– 

100 V 
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5. (b) 
2)1(

1




Z
k   

22

128

127

1

1
































Ni

Co

Co

Ni

Z

Z




 

   pmCoNi 9.165179
27

26

27

26
22


















  pm179 . 

6. (b) 
eV

hc
min 

1

1
eV

hc
 and 

2

2
eV

hc
  

   









12

12

11

VVe

hc
 . Given V

2

 = 1.5 V
1

 

  on solving we get V
1

 = 16000 volt = 16 kV.   
7. (c) Radius of circular path described by a charged particle in a 

magnetic field is given by 
qB

mK
r

2
 ; where K = Kinetic 

energy of electron  
22

22222 reB

m

e

m

rBq
K 








  

2

2

51911 )1(10
17

1
106.1107.1

2

1














   

eVJ 5.0108 20    

By using E = W
0

 + K
max

  

 eVeVeVKEW 5.45.0
2475

12375
max0 








  

8. (c) eVE 09.3
4000

12375
 Photoelectrons emits if energy of 

incident light > work function.  

9. (c) E = W
0

 + K
max

 10

1

EW
hc




 and 20

2

EW
hc




 

   1110  EWhc   and 2220  EWhc   

   22201110  EWEW   
)( 12

2211
0










EE
W . 

10. (b) v
max

= 4  108 cm/sec = 4  106 m/sec.  

   26312
maxmax )104(109

2

1

2

1
 mvK  

  = 7.2  10–18 J = 45 eV.  

  Hence, stopping potential volt
e

eV

e

K
V 45

45max
0  .   

11. (c) Since spot is same, hence 
m

e
 should be same i.e.,  

As q
1

 : q
2

 : q
3

 = 1 : 3 : 5. Hence m
1

 : m
2

 : m
3

 = 1 : 3 : 5 

12. (c) 
p

h
 

pp

h


 

100

5.0


p

h

pp

h

200

199

200

199






 

   ppp
199

200
   p = 199 p  

13. (b) For the incident electron eVmv 2

2

1
 or eVmp 22   

   de-Broglie wavelength 
eVm

h

p

h

2
1   

  Shortest X-ray wavelength 
eV

hc
2  

   

















m

eV

c 2

1

2

1




8

11
4

103

108.1
2

10





 = 0.1    

14. (a) Energy of the electron, when it comes out from the second 
plate = 200 eV – 100 eV  = 100 eV 

Hence accelerating potential difference = 100 V  

Å
V

Electron 23.1
100

27.1227.12
  

15. (d) According to Bohr's theory E = 0, since E t   h 

   t    

16. (b) 
hc

IA

t

n 


sec

1
109

103106.6

10310410150 13

834

743











 

17. (c) )()()(  KEKEKE   )()()(   KKK    

18. (b) 2
max0

2

1
mvWE    

m

Whf
v

)(2 0
max


  

If frequency becomes 4f then  

m

W
hf

m

Wfh
V















4

2

2
)4(2

'

0

0  VV 2'  

19. (d) Peaks on the graph represent characteristic X-ray spectrum. 
Every peak has a certain wavelength, which depends upon the 
transition of electron inside the atom of the target. While 

min depends upon the accelerating voltage (As. V/1min  ).    

20. (b) In electric field photoelectron will 
experience force and accelerate opposite 
to the field so it’s K.E. increases (i.e. 
stopping potential will increase), no 
change in photoelectric current, and 
threshold wavelength. 

E 
 

e– 
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