
MODERNPHYSICS

STRUCTUREOFANATOM

Anatomconsistsof3particlesnamely-:

- Proton

- Neutrons

- Electrons

Itismadeupofthecentralpartcallednucleusaroundwhichelectrodesrotateinorbit.Theprotonsandneutrons

liewithinthenucleusandtheseparticlesaresometimesreferredtoasnucleiparticlesornuclide

Name Symbol Signofchange

Protons Positive

Neutrons Nochange

Electrons Negative

Thenucleusispositivelycharged

ISOTOPES

Theseareatomsofthesameelementhavingthesameatomicnumbersbutdifferentmassnumbers

ATOMICNUMBER

Thisisthenumberofprotonsinthenucleusofanatom.

MASSNUMBER

Thisisthesumofprotonsandneutronsinanucleusofanatom.Itissometimescalledatomicmass.Itis

expressedas

WhereA-atomicnumberandZ–massnumber

e.g.Giventhat determine:

a)Numberofprotons=17

b)Numberofneutrons=18

RADIOCTIVITY

Thisisthespontaneousdisintegrationofheavyunstablenucleitoformstablenucleiaccompaniedbyreleaseof

energyparticleslikebeta,gamma,alphaandenergy.

ALPHAPARTICLES

Analphaparticleisaheliumatomwhichhaslost2electronsanalphaparticlehasmass4andatomicnumber2

whichispositivelycharged.



PROPERTIESOFALPHAPARTICLES

Ionizedgaseshaveahighionizingpowercomparedtogammarays

Theyaredeflectedbybothmagneticandelectricfields

Theyarepositivelycharged

Theypenetratematter

Havealowpenetratingpowercomparedtoalphaandbetaparticles.

Whenunstablenucleiemitsanalphaparticle,themassreducesby4andatomicnumberby2e.g.aradioactive

substance UndergoesdecayandemitsanalphaparticletoformY.

Writeanequationfortheprocess

238=x+4 x=234⇔

92=y+2 y=90⇔

BETAPARTICLES

Thesearehighenergyradiationwhenradioactivenucleidecaysbyemittingabetaparticles.Massnumberisn’t

affectedbuttheatomicnumberincreasesbyone.

PROPERTIESOFBETAPARTICLES

Theycarrynegativecharge

Theycauseionizationofgases

Theyaredeflectedbybothelectricandmagneticfields

Theycanpenetratematterwhichisn’ttoothick

E.g.unstablenuclei decaystoformastablenucleiY

Byemittingabetaparticle

226=n+0 n=226⇔

88=m+-1 m=89⇔

Writedownanequationfortheprocess



GAMMARAYS

Theseareelectromagneticradiationwiththeshortestwavelengthwhenunstablenucleidecaysbyemitting

gammarays,themassandatomicnumberarenotaffected

PROPATIESOFGAMMARAYS

Theyhavenocharge.

Theyionizegasesalthoughtheyhavetheleastionizingpowercomparedtobetaandalphaparticles.

Theyarenotdeflectedbybothelectricandmagneticfieldsfortheypenetratematter,theyhavethegreatestpower

comparedtootherparticles.

SIMILARITIESBETWEENALPHAANDBETAPATICLES

Bothionizegases

Theybothpenetratematter

Theyarebothdeflectedbyelectricmagneticfields

DIFFERENCESBETWEENALPHAANDBETAPARTICLES

Alphaparticlescarrypositivechargeswhilebetaparticlescarrynegativecharges.

Alphaparticleshavelowpenetrativepowercomparedtobetaparticle.

Otherparticleshaveahighionizingpowercomparedtobetaparticles.

Deflectionforbetaparticlesinanelectricfieldsistowardsthepositivewhilethatofthealphaparticlesistowards

thenegativeplate.

Alphaparticlesareheliumparticleswhichhavelosttheelectronswhilebetaparticlearehighenergyelectrons.

DEFLECTIONOFTHEABOVERADIATIONINANELECTICFIELD



ARADIOACTIVEELEMENT

Isonewhosenucleusdisintegratesgraduallyandcontinuouslyemitspowerfulandinvisibleradiations.

- Thealphaparticlesaredeflectedtowardsthenegativeplateindicatingthattheyarepositivelycharged.

- Thebetaparticlesaredeflectedtowardsplateindicatingthattheyarenegativelycharged.

- Whilegammaraysgothroughthefieldunderdeflectedshowingthatthecarryoncharge.

DEFLECTIONBYAMAGNETICFIELD

- Thebetaparticleisdeflecteddownwards(northpole)becausetheyarenegativelycharged.

- Whilealphaparticlesaredeflectedupwards(SouthPole)accordingtoFlemingslefthandrule.

- Gammaraysarenotdeflectedbecausetheypossessnocharge.



DANGEROFRADIATIONS

Betaandalphaparticlescauseskinburnsandsores

Cancausecancer,leukemiaandaffecteyesight.

Maydamagebodycells(reproductiveorgansandliver)

SAFETYPRECAUTIONSWHENDEALINGWITHRADIOACTIVESOURCES

Radioactivesourcesshouldbeheldwithforceps.

Avoideating,drinkingorsmokingwhereradioactivesourcesareinuse.

Radioactivesourcesmustbekeptinleadboxes

Washhandsthoroughlyafterexposingtoradioactivematerials

Anycutonthebodyshouldbecoveredbeforedealingwithradioactivesources.

USESOFALPHA,BETA,ANDGAMMARAYS

1.Industrialuses

-usedintracertechniquestoinvestigatetheflowofliquidsinchemicalplants.

-usedintheautomaticcontrolofthicknessofmaterialinindustries.

-Studyofwearandtearinmachinery.

-Gammarayareusedtodetectfaultsinthicknessofmetalssheetsinweldedjoints

2.Medicaluses

- Controlamountintreatmentofcancer

- Theyareusedtokillbacteriainfood(x-rays)

- Usedtosterilizemedicalequipmentslikesyringes

3. Archeology

- Usedtodeterminethetimethathaselapsedsincedeathoforganismsoccurred,aprocesscalledcarbon

dating.

- Geology

Theyareusedtodeterminetheageofrocks

IONISINGEFFECTSOFRADIATIONS



- WhenaradioactivesourceisbroughtnearthecapofachargeG.L.E,theleaffalls,thisshowthattheG.L.E

hasbeendischargedasaoftheionizationofairaroundthecap.

- IftheG.L.Eispositivelychargednegativeionsor(electrons)fromairattractedandthegoldleaffallsandifis

negativelycharged,ironsareattractedandleafalsofalls.

UltraviolentradiationisincidentonacleanzincplaterestingonthecapofachargedG.L.Easshown.Explain

whatisobservedis

i) TheG.L.Eispositivelycharged

ii) Radiowaveisusedinsteadofultraviolentradiation.

ANSWER

i) Nofurtherdivergentoftheleafisobservedbecausetheultraviolentradiationejectelectronsfromthe

metalsurfacebuttheelectronsareimmediatelyattractedbackhencenolossofcharge.

(Ii) Radiowaveshavelowenergythusareunabletoreleaseelectronssotherewillbenoeffectontheleaf

divergenceoftheelectroscope.



RADIATIONDETECTORS

GeigerMullercounter.

1. TheradiationentersthetubethruthemicawindowandionizestheArgonionsandelectrons

Argon→Ar+
(g)+e-

Theironsareacceleratedtowardsthecathodeandelectronstowardstheanodewhichcausemore

ionizationbycollisionwithargonatomsattheelectrodes.Theironsandtheelectronscauseaccidentpulsewhich

isamplifiedandfedintotheratemeter

2.Diffusioncloudchamber.

Radiationfromthesourceleavetrailsofpositivegaseousionsalongeachstroke.

Thewater/alcoholvapourmoleculesarereleased.Theycondenseastheionsandformsmallwateroralcohol

droplets.Thedropletsarethenseenasatrackwhenwhitelightisreflectedonthem.



GAMMARAYS

Gammaraysdon’tleaveonactualtrackbecausetheydon’tionizegasifgammaraysarepresntwhiskyorwavy

tracksareformedasshownbelow.

ALPHAPARTICLES

Areshortstraightandboldtracks,thisisbecausetheyaregoodionizationofgas.Alargenumberofions

observedwhichhavedifferentlengthduetodifferenceinenergy

Thetracksobtainedareasshownabove.

BETAPARTICLES

Tracksmadebybetaparticlesarelongerandfainter

Theywonderastheyaredeflectedbyairmoleculesbecausetheyarelightthetracksareasabove.

Backgroundradiation

Theseareradiationswhichnaturallyexistevenintheabsenceofradioactivesource.Theyarecausedbynatural

tracksofradioactivematerialsinrocks.Cosmicraysfromouterspace.

Thesecosmicraysareveryhighenergeticradioactiveparticleswhichcomefromdeepinspace.

Sothecorrectcount=actualrate-backgroundcountrate.

e.g.

Giventhatthebackgroundrateis2counts,perminuteandtheGeigerMullercountratedeterminethe

approximatenumberofradiationspresent.

Countrate=25-2=23c/min

NUCLEARFISSION

Thisisthesplittingofnucleusofheavyatomsinto2roughlynuclei.Thisprocesscanbestartedbombardmentof

aclearlynucleiwithaneutron.Theproductsoftheprocessaretwolightatomandmoreneutronswhichcan

makeaprocesscontinue.

Theproductsofthereactionaretwolightatomsandhavelessmassthanthecorrectvalue.Thedifferenceinthe

massisduetoenergylosswhichisgivenbytheEinsteinequation.

E=mc2wherecisthespeedoflightandmisthemassdifference(ordefect)



APPLICATIONOFNUELEARFUSSION

Usedinmakingatomicbombs

Usedtogenerateelectricity

Usedtogenerateheatenergyonlargescale

CONDITIONSFORNUCLEARFISSIONTOOCCUR

TheNewton’sshouldbemovingatahighspeedwhenmeetingtheheavynuclei

Thereshouldbealreadynucleisplittingintolightnucleuswhichisotopeswhichdecaytoproduceisotopeslikehigh

speedneutrons.

NUCLEARFUSION

Thisistheunionoftwolightatomicnucleitoformaheavyatom.itinvolvesthereleaseofenergye.g

CONDITIONSFORANUCLEARFUSIONTOOCCUR

- Temperatureshouldbeveryhigh

- Thelightnucleishouldbeatveryhighspeedtoovercomenucleardivision.

USESOFNUCLEARFUSSION

- Usedtoproducehydrogen.



- Usedtoproduceelectricity.

- Usedtoproduceheatenergyonlargescale.

HALFLIFE

Itisthetimetakenforradioactivesubstancetodecaytohalfofitsoriginalmasse.g

1.Ifaradioactiveelementofmass32decaysto2gin96days.calculatethehalflife.

4t=96 t=24days⇔

2.Acertainradioactivesubstancetakes120yearstodecayfrom2gto0.125g.findthehalflife

Letitbet

4t=120 t=30years⇔

3.Thehalflifeofsubstanceis5days.findhowlongittakesforitsmasstodisintegratefrom64gto2g

5x5=25days

Aradioactiveelementhasahalflifeof4years.ifafter24hours0.15gremainscalculatetheinitialmassofthe

radioactivematerial

Mo= 9.6days

Acertainmassofaradioactivematerialcontains2.7x1024atoms,howmanyatomsdecayedafter3200yearsif

thehalflifeofmaterialis1600years

Massremaining =6.75x1023atom



Massdecays =originalmass-massremaining

=(2.7x1024-6.75x1023)

=2.025x1024atoms

GRAPHICALMETHODOFDETERMININGHALFLIFE

Whenagraphofaccountrateagainsttimeorradioactivenucleiisdrawn,thehalflifeoftheradioactivenucleican

bedeterminedasbelow.

Example1

Thefollowingvaluesobtainedfromthereadingsofaratemeterfromaradioactiveisotopeofiodine

Time\min 0 5 10 15 20

Countrate
Min-1

295 158 86 47 25

Plotasuitablegraphandfindthehalflifeoftheradioactiveiodine.

2.ThefollowingfigureswereobtainedfromGeigerMullercounterduetoignitionifthesampleofradongas

Time\min 0 102 155 ……. 300

Rate\min-1 1600 200 100 50

a) i) plotagraphofcountrateagainsttime

ii) Determinethehalflife

iii) Findthemissingvalues

b) i) whatisthecountrateafter200minutes

ii) afterhowmanyminutesisthecountrate1000minutes

3. ThefollowingfigureswereobtainedfromGeigermilercounterduetoignitionofthesampleofradongas

Time\min 0 102 155 208 300

Rate\min-1 1600 1400 200 100 50



a) Plotagraphofcountrateagainsttime

b) Determinethehalflife

c) Findthemissingvalues

d) Whatisthecountrateafter200minuts

e) Afterhowmanyminutesisthecountrate1000minutes

THERMONICEMISSION

Thisistheprocessbywhichelectronsareemittedfrommetalsurfacebyheating.Thesteamofelectronsis

transmittedortravelsinastraightlineandthesesteamsarecalledcathoderays.

Cathoderaysthesearesteamsofmovingelectronsarenegativelychargedparticlesorbitingaroundofanatom.

PRODUCTIONOFCATHODERAYS

Thecircuitisconnectedasshown

Themetalcathodeisheatedbyafilament.thefilamentisheatedbypassedofelectriccurrentthruitand

electronsareemittedfromthecathode.

Thelargep.dacrosstheanodeacceleratestheelectronstomovefromcathodetotheanode.thevacuum

ensuresthatelectronsmovefreelysothattheydon’tcollidewithmolecules.



PROPERTIESOFCATHODERAYS

Theycarryanegativecharge

Theyaredeflectedbybothelectricandmagneticfield

Theyionizegases

Theycausefluorescencetosomesubstancee.g.zincsulphide

Inanelectricfield,cathoderaysaredeflectedtowardsthepositiveplateandinthemagneticfield,thedirectionof

deflectionisdetermineusingFlemingslefthandrule

Electricfield

Magneticfield

EXPERIMENTTOSHOWTHATCATHODERAYSTRAVELINSTRAIGHTLINE

(THERMIONICTUBE)



Cathoderaysreincidenttowardsthemaltasecross.

Ashadowofthecrossisformedonthefluorescentscreen.

Theformationoftheshadowverifiesthatcathoderaystravelsinastraightline.

Thethermionicemissionisutilizedincathoderayoscilloscope(C.R.O)X–raytube,TVetc

THEC.R.O

TheC.R.Oconsistsofthreemaincomponents.

1.Theelectrongun,thisconsistsofthefollowingparts

I)Thecathode–usedtoemitelectrons

II)Thecontrolgrid–thisisconnectedtolowvoltagesupplyandisusedtocontrolthenumberofelectronspassing

throughittowardstheanode.

III)Theanode–theanodeisusedtoacceleratetheelectronsandalsofocustheelectronsintoafinebeam.

N.B

Sincethegridcontrolthenumberofelectronsmovingtowardstheanode.Itconsequentlycontrolsthebrightness



ofthespotonthescreen.

2.Deflectingsystem

Thisconsistsofthexandyplates.theyareusedtodeflecttheelectronbeamhorizontallyandvertically.

3.Fluorescent

Thisiswheretheelectronsbeamisfocusedtoformabrightspot

Timebaseswitch–thisisconnectedtotheX–plateandisusedtomovethebrightspotonthescreen

horizontally .

Itiscoatingconvertskineticenergyinlightandproduceabrightspotwhentheelectronsbeamisfocusedonit.

ACTIONOFAC.R.O

Whenalternatingcurrent(a.c)isappliedtothey-plateandtimebase(x–plate)isoff,thespotisdeflected

vertically.Theverticallineobserved.

Whentimebase(x-plate)isswitchedonandthereisnosignalonthey-plate,thespotisdeflectedhorizontally.

Thehorizontallineisobserved.

Whena.cisappliedonthey-plateandx-plateison,awaveformisobservedonthescreen.

Whentimebaseisswitchedoffandnosignaltothey-plate,aspotisonlyobserved.

Timebaseoffandnosignalony-plate

USESOFAC.RO

1.Frequencymeasurements

Thisisachievedbycomparingawaveformofknownfrequencywithunknownfrequency

Method

AdjustthetimebaseofaC.R.Ountilonecompletewaveisobtainedwithoutalteringthecontrolgridofthe

C.R.O;applyasignalofknownfrequency.

Thencomparethefrequencybycountingthenumberofcompletewaves.

2.Measurementofp.d



AC.R.Ocanbeusedasvoltmeterbecausethedistancespotisdeflecteddependsonthep.dbetweenthe

plates

Method

Connectacell1.5Vtothey-plateandadjustthegridcontroluntilthetraceindicatingthep.dis1cmabove0

sothatevery1cmdeflectionrepresentsap.dof1.5V

Getunknownp.dandconnectittoy-plateandthencomparethedeflectionbycountingthenumberofofcm

deflected.Thismeansthatwecanmeasureunknownp.d.

Example

1.AC.R.Owithtimebaseswitchonisconnectedacrossapowersupply;thewaveformshownbelowis

obtained.

Distancebetweeneachlineis1cm

i) identifythetypeofvoltagegeneratedfromthepowersourcealternatingcurrents

ii) findtheamplitudeofvoltagegeneratedifvoltagegainis5Vpercm

Amplitude=2cm, 1cm=5V

2cmisequivalent=(5x2)v

=10v

(iii) CalculatethefrequencyofpowersourceisthetimebasesettingontheC.R.OIS5.0X10-3S\cm

Timefor2cycles=8x5.0x10-3

Timefor1cycle=
8x5.0x10-3

2

=0.02s

Frequency= = =50HZ
1

T

1

0.02

3. Usedtostudywaveformsofcurrentandvoltage

4. UsedinmanufactureofT.V.

X–RAYS



Theseareelectromagneticradiationsproducedwhenfastmovingelectronsarestoppedbyametaltarget.

TYPESOFX–RAYS

i) Softx-rays

ii) Hardx–rays

Softx–raysareproducedatalowpotential.Theyhavealowpenetratingpoweri.elowfrequency

andlongwavelength

Hardx–raysareproducedatahighpotential.Theyhaveahighpenetratingpoweri.everyhigh

frequencyandshortwavelength.

X–RAYPRODUCTION

Thecathodeisheatedtoemitelectronsbythermionicemission.usingalowvoltagesupply.Alargep.dis used

ontheanodetoacceleratetheelectrons.Onreachingtheanode,thefirstmovingelectronishitthemetaltarget

offahighmeltingpoint.

Thekineticenergyofelectronsisconvertedintoheatandx-rays.

Thex–raytubeisevacuatedtopreventfastmovingelectronsfrombeinghinderedbyfrictionduetoair

resistance.Theheatgeneratedisconductedawaythruthecopperanodetothecoolingfins

Themagnitudeofx-raysproducedisdeterminedbythenumberoffastmovingelectronsheatingthetarget.

PROPERTIESOFX-RAYS

Readilypenetratethrumatter

Theyarenotaffectedbyelectricandmagneticfields

Theycausefluorescentandhavenocharge

Theycauseionization

Theytravelinstraightlines



HEALTHHARZARDS

Theydestroycellsespeciallyhardx-rays

Causegonemutationorgeneticchange

Causedamageofeyesightandblood.

Producedeepseatedskinburns.

PRECAUTIONSFORSAFETY

Avoidunnecessaryexposuretox–rays

Keepexposuretimeasshortaspossible

Thex-raybeamshouldonlyberestrictedtopartsofthebodybeinginvestigated.

Workersdealingwithx-raysshouldwearshieldingjacketswithalayeroflead.

Exposureshouldbeavoidedforunbornbabiesandveryyoungchildren.

USESOFX-RAYS

(a)Medicine

Usedtoinvestigatebornfractures

Detectslungtuberculosis

Usedtotreatcancerespeciallywhenithasn’tspreadbyradiotherapyi.everyhardx-raysaredirectedtothecancer

cellssothatthelatteraredestroyed

Usedtodetectinternalulcersalongadigestivetrack

Usedtolocateswallowedmetalobjects

(b)Industrialuse

Usedtodetectcracksincarenginesandpipes

Usedininspectionofcartyres

Usedtolocateinternalimperfectionsinweldedjointse.gpipes,boilersstoragetankse.t.c.

Usedtodetectcracksinbuilding

(c)X-raycrystallography

Usedtodetermineinter–atomicspacinginthecrystal

HOWANX-RAYISUSEDTOLOCATEBROKENPARTSOFABONE.

Bonesarecomposedofmuchdensermaterialthanfleshhenceifx-raysarepassedthruthebody,theyare

absorbedbythebonesontoaphotographicplatewhichproducesashadowphotographandbones

DIFFERENCESBETWEENCATHODERAYSANDX-RAYS



CATHODERAYS X-RAYS

Negativelycharged neutral

Lowpenetratingpower highlypenetrating

Canbedeflectedbyboth

Magneticandelectricfield cannotbedeflected

Travelatlowspeed travelathighspeed.

PHOTOELECTRICEMISSION

Thisistheemissionofelectronsfromacertainmetalplatee.gzincplatewhenelectromagneticradiationfalls on

it.

Considerazincplateandananodeclosedinvacuuminwhichanammeterandacellareconnectedin

seriesasshownbelow.

Electronsareproducedbyzincatomsphotoelectricallytheeelectronsareattractedbytheanodeandproduce

currentinthecircuithencetheammeterreflects.

Ifgasisintroduced,currentincreasesslowlybecausegasparticlescollidewithelectronsandhencethis

reducesthenumberofelectronsreachingtheanode.

CONDITIONSFORPHOTOELECTRICEFFECTTOTAKEPLACE



- Dependsonthenatureofthemetal.

Lightincidentonthemetalsurfacemusthaveacertainminimumfrequencyknownasthresholdfrequency.

THERMIONICDIODE(diodevalve)

Adiodeisanevacuatedglasscontaininganodeandcathodeandrestrictscurrentinonedirectionanddoesn’t

permitthereversedirection.

Acathodecanbedirectlyheatedbypassingcurrentthroughitorcanbeindirectlyheatedbypassingfilament

wireclosetoit.

ACTION

Whenthecathodegetsheated,itemitselectronstoformaspacechargearounditwhichisthenattractedby

theanodecausingflowofelectrons.

Theelectronsattheanodearedetectedbythemilliammeterconnectedtotheanodebyvaryingtheanode

potentialfordifferentheatercurrentsagraphofanodecurrentIaandVaisobtainedasbelow.

Fromthegraph,itisobservedthat–



I) Thehighertheheatercurrent,thehighernumberofattractionstotheanode.

II) Acertainvalueofanodepotential,allelectronsavailableatthecathodearebeingattractedtothe

anode,thisisknownassaturatedpointandthecorrespondingcurrentisknownassaturation

current.

III) Saturationcurrentisthemaximumcurrentflowinginadiodeataparticulartemperature.

Themostimportantpropertyofdiodeisthatitconductsinonedirectionwithlowresistanceand

oppositedirection;ithasaveryhighresistance.Thereforeitactsasarectifier.

Arectifierallowscurrenttoflowinonedirectionrectificationistheprocessofconvertinga.ctod.c.

in(a)itisaforwardbiassothebulblights

In(b)itisareversebiasthebulbdoesn’tlight.

PROCESSOFRECTIFICATION

-Withnodiode,thevoltageoutputacrosstheloadresistor,

Alternatingcurrentinputvoltage=p.dacrosstheresistor



-Withonediode,theoutvoltageishalfwayrectifiedonscreen.

Thesourceofa.cisconnectedinserieswiththediode,theoutputfromthecircuitwillflowinone

directioninseriesofpulsesasshownabove.Thisiscalledhalf-waverectification.Thevariationin

theinputandoutputvoltageswithtimemaybeseenbyconnectingtheinputandoutput

terminals,inturn,toaC.R.Oasshownabove.

-Withfourdiodeoutputvoltageafullwaveisrectified.

Bothhalfcyclesofa.carerectified.Thecurrentfollowsthedirectionasindicatedinthefigure

above.ThediodesareallpointingroundthesidesofsquaretowardsBandawayfromD.ifthe

currentdirectionistracedthroughthediodes,asAandCbecomealternatelypositiveandnegative

fromthea.cinput,thentheoutputcurrentwillalwaysflowoutofB,throughtheloadandbackto

D.Thereforeinbothhalfcycles,currentflowsinthesamedirection.

+a -b

EXPLANATION

Duringhalfcycle,whenaispositiveandbisnegativeABandDCwillconduct.

DuringthenexthalfcycleifAisnegativeandBispositiveADandBCconduct.

InbothhalfcyclescurrentflowsthroughRinonedirectionofatob.


