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Fevikng Naideiag
" Aukeiou 2000

EKOQNHZEIZ

ZnTnpuado

>TIC gpwTnosig 1=5va ypaweTe oTo TETPAdIO 0AC ToV ApIBUO TNG EpWTNONG KAl
OipAa To ypapua noulavTIoTOIXEI OTn CwaTH anavrnon.

1. >0ppwva Pedo ApoTUNO Tou Bohr yia To atouo Tou udpoyovou:

TO NAEKTPOVIO EKNEUNEIJGUVEXWG NAEKTPOUAYVNTIKN AKTIVOBOAIQ.

N GTPOPOPHN TOU NAEKTPOVIOU UNOpPEi va nAapel onoladnnoTe Tiun.

fo aTtopo anoTeAsiTal/@no pia ogpaipa OeTIkOU (POPTIOU OMOIOHOP(pA
KATAvEUNUEVOU.

TO NAEKTPOVIO KIVEITAl HOVO OE ENITPENOUEVEG TPOXIEG,.

o <wmao

(Movadeg 4)

2. Aivovtal ol nupnveg A, B, ' pye avTioToIXeG &evepyelec oUvOsong ava
VOUKAEOVIO.

MYPHNEX >TOIXEIQN A B r
Evépyela oUvdeong ava 7,6 7,3 8,4
VOUKAEOVIO

(MeV/voukA.)

H kaTtaTta&n Twv nupfnvwyv pe al&ouoa otabspdTNTa €ivai:

o<

(Movadesg' 4)
3. Kata tn didonaon B:

a. EKNEUPMETAI ANO TOV NUPNVA £va CWUATIO a.
B. eknEUNETAl Ano TOV NUPNVA £va NAEKTPOVIO MOU MNPOUNNPXE OE AUTOV.
y. diaonartal €&va VETPOVIO TOU NUPNVA EKNEUNOVTAG £vaA NAEKTPOVIO.
O. EKNEQPNETAl ano TOV NUPRva eva nNpwTovio.
(Movadeg 4)

4. O nuprivag Tou oupaviou %5 U exer:

a. 238 verpovia.
B. 146 vetpovia.



5.

ZnTnHa 2o

A. Na anodsi&eTe 0TI To EAAXIOTO PAKOG KL

r.

Y- QTOuIKO apiBuo 238.
O. padliko apiBuod 92.
(Movadesg 4)

'Eva payvnTikd nedio YNoOpEi va EKTPEWE:

akTiveg X.
VETPOVIQ.
aKTIVEG Y.

o<

(Movadesg 4)

TET005I0 aag TG uovoésq ano ™ o-rn)\n A kai dinAa TO
TN OoTAAN B nou PeTpIETal PUE TRV avTioToixn povada.

A B
nm EVEDYEID
eV MAKOG KUPATOG 0paTou
QWTOC
u ouxvoTNnTa
deikTng d1abAaong
: UpAVWV

(Movadeg 5)

akTivwv X diveral anod Tn oxeon:

onou V n Taon nou spapuolstal PYeTagu
(PUCIKEG OTABEPEG.

O nupnvag “;;Ra diaonaTal oe 5
owpaTiou Y, cUPupwva Pe TNV avTidpaon:

224 220
wRa—> Rn+Y

Molo €ival To cwuaTio Y;
(Movadeg 5)

Agoun AgukoU QWTOG MPOCNINTEl OTNV €MIPAVEId €VOG MPIOUATOG ONWG
deixvel To oxNnua kal kata tnv £€£0do and To npiopa n dEoun avaAuesral.
Molou XpwuaTtog, Tou £puBpol N Tou 1WOOUG, €ival PYEYaAUTEPN N ywvia
EKTPONNG;
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(Movadeg 5)

(Movadeg 5)

akTiva wTogiuE ocuxvotnTa f = 5  10'* Hz diadideTal oTo
m/s. TNV nopeia TNG akTivag napeuBAiAeTal
kaBeTa dlapaveg uAikd naxoug d = 8 cm, yEoa oTo onoio n TaxuTnTa diadoong

TOU PWTOG €ival ¢ = 2 » 108

a. Na unoAoyiogsTe To Mn
KEVO.

o TOU povoxXpwuaTikoU (PpwTOC OTO
(Movadeg 8)

B. Na unoAoyioete To d<ikTn d1IGBAAoNG n Tou diapavoug UAIKoU.
(Movadeg 8)

Y. Av A gival To pgnko¢ kUPAToG TOU
UAIKO, JE nooa TEToIa PAKN KU
UAIKOU;

PWTOG OTO dIAPAVEG
naxoc d Tou diapavoug

(Movadeg 9)

ZnTnua 4o

'Eva aTtopo udpoyodvou BpiokeTal otn BgpeAiwdn kataoTaor
evépyela E; = -13,6 eV. Zto oxnua diverar To diaypa
NPWTWV EVEPYEIAKWV OTABU®WV TOU ATOUOU TOU UDPOYOV

Eaq n=4
Ea n=3
Ea n=2
Ex n=1

a. Na unoAoyiosTe Tnv evépyela kabe dieyepuevng kataoraong (n = 2, n = 3,
n = 4).
(Movadeg 6)

B. 'Eva owpatidio pe KivnTIKA evépysla Ky = 13 eV ouykpousTal PE TO



napanavw atopo Tou udpoyovou. To ATouo anoppo®d TUNUA TNG KIVATIKAG
EVEPYEIQC TOU owpaTIOiou Kal JIEYEIPETAl OTNV EVEPYEIQKA OTAOBUN PE KUPIO
KBavTiko apiBuo n = 3. Na unoAOYIiOETE TNV TEAIKA KIVNTIK EVEPYEIQ TOU

owpaTidiou.
(Movadeg 6)

y. To dieyepuévo aTtopo, PETA and €AAXIOTO XPOVIKO OIGOTNUa, ENAVEPXETAI
oTtn BspeAiwdn Tou kaTtaoTtaon. Na PHETAQPEPETE TO OXAUA TWV EVEPYEIAKDV
oTaduwv oTo TETp05I0 oag kai va 0'X85ICIO'ETE TIC dUVATEG usTaBaoslq TOU

U ano tn dleyepuévn KaTaoTaon oTn Bsushindn kaTtaoTaon.

(Movadeg 6)

napandvw METABACEIC EKMEUNETAI AKTIVOBOAIQ HWE TN
Ta. Na unoAoyiosTe Tn ouxvoTnTa QUTH.

ou Planck: h = 6,63 ¢ 103% ] es

6« 1071 Joule.

kal oTl 1 eV,

(Movadeg 7)




AMNANTHZEIZ

ZATnHa 1o

1. ZwoThn anavrtnon €ivai n d.

2. H svepyeia ouvOeong ava VOUKAEOVIO PETPAEI TN oTaBepOTNTA TOU Nupnva.

'‘Oco peyaAUTepn eival n evepyeld oUVOsoNG ava VOUKAEOVIO, TOGO
oTaBEPOTEPOG €ival 0 nupnvag.
H kaf@ra&n enopévmg Twv nupnvwv A, B kal I katd al&ouoa oTaBepoTnTa
np@ypaTtonolgiral SekivwvTag anod Tov nupnva B, nou €xsl Tn HIKPOTEPN
€vepysia oUVOSEONC ava VOUKAEOVIO, Kal KaTaAnyovTag otov nupnva I, nou
EXEl TN HEYAAUTEPnN evepyela oUVOEONG avda VOUKAEOvio. Enopévwg n
katata&n eivalB— A - I kal cwoTn anavrtnon &ivai n B.

3. Katd tnddiaonacn B eknEPNETAl anod Tov nupnva €va nAekTpovio. To
YEYOVEE OTI KaTa Tn d1A0NAON £vOG NUPAVA EKMEUNETAl £vA NAEKTPOVIO OE
onudivel OTI To NAEKTPOVIO auTd MPOUMNAPXE MECA OTO WNTPIKO nuprva.
AuTO  nmou oTNV NpPaydarikoTnTa oupBaivel €ival n  €KNopnn  €vVOg
NAEKTPoOViou, Nou ogeiAgral otn didonacn £vog VETPOVIOU ToUu MNuprva o€
€va MNpwTOVIO, &va NASKTpOviemKGl &va avTIVETpivo. EMopevwe owoTr
anavTnon €ivai n vy.

4. O nupnvag evdg af@pou cupBoAiletal wg 5 X, dnou X To Xnuikd GUUBOAO
Tou oToIxeiou, A o padikdc Tou apiBuog (aBpolouya nNpwTOVIWV Kal
VETpOViwV) kal Z 0 aTodIKOG Tou apiuog (apibpechnpwToviwyv). 'ETol ano
TO CUMBOAIONO Tou oupaviou %5 U npokunseloT o/apifuog Twv npwTovinv
OTOV NUPRAVA TOU oupaviou €ival 92¢Kal 0 apiBuog Twv veTpoviwy gival 238
- 92 = 146. Enopevwg owaoTn af@vrnon eivai n B.

5. Ta BeTIkG POPTIOUEVA CWUATIA @ anokAivouy mpog pia katelBuvan PE TN
BonBeia evog payvnTikoU nediou. Apa cwaTr/anavrnon €ivai n o,

6. H owoTn avTigToixia povadwv Kal PpuaIkwV HEyEBwV givatl:
nm MNKOG KUPATOG 0paToU (pWTOG
eV EVEPYEIQ
u padla nupnvwyv
m/s  TaxuTtnTa
Hz ouxvoTnTa

ZATNHa 20

A. Oi akTiveg X napayovTal 0Tav NAEKTPOVIa PEYAANG KIVNTIKNG EVEPYEIAC MOU

EXOUV EMITAXUVOEI and uwnAn TAON NPOCMINTOUV Of HETAAAIKO OTOXO.
E€aitiag Tng aAAnAenidpaong Tou NAeKTpoviou YE Ta ATOPA TOU OTOXOU, TO
NAEKTPOVIO pnopei valr enifpaduvBei, PE aANOTEAECUA va EKNEWPMETAI
akTivoBoAia. H anwAegia TnG KIvNTIKNG €vepyelag Tou nAekTpoviou (K; — Ky)
gival ion pe Tnv evepyela Tou pwToviou hf nou ekneuyneral. AnAadn 1oxUEl:



Ki - Ki = hf (1)

To NAEKTPOVIO PUNOPEI va Xaoel OAN 1 0nolodNMNOTE PNEPOG TNG EVEPYEIAG TOU
ot pia kpouon, mpdayua nou onuaivel OTI Ta QWTOVIA MOU EKAEPNOVTAl
UMopEi va £xouv onoladnnoTe TIYA EVEPYEIAC.

H oxeon peta&u ouxvoTTag f kal pRkoug KUPATog A diveral ano Tn oxeon:

C=Aef= A=c/f.

AnAadngTo eAAXIOTO PNKOC KUPATOC TOU GuVEXOUG (pPACHATOC TWV AKTIVWV
X(Amid) 8@ mpokUWel OTav EKNEPNETAl PWTOVIO UE TN HEYAAUTEPN duvaTh
ouxvornta. . la va ocupBei auTtd, Ba npensl n KIVATIKA evepysia Ki Tou
AAEKTpOviou ‘WETG TNV kpouon va eival K¢ = 0. OnoTte, oUpQWva WPE Tn
oxecon (1), 6a npensi:

Ki - 0 = hf = K; = hf (2)
dnAadn n svépyeia evog nAekTpoviou K; va PETATPENETAI O EVEPYEIAQ EVOG
pwTovioushf cs pia povo kpouon.
H kivnaikn evepyeia K; Tou mAekTpoviou gival ion Pe Tnv evépyela eV nou
anokifd PEow TNG Taong V AOU To emiTaxUvel. AnAadn:

Ki = eV (3).
Ano Tic oxeoelg (2) kal (3) mpokUNTE!:
hf =.eV.
'Ouwg yia Tn ouxvoTnTta f IoXUEl:
Fo_%
Me avTikaTaoTaon npokUnTel:
c c-h
h—=eVoh  =—=
eV

. MNa va Bpolpe To ocwuaTio Y ornvavTidpaon:

MRa—>2Rn+Y
Ba npénel va €@ApPOCOUPE TOUG VOMOUGLMou IoxXUouv @TIG MUPNVIKEG
avTiopacesic (apxn OlaTAPNONG ToU opTiou Kal apxn«£dlathpnong Tou
OUVOAIKOU aplBuoU TwV VOUKAEOVIWV).
H avTidpaon nou PEAETAYE €ival:

Ra—>2Rn+,Y
Ioxuouv:
1. Apxn 81aTAPNONG TOU POPTioU:

88=86+2Z2=272=88-86=2.

2. Apxn 81aTAPNONG TOU CUVOAIKOU apiOuoU TmV VOUKAEOVIOV:

224 =220+ A=>A=224-220=4



Enopévwg To owpdTio Y eivar To 1Y, dnAadn cwpatio a (nuprivag niiou
4
,He).

. H ywvia ektponng sivar peyaAlTepn yia To 1WOEG KAl PIKPOTEPN Yid TO
€puBpPO, yIaTi N ywvia EKTPONNAG KABE XpwUAToG OTav auto JIEpXETal anod
ONTPIKO WECO, €€apTATAl ANO TO WNAKOG KUPATOC TOU XPWHATOC Kal 000
MEYAAUTEPO €ival TO WNKOG KUPATOC TOOO WIKPOTEPN €ival n ywvia
EKTPONNG.

on Tng 51ad0ang TNG MOVOXPWHATIKNAG aKTivag Tou pwTOG OTO
KOG KUpaTOG TNG Ba sivai:

Co = N TaxUTATa TOU PWTOC OTO KEVO,
Cc = n TaxuTNTa TOU PWTOG HETA OTO UAIKO.
AvTikaBioTwvTag Ta dedopeva Tou NPoRARUATO pokUNTE!:

Ao = TO PAKOG KUNATOG TOU HOVOXPW
n = o deikTng d1abAaang Tou UAIKOU.

AvTkaBioTwvTag Ta dsdopéva Tou NPoBARNATOG Hag

A
A=—2=0A
n

6-1077
S M =4.107"m

2

To ndog d Tou diagavoug uAikoU gival d = 8 cm = 8:102 m.
Alaipovtag To d peTo A Ba £XOUpE:
d 8107°m

N 410~ 2107 wilkn duazoc,



ZATnHa 4o

a. H oAikn evepyela €vOoG nAekTpoviou, OTav KIVEITal OTIG OIAQOPESG
ENITPENOUEVEC TPOXIEG, OIVETAI MO Tn OXEON:

El
E, =—
n
onou:
E; = - 13,6 eV n gvépyeia Tou NAEKTPOVIOU MOU KIVEITAl TNV TPOXIA PE TN

MIKPOTEPN E@kTiva (n = 1),
n =40 KUpIegKPBavTIKOG ap1BuaG.

AvTiKaBIoTWVTAG TIC OIAPOPEC TIUEC TOU N BPIOKOUUE TNV EVEPYEID O KABE
evepyelakn oTtadun. Eivar:

n=22E, =E/2°=E, =E;/4=E, =(-13,6eV)/4 = E, = -3,4 eV
n=3=E;=E/3*=E;=Ey/9 =E;=(-13,6eV)/9 = E; = -1,51 eV
n=4=E,=E/4=E4=E/16 = E, = (-13,6 eV)/16 = E, = -0,85 eV

B. Ma va peranndnosl To NAeKTPOVIO TOoU udpoyovou and Tnv Tpoxia oTnv
onoia Bpiokeral (n = 4) TNV TpoxId WE KUpPIO KBavTikO apiBuo n = 3, Ba
npénel va anoppo@foel TOON e£vépysla Oon sivar n dlapopa eveEPYEIAg
avapeoa OTIC EVEPYEIOKEG OTABPEC nou avTigToiXxoUv oTIG OUO auTeg
TpoxIEC. H diagopa auTn sivai:

AE = E; - E; = -1,51 eV - (-13,6e¥) =/12,09 eV

H apxikn KivnTIkn gvépyeia Tou gwfardiou (K; # 13 eV) exel peiwbei kata
12,09 eV, A\Oyw Tou yeyovOToG OTI N EVEPYEIa AUTA anoppo®nlnke and To
aTopo yia va YeTanndnosl anod Tnv Tpoxld JE nf='1 oTnv Tpoxia Ye n = 3.
Enopévwg n TEAIKN KIVNTIKA EVEPYEIAQ TOU OWUOTIOIOU K, Ba €ival ign pE:

K =Ki-AE=13eV-12,09eV = 0,91 eV
y. O1 duvaTeg PeTaBAceIG Tou NAEKTPOViou ano Tn disyepuEvi KaTAeTaon

(n = 3) otnv onoia BpiokeTal otn BspeAiwdn kataoraen (n = 1) @aivovzal
OTO NApakaTw oxnua.

Ex n=4
Ea ¢ n=3
E: n=

E-l 3 r n= l

0. AkTIVOBOAia PE TN PHEYAAUTEPN CUXVOTNTA EKNEPNETAlI OTN PMETABAON:

n=3->n=1



ylaTi avTIOTOIXEI OTNV PEYaAUTEPN dlapopa EVEPYEIAGC.
Oa sivar:

E; - Ey = hf = -1,51 - (-13,,6) = 6,63 103" of =
= 12,09 eV = 6,63 ¢1073* of = (peTaTpénoupe Ta eV ot Joule) =

= 12,090 1,6 107" =6,63¢ 107"« f=

9-1,6-10" 19,344-10"

66310






