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- BiBAlo C&G, Ked. 10, rap. 10.1
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http://www.physics.auth.gr/course/show/125

>xaon — og (oa pepn (map. 6.3)

Mapapdpdwon unTeLlkou Tupnva:

) M(A,Z) - . ou’J,Enor] ST[EC])(']VSIO.Q — ueiwon sYépymaq IOl'JV580‘r]Q
2 * M(A/2, Z/2) + Q -O}lijiléoe%r:]gvspysmq Coulomb — au&non evepyelag
+ dalvouevo oxaong BN g 1 i e T AR
UYpPNC OTAYOVAC "*("' hr S W ’)¢ e Q,f:)

B(Z,N) =

aA (oykou) >
-b A2/3 (emg¢aveiac) E
-s (N-2)2/A (acupp.) é
-d z2/A1/3  (Coulomb) :
-0 /A1/2 (Ceuyap.)
Tnueivon: yia opaipiké mupAva 'Défo”w;m —Br—(;:; Tt

1. Napapdpdwon 2. Anpioupyia TwV 3. OploTikog
BuyaTtplkwv SLaXwPLONOC TOUCQ

UNTPLKOU TIuprva ;
OXNUATIOU®V
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>xaon — xpovol (wNnec otnv npaén

M(A,Z) - 2 * M(A/2, Z/2) + Q

- Q>0 oTav: e
22/ A >18 (°8,,Mo) 15k

AANG Oev yiveTal TOOO eUKOAQ:

dalvouevo onpayyag Jhe
dpayua duvaulkou ~5-6 MeV

O 240 Pu

10 -

Q %40y m

— >Tnv npaé&n yivetal povo o6tTa
72/ A > 36

[ Katt avaAloyo eidaupe kKat otnv
a-olaormaon:

QO 248 Cf

l()g‘o (T.fl year)
Ul
T

O as2 Fm

ovog {wNncY, og €Tn)

Log,(T / 1 €T0G)

N

Q >0 yla Ta otolxeia pe Z > 63 (N =
loodUvapua, yia A > 151), aAAd péovo S O 156 No
auta rou divouv Q >4 MeV £xouv \ 0Ky O |
xpovouc (wNnc rmou dev eival T TR T Y T
TeEPAOTIOL O OXEON MUE TNV NALKIa 72/A

™C Mg (4.5 dlo xpovia)! Auta

exouv Z > 831].
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>XAaon — eivat evepyelakd mpoTIunNTEQ Hid
HIKPN Tapapopdwaon;

M(A,Z)opalpikog = M(A,Z)eAAeloeldng , M€ iooucg (:IYKOUQ:

— 3 2
‘Opoc erudaveiac: V = 3 TR = 3 wab®.

bA2’3—>bA2’3(1+%82)

‘Opoc¢ Coulomb:

External
Perturbation

d z|/3_9d Z]/3(1—l€2)
A A 5 ‘
a:R(1+€)
H oxaon eival mpoTiunT€a oTav: b= —Ry,
(1+¢)

M(A,Z)eA\ewp. < M(A,Z)cdalp.

— B(A,Z)eAAe > B(A,Z)odaip — B(A,Z)eA\ep — B(A,Z)opaip >0
22, o 1 7 Z" _2b , :
e (=bA""-—=d )<O0>—>—=51—2Z>144 givor oaorabi

5 5 43 A d

Z > 144 aotabn wg mpocg Tn oxdon
Z > 92 yiveTal n oxaon av nepAaoouv To GpAyHa SUVAMIKOU
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>XA0on — oTnv MPA&n acUPUETPLIKOL BuyaTtpikol

ol M.x., 0Tn 0XAaon Tou
uNTPLKoU 235U, To TO
1 moéavo yla Toug
= BuyaTtplkoUg TIUPNVEQ
S o1k elval va €xouv, o évac
& A~90 Kat o AAAoC TO
- ‘ u urtoAotro (A~140)
> 105 18
Z U (thermal)
=
S 107
107
10-3 1 1 | ] JL )
60 80 100 120 140 160 180

Mass number A of fission product
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>xaon — arneAeubepwon evepyeLlac

T KepdiCouue armoouvbeTOVTAC TIUPNVEG?
M.x., 240X ->120Y 4+120Y + Q (omou Q ~ 200 MeV)

9.0 - —1

Mpog otaBgpoTEPN

8.5 |- KATAOTAOT}

BIA (MeV)

Mpog otaBepodTEPN
KaTAoTaOoN
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Erayopevn 2xaon (rmap. 9.1 BiBAiou)
- MrmopoUue va Bonbnoouue €vav Bapu upnva va oxaocBel av
pi€ouue mMavw Tou €va vetpovio.l.x:
n+235U 2 137Cs +924Rb + 5n

OuolaTika, To VETPOVIO arnoppodnOnke arod to 235U Kat dnuloupynodnke
To 236U, TO OoTI0i0 OMWC eival aoTabeg Kal oxaleTal.

AvAAoya e TOV UNTPLKO TIUPN VA, TO VETPOVIO TIOU Ba TIPoKAAEoeL oxAon
uropei va eival akoua Kat ~undeVvIKNG evepyetlag!

— - - 1 233 235 239 241
TETOlOL TIUPNVEG elval: 92U, 95U o 4PU, o 4PU
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Erayopevn 2xaon (rmap. 9.1 BiBAiou)

MriopoUpe va BonBnooupe €vav Bapu Tuprva va oxaobei av
pi€ouue mMavw Tou €va vetpovio.l.x:

n+23°U —=137Cs +°4Rb + 5n

OuolaTika, To VETPOVIO arnoppodnOnke arod to 235U Kat dnuloupynodnke
To 236U, TO OoTI0i0 OMWC eival aoTabeg Kal oxaleTal.

AvAAoya ToV UNTPLKO TIUPN VA, TO VETPOVIO TIOU Ba TIPOKAAECEL OXAO
uropei va eival akoua Kat ~undeVvIKNG evepyetlag!

— - - 1 233 235 239 241
TETOlOL TIUPNVEG elval: 92U, 95U o 4PU, o 4PU

AV TOUAQXLOTOV £va aro Ta TIAPAYOUEVA VETPOVLIA UTOPEL va
TIPOKAAECEL TN 0XA0oN €vOC (dlou Tupnva, EXOUNE aAuoLdOWTN
avtidopaaon. Av yia KaBe veTpdVIo ToU MEPTEL TIAVW C' Evav UNTPLKO
Tupnva, mapayovtal Katd HECOo 0po k veTpOVIA TIOU TIPOKAAOUV UE TN
oelpd Toug oxdaon, T0TE

a) av k>1 n avtidopaon pag €xel Eepuyel (utepkpioun), B) Av k<1 10TE N
avTidpaon ofrjvel eKBETIKA E TO XPOVO (UTIoKpioIun), v) av k=1 t10TE N
avtidpaon eivat eAeYELUN (Kplolun)
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Aoknon 2: Zxaon oupaviou-235 (235U)

‘Aocknon 2:
a) Moon evepyela eKAUETAL KATA TNV MAPAKATW AvTidpaon oxdong Tou
oupaviou?
235 141 92
n+q, U—s, Ba+;, Kr+3n

b) ZUYKPIVETE TNV EVEPYELA AUTH PE TNV EVEPYELA TIOU EKAUETAL OF
XNULKEC avTIOpAoelS (OTIOU €XOUME AVTAAAAYEC NAEKTPOVIWV TWV
ATOUWYV, TA OTIOa £XOUV EVEPYELEC TNC TAENG TwV eV, KL €ToL N TA&N
LEYEBOUC Yia XNULKESC avTidpdaoelc dUo atouwy eival eV)

¢) Av £€vag TUPnVIKOG avTidpaotnpacg £xel oxedlaotel va divet 1 MW
BepUOTNTAC OUVEX®DC, TIOOEC OXAOEIC OUPAVIOU oAV TNV TIAPATIAV®
MpEMel va oupBaivouv KaBe deuTtepOAETITO Yia va cuvinpouv TNV 1oxU
autn? Nooo oupdavio-235 KatavalwveTtal Kabe xpovo oToV
avTidpaotnpa?

Aivovtat: To BiBAio oag

- ap. 9.1, 9.2, 9.3

- ap. 4.4., oeA. 60: 1 amu =931.49 MeV/c2 kat 1eV=16x101° J

a)m(n) = 1.0087 amu, m(U) = 235.0439 amu, m(Ba) = 140.9139 amu, m(Kr) =

91.8973 amu
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AoKnon 2a): 2xaon oupaviou-235 (235U)

Apx1 dlaTNPENONG TNG EVEPYELAG

- Evépyela nipiv = Evépyela peta , H pada sival pia gopdn svepyeiac

- Z M(apxikd) = Z M(TeAikd) + Q , yia auBopunTn oxdaon npemnel 0=0

H pala kaBe rmupnva divetat oe amu. Mmopw va TI¢ Kavw MeV apeowg, N va TIg
apnow oe amu, va Bpw To Q og amu Kat va To Kavw o MeV oT1o TEAOG.

M(235U) + M(n) = M("41Ba) + M(92Kr) + 3*M(n) + Q
— Q =M(235U) — M('41Ba) — M(°2Kr) - 2*M(n) = 0.2513 amu —
Q =0.2513 * 931.49 MeV = 234.1 MeV (dnA. Q>0 : dpa yivetal aubopunta)

Ondte KAtd TNV avtidpaon autn (dnA., yia ENAN povo nupnva 235U), ekAleTal
evepyela 234.1 MeV.
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Aoknon 2B): Zxaon oupaviou-235 (235U) - Auon
YrioAoyiloape mpiv 6TL Kata TNV avtidpaon autn (dnA., yia ENAN povo mwupnva 235U),
ekAUeTtal evépyela 234.1 MeV

Ol evEpyeleg TIOU eKAUOVTAL KATA TIG XNMIKES avTIdOPACELS elval TNG TAENG TWV
dlapopwV OTIG EVEPYEIAKEG OTABUEG TWV ATOUWYV, ONAadN Tng TA&éng Twv eV-keV,
dnAadn xoviplka kata 10° (1 dig) ewg 102 (1 TpIQ) PopEC HIKPOTEPEG!

1 MW =1 MJ/s (BuudaoTe OTL 1 1oXUG eival evepyela ava povada xpovou)
1 xpovog = 1y = 365*24*60*60 s = 31536000 s = 3.15 *10’s
Omote: 1 MW =3.15* 107 MJly

Onote propoUpe va BpoUpe MOoOUC TUPNVECS XPELAlOUAOTE Yla va TIApoUE TOON
EVEPYELA O€ €va XPOVO

AplBuOG oxdoewyv 235U og €va £€T10C = aplOuocg rupnvwv 235U mou xpelaldPaoTe o€ €va
€toc =3.15*10" MJ / 234.1 MeV =

3.15*107*106J/(234.1 *106*1.6 *107°J) =0.84 * 1024
— onoTe XPpelalONaoTE:
0.84 * 1024/ (6.02 * 1023 ) mol =1.4 mol = 1.4 * 235 gr

=329 gr oupaviou 235U
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2uvnén (map. 10.1 BiBAiL0)

T1 kepdifoupe cuvBETOVTAC TIUPNVEC?

M.x., 20X +20X = 40Y 4+ Q

A.IN.© - 9 Noeup. 2018

B/A (MeV)

°6Fe

9.0 =

KaTAoTaOoN

Mpog otaBepodTEPN

2
o
0o
N

Mpog otaBgpoTepPn
KATAOTAOTH
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2 UVTNEN: katd kamolov TPOTO, To AVANodo TNG d-SLAoTIoNG

‘Evac nupnvag va Bpebei peoa oe evav aAlov Katl Ba yivouv €vag
BapUTtEpPOC TIUPNVAC.

[.X., Eva cwpatidlo a epxetatl ano de&lad Kalt cuvavta myv
NAEpouayvnTLK anwon evog aAAou rupnva a . H duvaulkn evepyela
Coulomb yivetal peylotn, e tiun Vg, otav oL dUo mupnveg a
“edarrovrtal” og anoOOTAON r, : QMO EKEL KAL HETA N LOXUPN

aAAnAemidpaon yiveTtal onuavTikn Kal av To a repvouaoe Ba
BplokoOvTav 0To TNYAadl duvaulkoU Tou Tiupnva

A

o
(MeV)

20 40 60 I 80
r(fm)

Te re
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>Uvtnén: d®payua Coulomb a kat a

[Mooo peyaho elval to ppayua (Vp) oe evepyela? Mmnopel To a va to
“OKapdaAwaoel” Kal va epaocel peoa oTov Tupnva a?

To duvautko Coulomb eivat peytoto (“ppayua” Vi) otav 1o a

“edparretal” otov rupnva. AnAadr otav n anootacn arnod To KEVIPO
TOU O JEXPL TO KEVTPO Tou Tupfiva a eivat R, + R, 6trou R eivain

aKTiva Twv Tupnvwy a.

R=1.1%A"" fin =g R, =1.1%4"'" fm=1.7 fm
- =2%R_=3.4 fm

y _(2e)(2e)  2Zhc_ 1 2%2x197MeV fm
T ro 137 3.4 fin

5 5

=1.6 MeV
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2uvinén: dpaypa Coulomb a kat a

KAQaooIKG:

OTaV £va owHAaTidlo a xeL KVNTIKN evepyela T<V, = T<1.6 MeV, T10TE
dev UTMopel va urel otov mupnva a

...OMWC MTIAIVEI ME TO KBAVTOMNXAVIKO PAIVOUEVO ONPAYYAC

dpdayua 1.6 MeV oAU peyaAlTepO amod TNV KIVNTIKN EVEPYELA TWV
OUYKPOUOUEVWYV TIUPNVWV:
~KT ANoyw Beppokpaaciac tou "HAwou (T ~ 107 Kelvin)

2 12000 K = kT =1 eV
2e 300K = kT =1/40 eV
> 107K = kT ~1keV :Alyn oe oxeon pe 1o dpdyua duvauikoU, OUwWG:

a) N KLVNTIKN evEPYyeLa AOYw BepUIKNG Kivnong “nailel”
(katavoun Boltzmann)
B) €xoupe TO KBavTounXaviko ¢alvouevo onpayyag rmou Bonbaesl to
owuatidlo va ouvtnxOei pe Tov aAlov Tupnva dtaoxiCovtag Tnv
KAQOOLKA ATayopEeUPEVN TIEPLOXN

A.lN.© - 9 Noepp. 2018 Mupnvikn & Ztoixelwdn | - MadBnua 8: dAda didoraon

16



Aoknon 3: ZUvinén udpoyovou yia rapaywyn nAiou otov
‘HALO

‘Aoknon 3:

[M6oo udpoyovo ( 'H) nmpenel va petatpenetal oe nAto ( “He ) kabe
deutepoOAertto otov ‘HALo, av n nAtakn otabepa eivat 1.35 kW / m2 otnv
erudavela ¢ 'ng Kat n anootaon 'g-HAlou eivat 1.5x108 km ?

(YroBéote €8 O0TL 4 'H = 4He, xwpic AAAo mpoldv, mpayua rou dev
elvalt owoTto, aAAd Xaplv TNV ACKNoNg utooTeite 10: Ba oag didda&el KATL)

AivovTalt:
1 amu =931.49 MeV/c?2 kat 1eV=16x101° J
- M(n) = 939.57 MeV, M(p) = 938.27 MeV, M(e) = 0.511 MeV, M(v)=0
- Evépyeleg Z0vdeonc (B):
B(“He) = 28.30 MeV
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Aoknon 3: 2Uvtnén udpoyovou - Auon
41H - “He + Q

M'vwpilete O0TL 0 TUpNVaG Tou udpoyovou ('H) eival To mpwToOVIo Kal apa dev €XEL
evépela olvdeong, agpou eival povo tou!

Q =4*M(p) - M(He) =4* M(p) - (2 M (p) + 2 M(n) — 28.3) = ... = 25.7 MeV

H evépyela ou ekAUeTal 0TOV NALO KATA TN oUVTNEN 4 Tupnvwyv udpoyovou yla
napaywyn nAiou eivatl 25.7 MeV, dnhadn 6.43 MeV ava nuprnva udpoyovou = 6.43 *
106*1.6 10-19J =102 J

Tl ylveTalL autn n evépyelaq;

Ekmneumnetal maviou

R = akTiva

nepipopag Mg yupw
arttov ‘HALO

<)
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Aoknon 3: 2Uvtnén udpoyovou - Auon

H evépyela iou ekKAUETAL oTOV NALO KATA TN oUVTNEN 4 Tupnvwyv udpoyovou yla
napaywyn nAiou eival 25.7 MeV, dnhadn 6.43 MeV ava nuprnva udpoyovou = 6.43 *
106 *1.6 10'°J =102 J

O NALOG eKMEUTEL TNV EVEPYELA auTr]. ‘Oon evépyela eKTEUTAL ATIO TOV NALO O€ KABE
OeUTEPOAETTTO, dlaXEETAL AKTIVIKA TIPOC Ta €Ew. OMdTE TO OUVOAO TNG EVEPYELAG TIOU “Tiepvacsl”
HEoa amo uia eruddvela 41R2 KABe deuTepOAETTTO, eival 60N eKMEUTIAL ATIO TOV NALO O KABE
deuTEPOAETTTO.

R = akTtiva meplpopdg Mg

yUpw arr'tov’

>tn ' &€poupe TNV nAlakn otabepd, dnA. oo NAlakn evépyela “Meptel” oe pla erudpavela 1
m?2, oe KABe deutepdiertro = 1.35 kW / m?2 = 1.35 (kd/s) / m?

Onodte, oV anootaon 'Mg-"HAlou (oe aktiva R=1.5x108 km amno Tov NAlo), mepvouv
1.35* 4mR2 kd/s / m2 Kat dpa o NAlog ekmnéeurnel 3.8 * 1026 J ava sec.

Apa xpetalovtal (3.8 * 1026 J/s)/(10-12 J) = 3.8*10% 8 muprveg udpoyovou ava sec.

AdoU 6.02 * 1028 rupnveg 'H CuyiCouv 1 yp (600 0 pallkog aplBuog), TOTE aTOV NALO
ouvtnkovtal 3.8 * 1038 /6.02*1023=6.3 *10'1 kg 'H ava sec !!!
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> XETIKIOTIKN KIVIHMATLKN
ZXETIKIOTIKN KIVNUATIKA:

H paca eivatl pia
E = MC?2 = N eVEPYELA TIOU £XW ETELON HOP N EVEPYELAC

4 / . g 3 °
EVEPYELD | / \om)\a Kal HOVOo £xXw pdada m

Haca ¢ = TaxUTNTa ToU PWTOC

: 2
VEVIKG , Il & KIVHTIKY &vépysio. K , Eyovue EF=K + mc [ =

E=my o

p=my v=my fc,émovp=opui

E? = p*? +m*c*  — E[MeV], p[MeVic], m [MeV/c?]

2nueiwon.: ue ¢ =1 ypapoovue 17k =p2 +m°, KAT.
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Movadec

— 3% 108m/ss,uov0'céoc tayvtntoc 1

uovéda evépysioc = & =16« 10" ""Clx V=1.6 =« 10" " Joule
>uvnBwg xpnotluoroloupe to MeV (= 10° eV)

>T1abepa tou Plank = h = 6.6%6 x 1034 Js

he= 197 MeV fm, érov h= o = woviéda dpconc fevépysiac x ypévov =1
T

e’ = 1  ©axpnoluomnotolpe Mavtou:
 Aze he [ ks]= Aic [cgs]= 137 €V ylaevépyeia () MeV otnv mupnvikn),
0 ) :
1/4ne, = 1 o€ 0Aoug Toug TUTIOUG,

— Bepd AT NG = 1/137 .
a =T OTABEPA AETMG UPNG Kal 8a Bacoupe: e°=atic, Smova= 1/137

MeTpape: , hie= 197 MeV 1fi
Macla: MeV/c?2 (apou E = mc?)

Opun: MeV/c (adoU p = myfc)

Xpovo oeg: 1/MeV (adpoU n povada dpaong = Evépyela * Xpovog =1)
Mnkog og: povadeg xpovou = 1/MeV (adoU n povada taxutntac=1)

1 amu = 1/12 padacg oudeTpou atouou 2C = 931.5 MeV/c2
Mdadla nAektpoviou = 0.511 MeV/c?
Mala mpwTtoviou = 938.3 MeV/c2, Mala vetpoviou =939.6 MeV/c?
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