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2NUEPQ
« Mada TwV TILPAVWVY, EVEPYELX OVVOEONC Kal EAAELM
pacac.
- BiBAlo C&G : Keg. 4, map. 4.4 kaL 4.5
- BLBAlo EAcLBepLAON: Ke. 4, ap. 4.1 Kal 4.2

- Znuewwaoelc NMupnvikneg: Keg. 3, €wg nap.3.2
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Mala rvpnva
¢« Hpuala evoc nupnva eivat oxedov mMoAAATIAAGCLO TOL PHallkoU
apLOuo0, A Kol HETPLETAL OF

- amu = 1/12 t™nc pdcac tov ovdéTtepov atduov HC =
931.494 MeV/c?

- MeV/c?: Ouunbeite: E=mc® » m = E/c?
- Mada ovdétepov atopouv = Aamu + A

omov A glvat pla dLépBwaon (BETIKN  ApVNTLKH) OTNY TPWTN
npocéyywon “A amu”. Ta A dlvovtal yia kdBe otolyeio, o€
nivakec. EE oplopod A=0 yia *“C.

H pdla evdc mupnvo HETPLETAL UE:
- daopatoypdpouvc Malac, OMov HETPOVUE TNV ATOALTN
TIUA TNC HAlac Tou IMupnva

- XPNOLHMOTOLWVTOC EVEPYELOKO LOOCVYLO OE TILPNVLKEC
avTIOPAoELC TTa{pVOLHE TN AL OXETIKA UE UL
AAAN, yvwotn pala
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MEtpnon pacac HE paopaTtoypapo (1)

Ny LOVTWVY TOL OTOLYELOL TOL
BEAOLUE VO LETPHNOOLUE

> AlaXWPLOTAC/ETMAOYEQC
TAXVTATWY={0EC KAl AVTIOETEC
NAEKTPLKEC KOL UOYVNTLKEG
SLUVAUELC:

® gE =qgvB - v=E/B (E, B
NAEKTPLKO & poyvnTiko medla)

> AlaXWPLOTAC/EMAOYEQC OPHWVY: N
KUKALKN TPOXLA TIPETEL va
LKavoTiolel Tn oxéon:

® Mv = qBr ( Mv2/r = gBv: d0vaun
Lorentz = KevtpopdOAOC dovaun)

® MEtpnon TNG akTivacg r divel Tn
uéla M (BuunBeite TN nETPNON
TOL AOYOL €/m OTO £PYOCTHPLO

Apxnl Aetovpylac Tou
POOUOTOYPAPOL UAlaC
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ALOQOPETLIKA LoOTOTIA UE (BLO
@opTio yLa pio Tiun B tou
LayvnTikoL nediov Ba
LETPNOOLY O BLAPOPETLKN
B€on nMavw oTn PWTOYPAPLKN
MAQKO

A.MN.© - 17 Oct 2017 K. Kopdd&c - Mupnuikn & Ztolxewwdn 50v - Mabnua 5: Mala, abvdeon, Q-value 4



Métpnon Madag Pe paouaToypPaeo (2)

Yolts

935 911 888.5 866.5 846 (DO(UHO(TOYpé((POC MdCGC
TR Dempster (1922)
Potassium —170 |
—{1 2 \W
£
£
38 39 40 41 42
Atomic weight
napaéslvpa To pump
SLOXWPLOUOL LOOTOTIWY —F m
tou KaAilov (39K, 41K)
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Macla ruprva Kol evEpyeLla oOVOHEONC

« Hevépyela AOyw padloac(=m c?) mov €xeL €vac nvprivac (4mov T
VOLKAEOVLO €lval “dEouLa) €lval HLKpOTEPN AT’ TO va £lval T
OLOTATLKA VOLKAEOVLO LOVa TOUC, €AEDOEpa. ETOoL AEUE OTL O

nopnvac €xet “eAAelpa pacoc”

o Xlyoupa £xouv ALyOTEpPN EVEPYELA £TOL, AAALWC Bev vTINPYXE AOYOC YL
TO VOUKAEOQVLA va TTapapelvoLy 0TN 0TOOEPOTNTA TNE MAPEAC

- Moéoo ukpdTepn elval n pala; Oco n evépyela ocbvdeonc

Mmivpriva = Zm (EAEVBEPA VOLKAEOVLO) — apEAnTéQ

- Mnopnva = Z * m_ + N*m_ -B(ZN)

- Matépov = Mnvpnva + MnAsktpoviwv - bnAeKkTpoviwy

« Evépyela oOvdeonc = B(Z,N) =

00N EVEPYELA TIPETEL VO SWOW YL VO BLAADOW TOV TPV
OTO OLOTATLKA TOU VOUKAEOVLO (£1C TA €€ WV OLVETEDN)

M Ava + EVvé >0V = >m (eA&EU VOUKAEOV
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Evépyela obvdeonc, HACEC TILPNVWY KO
TMUPNVIKEC AVTIOPATELC

 ApXIKOi TVPAVEC —» TeALKOlL MUVPAVEG + Q

* Na OQupaoTe: n paca sival pLa pHop@n EVEPYELAG

 Evépyela mpiv = EvEpyELla HETA
H evépyela mpv €lvatl 6on N HAla TwWV APXLKWVY TIVPAVWV.
ALTN N EVEPYELA XPNOLMOTIOLE(TOL YO VO QTLOXTOLY TA
MPEOLOVTA, KAl N LTIOAOLTIN EAEVLOEPWVETAL WC KLVNTLKA
evépyela (Q) mov tn potpalovtal tTa potovTa

e 2 M(apyxlkd) = Z M(teAka) + Q
« av Q>0 (e€wBepun), n dldonoaon yivetal pdédvn TNC Kal
OlVEL KaL EvEPYELO
* Av Q<0 (evb6Beppun), n 6tdomnaon AEN yivetatl uévn tnc,
AAAQ XpeLdleTaL VO TNC TIPOTPEPOLE EVEPYELD VLA va YIVEL

« MrivpAva = Zm (EAeLBepa vouKAeOVLL) - B(N,Z)
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Evépyela obvdeonc mupRvVwWY
« Evépyela obvdeonc = B(N,Z)

Mnvpnva = Zm (eAe0Ogpa vouKAEOVLa) - B(N,Z)

Table 4.2. Energies of some light nuclei

Mivakag 4.2

, Binding Binding
oTo BLB)\LO C&G Binding energy of energy per
’Q’c; energy last nucleon nucleon Spin and
,‘\Q Mucleus (MeV) ([ MeW) [ MeV) parity
[
$$C, ‘H T 39 1.1 1+
<\ | |
[\ ¥ H 848 6.3 2.8 'y
QO.\” THe 2830 19.8 7.1 ot
(\{',\ iHe 27.34 —1.0 5.5 3
“Li 31.99 4.7 5.3 1t
iLi 39.25 7.3 5.6 2
iBe 56.50 17.3 7.1 o+
aBe S8.16 1.7 6.5 3
'iB 64,75 6.6 6.5 at
B 76.21 11.5 6.9 3"
e 92.16 16.0 7.7 oF
aC 97.11 5.0 7.5 1=
N 104. 66 7.6 7.5 1+
2N 115.49 10,8 1.7 1
O 127.62 12.1 8.0 ot
'O 131.76 4.1 7.8 i
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Evépyela obvdeonc mupRvVwWY

¢ ZEKLVWVTOC amd TO NMPWTOVLIoO (LBPOYHOVO) TIPOOCOETOVE
VOULKAEOVLA KOl PTLAYVOLME TILO HEYAAOLC TILPAVEC
(ocOvTNEN OMwc otnv Kapodld tov HAwov)

« Elval o Kawolpylo¢ upnvac otabepdc ;

« Aoknonl:
- o) Méon €wat n paca tov cwuatidiov a ; ( “‘He )
- B) Otav @Tidyvw To *He and to *He sivat OK ;
- y) To “He amné to *He ;
- 6) To °He and to “He ;

- €) Tunapatnpe(te pe Tovg Mupriveg “ He , °,Be, ** C, **.0

OXETIKA PE TNV EVEPYELO obvdeEONC Tou “TeEAEVTOOL”
VOULKAEOV{OUL TIOL TIPOOCOETOLE YLA VO PTIAEOVUE
QVTODC TOLC MUVPNVEC ATIO TOUC OUECWC EAQPPVUTEPOLC;
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Aoknonl:

uala ToL a Kol EvEPyeLa obvdeonC PNV

e m = 2 m_ + 2 m_ - evépyela obvdeong (binding energy) Tou muprva a

m = 2*¥938.27 + 2*939.,57 - 28.30 = 3727.38 MeV/c?
(BAEME BLBAlo, ap. 4.4, nivakacl4.2, oeA. 61 kal otaBepeC aeA. 15)

Table 4.2. Energies of some light fuclei

Binding
Binding energy per
energy a5 nucleon Spin and

Mucleus (M eV eV [ MeV) parity

“H 2.22 / 2.2 1.1 1t

H 848 6.3 2.8 1t
<_He 28.30 > 198 7.1 0

“He 27.34 —1.0 5.5 3~

“Li 31.99 4.7 5.3 1t

iLi 39.25 7.3 5.6 3"

‘Be 56.50 17.3 7.1 ot

1Be 58.16 1.7 6.5 3

'S8 6475 6.6 6.5 3t

'iB 76.21 11.5 6.9 3-

C 92.16 16.0 7.7 ot

e 97.11 5.0 7.5 1~

N 10466 7.6 7.5 1t

'IN 115.49 10.8 7.7 1

20 127.62 12.1 8.0 ot

0 131.76 4.1 7.8 -3

)
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AoKnon 2 : evEpyELa oLVdEDNC Kal
MLUPNVIKEC AVTLOPATELC

MNpoBAnna 4.5 Tou BiBAiov C&G

a) Ac(Ete 6TL TO °Be umnopel va dlaonaotel og 600 a-CWHATLA.

B) Ac(Ete 6TL TO '°C Hev pnopel va dlaonaoTél o TPlo A-CWHATLAL.
y) Mvetal (ywpic Boribeia) n avtidapaon ‘H + *He - °Li + v ;

Table 4.2. Energies of some light nuclei

A(\)O\)Tal. Binding Binding
Binding energy ol COEr gy per

m(n) = 939'57 MeV' -:_'n-:_'rg:,'h last 1::1:1-:_'[-:_':!:1 |:'LI_L-:_'l;ir!nnpL Spin and

m(p) = 93827 MeV’ Mucleus (M eV [ MeV) [ MeV) parity

o &irmAa mivakag H 2.22 22 L1 1
H 848 6.3 2.8 1t
iHe 28.30 19.8 7.1 ot
‘He 27.34 —1.0 5.5 i
“Li 31.99 4.7 5.3 1
Li 39.25 7.3 5.6 3"
“Be 56.50 17.3 7.1 ot
1Be 58.16 1.7 6.5 3
YR 64.75 6.6 6.5 3t
B 76.21 11.5 6.9 5
'2C 92.16 16.0) 7.7 ot
e 97.11 5.0 7.5 1~
N 10466 7.6 7.5 1
1IN 115.49 10.8 7.7 -
g 127.62 12.1 8.0 ot

4+
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Aoknon3: Z0vtnén vdpoyodvoL yLa apaywyn NAtov
otov HALo

Aoknon 3:
[éon evépyela Ba eAcvBepdvovTav av To devTtéplo ( “H ) unopovaoe
va napdyet Ao ( *“He ) pe tnv akdAovbn avtidpaon odvtnénc ;

‘H + “H - “He

AlvovTat:
1 amu = 931.49 MeV/c* kot 1eV=1.6x10"1'° |
- M(n) = 939.57 MeV, M(p) = 938.27 MeV, M(e) = 0.511 MeV, M(v)=0
- Evépyelec Z0vdeonc (B):
B(*He) = 28.30 MeV , B(°*H) = 2.2 MeV, B(°*H) = 8.48 MeV

A.MN.© - 17 Oct 2017 K. Kopdd&c - Mupnuikn & Ztolxewwdn 50v - Mabnua 5: Mala, abvdeon, Q-value 12




Aoknon 3: 20vtn&én vdpoyovov - ADan
* Apxn dlaTtAPNONG TNG EVEPYELAG
- Evépyela mpv = Evépyela peta , H paca sival pua
HOP@PN EVEPYELAG
- 2 M(apyika) = Z M(teAika) + Q, ywa av@oéppntn
oXaon MpPEMEL Q>0

¢ H udla kaBe mupriva vmoAoyietat and TIC HACEC TWV
OLOTATIKWY TOL (MPWTOVLA KOL VETPOVLA) KOL TNV EVEPYELD
oLVBEONC TOUC

- M(°H) = M(p) + M(n) - B(*H) = (938.27 + 939.57 - 2.2) MeV = 1875.64
MeV

- M(*He) = 2*M(p) + 2*M(n) - B(*He) = ... = 3727.38 MeV
- 2*M(*H) = M(*He) + Q
- Q = 2*M(*H) - M(*He) = 23.9 MeV (6nA. Q>0, Kal @pa yiveTal)
¢ OmoTE KATA TNV avTidpaon avth (6nA., 6Tav 2 MVPNVEC

devteplov ouvTAKovTal Kal yivovTtal 1 muprivac “He), ekADETaL
evépyela 23.9 MeV.
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Aoknon 4: yd&on ovpaviov-235 (*°°U)

Aoknon 4:

a) Moaon eveEpyela EKADETOL KATA TNV MOPAKATW avtidpaon oxdonc
ovpaviov ?°°U ;

n —|—§§5 U —%21 Ba+, Kr+3n

B) Mbéon evépyela EKADETOL KOATA TNV NMapamndvw avtidpaon oxdonc
ané 1 kg ovpaviov *°°U ;

AlvovTot:

1 amu = 931.49 MeV/c? kot 1eV=1.6x10"? |
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 4: Zxdon ovpaviov-235 (°°U) - Abaon
* Apxn dlatApNnong TNG evEpyeLag

- Evépyela mplv = Evépyela peta , H pada eival pua pop@n evépyeLac

- Z M(apyxikad) = Z M(TeAilkd) + Q, yia av@oppunTn oxdon npénet Q>0

¢« H pé&la kdBe nuprva divetal og amu. Mmopw va TIC KAvw MeV auéowc, i va
TIC apriow o€ amu, va Bpw To Q 0€ amu Kal va To KAvw o€ MeV oto TEAOC.

« M(*°U) + M(n) = M(*'Ba) + M(°*Kr) + 3*M(n) + Q
- Q = M(**U) - M(**Ba) - M(*?Kr) - 2*M(n) = 0.2153 amu -
Q = 0.2513 ¥931.49 MeV = 234.1 MeV (6nA. Q>0 : dpa yivetal avBépunTa)

e Ondte KATG TNV avTidpaon avth (6nA., yia ENAN pévo nupriva 2*°U), eKADeTaL
evépyela 234.1 MeV.

« [a va Bpolue noéon evépyela eKADETOL KaTd tn oxdon 1 kg *°°U, mpénet va
£€poupe méooL Muprvec vnidpyouvv o 1kg *°U.

« =€povpue 0Tl og 1 mol 2°U €yovpue 6.02 * 10%° muprvec Kot to 1 mol Cuyilel 600 0
HolLKOC aplBudc o ypapudpLa, onAadn 235 gr.

- 1 kg U = 4.255 mol = 25.6 * 10?° nuprivec *>°U.

. Evépyela and 1 kg 235U = 25.6 * 102 *234.1 MeV = 6 * 102 MeV = 6 * 10%°* 10°eV =
6 *10%°* 10° * 1.6 * 10 Cb*V = 9.6 * 10’ MJ ( Bvudote 6Tt 1 Cb*V =1 Joyle = 1))
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