zolyela NMupnvikNc PLOIKAC KAl
ZTOLXELWOWVY ZWHaATLOLWVY
(50L eEapnvov, XELPEPILVO 2013-14)

Tunua T3: K. Kopdac & X. Metpidbov

Maonua 2
a) MEyeBoc Ttov nupAva
B) MaCla rvpnva, evépyela oovdeonc, EAAELMO HACAC

Kwotac Kopdac
APIOTOTEAEIO TTAVETIIOTIUIO O@ECOAAOVIKNC
Mopnvikn & Ztowxewwdn I, AptototéAelo Mav. ©/vikne, 14 OktwRpiov 2013



2NUEPQ
« Méyg00C TWV MUPAVWV.
- BiBAlo C&G : Keg. 4, €wc Kol tap. 4.3
- ZnMEWWOoELC MNMupnvikAC: Keg. 2
http://www.physics.auth.gr/course/show/125

« Mada Twv MVPAVWY, EVEPYELA ODVOEONG KOl EAAELMNC
pacag.
- BiBAlo C&G : Keg. 4, map. 4.4 katL 4.5
- ZnMEwwoeLlc MupnvikNG: Keg. 3, €wg map.3.2
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http://www.physics.auth.gr/course/show/125

Mala rvpnva
e H udla evoc nvpriva eivat oxedov MOAAATIAGCLO TOL
na ko0 apLlBuoL, A Kol HETPLETOL OE

- amu = 1/12 t™n¢ pa&loc TOL OLOETEPOL ATOMOL
12C = 931.494 MeV/c?

- MeV/c?: n pala elvat plor poper EvEPYELOC

- Na ouykplOel To amu pe : pala vetrpoviov 939.5
MeV/c?, pala mpwtoviov 938.3 MeV/c?

¢ H udla evéc nmuprva HETPLETAL ME:

- daopatoypagouvc Macac, OTov PUETPOVUE TNV
ardAvTn TN TNC HAloC TOoL TILPAVA

- Xpnotlgonowwvtac evepyelakod LoolbyLlo o€
MLPNVIKEC avTLIdpaceLlc naipvovue tn pala
OXETIKA UE Pl AAAN, yvwoth pala
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MEtpnon pacac PE paopaTtoypapo (1)

® [Inyn LOVTWVY TOL aTOoLYXE(OL TIOV
OEAOLUE VO UETPOOVIE

> Alaywplotri/emtAoyEa
TAXLTATWY={0EC KOL AVTIBETEC
NAEKTPLKEC KOL HOYVNTLKEC
SUVAUELC:

® - g =qgvB - v=E/B (E, B
NAEKTPLKO & payvnTiKO nedla)

> ALOYWPLOTH/ETILAOYEQ OPHWVY; N
KUKALKN TPOXLA TIPETIEL VA
LKAVOTIOLE( TN OXEoN:

® Mv = qBr ( Mv?/r = qBv: d0vapun
Lorentz = gpuyokevtpn d0vaun)

® METpnon TnG akTivac r 8lvel Tn
uéla M (BuunBeite Tn HETPNON
TOL AOYOUL €/m OTO EpYaoTHPLO
ATOULKAG)

Apxn Aetouvpylac Tov
POOHATOYPAPOL UAlAC

Photographic
plate

Velocity

lon source
selector

fon .

beam I > -‘F\\\ >
@ ~

ALQPOPETIKA LooTOoTIA UE (OLo
@opTio yla pila T B tou
LoyvnTikoL nediov Ba
LETPNOOLY 0 BLAPOPETLKNA
0€on MAVW OTN PWTOYPAPLKA
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+ Number

Métpnon Macoag Ue paouaToypapo (2)

Yolts
935 911 388.5 866.5

846
st

| I ] | | I [ i

Potassium

p.

38 39 40 41
Atomic weight

MapddeLyua
SLOYWPLOMOD LOOTOTIWY
Ttou KaAtou (3°K, 4K)

A.M.0O - 14 OkT. 2013 K. Kopddac - Mupnvlkn Kal 2TOLYELWON
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daoupatoypapoc Macac
Dempster (1922)

—

—170;

- Moonua 2B Maca, U\)Geon, Q-value 5



Mala mupnva Kol EvEPYELO oLVOEONC

« H evépyela (=pala) mov £Xouv oL TILPNVEC, OTIOV TA VOUKAEOVL
elval “dEouLa, elval LLKpOTEPN AT’ TO VO £XOLHE TA CUCTATIKA
VOULKAEOVLA uOva TouC, eAsLBepa. Exovue “EAAslua paloac”

e Zlyovpa £Youv ALyOTEPN €VEPYELA £TOL, XAALWC Sev vTIRPXE AOYOC YL
TA VOLKAEOVLO va T PAE(VOLY OTN OTABEPOTNTA TNC MAPEQC

- Moéoo ukpdTepn elvat n paCa? Oco n eveépyela obvdeonc

Mmivpriva = Zm (EAeVBEPA VOLKAEOVLA) —

- Mnupiva = Z * m + N*m -B(ZN) AUEANTED

- Matépov = Mnvpnva + MnAektpoviwy - W\)

« Evépyela obvdeong = B(Z,N) =

00N EVEPYELA TIPETIEL VA DWOW YLa var SLAADCW TOV TPV
OTO OLUOTOTLKA TOU VOUKAEOVLA (ELC TA £E WV OLVETEDN)

MnivpAva + Evépyela Z0ovdeonc = Zm (eAe0Oepa VOUKAEOVLO)
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Evépyela obvdeonc, HACEC TILPNVWY KO
TMUPNVIKEC AVTIOPATELC

 ApXLKOi TVUPAVEC —» TeALKOlL MUVPAVEG + Q

« Na QupaocTte: n pada eival pLa HopP@n EVEPYELAG

« Evépyela mpilv = EvEpyela HETA
H evépyela npv lvat 6on N Ao TWY APXLKWY TIUPHRVWV.
ALTN N EVEPYELO XPNOLUOTOLELTAL YO va @TLAYTODY TA
MPEOLOVTA, KAl N LTIOAOLTIN EAEVOEPWVETAL WC KLVNTLKA
evépyela (Q) mov tn potpalovtal Ta potovTa

e 2 M(apyxlkd) = Z M(teAka) + Q
e av Q>0 (eEwBepuLkn), n dldomnaon yiveTatl pévn TNC Kal
OlveL Kal EvEpPYELQ
* Av Q<0 (evboBeppuLkn), n dtdonaon AEN yivetal pévn tnc,
AAAQ XpeLdleTaL VO TNC TIPOCPEPOLE EVEPYELD VLA va YIVEL

« MriupAva = Zm (eEAeLBepa vouKAedVLL) - B(N,Z)
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« Evépyewa o0vdeaonc = B(N,Z)

Mnvpnva = Zm (eAe0B0epa voukAedvLa) - B(N,Z)
Table 4.2. Energies of some light nuclei

Nivakag 4.2

9TO BLB)\(O GOC o Binding Binding
’i»c’ Binding energy of energy per
‘\Q energy last nucleon nucleon Spin and
("i’c‘ MNucleus (MeV) (MeV) (MeV) parity
G‘\ TH 2.22 2.2 1.1 1+
Q.\" iH 8. 48 6.3 2.8 I*
(\@\9 JHe 28.30 19.8 7.1 0t
JHe 27.34 —1.0 5.5 i~
“Li 31.99 4.7 5.3 1+
iLi 39.25 7.3 5.6 i
“Be 56.50) 17.3 7.1 ot
1Be 58.16 1.7 6.5 e
] 64.75 6.6 6.5 3t
'\B 76.21 11.5 6.9 -
e 92.16 16.0 7.7 oF
aC 97.11 5.0 7.5 '
N 10466 7.6 7.5 1+
1IN 115.49 10.8 7.7 -
0 127.62 12.1 8.0 ot
'O 131.76 4.1 7.8 i
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Evépyela obvdeonc mupRVWY

¢ ZEKLVWVTOC atd TO NMPWTOVLIO (LBPOYHOVO) TIPOOCOETOVE
VOULKAEOVLA KOl PTLAYVOLHE TILO HEYAAOLC TILPAVEC
(obvtnEn 6mMwc otnv Kapdild Ttov HAlov)

« Elval o KawoLpyloc nupnvoc otabepoc?

« Aoknonl:
- o) Méon €wat n paca tov cwuatidiov a? ( *He )
- B) Otav ¢pTidyvw To *He and to *He eivat OK?
- y) To “He ané to *He?
- 8) To °He amné to *He ?

- €) Tunapatnpeite pe Toug nuprveg * He , ° Be , * C, ** O

OXETIKA PE TNV EVEPYELO obvdeEONC ToL “TeEAEVTOOL”
VOULKAEOVIOUL TIOL TIPOCOETOVHE YLA VO PTLAEOLHE
QVTODC TOLC TMLPNVEC ATIO TOUC AUECWC EAXPPVUTEPOLC?
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e M = 2 m_ + 2 m_ - gvépyela abvdeong (binding energy) Tou Tuprva 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 geA. 15)

Table 4.2. Energies of some light Juclei
Bindfng Binding
Binding enegey of energy per
energy lagf nucleon nucleon Spin and
Nucleus (MeV) eV) {MeV) parity
‘H 2.2 22 1.1 1+
iH 848 6.3 2.8 It
< THe 2830 > 198 7.1 ot
JHe 27.34 —1.0 5.5 i
“Li 31.99 4.7 5.3 1"
1L 39.25 7.3 5.6 e
‘Be 56.50 17.3 7.1 ot
iBe 58.16 1.7 6.5 -
g 64.75 6.6 6.5 3+
'\B 76.21 1.5 6.9 -
12 92.16 16.0 7.7 o+
e 97.11 5.0 7.5 1-
N 10466 7.6 7.5 1"
'IN 115.49 10.8 7.7 .
"0 127.62 12.1 8.0 o+
o 131.76 4.1 7.8 3
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AoKnon 2 : evEpyeLa obvdeaNC Kal
TMIVPNVLKEC AVTIOPATELC

MNpoAnpa 4.5 Touv BiBAiov cag
a) Ac(Ete 6TL TO °Be umnopel va dlaonaotel og 600 A-CWHATLA.

B) Ac(Ete 6TL TO '°C Hev unopel va dlaonaoTél o TPl A-CWHATLAL.

y) Mvetal (xywpic Boribela) n avtidapaon *H + *He - °Li + y ?

AtvovTat: to BLBAlo cac
- Mivakoc¢ 4.2
- m(n) = 939.57 MeV, m(p) = 938.27 MeV
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Aoknon3: Z0vtnén vdopoyodvoL yLa mapaywyn NAtov
otov HAlo

Aoknon 3:
MNoon evépyela Oa eAsvBepdvovTav av To devtéplo ( *H ) unopovos
va nopdyet AAo ( *He ) pe tnv akéAovbn avtidpaon cdvtnENc?

’H + 2H - “He

AlvovTat:
1 amu = 931.49 MeV/c* kot 1eV=16x10"'° |
- M(n) = 939.57 MeV, M(p) = 938.27 MeV, M(e) = 0.511 MeV, M(v)=0
- Evépyelec Zovdeonc (B):
B(*He) = 28.30 MeV, B(°*H) = 2.2 MeV, B(*H) = 8.48 MeV
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Aoknon 3: Z0vtn&én vdpoyovou - Abon
* Apxn dlaTtAPNONG TNG EVEPYELAG
- Evépyela tpwv = Evépyela peta , H pacda eival pa
HOP®PN EVEPYELAG
- Z M(apyika) = £ M(tTeAika) + Q, yia av8oépunTn
oXaon mMpPEMElL 00

 H udla kaBe mvpriva vroAoyietat and TIC HACEC TWV
OLOTATLKWY TOL (MPWTOVLA KOL VETPOVLA) KOL TNV EVEPYELD
oLVOECNC 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)
¢ Ondéte KaTA TNV avtidpaon avth (dnA., dTav 2 MUPAVEC

devteplov ovvTAKkovTal Kal yivovTtal 1 muprivac “He), ekADeTaL
evépyela 23.9 MeV.
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Aoknon 4: Zxdon ovpaviov-235 (°°U)

Aoknon 4:

a) Moon evépyela EKADETAL KOATA TNV MOPAKATW avTidpaon oxdonc
ovpaviov *°°U?

n —|—£5 U —>;21 Ba —|—3962 Kr+3n

B) Méon evEpyela eKADETAL KATA TNV MAPATIAVW avTidpaaon oxdong
and 1 kg ovpaviov 23°U?

AlvovTal:

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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Aoknaon 4: Zxdon ovpaviov-235 (°°U) - Abon
* Apxn dlatApNnong TNG evéEpyeLag

- Evépyela mplv = Evépyela peta , H pala eival pia pop@n eVEPYELAG

- Z M(apxikd) = Z M(TeAikad) + Q, yia av@éppntn oxdon npéner Q>0

e H pala kaBe nvpnva divetal o€ amu. Mmopw va T KAvw MeV auéowc, N va
TIC AQNOW O amu, va Bpw To Q 0€ amu Kal va To K&vw 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 #*°U), eKADeTalL
evépyela 234.1 MeV.

« [a va Bpolue ndéon evépyela ekKAVeETOL KaTtd tn oxdon 1 kg *°°U, mpénet va
£€poupe méooL MuprveC vnidpyouvv o 1kg U,

« =€povpe 6TL o 1 mol ?*°U €yovpue 6.02 * 10*° nuprjvec kat to 1 mol CuyiCel 6oo o
HolLKOC aplBudc o ypauudpLa, onAadn 235 gr.

- 1 kg °U = 4.255 mol = 25.6 * 10?2 nuprjvec **°U.

e Evépyela amd 1 kg »*°U = 25.6 * 10%° *234.1 MeV = 6 * 10*°* MeV = 6 *10%°*10°eV =
6 *10%°*10° *1.6 *10™"° Cb*V = 9.6 * 10’ M} ( Bupdote 6TL 1 Cb*V =1 Joyle =1))
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2YXETIKLOTLKN KLWWNUOTLKA
ZXETIKLOTLIKA KIVNMOTLKA:

H pala eival pla
HOP®N EVEPYELAG

E = MC? = n evépyela mod éxw eneldn

) / s s s 7
EVEQVELQ ,/ \ QTIAQ KOl JOVO E£XW pada m

HACX ¢ = toydTNTA TOL PWTAC

2 [ y
YEVIKQ , ue Kivntikn evépyeia K |, Exovue - EFE=K +mc | & !

1

Ji—pg’

2
E=my C ,0mov y =

Kat B=v/c, ue v =TaYOTNTA COUATISIOV

p=—my ov=my ﬁc,énoupzopm

E*=(pc) +(mc*y - E[MeV], p [MeV/c], m [MeV/c? ]

Ineiwon w=1,ypapope :E2:p2+m2,K)\7I
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c=3%X10"m/s=uovada taxyomrag =1

uovaSaevépyelac=eV=1.6x10""Cb*xV=1.6%x10"" Joule
>uvOwc xpnotuomnololue to MeV (= 10° eV)

>Tabepd Tov Plank = h = 6 626 x 10°*] s

Ac=197MMip T O h:e:z—:yova5a6paanc(£vepy£lac X xpovovu | =1
TT
e’ e’ 1
= ks |=—— R
= Te e ks 1= less =157

o = n otoBepd Aennc venic = 1/137

e’=ahc,bmova=1/137
Ac=197 MeV fm

MeTpape:

MdaCa: MeV/c* (apoL E = mc?)
Opun: MeV/c (apol p = myBc)
Xpoévo oe: 1/MeV (agpoL n povada dpdonc = Eveépyela * Xpévog = 1)
MNKo¢ og: povadec xpoévov = 1/MeV (agpoL n povada taxodtTntoc=1)

1 amu = 1/12 pdcac ovdétpou atduov “C = 931.5 MeV/c?
MdaCa nAektpoviov = 0.511 MeV/c?
MdaCa nmpwTtoviov = 938.3 MeV/c?, Md&la vetpoviov = 939.6 MeV/c?
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