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2NUEPQ
e HULEMTIELPLKOC TUTMOCG MACOC TTUPAVWY KAl KOLAada B-
oTAOEPOTNTOC

- BiBAlo C&G, Keg. 4, tap. 4.5-4.7.
- 2ZnuewwoeLlc NMupnvikng, Keg. 3, map 3.2, 3.3

« Evépyela oovdeonc mupnvwy Kat “Q-values” ano a-
Silaomaon KaL oxaon

- YTTOAOYLOMOC aTtd NULEMTELPLKO TOTO
- ZOYKPLON ME TELPAMOTIKEC TIMEC Yo a-Blaomoon
- BiBAlo C&G, Keg. 4, tap. 4.8 & Keg. 6, nap. 6.1

« loTooeAidba: http://www.physics.auth.gr/course/show/125
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http://www.physics.auth.gr/course/show/125

« Evépyewa o0ovdeaonc = B(N,2Z)

- H pdla evéc nupriva eivat pikpdtepn amnd to dBpotoua Twv Holwv Twy
VOULKAEOVIWVY TOL TEPLEXEL. MEYAAN EvEPYELX OUVOEDNC — HLKPN
u&la - otaBepdTEPOC MUPAVOC:

Mnvpnva = Zm (eAe0Oepa voukAedvLa) - B(N,Z)

lable 4.2, Energies of some Nght nucler s s
Oivakag 4.2 Tou BLBAlov oag

Binding Binding

%c‘ Binding energy of energy per
\Q energy last nucleon nucleon Spin and
P c"‘ Mucleus (MeV) (MeV) [ MeV) parily
2 > "
\$ 'H 2.22 2.2 1.1 1
of( iH 848 6.3 28 It
Q. iHe 28.30 19.8 7.1 ot
QG‘ iHe 27.34 —1.0 5.5 i~
“ﬁ,\ “Li 31.99 4.7 5.3 1"
iLi 39.25 7.3 5.6 3
iBe 56.50 17.3 7.1 ot
iBe 58.16 1.7 6.5 3
gt 64.75 6.6 6.5 3t
‘B 76.21 11.5 6.9 -
e 92.16 16.0 7.7 ot
aC 97.11 5.0 7.5 i
4N 10466 7.6 7.5 1"
1IN 115.49 10.8 7.7 i
ey 127.62 12.1 5.0 ot
e 131.76 4.1 7.8 3
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HuLeELPLKOC TOMOC nacoc mMupAvwy
« Evépyewa o0Ovdeonc mupnva = B(N,Z)
- guvaptTtnon Kat tTov Z KoL Tovu N

- KoL Ta dvo £(6n vovkAsoviwy (n, p) nmailouv pdAo

e OXL OMWC OTA ATOHA TIOL PTAVEL UOVO TO Z YLOTL EXOLME
VO KOVOUUE MOVO UE NAEKTPOUOYVNTLIKEC BLUVAUELC
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EvEpyeLla ovVdEONC - NULEUTIELPLKOC TOUTIOC
B(Z,N) =

aA (6ykov)
- b A%?/3 (emi@averac)
-s (N-2)%2/ A (aocvppeTpiac)
-d zZ* /A’ (Coulomb)
-6 /A'? (CevyapwpaToc)

a=15.835 MeV , b=18.33 MeV
s=23.20 MeV , d=0.714 MeV
+11.2 MeV neprtol-nepttol (Z neptttd Kot N nepLttto)
o = 0 nepttol-dptiol (m.y: Z dptio Kot N mepLttto)
-11.2 MeV dptot-dgptiot  (Z aptio kKot N dpTtuo)
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EvEpyeLla ovVdEONC - NULEUTIELPLKOC TOUTIOC

B(Z,N) =
aA
- b A2/3\
-s (N-Z)’/ A
-dzZ*/A3 EuvoolvTat Ta edyn p-n

(LEYOADTEPN EVEPYELO TLVBEDONC
-85 /A? 6tav Z=N)

H anwaon Coulomb peta&d TwWY
MPWTOVIWY €XEL OLAAVTIKEC TAOELC

a=15.835 MeV , b=18.33 MeV
s=23.20 MeV , d=0.714 MeV

+11.2 MeV neprtol-nepttol (Z neptttd Kot N nepLttto)

o = 0 nepttol-dptiol (m.y: Z dptio Kot N mepLttto)
-11.2 MeV dptot-dgptiot  (Z aptio kKot N dpTtuo)
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ErilpdveLla muprnva-otayovac.
HAEKTPOOTOTLKN ATIWON

1 1
V=const*A > 7 R=const XA = RPocA— Roc A

»R=R *A"? >

. Empdvela = 4nR? = 4n R02 * A2/3

 HAgkTpooTaTikn gvepyela (E ) oTaydvag e OUOLOHOPPQ
KATOVEUNUEVO poPTiO Ze aTtov OYKO TNC:

2 2 2
g=3 )3 (262/320.79M6V 2
5 R SRA A
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EvEpyeLla ovVdEONC - NULEUTIELPLKOC TOUTIOC

B(Z,N) = 16 L
I / - t -
aA 14 i Emi@avenas |

- b A2/34-/'_—_'—- ]
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a=15.835 MeV , b=18.33 MeV

s=23.20 MeV , d=0.714 MeV E
+11.2 MeV mnepLtoi-nepLtol

6= 0
-11.2 MeV dpTtiot-agpTtLot

b
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EvEpyeLla ovVdEONC - NULEUTIELPLKOC TOUTIOC

B(Z,N) = wof  °Fe
aA
_ b A2/3
- S (N'Z)2 / A 8.5 |
_ d ZZ / A1/3 <
6 / A1/2 %
**I { MPOSOXH: {'
3 B H neplypaen ivat
a=15.835 MeV , b=18.33 MeV YEVIKA KaAR aAAG Oyt
s=23.20 MeV , d=0.714 MeV TeAewa!
+11.2 MeV mnepltol-riepttol L Lt zgni
6 = 0 nepLtoi-apTLoL ’

-11.2 MeV dpTtot-aptiol <e——— ApTio Z, dptio N
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Evépyela oOvOeONC - NULEUTELPLKOC TOTOC

NelpapaTtiki TIMAR
(mivaxkac 4.2)

YTOAOYIOMOC ATIO NULEUTIELPLKO TUTIO:

. B(42He) = B(Z=2, N=2) = 20.95 MeV ( 28.30 MeV)
o B(84Be) = B(Z=4, N=4) = 51.6 MeV ( 56.5 MeV)
. B(126O) = B(Z=6, N=6) = 121.64 MeV (127.62 MeV)

*

YTIOAOYLOMOG ATIO NULEUTIELPLKO TOTIO

MPOZOXH: H nepuypagn eval YEVIKA KAAN dAAX 0L TEAEL!

A€V @TAVEL HOVO O NULEUTIELPLKOC TOTOC.

O nupnNvac 6€v elval pla vypry otTayova. YIIAPYXOLY KL AAAQ TIPAYUA T
MOV TPEMEL VO AdBovpE LTt YLV pac (“eAowdn” doun TWY MUPAVWY).
Oyt pévo anAd tov apltbud MPWTovIiWY Kal VETPOVIWY.
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Evépyela obvdeonc - peTafaAiovtac to A

TL kKepOICovE CLVOETOVTOC KAL OTTOCLVOETOVTAC TIVPAVEC?
I_I.X., a) 20X + 20x — 40Y ’
B) 240X_> 120Y+120Y, Y)A)(_)A—4Y_|_(x

I I ! 1 1 I 1 > | I I I I I
88}l » Semi-Empirical mass formula o
,.a'%mo’;;;amoo © Measured binding energy
So ®eg

8.6 . o %- .
— og° .
= )
§ 029 999 3
84l . %020 “-7.075+7.7x 10734 J
8 ° 'o.o
G . °°
2 8.2 - |
® ° Limit of stability—— "e
S: . against a-decay .e%e
> 8.0 . "aoee -
o ®
3 %932000
g) 181 5 -..c:o .
2 i by | i
= °  N=20 Tf\/:zsf N=50 t N=82 2—821 .

76k Z=30 228 Z=50 N=126 o .

74 | | | 1 | il l | | | | ] 55&556!
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Evépyela obvbeonc - cuvaptnon touv A pévo (1);

B(Z,N) = v
A (15,835 1833 QBRI (2 D3 ]
a ,
8.5 l , OW ‘0\‘
-b A?/3 @c, O “ e T N
L \) ’\)0*\' F \)0
-s (N-2)>/ A b@\@f 082 S on WO
2 1/3 éL\l\)OL V0P
-dZ [ A _ ‘2‘(‘\‘90 Bllﬁo\)
- 6 A1/2 “"*‘; c § I
/ \ \40-\)00\) \3 i
w It
T |
a=15.835 MeV , b=18.33 MeV =0
265~
s=23.20 MeV , d=0.714 MeV > 1
+11.2 MeV mnepltol-riepttol Es‘_ o
w 2040 60 B0 100 120 140 160 180 200 220 240
0 = 0 MeEPLTOL-APTLOL g A

-11.2 MeV dpTtot-aptiol <e——— ApTio Z, dptio N
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EvEépyela obvdeonc - cuvapTNon Tov A HOVO (2);

B(Z’N) = 9.0 |-
aA |
- b A2/3
-s (N-Z)*/ A 5 |
-dZ*/A3 z
6 / A1/2 g
a=15.835 MeV , b=18.33 MeV
s=23.20 MeV , d=0.714 MeV
+11.2 MeV nepirotmeprtol  Lhoov v a0 ]
6 = 0 nepLtoi-apTLoL ’

-11.2 MeV dpTtot-aptiol <e——— ApTio Z, dptio N
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KolAada B-otaBspoTnTOC
To otaBepoTepo Z yia Kkabe A

(AAALWC: AV pHOC EAEyOV
“OTLAETE TIVPNVEC UE UOVO TIEPLOPLOMUO
TO AOPOLOPO TIPWTOVIWY KOl VETPOVIWVY
va etvat A”,
nmoLd Z Ba BLOAEYATE WC
TO “KAALTEPO”;
To Z=0, to Z=A, T0 Z=A/2, IOL0;
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KolAada B-otabepdTnToc: Na K&Be A, old
Z dlvel To otaBepdTEPO OTOLYXELOD;
« Evépvela obvdsonc mupnva:
B(Z,N)=aA-bA?3-s(N-Z)’/A-dZ*>/A'?>-86/A'?
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KolAada B-otabepdTnToc: Na K&Be A, old
Z dlvel To otaBepdTEPO OTOLYXELOD;
« Evépvela obvdsonc mupnva:
B(Z,N) =aA-bA?*3?-s(N-Z)’/A-dZ*/A'3*-86/A"?
AvTtikaBlotwvtac N=A-Z , €yovue B(A,Z) avtl yia B(Z,N):
B(A,Z) =aA-bA*3-s5 (A-2Z)*/A-dZ*/A'3>-86/A'?
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KolAada B-otabepdTnToc: Na K&Be A, old
Z dlvel To otaBepdTEPO OTOLYXELOD;
« Evépvela obvdsonc mupnva:
B(Z,N) =aA-bA?*3?-s(N-Z)’/A-dZ*/A'3*-86/A"?
AvTtikaBlotwvtac N=A-Z , €yovue B(A,Z) avtl yia B(Z,N):
B(A,Z) =aA-bA*3-s5 (A-2Z)*/A-dZ*/A'3>-86/A'?

- B(AZ) =c +c, *Z+ c *Z°=napapoAn (ya A=0tab.)

W
A
B(Z| A=0T100.)
“To B w¢
guvapTnon Tov Z,
yia A=0Ttab.” -
Z
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B-otaBeP), TO 0TAOEPOTEPO Z 0O KABE A: pEYLOTN
evVEPYELO oOvdEONC
« M&Eyloto B(A,Z), yia KaBe A=0T0bepO:

3 _ (A—27Y (- (4 —
OB(A.Z) _\ _, 2{2 25(4-22)(-2) _ _, 4s(4-2Z) _ 24:;!%
o7 A A A A"
- )ia 254
= 25(A—-27)=dZA*" = Z(4s+dA**)=2s4 = 7 =
4s +dA-"
 Apa to Z mnovu divel To péyloto B(A,Z), yia kaBe A glval:
™
= 2+(d//;s)A2/3 2= A
- 2+0.0154 A
s=23.20 MeV , d=0.714 MeV
_
Z < A/2
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KolAdda B-otabepdTnTac: Na Kabe A, nold
Z dlvel To otaBepdTEPO OTOLYXELOD;
« Av AdBOULME LTT'OYLV TO ATONO WG OVUVOAO, pE paca M(A,Z):
M(A,Z) = Zm - B(A,Z) - E(Qoulo-mﬁ n')\gl('rpoviwv)

e B(Coulomb nAektpoviwv) ~ 0 (TGEN peyEBouC eV, evw
oTov Tvpnva £€xovue MeV)

==> M(A,Z) =Z m_ + Z m_ + (A-2Z) m_-
[aA-bA%3-5 (A-2Z)*°/A-dZ*°/A'Y3-86/A'?]

- M(A,Z) =aAAN ntapaBoAn wc npodc Z ywa A=oTtasb.
A %—/

M(Z | A=oTab.)

f

“To M wW¢
guvapTnon Tov Z,
ylo A=0Tt00.”

>
Z
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B-0t0Bepd = TO 0TOOEPOTEPO Z 0 KABE A: eAdyLOTN
uaca (eveEpyeLa) atouoL
« EAGYloTn pala M(A,Z) ywa kaBse A=oTtaBepdi:
Lo ouyKeKPLUEVO A Kat © (.., 6=0),
TO Z 1ov dilvel eAdylotn pala eivad:

(4s + (m, —my, — m,:]r:'j]A

a— My = .
Pl2y 2ds + dA5)

 Apa to Z mov divel Tnv eAdylotn M(A,Z), yia KaBe A slval:
™

m(n) = 939.57 MeV / c?
m(p) = 938.27 MeV /c? .
m(e) = 0.511 MeV / c?

s=23.20 MeV , d=0.714 MeV

A
= 213
1.983+0.0153 A

/

Z < A/2
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B-ot0Bepd = TO 0OTOOEPOTEPO Z O€E KAOE A:
eAdyLotn Haca (EvEPYEL) ATOMOL

7 — A 'OVTWG, 0€ KABE A,
1.983+0.0153 47" elval Z < A/2 :

x/(2+0.0154"x"(2./3))

35

Z < A/2 30

25

Z

20

15

10
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KolAada B-otabepdTnToc: Na K&Be A, old
Z dlvel To otaBepdTEPO OTOLYXELOD;
« Av AdBOULME LTT'OYLV TO ATONO WG OVUVOAO, pE paca M(A,Z):

0
M(A,Z) = Zm_+Zm_+ (A-Z) m_ - B(Coulomb-nkexTpoviwv)

-[aA-bA*°3-s (A-2Z)°/A-dZ*>/A'3*-6/A'?]

- M(A,Z) =aAANn napaBoAn wc npodc Z ywo A=otab.
A ﬁ—/

M(Z | A=0Tab.)

f

“To M w¢
guvapTnon Touv Z,
ylo A=0Tt0b.”

4= 2/3
1.983+0.0153 A
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KolAdda B-otabepdTnTac: Na Kabe A, nold
Z dlvel To otaBepdTEPO OTOLYXELOD;
« Av AdBOULME LTT'OYLV TO ATONO WG OVUVOAO, pE paca M(A,Z):

— »0
M(A,Z) = Z m + Z m_+ (A-Z)-rnn -

[aA-bA%23-s5 (A-2Z)>’/A-dZ?>/A*3-86/AY?]

- M(A,Z) =&AANn apoBoAn wc npoc Z ytafA=0Ta6.
A ﬁ—/

M(Z | A=0Tab.)
? Mo A‘= MeEPLTO, TO
“To M wg 6 €xeL pla TIuA
guvapTnon Tou Z, (6=0) - pio
ylo A=0Tt0b.” KOUTOAN pédac.
\
4 ; AANG YL

A=AapTL0, MTopEl
va mdpeL dvo
TIMEC — B0O
KQUTOAEC pAlac

4= 2/3
1.983+0.0153 A
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A TIEPLTTOC: APTLOC-TIEPLTTOC TvpnNvac, 6=0
Mia napaBoAn m.x., A=135

* AV UTIAPXEL Z<Zmin dlaomdToL JE

S
& BO-6udonaon: (A,Z)-» (A,Z+1) e v
3
= KO
X *M(A,Z) > M(A,Z+1)
-
= _
7 B+/ * Av Z>7Zmin Ba dloomtaoBel e BH)-
_ diaomnoon: (A,Z)- (A,Z-1) e* v Kal
*M(A,Z) > M(A,Z-1)
52 54 56 58
Te | Xe Cs Ba La Ce Pr ) ,
v * To Zmin avTtioTtolyel og Mn

dlaomiwpeEVO (BNA. oTtabepd) vpriva
NMAvw otnv NapaBoAn Twv LooBapwv

* g€ KABE MePLTTO A avTioTolyel 1
HOVOo oTaBepd LoOBAPEC
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A GpTloc: aptioc-aptiocC (6>0)
N MEPLTTOC-TEPLTTOC (8<0) mupnNvac

AVO TapaBoAEc m.yx., A=102

S MEPLTTO- :
NS - TYNE = X iy
3 ./ /
o ¥ / B+
X £
=R Y
s 1
< //BJ:‘
2%11. 2Mev+ 1 N\
— ~78pTIO-GPTLO
A | L
42 44 46 48
Mo Tc Ru Rh Pd Ag Cd
Z

* 2X€B0OV OAoL oL epLTTOl -TtepLTTOl
MLPNVEC Hmopolv va dlaomacBolv
UE B-OLdomnaon o€ APTLOUC-
ApTLOLC TIOL va elval otabepol
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* O nupNvac UE Zmin otn
nepintwon nepLTtoc-
nepLttoc (Z-N) €xeL ovvnNOwce
600 duvvaToTNTEC B-
didomnaonc (B kat B)
KaTaARyovTtac o€ 600
SLa@opeTIKOL Z (apTLO)
OTAOEPOUC MUPAVEC

* OL povadikol epttTol-
nepLTTol MUPAVEC oL Elval
otabepol elval oL TECOEPELC
eAa@poTEPOL: %1H, SsLi, 1%BI,
147N
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KolAada B-otabepoTnTac
ﬂ? /Zxﬁua 4.6 070 BRA{0 0aC

140

:'_ 12 ‘J-r _: 7 7
T s J{""—' : « T KGBe A, To B-oTaBepd

Ilﬂ"'_ Ve V4 7 Ve
N 3 VOUKALOLO glval otn paopn Cwvn
] (“kolAGda otabepdTNTAC” -
. | “valey of stability”). Avtd mov
! elval pakpud ar'tnv KolAdda,
: NMAveE MPOC AVTAV UE BLOOTIATELC
2 +t (—atY AR (— o
. B"(=e")np (=¢)
N \
A unstable to - decay

Ol IVPAVEC 4 LOPEPOLV

WG MPoG ToiZ (kat N) s
B2 —:! /,,0'&%@
o &

A.11.© - 16 OkT. 2015

Fig. 4.6 The fstability valley. Filled squares denoie the stable nuclei and long-
lived nmuclei occurning in nature, Meighbouring nuclel are unstable. Those For
which data on masses and mean lives are known (1l the area bounded by the
lines, For the most pan these unstable nuclei have heen made artificially, {Data
taken Frome Cfeeed af e Nwefidkes (1977), Schenectady: Geneml  Elkectric
Company.)
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a Kol B duaomoon: ot mupAveEC aAAdlouv

H o didomnoon HacC METAPEPEL MAVW-KATW 0TNV KOLAGDQ
otaBepdTNTOC
H B dldonaon HoC METAPEPEL TIPOC TNV KOWAADa otaBepdTnTOC

A

V4

=
+
=

7/

OC veTpoviwv

3_
> %r N OPAANYN NAEKTPOVIOL

ApLopu
<

<
=

a

Z
N
I

>
Z-2 z Z+1

ApLOUOC MpwToviwY
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H KoltAdda B-otaBepdTNTOC UE AVTECTPOAUEVOUC
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ALOOTIAOELC O - YEVLKA

a-diaomaon:

M(A,Z) — M(A-4,2-2) + o + Q
( MNTPLKOC - OLYATPKOC + o + Q)
Oonorte:

ZMp + NMn-B(AZ) =
(Z-2) Mp + (N-2) Mn - B(A-4,Z-2)
+ 2 Mp + 2 Mn - B(*He)
+Q

KL €Tot:

Q = B(A-4,Z-2) + 28.3 MeV - B(A,Z2)

A.l.O -
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Altaomidon a - 1.y, NMoAwvio
Q = B(A-4,Z-2) + 28.3 MeV - B(A,Z)

AMO TOV NULEMTIELPLKO TOTO HAlac (BnA., EVEPYELAC
govdeaonc):

B(2°682Pb) = B(Z=82, N=124) = 1611.874 MeV
B(“O8 ,P0) = B(Z=84, N=126) = 1636.054 MeV

Q =1611.874 + 28.3 - 1636.054 = 4.12 MeV

 NMWC CLUYKPLVETAL ALVTOC O LTIOAOYLOMOC ME TNV
MELPOAMATIKA TIMA? 5.4 MeV

- Amno gaopatoypdgouc paloc Kol TNV andéctaon mov
SLaviouy Ta o HEXPL VO XAOOoLY OAN TOUC TNV EVEPYELA
LE LOVIOMOUC aTtéduwyv oto dldPBa toug (dE/dX)
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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 s
EVEQVELQ ,/ \ QTIAQ KOl JOVO E£XW pada m

HACX ¢ = TaydTNTA TOL PWTAC

2 X i
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,o’noupzop,u?

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

Ineiwon w=1,ypapope 2E2=p2+m2,K)\7I
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Movadec

c=3%x10°mls=povada taydtnrag =1

uovadaevépyeiac=eV=1.6x10"""Cb*V=1.6%10"" Joule
2uVOwCc xpnotuomnololue to MeV (= 10° eV)

>T0oBepd touv Plank = h = 6 626 x 10°*] s

Ac=197MMip T O hq;z—:,uovado(épaanc(evepyelac X)(povou)El
TU

a= e’ [mks]ze—z[cgs]z—l @\olt ngclugnOLozuf'n&v-\r/OO: v VLKN)

47 e P 137 €V v evéipyea (R MeV otnv nupnuikn),

1/4me = 1 o€ OAOLG TOLG TUTIOUG,

o = n otaBepa AenNG veNG = 1/137 Kot 6a BACOULLE:!

MeTpapE:

MdaCa: MeV/c? (apo0 E = mc?)
Opun: MeV/c (apol p = myBc)
Xpovo oe: 1/MeV (agpoL n povada dpdonc = Evépyela * Xpévog = 1)
MNKoc¢ og: povadec xpoévov = 1/MeV (agpoL n povada taxdtTntoc=1)

Ac=197 MeV fm

1 amu = 1/12 pdcac ovdétpov atduov *C = 931.5 MeV/c?
MdaCa nAektpoviov = 0.511 MeV/c?
MdaCa npwTtoviov = 938.3 MeV/c?, M&la vetpoviov = 939.6 MeV/c?
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