A=Z+N

y = r0A1/3
gdzie ry=1.2 fm
AE, =Z:(mcz)—Mc2

Energia wiazania

Zelazo (Fe) ma najwyzsza warto$¢ energii wigzania na
jeden nukleon .

10

| ggFe ;g&s |

BINDING ENERGY in MeV/nucleon
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Nucleon number A

Nikiel (Ni) ma najwyzszg wartos¢ energii wigzania na
jeden nukleon ok.. 8.8 MeV

Eg/A (MeVinucleon)
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m3000 znanych izotopow =~ ostatnie stabilne jadrg

ale jedynie 266 wl
: !
stabilnych! = Lifia Stabilno3di
jadra o Z > 83 nie sg =
stabilne! o

mWyjatkowa stabilnos¢

dla ,,liczb N
magicznych” .
Z,N=2,8,20,28,50,
82, 126 0




=— - N,
AN A NAt N=N, e At 0
dN
=—AN dN —t At
dt R=|—|=N,Ae™™" =Re
N t dt
dN
—=—i]at n2 N2
No N 0 tl/2=7=2'1n2
N
In| — |=—A¢ No/4
No N,/8
N,/16 :
m ) = stala rozpadu 0 Ty, 20y, 3T, 4T,
. . Copyright & Addison Wesley Longman, Inc.
1= 1/A = czas zycia , " o
m t,, = czas polowicznego rozpadu
Table 3.7 Half-Lives of Some Radioisotopes
Element Radioisotope Half-Life Type of Radiation .
Naturally Occurring Radioisotopes Rozpady: a, B > ¥
Carbon ue 5730 yr B .
Potassium g 13 % 10° yr By Typ rozpadu Ladunek/masa Zasigg
Radium 26Ra 1600 yr o,y . .
Uranium nay 45% 10°yr ay alpha o = jadro He (2p + 2n) +2e/4m, kartka papieru
‘s:mmmiml R"di"im?,'? o min 3 —e/m, lub+e/m, kilka mm w metalu
mﬂm T;ﬁr 22::;: ; . gamma y = fotony bez tadunku  kilka cm w olowiu
lodine | 60 days ¥
Iron Fe 46 days By
Phosphorus p 14 days B X X X X
Oxygen %0 2 min gre X X X X o
Potassium K 12hr By g
Sodium #Na 15 hr By = rY
Strontium gy 64 days ¥ \
Technetium YT 6.0 hr ¥ X X X X

“Notz: [F+ is a positron, which has the same mass a3 an electron but has a positive charge.
Timberlake, General, Organic, and Biological Chemisty. Copyright € Pearsen Education Inc., publishing s Benjamin Cummings:
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Rozpad: a Rozpady: a
Przed po rozpadzie U (MeV)
226 Ra (04
88 o—>

T % Ra
S 4 685
4.871 h‘,[cv MeV g
226 222 4 5 —3 [ 2pps
0.186
A A-4 4 MeV
;X >, ,D + He ®) ©
M(AX)—M(A“‘D)—M(“He)]c2 226 222 4
0 =4.87 MeV
Mechanizm rozpadow: o

i)
=30 MeV[ ===,

5 MeV

0

U Inside the

nucleus
i Outside
\ the nucleus
E NSNS
0
R S ——

Rozpady: [ minus

A
X —

Z”ilD te +v
0 (MeV):[Mass(;X)—Mass(

A
Z+1D

)Je’

n— p+e +v,

80Br —» 39Kr + e +v,

Q(B) = M(*Br)c? — M(3Kr)c? = 2.00 MeV




Datowanie Cosmic rays
produce
u B_ I‘OZpad 14C neutrons ’Sg
— n
%e.
MC 5> UN+e +v,
O
m Promienie kosmiczne generujg “C w nteract with
i to produce 'C

gornych warstwach atmosfery . W l
gazowym CO, stosunek *C/12C jest
staly

14 12 — —12 ¢ makes CO, with
C/12C =12x10 e G ks O,
W organizmach niezywych #C nie
jest dalej absorbowane 1 stosunek

14C/12C maleje z czasem.

Czas polowicznego zaniku '4C
t,, = 5730 lat.

Plants and animals

\\'hr*n an organism dies, the ratio of

He/ 12C decreases.

use or breathe CO,

Rozpady: B plus

+
p—>nte +v,

A A +
X = D +e +v

Q0 (MeV) = [Mass(ﬁX)— Mass(Z”fID)—2me]c2

80Br — 80Se + e +v,

Q(B") = M(*Br)c2 — M( *Se)c? — 2m c2= 0.85 MeV

Wychwyt elektronu

7Be+ _16—>3 Li

A - A
s X+e =, D+v

QO (MeV) = [Mass(ﬁX) —Mass(zi’lD)] c?

pte —>n+v,

Wychwyt elektronu

pte —>n+v,

Br+ e — 80Se + v,
Q(ec) = M( ¥Br)c? — M( 8'Se)c?
= 79.918528 uc* — 79.916519 uc?
Q(ec) = (0.002009 uc?) (931.5 MeV/uc?) = 1.87 MeV




Promieniotwoérczo$¢ naturalna

TABLE 45.4  The Four Radioactive Series

Starting Half-Life Stable End
Serjes Isotope (years) Product
Uranium 2BU 4,47 X 109 28Pb
Actinium { Natural 28U 7.04 X 108 207Ph
12p Thorium #3Th 1.41 % 109 208D},
5 Neptunium 2INp 2.14 X 108 209BRi
[
N
18“ "
13.4 MeV 140 |
o |
6 C* el /
—* 35 20Rn
y 4.4 MeV -
212p}
v Pb
120
Ii(‘
Ly 7
80 85 a0
p URANIUM 238 (U238)
RADIOACTIVE DECAY ¥
type of nuclide half-life L.} o]
radiation 145
238 234 uranium—23a 4.5}{1Dgyears 14
o U—">"5,Th . @
O thorium—234 24 5 days s
£
234 234 * ! 1t I
Th S Pa Q protactinium—234 1.14 minutes -
. uranium—234 233 x105years 13
o+ 138
234Pa__)234U . thorium—230 a3 }{1D4years &
o+
. radiurn—226 1580 yvears R
234 230 o 4+ 133
U—) Th @ radon—122 3825 days 13 S
o+ ] | |
O poloniurm—218 3.0 minutes : b A\'iy
230 226 e % T 1]
Th——) R . lead—214 26.8 minutes o \N
I 130 : ey,
226 279 . hismuth—214 18.7 minutes |
+ Y
Ra—_) Rl’l . polonium—214  1.5x10 *secands :"
[ Ry g
lead—210 22 years 126
222 218 Q
—% + 124
Rn PO P O hismuth—210 5 days =
84 ﬁ e M &1 B3 B4 85 B6 KT 48 AU W 91 W u37
. pD|DnIUm—21U 140 days Hg T P Bi Po At Rn Fr Ro Ac Th Pa U Np
[+ B Copyright ® Addison Wesley Longman, Inc.
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[zotopy uranu

Izotop

Ilos¢ %

Czas
potowicznego
rozpadu (lata)

238[J

99.284

4.46 106

2357

0.711

704 103

23417

0.0055

245,000

Rozszczepieni jader uranu

Flssion
fragment
Nculron o>
251y \\f Neutrons

nucleus Fission
fragment

(a) (b) {c) (e)
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n+29325U—>1423a+ Kr+3n+0

n+29325U—>140Xe+3§Sr +2n+Q

239py 93/57 24,110 Q ~200Mel
2004-11-29
134p ;t;\oﬂ o
O—»Neutron » Hpr P4
oy Elel?tron _ o Ce 5'?'“”.‘_0;r [ fo\‘ .,
» Anti-neutrino - 0\: - HRb
sk TN % ® -l
~ie Ciad L7 W
144g 5 / Q;* (some loss) : :::;zﬁ ",‘;‘-{9\" * .k [,
235 236 & - 235 235 & peenian 315 &
] u or U u or £ o
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W wyniku rozszczepienia 1 kg Uranu
mozna otrzymac 22 miliony kWh energii

Reaktor jadrowy

Control rods

Radiation shield

O
O

¢

00
+TO® 0 @
00

Fuel elements

Moderator material

Steam turbine Electrical generator

Steam

e condenser
reactor % g

= ©
Hot 3 ;
water 3 2
or
molten

sodium

Water way
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Bomba atomowa

Subcritical
U-235
target

Bomb
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Gun
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Subcritical
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