Physics of Nuclear Medicine

(1) Radiation Physics:-
A- Properties of Nuclei:

Rutherford found that the nucleus is tens of thousands of
times smaller in radius than the atom itself. Since Rutherford's
initial experiments, many additional scattering experiments
have been performed, using high-energy protons, electrons,
and neutrons as well as alpha particles (helium-4 nuclei).
These experiments show that we can model a nucleus as a
sphere with a radius R that depends on the total number of
nucleons (neutron and protons) in the nucleus. This number is
called the NUCLEON NUMBER denoted by A. The radii of
most nuclei are represent by the following equation;

R=R,IA® (1)
Where
R is the radius of nucleus.

R, is an experimentally determined constant = 1.2 Fermi
=1.2x 10 °m

A is also called the mass number.

The number of protons in a nucleus is the atomic number
Z. The number of neutrons is the neutron number N. The
nucleon number or mass number A4 is the; sum of the number
of protons Z and the number of neutrons N:

55108 A=Z+N (2)

A single nuclear species having specific values of both Z and N
is called a nuclide, Table (1) lists values of 4, Z, and N for a few
nuclides. The electron structure of an atom, which is responsible
for its chemical properties, is determined by the charge Ze of the
nucleus. The table shows some nuclides that have the same Z but
different N. These nuclides are called isotopes of that element;
they have different masses because they have different numbers of
neutrons in their nuclei. A familiar example is chlorine (C/, Z=17).



About 76% of chlorine nuclei have N=18; the other 24% have
N=20. Different isotopes of an element usually have slightly
different physical properties such as melting and boiling
temperatures and diffusion rates. The two common isotopes of
uranium with 4235 and 238 are usually separated industrially
by taking advantage of the different diffusion rates of gaseous
uranium hexafluoride (UF,) containing the two isotopes.

Table (1) also shows the usual notation for individual
nuclides: the symbol of the element, with a pre-subscript equal
to Z and a pre-superscript equal to the mass number A. The
general format for an element E/ is ;EZ. The isotopes of
chlorine mentioned above, with A=35 and 37, are written ;C/
and C¢ and pronounced "chlorine-35" and "chlorine-37",

respectively. This name of the element determines the atomic
number Z, so the pre-subscript Z is sometimes omitted, as in (0,

Table (1) Compositions of Some Common Nuclides

Mass Number (Total Atomic Number Neutron Number
Nucleons  Number of Nucleons), A (Number of Protons), Z N=A-Z7

H 1 I 0
’D 9) 1 1
SHe 4 2 2
A 61 6 3 3
L 7 3 4
2Be 9 4 5
B 10 5 5
LB 11 5 6
=C 12 6 6
(8 13 6 7
L 14 7 7
L0 16 8 8
2 Na 23 11 12

gg Cu 65 29 36

Hg 200 80 120

2o 235 92 143

20 238 92 146




RS INEES (@ GNSTAN TS
- /0

«C"\A. A S (F (;"/()c/—/on{( (')r/);f — /(7 "
) T P

\

Ra\us o {\ v c\es
C‘\r\o\vc\xe - P e\eek e (& ) =il0602 )K/O c ‘
howqe af ESTSIOATCGIERIEN/AGI0ZE RO e
A o= YWASSs W“uwalber .
L s OXewne Nuwbsee
5&3\/\0\9"\ 'Fof Fhe elewe

rs The chewa can\

A >< = nwell (\Q e

L

Ava |
= (\M waelao. S C\\') \e

- % F X [, . H’—Qr in their nweleer QtNijj

“ \J\C‘.\.\A es

5-\0&6\) 1S Gn /Somre

>

Stadtes -
= /8 C/t/%/\cc) afs \/g?, c? the 1NAQSS QP_

12
a’ C [}LPOW’. 5

¢
4 ;7
A NSV 7 66 X/O ka
i 23 .
NA = A\joaaC,ro Nawmber = €.o221X/0 (c\fc:;qr
= (,c,w_).\)uo(.viuue\3
(a'h'"“‘/muii)

A\d - Ofowc u)e_Cak-}

Na

A of a’}ow\S /9 =
Aw

A
Na

NM&M\;E,(‘ GP e/ec%f-omﬁ/g
Aw




(Mo
Ny eass Of €/:~cfron:2 (=3

,. 00727 On A ML A

[ e SEE T A

OQOSL/g o~ VA~ M-

MMeass al{) Profan gl )

Ml exS s O? ol m\’\ =

4_ o AVA 0 = q3\47/ Me\/




/\/\()\C)S C‘,/@%?C% @N\C_‘ gjl\r\clf,y EV\Q)’&?
/\/\/\/___/’_\/‘\./\/—\—/vf~
no - Oﬁ PS '

S
N = Y\l o ? AT G
L Tpe YA SSERNCE)e rotow -
/ Fop

P = 7 he mass o/f Neamtron .

Z/)/)/D —+ /\/ )’\’\n = The J‘Q‘\o\\ VWACSS €D «P_

I AE TN C\QOY\S .\ n "\\/\(

Do
N
]

\/'\ ASRCE \e.\'\ S -

E-X(Dehw\e\\‘:cii , The ochkuwe Maess
7T han the ‘7&01(0\( eSS @-‘t. V\‘\\Q\EQV\S,

o {, riuw\ems
1S /(’ S5

AW\ = _—ﬂ\lﬁd e s S C[/J%/er_cncﬁ IOQ+N€&V
4 he  Sewn c‘)- Ae mmasses 0%—

AT ARG cleens amd

CC/"\s)(‘\"kWQ_
A e C\C;\\,\c\\ mwae SS -
AM A SS O/t’%ec‘IL -
/\/\ = 05 the (XCPMCLK yeasSs o‘D. + he

—_—

(ﬁ P’ AN C\ eSS .
5 \AY\’\ ;_ZMF—{~/\/Y“n’ M\
//”
N = 7”"[)* (/\,Zl)mﬂ//\/\
AS MASS “)I"“CL’ /s

. 10
2 hech geo¢’
//’%0 enérjj Gl gy\ c\exxs
wnto e N g

Xie %&rc\ﬁé



Y\ 8§ ,/,4/(, ,.}»

I\ ¢ WY <{\~\ e o\ “\\/n'\\: ook . e
| 9 ( f‘l“r(‘l /\‘I'lr‘lvnf (‘l\(\()(, (P;F)
) J)
\\"*—*-&\ VAR ¢ k(\\\
|
4 ),
= .E. Am (
‘ —— - pe
[ Zop oy (AZ Y™ M 2
(in Joule

the speed of light
M | % PLS (M8

i >

L =

\'///H\{) = 7 (/\Z) Mn —

o A

Bl () riﬂ(rt))

««\
: Qj ’ M
= (4o [6o [Be 2ec Z40
o bl Boliea 'Z‘V\q 5 NO . :
\’\\_\L\‘U\

i f ) <mellar

i L\“
( I ) 6 E ‘/\NKQ\QLV\ /_S Sinac \I
/ > the B-E- praelean = 12N Me

‘fzu( e kkr) }(6

A '
idl
| S - E - NeaC \eay  InCrease NS j
”) P/\ / /Qe /¢S inazzcc/v(c" ”///m’) ’chse Vle\L[QL
& 20 | i ( ’ oW -
5%0\[916‘ H\am ’”\8(/ ﬂéﬂlﬁb S

Ove Mort
(u ve (15¢$ pfc\@‘uc&ll

(///’) /\ﬂfr 20 Jhe |
V\/\O\)L\ PALMA af A: 56 %01’ - ¢ (A)Lu'Cl\ | S

X-79 MeV | h//
Kﬁelwwv. L/O (Luc’ /2 0 Zhe Cuwrve s :/:OL_
g A€ a\/e,rcfjf e M0 & MV

-Ii—



,’/)'fe( n\cc\'\c\\ﬁ YW A S S ( A =40 __,? A ~! /OC) Aye
”] h< no St Stable , (l Grqe A\ 4) €~AQ{3L) ust
\>C \f CC\\\‘\(CA 4 ks e e 16 ,\' {henr Y\k-\C\€0n§ )

() Aflee A- joq , The B-E[A stard ofecressiny

234

Ck\«c? Cl(OPS‘ 1o 7_é'A1("V /Po-’ U

/\[ N \60\\' S% (\\:)K L \ \j
IS AN N
PS are (—f') C{/\C\rﬂec,
NS are (o) C(,\A,{jm\.
pg € xeet very Lo\rje clectrostatic vepulsive TD’NCC
on  each  0ther yohidh Should Gouse the nudlens
to }p/j C\/DGHL/ but  in \c)ev\uc\\ nwelens  ts Stablke
Qe hist o b caniisle o/ﬁ nuclear f-orce-
IR for(e (S " Attrochive ot IS N a r‘““je‘

1B%Y Y\(\\&\(c C\\\é C\C*S \jeh@ec“ C\“ Y\\\Q\@'\‘/

PC\Y\"\C\C S

<
P attract el other O{uc +o A s ]Qome
PS rePe\ each other olue 4o GOU\QW\\B)S]QO\"CC.

m \ S . .
W C\eaur %orCe LS LLL'\G tar e in n’\t\CJV\HuJQ

AS Com\goqreé to the COU\\OW\\; )¢ orce -

h\e C\l\‘\\-o\c*\\;e —gcrce C\\sa C\Q{‘Q 'DQ'\‘Q)GQV\ P&{rg o%
<

14 Chuc\ \je*u)eev\ P Gy N

:260 5*}0\\9\€ e\ el ; hunérecjf a% 0'/"\0’ Y\k\Q\Q'L

Newe been olpjcr\/eo' but these ave uanstalle

—_————
e

S



Gy
e €VENL No. o}@ [)9 Gl '
. o €Ven no. of 7

P Cf?\'rer} ]3 V\(’\)YV 4 P ’
J AV %or Sta /:)IG YU c\‘\ C\ £

x% @C\C\ o). (\V \fﬁa‘ "

o

AAA C\ (&) (:\ (:\ V\ s (8 ¥P Y\S

CoOV \ e
& >\\\(\\\ \Ovy I (7.’
S s

9 14 l" (F Y\\,\(‘\l\(\()g “
/ N \ s . [ e 0 WU p‘ (M\
KA \\4\( ) “j\/\{ (‘l ' ) i s /) _j

\ C\'\/\("r\,\kc ¥ [,A(‘(‘)() ’),"0\\()\@ VA (/\"/’\,

- —————
" CVen — OC\O\ (’c“\w\l‘o‘w\(\fk\‘\(\n W q"ﬂ\‘)\e

e e,
K A \/\“3\"\ \'\/,() Yokl o 8\')(’ rase tao EVU\CC{?(WJ
A L oL \f\lP Colia  Comn resuwl\l 1w
< /C‘C‘//'c‘n (’C\F'\k\-(c O»\,»J /‘%—r

/=% .  =lau\oke Ave \D\\'\O\'\/\w\j ev\gm’jj O~F

56 : e
QéFg /’/) /7/5 mess 15 55 - 975 2w i BVARES

CQ\Q\\\Q\\C \:)'-‘\V\c\(v\j ex\e\rjﬁ ’DCr Nweleawn .

A _
Mass Oﬁzgfé ;e M= 55975 v
Mf): /-607825’ <
M, = - 008685 %
Wapr )
Ao

AV"\meF—f—(/\—Z)M“—— M
= 96 7 /-0072(25_»1—(5’6'—26)1& | -008 665
— 55-995
= 26, 20345 + @) = AL GRS 55T Gl
Ah’\ - CD,L/';(?L(/ CL TN

Ea N 5y X 93] STes
== | .S =254 . Fool MeV
E)-E/A = L/f)_/,/_ _7004/ /5-6 = 8. 72 ,//V\(' V/Y\eixck€ov\

y

T T T ——



ET &

;7‘;’1(, 7 he f(\(l(wg o‘f- DB

R. Ro AZ

R , -]
a = (= 2KI0 a4 = /-—Q/pm

A: ﬁoé
,/6’ \/3
CENE R % (206)
=I5, o .
5 R w S eE
~ 15
7.08708X/O

z 7,08703 /79““‘



Isotopes, isobars and isotones

»Isotopes, atomic nuclei with the same atomic number Z, but
different neutron numbers N.

éXN and A+IZXN+]
Example: the carbon isotopes 12C, 13C and 14C.

»isotopes are chemically equivalent. Only processes that depend on
mass exhibit a slightly different behavior for different isotopes
(differences in the physical chemical equilibria, differences in
diffusion velocity, isotopic shifts in atomic spectra, resonance
frequencies in molecules, critical temperature of superconductors).
These phenomena are called isotope effects.



»Isobars, atomic nucle1 with equal mass number A, but different
proton numbers Z. [sobars belong to different chemical elements.

QXN and Z+IA Yn_
Example: 14C and 14N.

»Isotones, atomic nuclei with equal neutron number N, but
different atomic numbers Z.

Isotones belong to different chemical elements

A1 Y v

A _

Example : 14C6 and 1608




Mirror nuclei

»Mirror nuclei :are isobars (same A) with opposite numbers of
protons and neutrons. For example,14C (Z=6, N=8) and 140
(Z=8, N=6) are mirror nuclei.
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