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ﬁuépion of X-ray beams of 100 keV (solid lines) ang
‘human bones (curves 1) and muscle tissues (cur
unit g/cm?, which results from the product of

From [1]: “Physics of the Life
Sciences” by Martin Zinke-Allmang
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FIGURE 21.15 £
The surviving fraction of three types of human cells as a function dﬂnérﬂy

dose in unit Gy. The energy dose is the energy deposited by the radiation per
kilogram of tissue. Note the lower steepness at doses below 1 ‘

due to self-repair mechanisms in living cells. Various cells,r‘eigg
different sensitivity to radiation: (1) thyroid cells, (2) mammary

(3) bone marrow.




?Component organs for remainder in ICRP 103: adrenals,
extrathoracic airways, gallbladder, heart, kidneys, lymphatic
nodes, muscle, oral mucosa, pancreas, prostate, small
intestine, spleen, thymus and uterus/cervix.
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} X-ray beams from two different angles
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Projection
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1. Imaging radiographs at
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2. 3D reconstruction with
filtered back projection

Stacked slices 3D Volume

e
=
S ¥ oo aF




Projection
radiographs

~

Detector

1. Imaging radiographs at
incremental projection angles

Slice width
g
filtered back projection Iw;l

Stacked slices 3D Volume

} X-ray beams from two different angles

R4
s/

/x-ray beam

attenuation coefficient

\§ Detector measurement of the
9

. Spi ; Areas with different
/" x-ray detector /" x-ray detector attenuation coefficients
4 /

19



Hounsfield Image
units  grey scale

3095

element
(voxel)

20



Feminker o; D‘“—Cm\”\kd“ of ’\’3(«\‘75 t Jamma (S

(=)
~N
=
o
=
|
o
©
=
£
ol
=
<C

? T 'broduction in nuclear field
a

Jamma "“75‘

21






2 ¢ “;ﬂy’emeh{‘aq )Wbo\C ',’La‘\’ Y>>« cant Nappep, 1o free

2 S’folQQ

€inal
——

we assumt.  No  Aucleus: intial
i«\'\J((ql; }ﬂl'\o‘l'bw\ has energy hv AN \2

r %

Cmaliiaine )ol\o{’ov\ Anymore i

N= M mmass of UQ‘_:S—”’Y\ )’\as ehtfm i ”’\ONML\AM ?_
2 lectip, ,ﬂDSI Yon has ehQ«*ﬁ\] 6_‘_

and ""'omeh’km\ ZJ;

Fnsm C/Onservﬂjm;% laas .I"“ﬂ" 0 _Qm\

Eng,,57 : hy = E+ + E_

YV\OW\Q_K\’IAYY\ X' hv hic

0
Pcose + p core, ©
©,

— 'U_S‘)r\@_ + f,_ Sine

3
N Ormentum ‘7 ' 0=
ﬂ(wr}‘l’t @ W 9fi— ; hy = Cp-CoSO. + Cp CoSO_ @

fmer‘(' @m»v\a er f&{ah\/l\f |I< (htrj'7 ( éq':_ @,F)"‘ (Mcj? "/‘o @
ho s Ve S rmey + 1Gers+ o @ .




T};Q )”’\O‘X;W\\Am V‘>\,v\e 6\[ 1/\)/ I~ @ Te W}\e_h

Cos Oumametoi = |

Then (©) becanes @

@u{]' '\J; ~e |00l”\ lﬂd‘ Q‘Iv@_}\,\/e see ‘H\q_,— -
(l’\))) va\s\* Lq ?rﬁﬂl‘{r ‘[)’\ow\ (C_f.>‘1~(qﬂija

b e canse & the c’cd'fov\ + PoSi AGSEar

A(T\Q(?(O{( ] S-\r\'c_t we Amvﬂ iz ‘Z—ZV\QHW\I/ @ and @

W C,ﬂrxl'l' Lttty true al He Same {T-m(/

Jr‘kis rachion IS not Vq/“"{) Lf‘—“"‘_f €neroy -
N ovenl U c-_ay\”r Le conJ‘Ql’VeJ S\mv\[‘l‘ahbom‘/f

@ 'gr\'\S'Lf_ZA
















Photon
1¢ detected by
PET camera

Radioactive decay Photon

(T, ~ 20 min)

®— ) @

Positron

3-D images

Photon y i @ and
Photon r /B occupancy
detected by e g daia

PET camera
Camera

Scintillator Crystal Physiological map

Il
iy

Computer
processing

CH0H ¢ 511keV

H Diffusion< 1mm

Kinetic
model

Coincidence
detection

Timed
arterial
input data

Positron annihilation

Emission data frames

29



gmm&]ﬁnunF o\ QWWY\V\

p{”]djﬂam £ 7[1>\UOWS




Z"SH ).S an e//v:c:l?OVr\Q%\f_‘f'\lc nave .

L|'9l'\+ (S Gblx\ow\l'\'ze,o(- TL& W’\A' of /)jl\_l_ )'g
a )al\oi‘bm.

Qmah+mm Q/{c, fo”rﬁhnw\l'CS C Q é D)

]” e,/&(_‘bfomaghe,’l'\g Fkﬁy\onxc’)'.\o\ ore M(}':—N\D\"‘Q,/«?
{QAV\L{E]Q t 'H\a_ WQHDWV\j é,/eh\ey\{‘m/7 Process

: _ yhiton
(lm\'\'l\ X 4

elem"my\) %/5} >7L,yyw_

Ji Qow&ﬁ /\ow‘rl‘¥ov\l‘4l{7 ’fo‘ H\e f’jH
This didgrons reads  Von eecteon U\ﬁfs/ eniks oe absorbe
a )oko{’ova o e Lo 7




T‘\\ls O(Mj\fm'w Ca~ )o< Q\F)OQJ or ro(*q"‘ej()

He Proc eSS ot I’\Qy’p{n&
I

o~

£ e S rnmra ‘(')\mg

A )ﬂa,/l'\;,’ﬁ, Movirg backwards in Fne ‘.'s {n‘{?rf“ﬁ,{
oS A qy\‘(‘\"o a\r’h L’{ YV\OV\fj '(‘\Or'\/vﬂh"ﬂ{_s I _h})'\“( ;

eJ ecfroy\ oo |

VDS'\'PWDV\ = €_+ D«hjﬁpar\‘\élc og 'H\Q Q,/{L’l'f‘oy\

A VL\O{—OV\ /{DQS Y\o"— hﬁﬁa{ AN AYyYow Sl.‘/\QE )I'(‘ ' S
s own anti particle

Sb -H\(S U{IRj(m«v\ (E_,qo{j N\ a POSJ?OY\ f,y\-II{S'J
2mits or f{logbr]”_g a photon,

and ex,ts .




Tl\( VOSA’(OV\ ha S ff&g()c;l’e_z‘ [ gidy
Lﬁ p\\rqc, lgec,qwst }’\\'S 'Qfm\hg lf\qﬂ( 2_501»\1!’\0,;5:4-)-

/‘_:‘Parwf‘ow \ \.r\ : : : ]
57 i W{,gﬁi{ B D semvered el 32 by Andine
r

Hhen H— \3 On 4 pa
‘Q\"\'\d:_ w

e Y ) be 7  <hery IR N ..{-
- | 0 OMEeRTY

= antipatic| Con Y@V\/ﬁ‘/j :
Mpaiiclg ) : AN
A photor exters , decays ide an foch,

_ ond @ )”03)‘[‘roy\ i ;
These  dvagrams  are  calld P{ynn\jy\v\a(d ey &

"’Iﬁ(‘@m;\

o )m,o)a)e /q LQ-( ‘H\)Ui 0{ );jrfhwx
InTh | eE T e bw‘f 1 By
'H\fS ﬁ{ar\ﬂf_rohg. 4

gxr\lc_{ - yobsrl‘rvr\ "N’V“‘\Q

Ta\ {’;ml Lvov\,d[ be an 4/%6‘11/"“

bac LMfﬂ‘j




/._—> é\‘n\(

HeYﬂ) on {Jec’l’mr\ Dmo‘ pbgr\’ron aV\NL{/q{'( ,',()-O
Q )a)\o’\’ov\)qv\a*( ‘H\th ﬁe )ﬂl\,o{'on ﬂ{em\/; J‘/vLo

a hew clecton  and POy on.

[\/o{'{f 'H\Q t/e(ﬂLf)'c d\ofj{ l‘S C,Or\SQY\/QJ.

W con w%‘h ﬂ\{s ”(“‘7“"“ a3

@ Lt s e o o

deéff;c =4 =l :1\0 ) -

Cl\arj(
QY\QV§'7 L rv\omevfh\h« Are Coy\Sf/yVe,p( e Thie
Y ocess.




/W\\NS od\er-mw Can L& /o%'af'u(.

Fime

H{Y‘L ] ’(L Wo Ll&cérmg U\‘l’tr/
"QXC_J’\C\)'\‘DL A }71‘0/{07\

" < efe e S .

l\lﬂ\(tj J()\t “e»/?C’!'r‘br\j f'f)ﬂ{{ can loe Seen +e> f{)oe,(

2ach oﬁxé’ s
fh v\m\{’hm 9.&3 gr(fS
a%re yneo{)o\/zj‘l’d )b‘7 )ﬂa{{?-clej.
Tﬁe )ﬂLw+0m W\U(\'o»{’tﬁ H\t

e,[ﬁc:kfow\aﬁ he,{'\' C qu Th




/\)ow 0/0 %4 ﬂ('/m/\/ 79(6 hczﬁm,\qy\
ﬂ{| \qﬁyﬁyy\ [CEV‘ C/QCT/70f) v}ﬂ05i{'fw\
m\hl’\\\lﬂ\‘l'\m« (ﬂy In Vet S@Q?

Q
b/.

g

€

fLao(: an a/ed'mh m\oq fDS)']VW\ th[\\‘lod? )’/\7%

/ ﬂ\oi’mns*_




Bul dees This mwan classical }0A7 SIES s hrom
~ : ‘BMGY\‘{’\AM plwsi(_'s View : ‘
CK)/.\Q;?’:CA )0)‘7 SICS (puy i) g ,_%—%m\(
Cﬂd\‘:_n = 'FU’C-Q;)V\OF C(\ H{YO‘/ ’(LWO Llﬂct'/mg
- %1 ‘@G:_Jf\c\hjt A P%h

01)’\0( COV\‘{’,Y\Mf 4g
A

Hﬂ\(tj J(}\t “Q/?Cl'fbr\j ff)p{{
2ach oﬁxé’h

Ih v\qv\{’hm 1\ g).qs gKfS
alﬁre mgd)ﬁj‘l’d )bt7 )ﬂa{{’,-clej_
T);e )ﬂl'\o{'om VV\LA\'D.{QS ‘H\t

Q\idmms i ZH{[Q QlﬂdWOWﬁ9h&+\'C force.
,,) a o‘(‘CQJ Wi C

W& cah Ca IChla‘f’e.

In sfkac,’l'[c,{) C—/QSS\.C_M] f’l"']S"\QCS /ISI&O\S)%‘/ 'l—a
Q_D\lC\/\la{—t oY~ }'r\os_" e_ve q7 S|+p\&»{‘~%




WL\ad' L\QVPQJ\K ,": a }ﬂmf‘{—\.c_,{ MoVves th‘ae_yw(ic,m\mr _|’O —ﬁn’\ﬁ?

: pLEPfy):&m:v?cs \;/ > e
Vw’ﬁa o >/\3<,
ZQol“‘, \/\/Lof[' 1§ l\awqh\w\j l_§ E {_L\ 0@ “Q\Q’{

Fih 3

lV\ O ‘\’\\Q FL\O’\'W\ \ S e.\m%\ 0{ frone the Lre,lbw Q,‘QOLWOG
T @ he pko’\’ovx 1S <mil Rl Gon the oloove elackomm

TLQ }ﬂL\bJ(w\ 1§ h0+ ob?ﬂr\mme_) Wt Ca|/ I+ \/)F{‘lx\ol[
WA \% '{"{’_H \‘F @ Oy @ }\QPF-@V\S (VS
NS¢ °bv\qy\’]'\/\n’\ ML Cl'\f/m\ CS 16 s0ny) ﬂ{er b H,\

o e, ol
e s \;\/i :




39



