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"‘Eppeoca 1ovTifouoa akTivoBoAia:
ZNHEIAKO-1I00TPOMNIKO HOVTEAO ...

MnopoupuE va unoAoyiooupe To pubuo 600NG € anooTaon X ano GnUEIakn nnyn
YVWOTNC EVEPYOTNTAG, EVTOC OJOIOYEVOUC NECOU aneipwv dlaoTACEWY,

OedOHEVWV TWV OUVTEAEOTWV aAAnAenidpaong ... ;



MedPhys_Exam_2015_10_09.pdf

Automatic Zoom

OEMA 4°

(a) Eotw onuewakn mnyn CS-137 evepyotntag
12.56 MBqg. Ymoloyiote 1o puBud KERMA
otov aépo of andotaon 1 m and Tnv nyn
(Hsi/p= 0.077 cm/g, pen,/p=0.029 cm’/g,
p..= 1.29 kg/m?).

B decay

94.6%

{Ep)na™ 0.514 MeV
(Exlun = 0,17 MeV

5.4%
(Epdsa=1.176 MaV
{Ed) e = 0.82 MaV

(B) Av n eppedeia nhektpoviwy evépyslac 662
keV otov aépa sivar 0.032 g/cm’, oxebidote
npoyepa oroug bouc afovec ™Tn petafoldn
tou KERMA kav tng 6oonc otov oépa
OUVIPTHOEL TNC AMO0TOONG armd TNV mnyn.

Relative mass-energy (MeV)

(v) Av n mnyr Bwpakwotei pe 2 mm MoAUBSou (W/pss= 0.111 cm®/g, peo= 11.34 g/cm?) mwc Ba
petafinBel o puBuoc KERMA nou unohoyioats oto epwtnpa (a);

* Aikaohoyelots TIC anavtnoselg oac avadEpovtag Tuyov mapayovtee mou dev AapPavets umoln.




s of — <+ Automatic Zoom

MedPhys_Exam_2017_10_02.pdf

OEMA 3°
10° dwtévia evépyelac E=100 keV npoorintouv oe anoppodntr dvBpaka mdyouc 4.5 g/cm”.

(a) Yrmohoyiote tov aplBpo alnAembpdoswv, yia kabe eidoc alnAsnidpaonc.

(B) YmoAovyiote tnv evépyela mou Ba petatpansl o8 KWNTIKA evépyela dopTiopévev cwpatibiwy,
yia kaBe eiboc arnAenidpaonc.

(v) AmotsAel to olUvoho tng evépyelwag mou umoloyicate oto spwtnua (B) wavomoutikn
npoaggyywon tng doong otov amoppodntr; AKooAoynoTE V CUVTOMLO TNV AITAVIN O 0oc.

(Ocon=0.072 x 10 em?/atom, Oieon= 2.924 x 107 cm?/atom, Ophote= 0.0176 x 10"** em?/atom,
W/ p=0.1512 cm®/g, pe/p= 0.0213 cm?/g).




MedPhys_Exam_2014_10_31.pdf

— <+  Automatic Zoom

@EMA 3°

Eva pAva petd and Bepameutikr xoprynon 100 mCi Y, petprBnke os andotaon 1 m amd tov
aoBevri puBudc Sdonc 5 pSvh™ Adyw Tne evepydTnTac 1 mou éyel kaBnAwbel otov opyaviopd
Tou (t1/2=8 nuepeg).

(a) Ymohoyiote t™n ocuvolikny Hoon mou Ba amoppodnost péhoc Tng owkoyévelag Tou aocBevn
Qewpwvtoc ot Ba Pploketal Slapkwe os anootacn 1 m oo autov.

(B) Baoel Tou amoteAéopatoc avtou, Ba emrpénate otov acbevr va emwotpedel otnv owkia Tou;
Awoohoyeiotes oUvtopa tTnv amavinon oac AapPavovtac vmon kot tnv apyn tou SieBvolc
OUOTNUATOC OKTIVOTIpOoTaoiag mou adopd ta opa doonc.




"Eppeca 1ovTifouoa akTivoBoAia:

ZNHEIAKO-1IC0TPOMNIKO HOVTEAO ...

Mot 1couTal 1o collisional KEPMA pe Tn Aoon...;



"Eppeoca 1ovTiouoa akTivoBoAia:
Note 1couTal To collisional KEPMA pe Tn Aoon...;

Yno ouvOnkec nAekrpoviakng icopponiac (CPE)

ZUVONKEC NAEKTPOVIAKNG ICOpPONIaC uPpioTavral oc
OYKO V €AV KAOE PpOPTIOHEVO CWHATIOI0 OESONEVOU
€i00UC KAl EVEPYEIAC NOU EYKATAAEINEI TOV V,
avanAnpwverai
ano £€va NavoHoIoTuUNo omuaTidlo HE Tnv idia

EVEPYEIA NMOU EICEPXETAI OTOV V.



ZuvOnkeg nAekTpoviakng icopponiac (CPE)

Bremsstrahlung

Scattered photon




MNoTe uPpioTavral cuVvONKEG NAEKTPOVIAKNG 1I00pPONiac...;

‘'OTav OYKOG V NEPIEXETAI OE OYKO V £TOI WOTE N AnNooTacn
HETAEU TV OpiwV TOUG €ival HEYAAUTEPN Ao TNV HEYIOTN
EUBEAEIO TWV OEUTEPOYEVWV (POPTICHEVWOV COHATIOIWY,
OUVONKEG NAEKTPOVIAKNG I00pPONIac upioTavral gTov vV oTav
via Tov V I1oXUEl:

1. OpOIOYEVEIA ATOHIKNC OUOTAONG
2. OpOIOYEVEIO NUKVOTNTAG
3. Opoiopoppn aktivoBoAnon (opoiopopPpo nNedio EYUeca

iovtiouoac akTivoBoAiac kal apeAnTea eEacOsvnon)

4. Anoucia avOHOIOYEVOUG NAEKTPIKOU N HayVvNTIKOU nediou



NoTe upioTavral ouvOnKeC NAEKTPOVIAKNG Icopponiac...;

Nepioxn enav&nong Tng doong (build up)
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NoTe upioTavral ouvOnkeC NAEKTPOVIAKNG Icopponiac...;

To anoTéAeopa TnG eEa00EVNONG TWV PWTOVIWV

Approximate Thickness of Water Required to Establish Transient Charged Particle Equi-
librium.

Maximum Energy of Approximate Thickness of Water for Approximate Photon
Photons (MeV) Equilibrium (mm) Attenuation (%)

0.3 0.1 0.03
0.6 0.4 0.1
0.8 0.3
2.5 0.8
8 2
15 4
25 6
30 ry
50 9
60 11
80 13




MNoTe uPpioTavral cuVvONKEG NAEKTPOVIAKNG 1I00ppoNiac...;

To anoTéAeopa TnG e£Ea00EVNONG TWV PWTOVIWV
napodikn (transient) CPE

ANANNANNNLD

Indirectly
AVAVAVAVAVAVA

lonising
AVaAVAVAVAVAVAUPY
Transien_t

Radiation —_—
AVAVAVAVAVAVA

Energy / mass

Depth in medium




ZUVONKEG NAEKTPOVIAKNG I00pponiac Oev upioTavral:

Ze BaBoc UAIKOU MIKPOTEPOU ano TNV E€HPBEAsEIa TWV
EVEPYNTIKOTEPWV OEUTEPOYEVMV (POPTICHEVV
owpaTidinov nou napayovradl ano TiC AAANAENIOPACEIC HE
Tn 9€oun

€ OonNUEia KOVTA oTa Opla TOu UAIKOU N Tou nediou, av
auTo E€ival NENEPUCUEVWV OI0OTACEWV OE OXEON HE TO
akTIVOBOAOUHEVO OWHA, N Ot OI-emIPaveleg HeTAEU
O1a(POPETIK®DV UAIKDV

Orav n €EaoBévion TNG NPWTOYEVOUC OEoUNG
akTivoBoAiac karta Tn 01adoon TnNG O €va UAIKO Eival
ONUAVTIKNA YIO AMNOOTACEIC I0EC ME TNV EHBEAEId TWV
(POPTICHEVWV OWHATIOIMV nNou napayovral ano TIC
aAAnAenidpaceIc HE auTn



Miow 0TO ANAO ONUEIAKO-IC0TPOMNIKO HOVTEAO ...

MnopoUpE va unoAoyiCoOUHE TO puBpuo dooNnc os
anooTacn r ano CnHEIAKn Nnyn YVOOTAG
EVEPYOTNTAG, OEGOUEVMV TWV OUVTEAECTWV

aAAnAenidpaong;

Yno ouvOnkKeG NAEKTPOVIAKNC 1I00pPONIAC

KaI HOVO YIa TV NPWTOYEVI akTIVOBoAia



AvTi oUvoyng ...

100 200 300 400 500 600 700

Energy, E (keV)

300 400 600 662 70(
Energy, E (keV)




H ocuvdpopun TnG okEdaong ...

125] point photon source
15 primary photons
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H ocuvdpopun TnG okEdaong ...

192|r point photon source
15 primary photons
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Ynapxel e§icwon nou va nepiAappavel Kai Tn okedalopevn;

H BaOuida oe eva ototyelo Tov
PATIKOV Ywpov Oa 1oovtar:

+ (P. TOV EKTEUITOVTAL ATTO
JNYT) O€ AVTO




Mnopsei va eniAuOEei;

fl.?::bﬂJEF!‘lnl — . FIFIH

QO-V&o:™ =0, — 0,(r.E) &gz "™

00)
Osc(r, E,Q) = | [og(r,E'—> E,Q- Q)0 g(r,E,Q")dQ dE'
04

EvaAAakTikeg:
Hpn-gumepikeg nedodol & ortoyactikol (Monte Carlo) 1
VTETEPUIVIOTIKOL AAYyOop1lOuotn
(L.B.T.E. equation solvers, u¢0odol vrep0Oeong, ...)



H apxn Tn¢g doocipeTpiag pe npooopoinon Monte Carlo

AnAoi avaAuTikoi aAyopiBuol dev unopouv va AaBouv unown T
okedalopevn

> E@ooov yvwpiloupe Tn ®uoikn TnG d1adoonc IOVT. akT. TNV
UAN (kaTavopec mBavoTnTac aAAnAenidpaonc we NPoc: Beon,
£i00C, KaTavoun eVEPYEIAC — KATEUBUVONC), UNOPOULE va
XPNOILONOINCOUKE TIC AVAUEVOUEVEG TIHEC;

> XpelalopaoTe pia peBodo NPOCOPOIWOoNG TNE PUGCIKNG
diadikaciac nou va AapBavel unown GUVOAIKA TIC KATAVOUEG
MBavoTnTac yia kabe paivopevo aAAnAenidpacng



H apxn Tn¢g doocipeTpiag pe npooopoinon Monte Carlo

>UNPWVa JE TO Bewpnua KEVTPIKAC TIMAC, TO ABpoloua evoc Peyailou apibuou
OMOIWV, aVEEAPTNTWV TUXAIWV JETABANTWY AKOAOUBEI KAVOVIKN KaTavoun.

'ETo1, av BEAw va unoAoyiow pia ayvwoTn nocoTnTd, m,
ue k pia Tuyaia peraBAntn pe avapevopevn Tipn E(k)=m kai diakupavon Var(k)=b?
eav ky, ky, ...,-ky €ivar N TYXAIA emIAeyHEVEG TIHEG TOU K,

~3b/N < Tk, <N+ 3D N) = 0.997

'ETO1 av OEAw va unoAoyiow TNV EVEPYEIAKN POr OE ONUEIO I, JNOPW VA UNOAOYIow
TN YECN TIKN TNEG OUVEICQPOPAC ano TNV «Tpoxia» N owToviwv nou Ba emAeEw
TUYaia anod TNV Katavoun nibavoTnTac nou Oivel OAEC TIC MIBAVEC TPOXIEC



H apxn Tn¢g doocipeTpiag pe npooopoinon Monte Carlo

Mvwpidw TNV KaTavoun niBavotnTac OAwv Twv NIBavwv TPOXIWV TWV
PWTOViWV;

KaBe Tpoxia anmoteAeital ano d1adoxIKeG kataoTacelg Si(r, Q;, E)
npiv ano kabe aAAnAenidpaon j.

H mbavoTtnTa sp(pawonq KaOe KCITGOTCIGT]C] sEapTaTcu LOVo ano Tnv
mlavoTnTa UpAaviong Tne NPONyoUNevVNG kataoTaonc j-1.

Me aAAa Aoyia : Tnv mbavoTnTa pwTOoVIo va aAA\nAenIdpAcEl OTO -1/
TNV I'IIGCIVOTI‘]TCI dedopevou  €idoug a)\)\n)\snlépaonq Kar Tnv
I'IIeCIVOTr]TCI KaTa Tnv a)\)\n)\snlépaon auTn TO (PWTOVIO VA OKEOAOTEI
oe kateuBuvon Q, ue evépyeia E; dedopévwv Twv Q4 KalE; .

AUTEG Ol KaTavopég TrleavéTr]Tag gival yvwaTéed!

‘ETO!I aszl va sxw Mo HEB0DO TYXAIAZ derypatoAnyiag atrd Tig
YVWOTEC KATAVOPEG TTIBavOTNTAC



Nwc eNIAEY® TUXAIa ano yvwoTn Kartavoun niéavornrag;

Ynapxouv NoAAEC paBnuaTikeg pedodol. M.x.:
Oswpnua avrioTpoPng

'EOTw X Ouvexng Tuxaia petafAntn oTto [a, b] pe nukvoTnTa
mBavotntac f(x) kal ouvaptnon kartavounc navornTtac F(x).
Aedopevou Tuxaiou, r, oto [0, 1], M@ TIYR X® TOU X WMOPEi va
eMINEYEI TUXAIA WC:

r=F(x)= [ f(x)d

Av X dIakpITr Tuxaia PeTaBANTH YE TIMEC, X; mBavoTnTac, P, woTe:

S p=l

Aedopevou Tuxaiou, r, aTo diaotnua [0, 1], pia Tiun X" Tou X PNopei va
enIAeyel TUXaia wg:

X"= X; 0Mou j= min{j: Eaapags



AnAa napadsiyyara yia ongeIakn nnyn

s EmAoyn kateuBuvong eKNEPNONEVOU (PWTOVIOU

H eknopnn €ival I00Tponn Kai cUPp®va Pe TNV nibavoTnTa EKNOMMNG O€
OTOIXEIO OTEPEAC Ywviac dSQ :
\6.6)dbd = 2 _ sin ded ¢
- 4 47
A6)do = - ___‘( and 1=P@ )= j

I';‘!IH:

! PN ]. | . L . !

and 1 =P (@)= P j(‘fqﬂ —¢ =2ar
=79

(1-cosB) /2

[aV]
-~
D
£
(7]
I
—_
D
=

P(6)

60 80 100 120 140 160
6 (degrees)




AnAa napadsiyyara yia ongeIakn nnyn

= EmAoyn onueiou aAAnAenidpaong

H mni@avotnTa aAAnAenidpaonc o dx YeTa ano dlEAEUCN anooTaong X €ival
uexp(-px) onoTe:

r=P(x)= I,u. exp(— i)k = r=—exp(—ux )+1=>x =——In(l-r)=——In(r)
d J Il

x (mfp’s for gy = 1 used in this graph)




AnAa napadsiyyara yia ongeIakn nnyn

s EmAoyn €idouc aAAnAenidopaong

To €idog aAAnAenidpaong eival d1akpITr JETABANTH HE i TIHEG WOTE P=[:/Hiotal
Kal EMNIAEYETAl TO €100C j WOTE: ,

j= min{ j:




H apxn Tn¢g doocipeTpiag pe npooopoinon Monte Carlo

Agodouéva 16ponG

TevvAtpLo (pdoo, KOToVOUES
Toyaiov mavotnToc,

yYe®UETPLO, VAIKAY)

Monte Carlo
KOOIKOLG

A
A

v
Amoteréopatal!




H apxn Tn¢g doocipeTpiag pe npooopoinon Monte Carlo

>TATIOTIKN Kal akpiBeia

ka1 6a npenel va €ival 000 To dUVATOV HIKPOTEPN.



Popular, nonproprietary codes,
benchmarked for brachytherapy dosimetry’

EGSnrc All major Through NRC EGSnrc is a set of * Accurate condensed history
modern web (GitHub) / functions and technique implementation for
operating General subroutines for charged particle transport.
systems Public License coupled ph/el * More accurate Physics (rel. to its
(portions for research & transport mainly in predecessor).
available for education, Medical Physics.  Choice of cross sections
a limited set) separate NRC For an application, a  tabulation/data.

license for user code is required  * Faster than other codes for
commercial (in Mortran, Fortran, charged particle transport.
use C, C++). » General purpose geometry

Major applications are package + utility classes.
available, including
brachytherapy.

*According to material from Appendix D in: W.L. Dunn. J. K. Shultis (Eds),
Exploring Monte Carlo Methods. CRC Press, Elsevier B.V. © 2012



GEANT4

Popular, nonproprietary codes,
benchmarked for brachytherapy dosimetry’

Linux
variants,
Windows
and Mac
OS X
(verified
and
supported
on
specific
configurati
ons)

Through
CERN web
subject to the
open-source
conditions of
the Geant4
license
(cannot be
included in
whole orin
part in
patented
applications)

General purpose
simulation of particle
transport primarily for
high-energy and
medical physics
Comprehensive
geometry and physics
modeling capabilities
are embedded

in a flexible structure
base using object-
oriented technology and
C++

A large number of
specialized applications
based on GEANT4 are

available including one for
brachytherapy.

« Users can choose existing
components, tailor and adapt
them, or create their own.

* A choice of physics models is
offered for many physics
processes with different trade-offs
between accuracy and CPU cost.
* Tools for optimization of
configurations of geometry and
physics are also provided.

» Combinations of Physical
processes for typical applications
are recommended in Physics lists.
» Powerful geometry module.

* Range of visualization options.

*According to material from Appendix D in: W.L. Dunn. J. K. Shultis (Eds),
Exploring Monte Carlo Methods. CRC Press, Elsevier B.V. © 2012



MCNP6

Popular, nonproprietary codes,
benchmarked for brachytherapy dosimetry’

Supported
on most
operating
systems
(32/64-bit)
including
Windows,
Mac OS X,
Linux, and
UNIX-like.

US: through the Radiation
Safety Information
Computational Center
(RSICC)

Europe: to members of the
Nuclear Energy Agency
(NEA) Data Bank

Japan: through the
Research Organization for
Information

Science and Technology
(RIST).

Limited license and export
control regulations restrict the

distribution of Fortran source
code.

General
purpose
simulation of
particle
transport
primarily for
nuclear
applications
and medical
physics.

- Extensive geometry,
source definition, and
tallying capabilities.

* Built in variance
reduction techniques.

« Straightforward
generation of structured
input files for specific
applications.

*According to material from Appendix D in: W.L. Dunn. J. K. Shultis (Eds),
Exploring Monte Carlo Methods. CRC Press, Elsevier B.V. © 2012



Popular, nonproprietary codes,
benchmarked for brachytherapy dosimetry’

Penelope  Written in Through the Nuclear Simulation of - Particularly well adapted
FORTRAN Energy Agency coupled electron- to simulations of electron
and can be (NEA) Data Bank photon transport transport at low and
runon any and the Radiation in material intermediate energies
computer Safety Information structures
with Computational consisting of
FORTRAN Center (RSICC) homogeneous
77 (or as open software. bodies limited by
higher) quadratic surfaces.
compiler. Structured as a set
Geometry of subroutine
viewers run packages.
under User should write a
Windows. steering main

program or build
upon the generic
one provided.

*According to material from Appendix D in: W.L. Dunn. J. K. Shultis (Eds),
Exploring Monte Carlo Methods. CRC Press, Elsevier B.V. © 2012



KaunuAeg doong — Baboug (PDD)

- HVL 3 mm Cu
- HVL 8 mm Al

- HWVL 4 mm Al

= HWVL 2 mm Al

-+ HWVL 1 mm Al

-+ 5 MeV electrons
—+ 10 MeV electrons

Percentage depth dose

4 5 6
Depth in tissue (cm)

Change in percentage depth dose with field size

SS8D =100 cm
10 x 10 cm?

1 i

4x4

— == 10x10
m— 1) %40

40x40

=

4x4

Percentage of maximum dose

10
Depth in water (cm)

80Co:
Z .= Smm

MV dcopEG:
zmax [Cm] - Emax [Mev] / 4




BiBAloypaoia:
KEP. 2-5 kal 18 ano To ouyypappa oag + ONUEIWOEIC BIOA. ENIOPACEWY

MpoTeivopeva EevoyAwooa cuyypaupara:
v' E.B. Podgorsak (Editor), Radiation Oncology Physics: A Handbook for
Teachers and Students
(AlaBeoipo d1a-OIKTUaKA: WWW.iaea.org)
v'F. H. Attix, Introduction to radiological physics
& radiation dosimetry
v'P. Andreo, D.T. Burns, A.E. Nahum, J. Seuntjens, F. H. Attix,
Fundamentals of Ionizing Radiation Dosimetry



http://www.iaea.org/
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