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AA/dpaon IovTiouocac H/M AkTivoBoAiac -'YANC



ZuyxvornTa,
f(s?)

Mnkog
kUpaTog, A

Evépyeia

Mepioxn

1310TNTEG O€ OXEon HE BIOAOYIKA UAIKG

10°
3 1010

3 km
0.01m

413 peV
124 peV

Padiokupara

MapayovTal ano Tnv TaAAAvTwon NAEKTPIKWV
(POPTIWV KAl XpNOIKONOoIoUVTal KUPIwG yia TN
peTadoon nAnpogopiac (padiopwvia, TNAeOpaon,
aouppatn dIKTUWON, KIVNTHA ThAEPwvia) kabwc
avakAwvTal r) anoppoPwvTal avaloya Pe Tnv
EVEPYEIQ JOVO ano PeTalikoUc aywyouc. Ta
BloAoyIkG UANIKG O€ PeyaAa pnkn KUPATog €ivai
oxedOV diaavn o€ autd evw Ta PIKPA UNKN
KUPATOC (MIKpOKUATA) £XOUV EVEPYEIA MOU
AVTIOTOIXEI OE EVEPYEIA NEPITTPOPNG ANAWY
HOPIWV Kal ONUEIWVETAI NEPIOPICHEVN
anoppoenon.

3.0
310

100 pm
1 pum

12.4 meV
1.24 eV

YnépuBpo

MapayovTal Kupio¢ and PoPIaKES TAAQVTWOEIC Kal
OIEYEPOEIC EEMTEPIKWV NAEKTPOVIWV ATOPWV. TO
MEYAAUTEPO PEPOC TNC aKTIVOBOAIGC BepuV
OWUATWV EUNINTEI O AUTN TNV NEPIOXN Yid
ouvnoeIc Beppokpaciec. AnoppoPpaTal CNHAVTIKG
ano Tnv UAN kaBwc avTIOTOIXEI OE EVEPYEIEG
HOPIAKWY TAAAVTWOEWV AnAWV HOpiwV.

4.3 1014
7.5 1014

700 nm
400 nm

1.77 eV
3.1eV

Opato

MapayeTal ano dIEYEPOEIC EEWTEPIKWY
NAEKTPOVIWV aTOUWV Kal anoTeAEl HEYAAO HEPOC
TNC akTIVOBOAIag NoAU Bepuwv OWUATWY ONWE O

'HAI0G. Anoppogatal €vrova ano Tnv UAN.




ZuxvoTnTa, Mnkog ) \ : ; . A
f(s) KOpaToc, A Evepyeia Mepioxn I1810TNTEG OE OXEON HE BiOAOyika UAIKa
MapayeTal ano dIEYEPOEIC EEWTEPIKWY NAEKTPOVIWV
251014 400 nm 31 eV ) ' aTOHWV Kal C'II'IOTE)\E:I GNUAVTIKO HEPOG TNG
16 NEPIWOEG akTIVOBOAIAg NoAU Beppwyv ocwpatwy onwg o 'HAIoG.
310 10 nm 124 eV ' 2N 4 ]
Anoppo@aTal EEAIPETIKA EVTOVA Ao TNV UAN Kal
dev dlanepva Tnv ENIPAvela Tne.
o N a0 ey | i IR D R SE R B
31018 100 pm 12.4 keV AKTIVEG X HE: EROS: . VL)
MMOPEl Va NPOKAAETEI I0VIOHO.
3 10 wopm | 1zakevi | aaweomats | R oI
3101 10 pm 124 keV aKTIVEG X H AUAYXVIES X, O REEe 1 S :
ano Tnv UAN Kai JNopEl va NPOKAAETE! 10VIGHO.
31019 10 pm 124 keV QKTIVEC; Y K('JI I'IapayoyTal ano 6laqnacn Y Kal ypaquKouq '
b EPAMNEUTIKEG ENITAYXUVTEG. ANOPPOPWVTAl NEPIOPICHEVA AMO
310 1pm 1.24 MeV . : 3 :
AKTIVEG X TNV UAN Kal NPOKAAOUV I0VIOWO.
. MapayovTal ano 41aocnacn y Kal YPappikoug
3104 100 fm 12.4 MeV GESST'}':::;EC EMNITAXUVTEC. ANOpPOPWVTAl NEPIOPICHEVA aANd

TNV UAN Kai NpokaAouv 10VIGHO.




EEao0<vion 1ovTifouocac H/M axkTivoBoAiag kara
Tn 01adpoun TG 0TV UAN
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O vopog eEacBeviong 1ovriCouocac H/M
akTivoBoAiag kata Tn d1adpopn TNG oTnVv UAN

—~AN=N-N'= uNAx
— AN = —uN Ax

. —(%xi)

‘Onou I O AnOKAaAOUHEVOC
YPAUMIKOC OUVTEAEOTNC £€a0BEVNONC
lovTilouoac NAEKTPOPAayvNTIKNG akTIvoBoAidc.

AnoTteAei peTpo TNC NBavoTnTac aAnAenidpaonc lovTidouoacg
H/M akTivoBoAiac ava povada d1adpounc o€ eva UAIKO.



EkOeTIKN oupnepipopa eugavifel onolodnnoTe PeYEDOC, Y,
yla TO OMnoio 0 PUBUOC LUETABOANG TOU
wC NPOC Kia yerafAnTn, X, ano Tnv oroia cuvapTarai
gival availoyog TnG TIUNG Tou PEyEBOUC.




O VOHOCG TNC EKOETIKNG EEATOEVIONC
1ovtiouoac H/M akTtivoBoAiag
kara Tn 61adpopn TG oTnVv UAN

(u=0.1/cm)
Photons interacting in each one cm layer
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Ano NoIouG NaPAayovTeG EEapTaral To N0oooTO TG EEagOEvionc 1ovTi{ouodac
H/M akTivoBoAiag
KaTta tn d1adpoun TNS oTnV UAN
(3nAadn o p);

eEveépysia pwToviwy, E
YAIkoO, Z

= [cm)




ilouoa

NooooTO TNG £EEa00EVIONC I0VT

UG NAPAYOVTEG EEapTarTal T

BoAiag
ara Tn diadpopn TNG oTNV UAN

(dnAadn o p);

H/M akTivo

~
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AIQ(POPETIKEG EKPPUOCEIC TOU OCUVTEAEOTN £EA0OEVIONG

pappikog, p (cm 1), onote 6a ekppalw TO NAXOC TOu UAIKOU WC X OE CmM
kal Madikoc, u/p (cm2/g), onoTe Ba ekPpalw TO NAXOC TOU UAIKOU W pX O g/cm?

Linear Mass

Attenuation | Atténuation Thickness of | gm/cmz
Coefficient | Coefficient Density

(em™) (cm%gm) (gm/cm?)

A I S
0.000128 0.214 0.000598 WATER 670
VAPOR cm




Ioxuel navra o Nopoc TnG eKOETIKNG EEA0OEVNONG;

MOVO YIa HOVO-EVEPYEIUKEG OETHEC.
I'la NOAU-EVEPYEIAKEC OETHEG:




Ioxuel navra o Nopoc TnG eKOETIKNG EEA0OEVNONG;

Movo o€ ouvOnkeg “"AenTnNG” d€0UNG N "KAANG” YEWHETPIAC.
Z€ ouvOnkeg “eupeiac” deopng N "KAKNG” YEWHETPIAG:
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«KaAn» yewpeTpia deoung «Kakn» yewpeTpia deoung
N= Ny*exp(-px) N'=N*B(x,E,S,|)=Ny*exp(-pux)*B(x,E,S,I)

onou B o napayovrag enav&énong
(e€apTaTal ano Tnv evepyEla TV
(PWTOVIWV, TO NAXOC TOU UAIKOU, TN
diaTopn TnS 6€0UNC Kal TNV anooTacn Tou
AVIXVEUTN ano TO UAIKO).

N




AA/dpaon IovTtiCouocac H/M AkTivoBoAiac-"YANG:
ni@avoi oToYo!

1. ATouo

2. € E0WTEPIKNC aToIBadac
3. e eEwTepIKNC oToIfadac
4. Mupnvag



1. Av n evEpyEla TOU (pWTOVIOU
dev avTioToIXel o€ dlapopa
EVEPYEIOKWV OTAOUWY OTO ATOUO
Kal Oev ENAPKEI YIA I0VIGUO:

2YMOQNH 2KEAA2H

m Aev oupBaivel 1ovIoUOC
m AEV JETAPEPETAI EVEPYEIQ
oTnVv UAN
m 2NUEIWVETAl JOVO HIKPN
aA\ayn oTtn dieuBuvon Tou
PWTOVIOU




2. ANMnAenidpaon (prowou IE
NAEKTPOVIO ECWTEPIKNC
oTolBadac:

OQTOHAEKTPIKO ®AINOMENO
e Aappavel xwpa 1ovViIoHOC

eTO e eyKATAAEINel TO ATOUO
PHOTON LE KIVNTIKN EVEPYEIQ:

T.=E-E,

['1a BIOAOYIKOUC I0TOUG

PHOTOELECTRON E <<

eTO KEVO CUMNANPWVETAl HE
EKMOWMI XaPAaKTNPIOTIKNC
akTIvVoBoAiac ) nAekTpoviwv
Auger



2XETIKN MOavoTNTa EKNOUNNG XaPAKTNPIOTIKNC
akTIvoBoAiac kai nAekTpoviwv Auger
ouVvapTnNOEl TOU aToIKoU apiduou

—K-®Bopioudg

——-K-Auger

40 50
ATOMIKOG ApIBuGg, Z




KaTtavoun Tn¢ ywviac EKNounnG TwV PWTONAEKTPOVIWV
w¢ NPoc Tn O1eUBuvon Tou apXIkoUu pWTOVIOU

IO keV

DIRECTION OF
INCOMING
PHOTONS




3. ANAnAenidpaon pwTOoVIioU JE
“eAeUBEPO” NAEKTPOVIO
(e€wTeEPIKNC OTOIBADAC):

2KEAA2H COMPTON

e AauBavel xwpa 1oviopog

eTO pwTOVIO oKedaleTal OE
ywvia ¢ JE evepyela:

|
1+(E/m,c*)(1-cos @)

COMPTON
ELECTRON

h | ] L}
Ah= = (1 = cos ¢) eTO € €YKATAAEINEl TO ATOMO

LE KIVNTIKN EVEPYEIQ:
(E/mc*)(1-cos@)

T=E-E_=E

) 1+(E/m,c*)(1—cos @)



2 R
T —FE-E =E (E/m,c”)(1—-cosg) E _E 1

’ 1+(E/m,c*)(1-cos@) 1+(E/m,c*)(1-cos @)

A. Kevtpikn kpouon (6=0°, p=180°) cos(p=cos180°= -1

1

2(E/mc?)
=k ESCMIN - E—z
1+2(E/m,c”)

MAX T4 2E  me?)

B. EqpanTtopevikr kpouon (6=90°, ¢p=0°) | cosp=cos0°= 1

T 0 E

eMIN —



DIRECTION OF
INCQMING
PHCTONS

TOP: SCATTERED
PHOTONS
4]

BOTTOM: COMPTON
ELECTRONS

Katavopn Tn¢ ywviac
eknopnnc Tou e Compton
Kal TOU (pwTOVIOU MoU
UMNEOTN oKeEdAoN
w¢ nNpo¢ Tn dleubuvon
TOU apyIkou (pwTOVIOU



H peon TINN TOU NOCOOTOU TNG EVEPYEIAC TOU APXIKOU
(PWTOVIOU NMOU PETATPENETAI O€ EVEPYEIQ OKEOA(OUEVOU
pwTOoViou <Esc>/E kai KIVNTIKI EVEPYEIQ TOU
nAekTpoviou, <Te>/E, otn okedaon Compton,
OUVApTNOEl TNC EVEPYEIAC TOU apXIKoUu (pwTOoViou.
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4. ANA\nAenidpaocn pwToVIoU UE
nupnva:
AIAYMH N'ENE2H

e AauBavel xwpa 1oviopog

RN B eTO PWTOVIO anoppoparal
Kal N EVEPYEIA TOU
UETATpENETAl O (EUYOC €,
et Kal O€ KIVNTIKI EVEPYEIQ
auTwV

ELECTRON

eYNapxel KaTwPAI EVEPYEIAC:

E=2m_c’ =1.02MeV



> UVOMTIKA AOINOV:

, oUu®. DwT/KTPIKO PRl et
AANN/on: oKEBAON an. 2K. Compton | Aid. eveon
ATOlO ; :
Me: (aTopIka 6(‘2?3'00(; eANeUBEPO € nupnva
e’) H
Anoppogpnon s Anoppogpnon
i kKat/vonc & E
. AN\a wT., PwT.,
: Yn ¢
AnoTteAeopa: : PWT., ,
kat/vong | Ioviopog TNG ; . Toviopog TG
UANG b Lt A UANG
UANG
E nou
LETAPEPETAl & £ R i ~E, +E' =
anop/¢paral ano ¢ S Fe=EyEo E,-1.02

BloAoyIKO 10TO:




Moia n mBavoTnTa va GupPBEl
KaBe €idoc aA/onc kal ano nolouc
napayovTec eEaprtarai;

Mz “oup(p'l' IJ(p(DT iy |JC0mpton o Har.
N

H/P = Houue/ BF Howd/P + Heompton/ P+ Har. /P



ZUVAPTNOEIC OUVAHEWV
Kal AoyapiOHIKEG KAIHAKEG ...

y=Ax="=>
logy=Ilog(Ax*")=logA+log(x*")<> logy = logA *+ nlogx




ZUNPWVN OKEdaon

H,0 ( ) &Pb(" )

N N A 1 R A A
1.00E+02

1.00E+01
voomsoo | LU [ LTI il |

s S R MBavoTnTa
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oo TS pacac:
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Evépyeia gwTtoviou (keV)
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DWTONAEKTPIKO

H,0 ( ) & Pb(

Evépyeia gwToviou (keV)

)

MBavoTnTa
ava povada
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~Z3/E3



2kedaon Compton
H,0 ( ) & Pb(

1.00E+03
1.00E+02
1.00E+01

1.00E+00

-llIIIIII-IIIIIIII-IIIIIIII
vooros L LT
0 I A A A
voorar L L T LT 1 T T

10 100

Evépyeia pwToviou (keV)

)

MBavoTnTa
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nadac :
eMelwVETAIl PE
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eAveEapTnTn
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Aidupn yEveon

H,0 ( ) & Pb( )

vsoeve T T T
1.00E+02 I

1.00E+01

MBavornTa
ava povaod
uadac:

e ‘ »AUEQVEI LIE TNV

1.00E-04 . I ‘ I
EElzAnEing 102 MeV)

O I T N A A ol
1.00E-06

1.00E-07

1.00E+00

1.00E-01

Evépyeia pwToviou (keV)




S UVONTIKA AOIMNOV:

: OUHP. | POT/KTPIKO byt
AAA/on: oKEDAON paw. 2K. Compton | AIld. lN'eveon
, g OEopIO € : i :
Me: aToMIKAa e (6To0) eANeUBEpPO € nupnva
. : AAN\ayn : AAN\ayn .
AnoTteAeopa: KaT/VOnC Anoppogpnon kat/vonc & E Anoppopnaon
E nou peTagepeTal 5 TR
v ' el ’ (SF
& anop/(qual (EJI.'IO 0 a7 =k ~ES=E -E' E -1.00-F'
BloOAOYIKO 10TO: ¢ e+
u/p: ~Z/E2 S |E hEdSZ




MOavoTnTa aAA/onc ava povada palac uAikou

1.00E+04
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10 | I 100 1000 10000
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MOavoTnTa aAA/onc ava povada palac uAikou

.\'I 1 Ii \

— — — OLITONAEKTPIKG PUMOLIEYD

ZUP gy aredaan
— - — - AgUpguavn arkedoaan (Compton)
s AIBUWN YEWWEDT

ZIoMEd

10°
Evipyzia, E(keV)

Atomic number of absorber

Photoelectric effect
dominant

Pair production
dominant

Compton effect
dominant

0.1

1 10

Photon energy (MeV)




MOavoTnTa aAA/onc ava povada nayouc UAIKOU

1.00E+01
= UOAQKOG 10TOG
\ ‘ AITTWONG 10TOG

Evépyeia pwToviou (keV)




tilm, fluorescent screen
or image intensifier

“primary
"~ “radiological
image

P

scattered
radiation

infensity —_—
at detector




AVIXVEUTNG akTIVOBOAIag






YAIKO NEPAITEP® HEAETNC
> § 1-3.1.4, Kepahalo 2 ZuyypaupaTog
> EpwTnoeic katavonong

> MnopeiTe enion¢ va avalntnoeTte Toug opouc “Radiation Interaction with matter” and “Compton
scattering” oto HyperPhysics (http://hyperphysics.phy-astr.gsu.edu/hbase/index.html).

Electricity and :
D>
Sound and
sl HyperPhysics Hearing
Thermodynamics

© 2016C.R. Nave
Georgia State Universily

Condensed @
Matter
Nuclear Quantum Astrophysics
Physics Physics

HyperPhysics is hosted by the

Department of Physics and Astronomy


http://hyperphysics.phy-astr.gsu.edu/hbase/index.html
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