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AA/dpaon IovTtilouocag H/M AkTtivoBoAiac -'YANG



Tuyvornra,
f(s?)

Mnkog
KUpaTog, A

Evépyeia

Mepioxn

1310TNTEG O€ OXEoNn HE BIOAOYIKA UAIKG

10°
3 1010

3 km
0.01m

413 peV
124 peV

Padiokupara

MapayovTal ano Tnv TaAAQVTwaon NAEKTPIKWV
QOPTIWV Kal XpNoIKonoIoUVTal KUpIwG yia TN
peTadoaon nAnpogopiac (padiopwvia, TNAeopaon,
acuppatn dIKTUWAN, KIvNTA TAEpwvia) kabwg
avakAwvTal r) anoppoPwvTal avaloya Pe Tnv
EVEPYEIQ YOVO ano PeTaAIKoUC aywyouc. Ta
BloAoylk@ UAIKG O€ PeyaAa pnkn KUPATog €ivai
oxed0V d1agavn o< auTa eV Ta PIKPA WAKN
KUMATOG (MIKPOKUWATA) EXOUV EVEPYEIQ MOU
QVvTIOTOIXEI OE EVEPYEIQ NEPICTPOPNG ANAWV
MOPIWV Kal ONUEIWVETAI NEPIOPICHEVN
anoppo®nan.

3107
310

100 pm
1pum

12.4 meV
1.24 eV

Ynépubpo

MapayovTal KUpiwg and HopIakeG TAAQVTWAOEIG Kal
OIEYEPTEIG EEWTEPIKWV NAEKTPOVIWV aTOHWV. To
MEYAAUTEPO HEPOG TNG akTIvoBoAiag Beppwv
OWMATWV EUNINTEI O AUTN TNV NEPIOXN Yid
ouvnBeIg Bepokpaaiec. AnoppoPAaTal CNUAvTIKA
ano Tnv UAN kaBwg avTIOTOIXEI OE EVEPYEIEG
HOPIaKWY TAAQVTWOEWV anAWV Hopiwv.

4.3 1014
7.5 1014

700 nm
400 nm

1.77 eV
3.1eV

Opato

MapayeTal ano dIEYEPOEIC EEWTEPIKWY
NAEKTPOVIWV aTOPWV Kal anoTeAEl HEYAAO HEPOC
NG akTIvoBoAiag noAU BeppwV oWPATWV ONWE O

'HAIoG. Anoppogaral €vrova ano Tnv UAN.




TuyxvoTnTa, Mnkog S k ) 3 : /
f(s) KOpaToG, A Evepyeia Mepioxn I810TNTEG OE OXEON HE BioAoyika UAIKa
MapayeTal ano dIEYEPOEIC EEWTEPIKWY NAEKTPOVIWV
= aTOPWV Kal anoTeAEI ONUAVTIKO PEPOC TNG
7_.',’5110?6 41000nnnT 13 21} 2\\// YnepIndeg akTivoBoAiag noAu Beppwv owPATWV O0nwg o "HAIoG.
Anoppo@dTal EEQIPETIKA EVTOva ano Tnv UAN Kai
Oev dianepva Tnv eNQAveia Tne.
31016 10 124 eV SNk MapayeTal ano dIEYEPOEIC EOWTEPIKWV NAEKTPOVIWV
i K aTtopwv. Anoppo®dral Evrova and Tnv UAN kai
S o L2 PRIV MMOpPEi va NPoKAAETE! 10VIOUO.
: MapayeTal ano dIEYEPOEIC EOWTEPIKWV NAEKTPOVIWV
18
g 1819 11000 pr21 1122: II:ee\\// AKC]IYK\;?\JIZT';EC aToOMWV Kal Auxvieg x. AnoppoaTal GnHAavTika
P 6 ano Tnv UAN Kal Jrnopei va npokaAEoel 10VIOUO.
31019 10 om 124 keV AKTIVEC Y Kal MapayovTal and 61acnacn y Kal Ypappikoug
31019 1 Fr)n 1 74 MeV OEPAnEUTIKEC EMNITAXUVTEG. ANOpPOPWVTAl NEPIOPICHEVA AMNO
P ' aKTIVEG X TNV UAN Kal npokaAouv 10VIGUO.
; MapayovTal anod diaonaon y Kal ypaupIkoug
3102 100 fm 12.4 MeV SepdrEiieG EMITAXUVTEG. ANOPPOPWVTAl NEPIOPICHEVA ANO

aKTIVEG X

TNV UAN Kal npokaAouv 10VIGUO.




EEaog0&vion 1ovtiCouoac H/M akTivoBoAiac kaTta
Tn d1adpopun TnG oTnVv UAN
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O vopoc eEagBeviong l1ovriouoac H/M
akTivoBoAiag kara Tn diadpoun TG oTNV UAN

— AN = N — N'= uNAX
— AN = — uNAX

= u=-()

‘Onou U O ANOKAAOUUEVOC
YPAMMIKOC OUVTEAEOTNC £€a0BEVNONC
lovTi(ouoac NAEKTPOPAyvNTIKNG akTivoBoAidc.

AnoTteAei peTpo TNC NIBavoTnTac aAAnAenidpaonc lovTiouoac
H/M akTivopBoAiac ava povada diadpopnc o€ eva UAIKO.



EkBeTIkN oupnepipopa ep@avidel onoiodnnoTe PeyeOOC, v,
yla TO OMnoio 0 PUBUOC UETABOANG TOU
wC NPOC Wia YeTaBAnTn, X, ano Tnv onoia cuvapTaral
gival avaloyoc TnG TIUNG Tou PEyEBOUC.

TOTE: N = Nyexp(—ux)



O VOHOG TNC EKOETIKNG EEATOEVIONC
iovtiouogac H/M akTivoBoAiac
Kara Tn 01adpopn TG oTnV UAN

(u=0.1/cm)

Photons interacting in each one cm layer
100 90 81 73 65 59 53 47 43 38 34 31
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AnoO NoiIoucC NapayovTEeG EEaPTATAI TO NOCOOTO TG EEa0OEVIONG 1I0vTi{OUOAC
H/M akTivoBoAiag
Kara Tn diadpopn TG oTNV UAN
(dnAadn o p);

eEvepyela pwToviny, E
YAiko, Z

* (i)




nooooTOo TNC E€agBsviong 1ovTifouoac

UG NapAYOVTEG EEapTaTal T

BoAiag
ara Tn diadpopn TG oTNV UAN

(dnAadn o p);

H/M akTivo

H(E,Z)

Q.
~
o= %




AIGPOPETIKEC EKPPACEIC TOU CUVTEAEDTN EEA0OEVIONG

[pappikoc, u (cm™), onote Ba ekppalw TO MNAXOC TOU UAIKOU WG X OE Cm
kal Madikoc, u/p (cm2/g), onoTe Ba ekPpalw TO MAXOC TOU UAIKOU WC pX OE g/cm?

Thickness of | gm/cm?
Density

(gm/cm?3)

g
0.000128 0.214 0.000598 WATER 670
VAPOR cm




Ioxuel navra o Nopoc TnG eKOeTIKNG EEa0OEVNONG;

MOVO VIO PHOVO-EVEPYEIOKEC OECUEC.
' NOAU-EVEPYEIOKEC OECHEG:




Ioxuel navra o Nopoc TnG eKOeTIKNG EEa0OEVNONG;

Movo o€ ouvOnkec “"AenTNc” SEOHUNC N "KAANG” YEWUETPIAC.
2€ ouvOnkeg “eupeiac” dEoUNG N "KAKNG” YEWHETPIAC:
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«KaAn» yewperpia deounc «Kakn» yewueTpia 0sounG
N= Ny*exp(-px) N’=N*B(x,E,S,|)=Ny*exp(-ux)*B(x,E,S,I)

orou B o mapayovrac enavénonc
(e€apTaTal ano TNV EVEPYEIA TWV.
PWTOVIWY, TO NAXOC TOU UAIKOU, TN
dlaToun TNE OE0UNG Kal TV arnooTach Tou
AVIXVEUTN amno TO UAIKO).

N




AA/dpaon IovtiCouoac H/M AkTivoBoAiac-"YANG:
ni@avoi oToxol

1. ATolo

2. € E0WTEPIKNCG oToIBAdAC
3. e eEwTEPIKNC aTOoIBAdAC
4. Mupnvacg



1. AV n evEpPYEIA TOU PWTOVIOU
OEV AVTIOTOIXEl OE Olapopa
EVEPYEIAKWV crra@pcov OTO CITO|.IO
Kal OEV EMNAPKEI YIA I0VICUO:

2YMOQNH 2KEAA2H

= Aev cupBaivel 10VIOUOC
m AEV UETAPEPETAI EVEPYEIA
oTnV UAN
m 2NUEIOVETAl JOVO HIKPN
aAAayn oTn o1euBuveon Tou
(PWTOVIOU




2. ANN\nAEnidpacn pwToViou JE
NAEKTPOVIO ECWTEPIKNG
oToIBaddac:
O TOHAEKTPIKO ®AINOMENO
e Aappavel xwpa 10vVioHOC

eTO e eyKATAAEINEl TO ATOHO
PHOTON LE KIVNTIKI EVEPYEIQ:

T.=E-E,

o[1a BIOAOYIKOUC I0TOUG

PHOTOELECTRON E,<<

eTO KEVO CUNNANPWVETAI LE
EKMOWUMNN XapPaKTNPIOTIKNC
akTIvoBoAiac n nAekTpoviwv
Auger



2XETIKN MOavoTNTA EKNOPMNG XapAaKTNPIOTIKNG
akTIvoBoAiac kail nAekTpoviwv Auger
ouvapTnNOEl TOU ATOUIKOU apiduou

—K-PBopioudg
-——K-Auger

40 50
AToMHIKOG ApIBuOG, Z




KaTtavopn Tn¢ ywviag EKNOUnNS TwWV GWTONAEKTPOVIWV
w¢ Npog Tn O1EUBUVON TOU ApXIKOU PWTOVIOU

100 keV

DIRECTION OF
INCOMING
PHOTONS




3. ANMnAenidpacn pwTOVIoU JE
“eAeUBEPO” NAEKTPOVIO
(e€wTepIknC oToIBaddac):

>2KEAA2H COMPTON
o Aaupavel xwpa IoVIGHOC

eTO pwTOVIO oKedaleTal OE
ywvia ¢ JE evepyelq:

~ 1
COMPTON
ELECTRON

E1+(E/mecz)(1—cos¢)

h v v
Ah= = (1~ cos @) eTO € €YKATAAEINEI TO ATOMO

LE KIVNTIKN EVEPYEIQ:
. (E/m.c*)(1-cos¢)
1+ (E/m._c?)(1-cos¢)




(E/m_c?)(1-cos¢) c _E 1
1+ (E/m_?)(1—cosg) 1+(E/m.c?)(1—cos¢)

T,=E-E,=E

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

2(E/m.c?)
1+2(E/m.?)

1
ESCMIN =E 2
1+2(E/myc”)

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

T 0

eMIN —



DIRECTION OF
INCOMING
PHCTONS

TOP: SCATTERED
PHOTONS
4]

BOTTOM: COMPTON
ELECTRONS

KaTtavoun tn¢ ywviac
eknopnnc Tou e Compton
Kal TOU (pPwWTOVIOU Mou
UneoTn okedaon
w¢ nNpoc Tn Ol1euBuvon
TOU apyIkou (pwTOVIoU



H peon Tign Tou NOCOOTOU TNG EVEPYEIQC TOU apXIKOU
(PWTOVIOU NMOU PETATPENETAI O evEPYEIQ OKEOA(OUEVOU
pwToviou <Esc>/E kal KIvNTIKN €vEpYEIa TOU
nAekTpoviou, <Te>/E, otn okedaon Compton,
OUVApTNOEl TNC EVEPYEIQC TOU AdpPXIKOU (pWTOVIOU.

Evépyeia, E(keV)




4, ANAnAenidpacn pwToVIoU E
nupnva:

ATAYMH MN'ENE2H

e Aappavel xwpa 10vVioHOC

ANNIHILATION - -
> PHOTONS efO (pwTOVIO anoppopatai
KAl N EVEPYEIA TOU
POSITIVE - ’ -
iR LWETATPEMNETAI OF 'Csuy'oq e,
e* Kal O€ KIVNTIKN EVEPYEIA
auTwv

ELECTRON

eYNapxel KaTWPAI EVEPYEIAC:

E =2m_’ =1.02MeV



> UVOMTIKA AOIMOV:

: ouU®. DwT/KTPIKO Py
AAN\/on: aKEBAN Qal. >K. Compton | AI0. ['eveon
ATOLO ; :
Me: (aTopuika B(ZC'II%IOO? eAEUBEPO e nmupnva
e’) H
Anoppo®non AUy Anoppo®non
s kat/vonc & E
. _ AAayn PwT., PWT.,
AnoTeAeopa: : PwT., .
kat/vong | Ioviopog TNG ; : IoVIOpOC TNG
UANG YRS NG UANC
UANG
E nou
LUETAPEPETAl & £ ey S =
anop/paral ano g 2 Ee=EoEy E,-1.02

BloAoyIKO I0TO:




[Moia N mBavoTnTa va cULBEI
kKaBe €id0C al/onC Kal arno MOIOUC
NapayovTec e€apTaTal;

M= IJGU|J(|)+ IJ(P(DT 4y |JCompton B Mar.
N

H/P = Houpe/ P+ Hopwr/P + Heompton/P + Har. /P



ZUVAPTNOEIC OUVAHUEWV
Kal AoyapiOUIKEC KAIHAKEG ...

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




ZUpQ@®VN oKESAoN

H,0 ( ) & Pb( )

s I I A A A
1.00E+02

Y e S 1| A | A '

i !..IIIIH!!.I“I“-. MiBavoTnTa

---!!IIII--!IIIIII-IIIII ~ B
T~ v

voocos || 1L III- HGCGCZ:
NEEEE IIIII ~ZJE

1.00E-05
1.00E-06

1.00E-07

Evépyeia gwToviou (keV)




DWTONAEKTPIKO

H,0 ( ) & Pb( )

T T T
1.00E+02 - .
1.00E+01 [~

1.00E+00

e | N L L MBavoTnTa
oo NN ] -- M oo povasa

1.00E-03 II ‘ l I IJdCGC;

1.00E-04 3 /03
~/Z3[E
= I P
T~ [ [
1.00E-06 o=
1.00E-07 -.lIIIIII-.lIIIIII-...

100

Evépyeia pwToviou (keV)




2kedaon Compton

H,0 ( ) & Phb(

i I I N A A
1.00E+02

1.00E+01
vonesco | |1 L
o = II!!III-I Bl

T

-llIIIIII-IIIIIIII-IIIIIIII
o N 0 A
o I A A
voorer L LU LTI 1 T

10 100

Evépyeia pwToviou (keV)

)

MBavoTnTa
ava povada
uadac :
eMelwVETAl PE
LVA =
eAve€apTnTn
TOoU Z!!!



Aidupun YEveDN

H,0 ( ) & Pb( )

1.00E+03
1.00E+02

1.00E+01

s MBavoTnTa

ol L R ava povada

I AT BE: e

0 A A KR
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1.00E-07 -
1000

Evépyeia pwToviou (keV)




ZUVONTIKA AoINnov:

. OUHP. | PWT/KTPIKO byt
AAA/on: OKEDAON paw. 2Kk. Compton | AId. l'eveon
) i OE0IO e : i .
Me: AaTOMIKA € (6ToU0) ENEUBEPO € nupnva
; : AANAayn : AANayn .
AnoTeAeopa: KaT/VONC Anoppo®pnaon «at/vonc & E Anoppo®pnon
E nou petagpepeTal S T
v ' el / =
& anop/(pgTal C'II.'IO 0 ~ES ~ER=ESE E -1.00-F'
BioAOYIKO 10TO: ¢ e+
u/p: ~Z/E? ~Z3/E3 |E 1E, ~z




MOavornTa aAA/onc ava povada palac UAIKoU

1.00E+04
cooesoa N LN L TEHE (L
oL it = S
1.00E+01 N

o000 i=I%!|III‘IIIIIIIIIIIIIIIIIIIIIIIIII

IO T TTTI | e

1.00E-01 o R NI —— — Compton

| ..II“I Dwr/kd
1.00E-02 |II.IIIIIIII- ..Illll

AT.
1.00E-03 — Nepo ZUVOAIKOG

1.00E-04
1.00E-05
1.00E-06

1.00E-07

E\lcpvsla '(prowou (keV)

DWTONAEKTPIKO Compton



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 eftect
dominant

0.1

1 10

Photon energy (MeV)




MOavornTa aAA/onc ava povada nayxouc UAIKOU

1.00E+02

—— JOAOKOG 10TOG
AITTWdNG 10T6G
k —— MOOTOG
‘l- ||||

— 0070

aépag

Evépyeia pwToviou (keV)




tilm, fluorescent screen
or image intensifier

“primary
"~ “radiological
image

P

scattered
radiation

infensity —
at detector




AvIXVeuTnc akTivoBoAiag






YAIKO NEPAITEP®W HEAETNG
> § 1-3.1.4, KeqpaAaio 2 ZuyypaupaTtocg
> EpwTnoeic katavonong

> MnopeiTe enion¢ va avaldntnoeTte 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
st HyperPhysics Hearing
Thermodynamics
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HyperPhysics is hosted by the
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http://hyperphysics.phy-astr.gsu.edu/hbase/index.html
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