53 PHYS - CH4 - Part5

The Compton Effect Cria oS (i) il

rdad8a

b Sl cBakal) graesy ol yal) (39 SO Al JalS (0 65 9l (ury i g 481 B RN B
Jeliill (e g ol 1309 o oSl ) 4Bl e s da sl g o) OSar )
dhaulgy cligighl (Scattering) <iddy awy (9N g nbliteg Sl gladd)l Gm
. A

glsaY) Lages g ) bl 42y cidd (Compton effect) (fiasS 3 ala xig
LBl il g SN (Asmukliia g gS))

védﬁﬂ\:\w&‘gﬁ%ymuﬁ‘:\ﬁ.\:\ﬁﬂ\w&n‘gﬂ\:\:\)ﬁmm

ady) paiad clawwadl o ol cligasy) e dgada 3o Clawa o
P2 QA AN 5 dpaklita g S

Dir. Abdallah M. Azzeer

£l 138 |y 23y (udl Lt Andalig g S ) gal AT B e adi 3 iall Cllasad) oda
(coherent k) jial) Cildilly ey Abadlud) da gall Joh 8 1 a0 Guaay ¥ (M) g i) (1
Jighll <l dahie Ay Ayl plady) ddhia & caddl) ) Bagl By | scattering)
L ALy ghal) 4 gal)

O dag Aluad) dadl) Jia 5 malll dua gall J)ghal) ) Ay cids Asada die (Sl
Ol (paa i Al (e il Anded) AadY) Cldd o) dua | Sy datiil) 4y BRI s
D> A gy <y Al AadS el 3 G G a5 Al AN (A o) v Legly
dshy (unmodified wavelength) daa il dagaly ) dasall Job Jo (3lhyg
. (modified wavelength) Aaal) da gally ), da sall

. (incoherent scattering) ul_ie il cadily 4de glhy cadil) oa g oil) 13

Dir. Abdallah M. Azzeer

o)) dasa difae o 1



53 PHYS - CH4 - Part5

At dndl bgha (pe dadlll) Aarally Aiddal) dagal) JIghl) 29a9 OsiagS b Mg
Mﬁg&ﬁtﬂ\ﬁa‘é{gi@‘jﬁﬁ‘gwﬁﬁaﬁgﬂ\&M}JM\JM\M‘@&MQ
. Gl adladl) B A jal)

ASja dpasy Allh Lgd cligigh (e (580 5 pall () (A0 W el (B () g gS B AU Adad
o Glas 5aLY o3a (ha GRaT A3 g guall o gall Eigalll JLi) o W pad cSa Y
Ga T8 e S dndl By g (15iasS JB (e Qus) il daala A 1923 oo

2 AUl JSAN A i ga g LaS (g Sl

Dr. Abdallah M. Azzeer

Experimental arrangement for observing Compton scattering
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Example

Suppose that x-rays of 100 keV energy are incident on a target, and undergo Compton
scattering. Calculate (a) the energy of the x-rays scattered at an angle of 30° to the direction of
the incident. (b) the energy of the recoiling electron, (c) the angle of the recoiling electron.

Dir. Abdallah M. Azzeer Page 15

a) In Eg. (5) we have
Fon=lt - cosdy,
nige
When we substitule ;. = #eiE and »° = &efE", where £ and £ are the cnergies of the
incident and scattered x-rays, thas is, £ = Avand £’ = A/, we get
L = L = 7—172- (1 — cos i),
EE mye

where E = 100 keV, mye® = 510 keV, and cos () = cos 30" = (.866. Therefore

L - L —1~(l — 0.866)
E' 100 keV 510 keV

013 1
510keV 3810 keV

ar
1 1 1

F 1005V | 3810 kev
Hence £ = 97.5 keV.
h) The kinetic energy K of the recoiling electron is
K= E— E' = (100 - 97.5) keV = 2.5 keV.

P Pe
&
A -
AP
3

Y

(ii)

¢} Figure (i) shows that p, p’, and p, are the momenta of the incident x-ray, the scattered
x-ray, and the recoiling electron, while Fig. (i) shows the triangular relations between

Pane 16

o)) dasa difae o



53 PHYS - CH4 - Part5

these quantities. In order to find ¢, we apply the law of cosines to triangle ABC,
p?=p* + pl — 2pp.cos ¢,
or, rearranging and using £ = pc and E' = p'c for photons, we get
cos ¢ = w
2Ep.c
But, for an electron,
E? = plc® + E,

where E. = moctand E = K + Ep. Therefore (K + Eo)? = plc® + Ej sives
o o o

/ 2F N\ 172
pc =K (1 + TO) s
which, when we substitute in Eq. (2.38), yields

E? — E'® + Kl + QEJ/X)]
AEK[1l + (2Eo/K)|'"? ’

cos ¢ =

Substituting for £ = 100 keV, E = 97.5 keV, K = 2.5 keV, Eg = 510 keV, we gel
cos ¢ = (.29, ¢ = 73°
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Example
An X-ray beam of wavelength 0.01 nm strikes a target containing free electrons.

Consider the X-rays that are ‘backscattered’ at 180°, and determine: a) the change
in wavelength b) the change in photon energy c) the kinetic energy of the recoiling
electron, and d) the electron’s direction of motion.

EN) L (Eoh)
JJ\/\/\/\——P ) i et J\/W o —

Before After

a) 6=180°so AL =(2.43 pm) (1-cosb) =4.86 pm (maximum possible shift)

b) E=hc/A = (1240 eV.nm)/ 0.01 nm = 124 keV; E, = hc/(A+AL) = 83 keV
energy difference is (E-E,) = 41 keV

c) To conserve energy, the electron must gain the energy lost by the photon:
K=(E-E) =41keV

d) To conserve momentum, the electron must move forward if the photon is scattered
backwards, as shown.
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Worked example

A 0.110nm photon is scattered by a free electron initially at rest. After the
collision, the electron moves forward and the photon recoils backwards. Find the
kinetic energy of the scattered electron.

Solution The photon has been Compton scattered through 180 degrees.
Energy E of the initial photon =hc /A

therefore E, = (6.626 x 10-3)(3x 10%)/(0.110 x 10-°) (1.6 x 10-1%) = 11.3 keV
AN = A,-Ay = (W/mce) (1-cos B) = 2.43x 102 m (1-cos 180) = 4.86 x 101> m

A, =Xy tAX = 0.110+ 0.00486 =0.115 nm
Energy E_ of the scattered photon = hc / A/
therefore E; = (6.626 x 10-3*)(3x 103 )/(0.115 x 10°) (1.6 x 10-1°) =10.8 keV

The incident photon has lost 11.3 - 10.8 keV, which has been given to the electron,
therefore the electron K, = 0.5 keV.
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Relevance today:

The Compton effect is the dominant process Hmm, photon energy is

by which X-rays and y-rays (10 keV - 10 MeV) ggztslfgr:rer?];;b‘;hfhis

deposit energy in matter. is good for something?
B T l l l l l l l

Carbon (2= 6)
. . o — experimental Gy, ]
i

Interaction probability (log scale)

701 ncoh

| |
eV 1 keV 1 MeV 1 GeV 100 GeV
Photon Energy
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LECTURE: Indirect Radiation EMects

‘How does radiation kill cancer cells?*

Your patients may not ask you, but your understanding of this
basic principle will give you confidence when troubleshooting
treatmant plans. Click to begin simulation.
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