
Interaction Between
Ionizing Radiation And Matter,

Problems Charged particles
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Problem 8.1 (see fig 8.9)

Solution:
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Solution: 
Soft: - b>>a: particle passes an atom in a large distance

- Small energy transitions to the atom
- The result is excitations (dominant) and ionization; amount 

energy transferred range from Emin to a certain energy H

Hard: - b<<a: particle passes trough the atom
- Large (but few) energy transactions to single electron
- Amount energy transferred range from H to Emax
- Can be seen as an elastic collision between free particles 
(bonding energy nelectable) 

Problem 8.2 (Chap. 8.II.A.B)



Solution: Classic:  

Relativistic:

T0=25 MeV

electron: Tmax=To/2=12.5 MeV
positron: Tmax=To=25 MeV
proton: Tmax=T’max=55.19 keV
α-particle: Tmax=T’max=13.75 keV
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Problem 8.5 (Eq. 8.4 and 8.11)



Solution:

T0proton=25 MeV

electron: T0=13.62 keV→ Tmax=6.81 keV
positron: T0=13.62 keV→ Tmax=13.62 keV 
proton: T0=25.00MeV→ Tmax=55.19 keV
α-particle: T0=99.33MeV→ Tmax=55.19 keV
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Problem 8.6 (Eq. 8.11)



Solution: z=+1, M0c2=3*938.26MeV=2815MeV, T=800MeV
→ β=0.6274, Tmax=663.4 keV
Copper: H=100eV,  I=322eV,  Z/A=0.4564

Soft:

Hard:

Total:
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Problem 8.7 (Eq. 8.4, 8.6, 8.7, 8.8 and 8.10)



Solution: a)

b)
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Problem 8.8 (Eq. 8.11 and 8.10)



Solution: Cyclotron:

a) Deuterons:

α-particle:

b) Water: I=75eV,  z=2,  Z/A=(8+2*1)/(16+2*1)=10/18 
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Problem 8.9 (next lection and Eq. 8.11 and 8.10)



Solution: Proton: mpc2=938.26MeV,  z=1, T=20MeV, β2=0.04131

Lead: I=823eV,
Z 82 0.3958
A 207.2
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Problem 8.10 (Eq. 8.11 and 8.10)



Solution: Electrons: z=1, T=50MeV, β2 =0.9999≈1,

Aluminium: I=166eV, δ=5.068,

a) electrons:

b) positrons:

Z 13 0.4818
A 26.98
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Problem 8.11 (Eq. 8.13 and 8.13ab)



Solution: 

Electrons: T=50MeV, n=750MeV

a) Al, Z=13:

b) Lead, Pb: Z=82, I=823eV, Z/A=0.3958
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Problem 8.12 (Eq. 8.15 and 8.13(b))
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Solution: Radiation yield: Y(10MeV)= 0.2265 and Y(7MeV)= 0.1734

Energy of radiation per electron as it slows down to rest is: Ee= Y(T0)T0

Total radiation energy from 10MeV electrons: E10= N Ee =NY(T0)T0

=1015 0.2265 10MeV 1.602 10-19J/eV=362.9J

Total radiation energy from 7MeV electrons: E7= N Ee =NY(T0)T0

=1015 0.1734 7MeV 1.602 10-19J/eV= 194.5J

Radiation energy from 10MeV electrons until 7 MeV electrons:
E10- E7 = 168.4J

Problem 8.13 (Chapter 8.III.G)



Solution: Iron, Z=26
Carbon, Z=6:

At 30 MeV proportional to Z0.3:

Problem 8.14 (Eq. 8.23 and text below)
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Solution: a) TD=TPmD/mP=2TP=60 MeV

b)

Problem 8.15 (Argument before and after Fig 8.8.The points a.,b.,c.)
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