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1
Introduction

A basic course in health physics is by its very nature a broad endeavor. Relevant
topics necessarily include basic physical science (atomic and nuclear physics,
radioactivity, and interactions of radiation with matter), basic radiation protec-
tion (standards, regulations, biological effects, instrumentation, internal and
external dosimetry, and statistics), applications, and the specialty areas of health
physics.

A number of excellent health physics and introductory physics texts treat basic
science in hundreds of pages. This book builds on these basic physical science
topics, so we will not repeat a basic science discussion here. Instead, we will refer
the reader to the texts listed in the References to this chapter for a discussion of
underlying concepts. We will, however, provide a set of problems with worked
examples and several appendixes to illustrate the basic concepts. A thorough
review of this material will permit the reader to assess his or her knowledge of
the basic science that underlies the health physics principles and practices that
will be presented in this book.

1.1
Questions

1-001. The number of states available in a shell with principal quantum number

nis

a. n+2

b. 2n

c. 2n+2

d. »’

e. 2n’
1-002. The radius of a superheavy nucleus of mass 1000 is about

a. 0.01fm

b. 0.1fm

c. 1.0fm

d. 10fm

e. 100 fm
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4| 1 Introduction

1-003. The wavelength (1) of an electron as a function of its mass (m), kinetic
energy (E), and Planck’s constant (h) is

e. (2h/m E)'?
1-004. In which of the following nuclides does spontaneous fission occur more
often than alpha decay?

a. Pu-238

b. Cm-242

c. Cm-244

d. Cf252

e. Cf254

1-005. A nuclear energy level has a width of 2.5 MeV. What is its lifetime?

a. 26x10%s
b. 52x107s
c 26x107s
d. 53x10”s
e. 1.7x10%s

1-006. If the radius of the lowest Bohr orbit in hydrogen is a,, what is the radius
of the n =1level in lead (Z = 82)?

a. 1.5x10%a,
b. 1.2x107%a,
c a,
d. 82a,
e. 6724a,
1-007. Which of the following nuclei has the largest binding energy per
nucleon?
a. He4
b. C-12
c. O-16
d. Fe-56
e. Pb-208
1-008. Which of the following materials is commonly found in photoneutron
sources?
a. Beryllium
b. Carbon
c. Aluminum
d. Cobalt

e. Polonium
1-009. What is the rest mass of an electron?

a. 0.511 MeV
b. 1.022 MeV
c. 0.511 keV
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1-014.

1-015.

1-016.

1.7 Questions |5

d. 1.022 keV

e. 2.2MeV

What is the binding energy of the electron in a hydrogen atom?
a. 0.014eV

b. 2.06eV
c. 5.11eV
d. 13.6eV
e. 33.0eV

In an elastic collision between a 1.0-MeV neutron and a room temperature
hydrogen atom, what is the maximum energy that can be transferred to
the hydrogen atom?

a. 0.25 MeV
b. 0.50 MeV
c. 0.75 MeV
d. 0.95 MeV
e. 1.00 MeV

If an electron travels at a velocity of 0.99 ¢, what is its relativistic mass?
a. 0.511 MeV

b. 1.022 MeV
c. 3.62 MeV
d. 25.6 MeV
e. 51.1 MeV

The binding energy of a K-shell electron in a Bohr hydrogen atom is
13.6 eV. What is the predicted Bohr binding energy of an L-shell electron
in an element with Z = 147>

a. 41.3eV
b. 0.5 keV
c. 6.1keV
d. 73.5keV
e. 0.5MeV

What is the maximum recoil kinetic energy of an O-16 nucleus if it is hit
head-on by a 20-MeV proton?

a. 0.221 MeV

b. 1.22 MeV

c. 2.21 MeV

d. 4.43 MeV

e. 9.41 MeV

The most common mechanism for neutron interaction with matter is:
a. Capture

b. (n,y) photoproduction

c. (n, ) electroproduction

d. Elastic scattering

e. Inelastic scattering

U-238 decays to stable Pb-206 through a series of alpha and beta decay
mechanisms. What is the total energy released during this decay series?
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The following rest masses of electrically neutral atoms are provided:
U-238 238.050819 amu

Pb-206  205.974468 amu
He-4 4.002603 amu
a. 51.7 MeV
b. 57.7 MeV
c. 627.3 MeV
d. 29.8 GeV
e. 59.8 GeV
1-017. The reaction Li-7 (a, n) B-10 has a Q-value of -2.79 MeV.
What is the minimum energy of an alpha particle required to initiate this
reaction?
a. 2.79 MeV
b. 3.19 MeV
c. 3.97 MeV
d. 4.38 MeV
e. 7.67 MeV
1-018. For pair production to occur in the vicinity of an O-16 nucleus, the incident
photon must have an energy of at least
a. 0.511keV
b. 1.022 keV
c. 0.511 MeV
d. 1.022 MeV
e. 2.04 MeV
1-019. The threshold energy for pion production during proton scattering on light
nuclei is approximately
a. 40 MeV
b. 75 MeV
c. 140 MeV
d. 220 MeV
e. 1080 MeV
1-020. If each of the following particles has the same kinetic energy, which particle
has the largest momentum?
a. Electron
b. Photon
c. Proton
d. Alpha particle
e. Li-6 nucleus
1-021. What is the maximum recoil kinetic energy of a Ra-226 nucleus after it

emits a 4.785-MeV alpha particle?

a. 0.070 MeV
b. 0.075 MeV
c. 0.080 MeV
d. 0.085 MeV
e. 0.090 MeV
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What is the Q-value for the emission of a 4.602-MeV alpha particle in
Ra-226?

a. 4.60 MeV

b. 4.62 MeV

c. 4.64 MeV

d. 4.66 MeV

e. 4.68 MeV

In calculating atomic energy levels which force does the Bohr model
assume binds the orbiting electron to the nucleus?

a. Gravitational

b. Coulomb

c. One-pion exchange

d. van der Waals

e. Effective Bohr

A radionuclide has a halflife of 1.0 hour. What is its mean lifetime?
a. 0.693h

b. 1.443h

c. 0.980h

d. 2.041h

e. 1.000h

Radioactive P-32 decays to S-32 via beta decay. If the atomic mass of P-32

is 31.98403 amu and the atomic mass of S-32is 31.98224 amu, what is the
maximum beta energy from this decay?

a. 0.7 MeV
b. 1.2 MeV
c. 1.7 MeV
d. 2.2 MeV
e. 2.7 MeV

Given the following atomic mass data:
M(Po-210) = 210.04850 amu
M(Pb-206) = 206.03883 amu
M(He-4)" = 4.00277 amu
1 amu = 931.48 MeV
what is the total energy released in the decay of Po-210?

a. 0.0047 amu
b. 0.0053 amu
c. 0.0058 amu
d. 0.0064 amu
e. 0.0069 amu

Which of the following nuclides is not a pure beta emitter?

a. H-3
b. C-14
c. P-32
d. Co-62
e. Y90
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8| 1 Introduction

1-028. As a general rule, photoelectric absorption below 100 keV:

a. Isindependent of the photon energy

b. Becomes less probable as the photon energy decreases

c. Becomes less probable as the photon energy increases

d. Is proportional to the square of the atomic number of the absorber

e. Isinversely proportional to the atomic number of the absorber
1-029. Intissue, fast neutrons lose 80% to 95% of their energy by interacting with:

a. Hydrogen

b. Carbon

c. Nitrogen

d. Oxygen

e. Calcium
1-030. What is the specific activity of C-14 (T} ,, = 5730 years)?

a. 25Ci/g

b. 4.5Ci/g

c. 6.4Cijg

d. 62.4Cijg

e. 90.0 Ci/g

1-031. A wood sample from an old vase has a C-14 specific activity of 10 dis/min
per gram. If samples from a nearby growing tree yield 15 dis/min per
gram, what is the age of the vase?

a. 2300 years
b. 3400 years
c. 4800 years
d. 5000 years
e. 5700 years

1-032. Thermal neutron capture by hydrogen nuclei results in:

a. 0.511 MeV gamma rays

b. Bremsstrahlung photons

c. 2.2 MeV gamma rays

d. 150 keV X-rays

e. 1.17 and 1.33 MeV gamma rays
1-033. Which of the following nuclides has the shortest half-life?

a. H-3

b. O-15

c. P-32

d. K-40

e. Mo-99

1-034. Carbon dating is possible because:

a. The specific activity of carbon-14 in living organisms has changed over
time, and one can identify the era of time in which the organism lived
based on its current specific activity

b. Carbon-14 is in secular equilibrium with its daughter

c. The specific activity of carbon-14 in living organisms is relatively con-
stant through time, but decays after the death of the organism
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1-035.

1-036.

1-037.

1-038.

1.1 Questions

d. The specific activity of carbon-14 in wood increases over time due to
shrinkage of the wood
e. The rate of C-14 generation due to cosmic ray sources plus nuclear

weapons testing has increased C-14 levels by a factor of 1.02 (1 + cos 6)

where 0 is the longitude
Consider a parent radioisotope A (T}, = 10 h) that decays to a daughter
radioisotope B (T, = 1 h). Which of the following statements is true con-
cerning these radioisotopes?

a. Because A, > Ay, the parent and daughter will eventually reach the
condition of transient equilibrium

b. Because 4, > A;, the parent and daughter will eventually reach the
condition of secular equilibrium

c. Because 1, =45, no state of equilibrium can ever exist between the
parent and daughter

d. Because Ay >4, the parent and daughter will eventually reach the
condition of transient equilibrium

e. Because A > 4,, the parent and daughter will eventually reach the
condition of secular equilibrium

A nuclide that undergoes orbital electron capture

a. Emits an electron, a neutrino and the characteristic X-rays of the

daughter

Emits a neutrino and the characteristic X-rays of the daughter

Also decays by positron emission

Also emits internal conversion electrons

. Makes an isomeric transition

[-126 (Z=53) can decay into stable Te-126 (Z = 52) by orbital electron

capture (EC) (55%) or by positron emission (1%). It can, alternatively, decay

by negative beta emission (44%) into stable Xe-126 (Z = 54). The binding

energy of the K-shell electron in 1-126 is 32 keV.

The energy equivalents (A) of the mass excesses of the atoms in-
volved in these transformations are (A = atomic mass — atomic mass
number) A(Te-126) = -90.05 MeV, A(I-126) = -87.90 MeV, and A(Xe-126) =
—89.15 MeV. The energy released (Q-value) by the decay of I-126 via K-shell
capture going directly to the ground state of Te-126 is

a0 o

¢

a. 0.03 MeV
b. 1.13 MeV
c. 2.12 MeV
d. 2.15 MeV
e. 2.18 MeV

The energy released by the positron decay of I-126 to the ground state of
Te-126 (see Question 1-037) is

a. 0.51 MeV
b. 1.02 MeV
c. 1.13 MeV

9
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d.

e.

1.64 MeV
2.15 MeV

1-039. The energy released in the beta decay of I-126 to the ground state of Xe-126
(see Question 1-037) is

o an TR

0.20 MeV
0.23 MeV
0.74 MeV
0.90 MeV
1.25 MeV

1-040. Of'the following kinds of radiation emitted from I-126, which is the single
least significant potential contributor to internal dose?

o an TR

Annihilation photons
Bremsstrahlung
Internal-conversion electrons
Auger electrons
Antineutrinos

1-041. Of'the following kinds of radiation emitted from I-126, which is the single
least significant potential contributor to external dose?

o an TR

Annihilation photons
Bremsstrahlung
Internal-conversion electrons
Auger electrons
Antineutrinos

1-042. Why are the 32-keV Te X-rays present in an [-126 source (see Ques-
tion 1-037)?

a.

b.

The nucleus of Te-126 has excess energy after the EC event. This excess
energy is released by Te-126 as X-rays.

Stable Te-126 has excess energy after positron emission. This excess
energy is released by Te-126 as X-rays.

Electrons rearranging between the L- and M-shells produce X-rays.
Te X-rays are released when the EC event creates a vacancy in the inner
shells and electrons from outer shells fill the vacancy.

Te X-rays are equivalent to the bremsstrahlung radiation emitted by
I-126.

1-043. Sr-90 (27.7 y) decays by beta emission into Y-90 (64.2 hours), which then
decays by beta emission into Zr-90. What is the mean, or average, life of

a Y-90 atom?
a. 31.1h

b. 445h

c. 77.04h
d. 926h

e. 1284h

1-044. What is the specific activity of Y-90 (see Question 1-043)?

a.

b.

5.42 x 10" Bq/kg
7.22 x 10" Bq/kg
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c. 2.01x10" Bq/kg

d. 7.22 x10" Bq/kg

e. 6.49 x 10*' Bq/kg

Starting with a pure Sr-90 sample (see Question 1-043) at time, t =0,
a researcher finds that the Y-90 activity is 3.4 mCi at t = 72.0 h. What was
the activity of the Sr-90 at t = 0?

a. 1.84 mCi
b. 3.40 mCi
c. 4.37mCi
d. 6.29 mCi
e. 7.39mcCi

The radius of an Al-27 nucleus is approximately

a. 40x10°m

b. 40x10°m

c. 40x10"%m

d. 40x10"°m

e. 40x10"®m

Deuterium and tritium are isotopes of hydrogen. The relative abundance
of deuterium and tritium is one atom of deuterium for every __ hydrogen
atoms and one atom of tritium for every ___ hydrogen atoms.

50, 1.0 x 10"

1000, 1.0 x 10°

2500, 1.0 x 10"

7000, 1.0 x 10"

25000, 1.0 x 10"

\X/h1ch of the following radionuclides has the smallest specific activity?
The radionuclide’s half-life is in parenthesis.

a. Al-28 (2.2 min)

b. 1131 (8.1d)

c. Mn-54 (313 d)

d. Cs-137 (30y)

e. Ra-226 (1600y)

Fission of U-238 mostly produces which radiation types?

P an TR

a. Neutrons, gamma rays, and positrons

b. Neutrons, gamma rays, and beta particles

c. Neutrons, gamma rays, and alpha particles

d. Gamma rays, positrons, and alpha particles

e. Gamma rays, beta particles, and alpha particles
An excited state in a radionuclide has a width of 6.0 MeV. What is its life-
time?

a. 1.0x10%s

b. 1.0x 105

c 1.0x10"s

d 1.0x107°s

e. 1.0x10"s
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1-051.

1-052.

1-053.

1-054.

1-055.

1-056.

1-057.

A radionuclide has a disintegration constant of 1.0/min. What fraction of
atoms has decayed after 2.0 min?

a. 0.135
b. 0.25
c. 0.50
d. 0.75
e. 0.865

The alpha decay of Ra-226 has a Q-value of 4.88 MeV. What is the energy
of the emitted alpha particle?

a. 0.05 MeV
b. 0.09 MeV
c. 2.44 MeV
d. 4.79 MeV
e. 9.58 MeV

The energy deposited by an acute dose of 500 rad will raise the temperature
of one gram of tissue by about:

a. 0.001°C
b. 0.01°C
c. 01°C
d. 1.0°C
e. 10.0°C

Which of the following radionuclides emits the highest energy beta par-
ticle?

a. C-14
b. P-32
c. Co-60
d. Y90

e. Cs-137

Which of the following radionuclides is a pure beta emitter?

a. P-32

b. Co-57
c. Kr-85
d. 1-131
e. Po-214

100 mCi of which of the following radionuclides would decay to de minimus
levels after two years?

a. H-3
b. C-14
c. P-32
d. Co-60
e. Sr-90

An investigator receives Co-60 (5.27 y half-life) for use in a research study.
Unfortunately, the Co-60 is contaminated with Cs-137 (30.0 y half-life). The
initial Co-60 activity is 400 times the initial Cs-137 activity. How long after
the initial assay will the Cs-137 activity be 0.02 times the Co-60 activity?

01.02.2010 08:56:56
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a. 13y
b. 16y
c 19y
d. 27y
e. 34y

What are the binding energies of S-32 and P-32? The following mass
excess values are provided: A(p) = 7.289 MeV, A(n) =8.071 MeV, A(S-32) =
-26.016 MeV, and A(P-32) = —24.305 MeV.

a. 219.75 MeV and 222.24 MeV, respectively

b. 219.75 MeV and 270.85 MeV, respectively

c. 271.78 MeV and 222.24 MeV, respectively

d. 270.85 MeV and 271.78 MeV, respectively

e. 271.78 MeV and 270.85 MeV, respectively

The dominant decay modes for fission product nuclei are

Photon emission and beta decay

Neutron emission and alpha decay

Beta decay and electron capture

Positron decay and photon emission

Alpha decay and beta decay

The dominant decay mode for the U-238 nucleus is

o a0 o

a. Photon emission
b. Neutron emission
c. Beta decay

d. Positron decay

e. Alpha decay

The dominant decay mode for N-13 is

a. Photon emission
b. Neutron emission
c. Beta decay

d. Positron decay

e. Alpha decay

A radionuclide has a beta particle whose maximum energy is 5.0 MeV.
What is the range of this beta particle in air at STP?

a. 3.0m
b. 7.0m
c. 15.0m
d. 200 m
e. 35.0m

What is the range of a 7.0-MeV alpha particle in air at STP?
a. 2cm

b. 4cm
c. 6cm
d. 8cm
e. 10cm

13
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1-064. What is the range of a 7.0-MeV alpha particle in aluminum having a density
of 2.7 gjcm®?

a. 25pm
b. 38 pm
c. 65pm
d. 80 pm
e. 100 pm

1-065. What fraction of the energy of a 1.0-MeV photon is lost if it scatters through
an angle of 90°?

a. 0.338
b. 0.662
c. 0.204
d. 0.796
e. 0.500
1-066. Within the activation equation A = No ¢ [1 — exp(-A t)], what does No ¢
represent?
a. Reaction rate
b. Mean activity
c. Cumulative activity
d. Saturation activity

e. Weighted fluence rate

1-067. A radionuclide emits only beta radiation with a maximum energy of
2.0 MeV. What is the ratio of shielding thicknesses of polyethylene required
to shield a 10-Ci source versus a 1.0-Ci source of this radionuclide?

a. 1/100
b. 1/10
c 1

d. 10

e. 100

1-068. You have lead and polyethylene shielding materials available. In shielding a
pure 2.5-MeV beta emitter, how would you arrange the available materials
to minimize worker exposure? List the materials as a function of distance
from the radiation source, and determine the optimum shielding configu-

ration.

a. Lead only

b. Polyethylene only

c. Lead followed by polyethylene
d. Polyethylene followed by lead
e. Lead, polyethylene, and lead

1-069. The mass attenuation coefficient (u/p) of molybdenum as a function of
photon energy decreases between 10 and 20 keV, has a step increase at
20 keV, then decreases between 20 and 30 keV. The step increase at 20 keV
is attributed to:
a. Compton scattering
b. Pair production
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c. Photon energy exceeding the K-shell binding energy

d. Rayleigh scattering

e. Rainbow scattering

The average number of ion pairs produced by a 100-keV beta particle that
stops in a germanium semiconductor is:

a. 30000
b. 30

c. 300

d. 3000

e. 300000

The average number of ion pairs produced by a 100-keV beta particle that
stops in air is approximately:

a. 300

b. 30

c. 30000
d. 3000

e. 300000

The Compton scattering by air of photon radiation from open-topped
radioactive waste storage cells explains the phenomenon of:

a. Bremsstrahlung

b. Straggling

c. Skyshine

d. Buildup

e. Pair production

The threshold energies for pair production near a nucleus and near an
electron are ___ m, ¢* and __ m, c?, respectively.

2,2

2,3

2,4

4,2

. 4,3

At 10-MeV photon energy, pair production will have the largest cross-section
in which of the following nuclides?

P an TR

a. Hydrogen
b. Carbon

c. Iron

d. Zirconium
e. Uranium

Which of the following sequences represents the dominant photon interac-

tion mechanism in tissue as the photon energy increases from 10 keV to

100 MeV?

a. Photoelectric effect, Compton scattering, and pair production, respec-
tively

b. Compton scattering, photoelectric effect, and pair production, respec-
tively

15
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c. Pair production, Compton scattering, and photoelectric effect, respec-

tively

d. Pair production, photoelectric effect, and Compton scattering, respec-
tively

e. Photoelectric effect, pair production, and Compton scattering, respec-
tively

1-076. The energy distribution of fission neutrons is characterized by:
a. Two to six distinct energy peaks whose magnitude and location depend
on the nucleus being fissioned
b. A distribution of energies that peaks at a most probable value and then
decreases as the energy increases
c. A distribution of energies with several peaks that occur between 1.0
and 4.0 MeV
d. A relatively flat energy distribution up to about 7.0 MeV which then
decreases as the energy increases
e. Adistribution of energies that peaks at a most probable value, decreases
as the energy increases up to 5.0 MeV, and then slowly increases up to
the giant resonance energy region
1-077. The most probable energy and the average energy of neutrons character-
ized by a Maxwell-Boltzmann distribution are
a. 0.5 KT and KT, respectively
b. 0.5 kT and 1.5 KT, respectively
c. kT and 1.5 KT, respectively
d. KT and 2.0 kT, respectively
e. 2.0KT and 3.0 kT, respectively
1-078. What is the relationship of the mass stopping power (S/p) of steam (s),
water (w), and ice (i)? In the following relationships, the stopping power
is denoted by S and the density by p:
(S/P)s > (SIp)w > (S/p);
(S/P)s < (S/p)w < (S/p);
(S/P)s > (SIp)w = (S/p);
(S/P)s < (SIp)w < (S/p);
(S/p)s = (SIp)w = (S/p);
1-079. At 500 MeV, the dominant photon interaction(s) with tissue is (are):
The photoelectric effect
b. Compton scattering
c. Pair production
d. About equal contributions from the photoelectric effect and Compton
scattering
e. About equal contributions from Compton scattering and pair produc-
tion
1-080. For photon energies between 100 keV and 2.5 MeV, the dominant contri-
bution to the mass absorption coefficient in tissue is:
a. The photoelectric effect
b. Compton scattering

P an e

o
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c. Pair production

d. Rayleigh scattering

e. Coulomb scattering

At 10 keV, the dominant photon interaction(s) with tissue is (are):

a. The photoelectric effect

b. Compton scattering

c. Pair production

d. About equal contributions from the photoelectric effect and Compton
scattering

e. About equal contributions from Compton scattering and pair produc-

tion

At 25 keV, the dominant photon interaction(s) with tissue is (are):
a.

b
c
d. About equal contributions from the photoelectric effect and Compton

The photoelectric effect

. Compton scattering

Pair production

scattering
About equal contributions from Compton scattering and pair produc-
tion

At 1 MeV, the dominant photon interaction(s) with tissue is (are):

ao oo

The photoelectric effect

Compton scattering

Pair production

About equal contributions from the photoelectric effect and Compton
scattering

About equal contributions from Compton scattering and pair produc-
tion

At 20 MeV, the dominant photon interaction(s) with tissue is (are):

ao oo

The photoelectric effect

Compton scattering

Pair production

About equal contributions from the photoelectric effect and Compton
scattering

About equal contributions from Compton scattering and pair produc-
tion

What is the rest mass of a charged pion?

P an TR

0.511 MeV
105 MeV

139.6 MeV
938.3 MeV
1150 MeV

Which of the following neutron energies is considered to lie within the
thermal region?

a.
b. 0.25eV

0.025 eV
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c. 25eV
d. 25eV
e. 250eV

1-087. Between mass number 20 and 100, the average binding energy per nucleon
is approximately:
a. 6.0 MeV/nucleon
b. 6.5 MeV/nucleon
c. 7.0 MeV/nucleon
d. 7.5 MeV/nucleon
e. 8.5 MeV/nucleon
1-088. Which of the following radiation types are emitted during the decay of
N-16?
a. High-energy photons, high-energy beta particles, and a neutron
b. High-energy photons, high-energy beta particles, and an alpha par-
ticle
c. Low-energy photons, high-energy beta particles, and a neutron
d. High-energy photons, low-energy beta particles, and an alpha par-
ticle
e. High-energy photons, alpha particles, and neutrons
1-089. A thick, dense object is to be radiographed. Which of the following sources
would be used?
250 keV X-ray machine
0.32 MeV Ir-192 source
0.66 MeV Cs-137 source
1.25 MeV Co-60 source
7.0 MeV N-16 source
1-090. Moisture/density gauges most commonly use which of the following
isotopes?
a. Cs-137 and Am-241
b. Cs-137 and P-32
c. Co-60 and Pu-239
d. Co-60 and S-35
e. P-32and Pu-239
1-091. According to the World Health Organization, what is the absorbed dose
range required for industrial sterilization?

P an T

a. 0.001-0.01 kGy
b. 0.01-0.05 kGy
c. 0.05-1kGy

d. 1-10kGy

e. 10-50 kGy

‘ ‘ 1432vch01.indd 18 01.02.2010 08:56:56



References

Alonso, M., Finn, E. J., Fundamental
University Physics, Addison-Wesley,
Reading, MA (1967).

Andrews, H., Radiation Biophysics, 27 ed
Prentice-Hall, Englewood Cliffs, NJ
(1974).

Attix, F. H., Introduction to Radiological
Physics and Radiation Dosimetry, nd ed.,
Wiley, New York (1999).

Beard, D. B., Beard, G. B., Quantum
Mechanics with Applications, Allyn and
Bacon, Boston (1970).

Bevelacqua, J. J., Contemporary Health
Physics: Problems and Solutions, nd ed.,
Wiley-VCH, Weinheim (2009).

Born, M., Atomic Physics, 8™ ed., Hafner,
Darien, CT (1970).

Burnham, J. U., Radiation Protection, New
Brunswick Power Corporation, Lepreau,
N. B. Canada (1992).

Cember, H., Johnson, T. A., Introduction
to Health Physics, 4™ ed., McGraw-Hill
Medical, New York (2008).

Cohen, B. L., Concepts of Nuclear Physics,
McGraw-Hill, New York (1971).

Eisberg, R., Resnick, R., Quantum Physics
of Atoms, Molecules, Solids, Nuclei, and
Particles, 2™ ed., Wiley, New York (1985).

Etherington, H. (Ed.), Nuclear Engineering
Handbook, McGraw-Hill, New York
(1958).

Evans, R. D., The Atomic Nucleus, McGraw-
Hill, New York (1970).

Fano, U., Fano, L., Physics of Atoms and
Molecules, University of Chicago Press,
Chicago (1972).

Faw, R. E., Shultis, J. K., Radiological Assess-
ment: Sources and Doses, ond ed., Pren-
tice-Hall, Englewood Cliffs, NJ (1999).

Feynman, R. P., Leighton, R. B, Sands, M.,
The Feynman Lectures on Physics, Vols. 1,
2, and 3, Addison-Wesley, Reading, MA
(1967).

Friedlander, G., Kennedy, . W., Macias, E. S,
Miller, J. M., Nuclear and Radiochemistry,
3" ed., Wiley, New York (1981).

Glasstone, S., Sourcebook on Atomic Energy,
3 ed., D. van Nostrand, Princeton, NJ
(1967).

Hunt, S. E., Nuclear Physics for Engineers and
Scientists, Halstead Press, New York
(1987).

References |19

ICRP Publication 38, Radionuclide Trans-
formations, International Commission
on Radiological Protection, Sutton,
England (1983).

ICRU Report 10b, Physical Aspects of
Radiation, International Commission
on Radiation Units and Measurements,
Bethesda, MD (1964).

ICRU Report 16, Linear Energy Transfer,
International Commission on Radiation
Units and Measurements, Bethesda, MD
(1970).

ICRU Report 28, Basic Aspects of High
Energy Particle Interactions and Radiation
Dosimetry, International Commission
on Radiation Units and Measurements,
Bethesda, MD (1978).

ICRU Report 33, Radiation Quantities and
Units, International Commission on
Radiation Units and Measurements,
Bethesda, MD (1980).

ICRU Report 36, Microdosimetry,
International Commission on Radiation
Units and Measurements, Bethesda, MD
(1983).

ICRU Report 37, Stopping Powers for Electrons
and Positrons, International Commission
on Radiation Units and Measurements,
Bethesda, MD (1984).

ICRU Report 46, Photon, Electron, Proton,
and Neutron Interaction Data for Body
Tissues, International Commission on
Radiation Units and Measurements,
Bethesda, MD (1992).

ICRU Report 49, Stopping Powers and
Ranges for Protons and Alpha Particles,
International Commission on Radiation
Units and Measurements, Bethesda, MD
(1993).

Jackson, J. D., Classical Electrodynamics,

31 ed., Wiley, New York (1999).

Jaeger, R. (Ed.), Engineering Compendium
on Radiation Shielding, Vol. 1, Shielding
Fundamentals and Methods, Springer-
Verlag, New York (1968).

Johns, H. E., Cunningham, J. R., The Physics
of Radiology, 4th ed., Charles C. Thomas,
Springfield, IL (1983).

Kaplan, I., Nuclear Physics, 2" ed. Addison-
Wesley, Reading, MA (1963).

Krane, K. S., Introductory Nuclear Physics,
Wiley, New York (1987).

1432vch01.indd 19 01.02.2010 08:56:56 ‘ ‘



‘ ‘ 1432vch01.indd 20

20

1 Introduction

Lapp, R. E., Andrews, H. L., Nuclear
Radiation Physics, 4™ ed., Prentice-Hall,
Englewood Cliffs, NJ (1972).

Magid, L. M., Electromagnetic Fields, Energy,
and Waves, Wiley, New York (1972).

Marmier, P., Sheldon, E., Physics of Nuclei
and Particles, Vols. 1 and 2, Academic
Press, New York (1969).

Martin, B. R., Nuclear and Particle Physics:
An Introduction, John Wiley and Sons,
Inc., New York (2006).

Merzbacher, E., Quantum Mechanics, 3ded,,
Wiley, New York (1997).

NBS Handbook No. 72, Neutron Sources,
U.S. Government Printing Office,
Washington (1958).

Price, W. J., Nuclear Radiation Detection,
McGraw-Hill, New York (1958).

Radiological Health Handbook, U.S. Public
Health Service Publication 2016, Bureau
of Radiological Health, Rockville, MD
(1970).

Resnick, R., Halliday, D., Krane, K. S.,
Physics, 5thed., John Wiley and Sons,
Inc., New York (2002).

Rockwell, T. (Ed.), Reactor Shielding Design
Manual, D. van Nostrand, Princeton, NJ
(1956).

Segre, E., Experimental Nuclear Physics,

Vol. 1, Wiley, New York (1953).

Semat, H., Albright, . R., Introduction to
Atomic and Nuclear Physics, 5™ ed.,
Holt, Rinehart, and Winston, New York
(1972).

Shapiro, J., Radiation Protection: A Guide
for Scientists, Regulators, and Physicians,
4th ed., Harvard University Press,
Cambridge, MA (2002).

Shleien, B. (Ed.), The Health Physics and
Radiological Health Handbook, rev. ed.,
Scinta, Silver Springs, MD (1992).

Shleien, B., Slaback, L. A., Jr., Birky,

B. K., Handbook of Health Physics and
Radiological Health, 34ded,, Lippincott,
Williams and Wilkins, Philadelphia
(1998).

Thornton, S. T., Marion, J. B., Classical
Dynamics of Particles and Systems, 5™ ed.,
Brooks/Cole, Boston (2003).

Tuli, J. K., Nuclear Wallet Cards, 70 ed.,
Brookhaven National Laboratory, Upton,
NY (2005).

Turner, J. E., Atoms, Radiation, and Radiation
Protection, 39 ed., Wiley-VCH, Wein-
heim (2007).

Wallace, O. J., WAPD-TM-1453: Analytic
Flux Formulas and Tables of Shielding
Functions, Bettis Atomic Power
Laboratory, West Mifflin, PA (1981).

Weber, D. A., Eckerman, K. F., Dillman,

L. T, Ryman, J. C., Radioactive Decay
Tables, Report DOE/TIC 11026,
Technical Information Center, U.S.
Department of Energy, Washington
(1981).

Weber, R. L., Manning, K. V., Marsh, M. W,
College Physics, McGraw-Hill, New York
(1965).

Wilson, R. R., Brobeck, J., Phys. Rev., 71, 385
(1947).

Wong, S. S. M., Introductory Nuclear Physics,
Wiley-VCH, Weinheim (1999).

Young, H. D., Freeman, R. A., Sears
and Zemansky’s University Physics,

12" rev, ed., Pearson Education/Addison
Wesley, New York (2007).

01.02.2010 08:56:56



