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Introduction about health physics 

Definition:                                                               

Health physics is the protection of human beings and the environment from 

the harmful effects of ionizing radiation by minimizing radiation dose to workers 

and public,this is done by the recognition, evaluation, and controlling the health 

hazards to permit the safe use and application of ionizing radiation.  

       Health physics is frequently called; Physics of Radiation Protection; or 

radiological health physics. 

 

Concerning of the health physics: 	ت ا���ز�	ء ا�����ا	                        ھ�

Health physics is concerned mainly with: 

1. Physical measurements of radiation and radioactive materials.  

2. Build a relationship between radiation exposure and biological damage. 

3. Movement of the radioactivity through the environment. 

 

Responsibility of Health physicist:                     � ا���� ����ز�	 ت�ؤو��	 
   Health physicist is responsible for the following: 

1. Design a safety processes and equipment In order to minimize radiation 

exposure to personnel and make it within acceptable limits all the times. 

2.  Keep personnel and the environment under observation to make sure that 

these designs are effective.  

 

Working fields of Health physicists: ا��� ��	ل ��ز��	ل �   �                

     Health physicists are worked where radionuclide or ionizing radiations is used 

or produced; such as: 

1. Medical institutions. 

2. Nuclear power plants. 

3. Manufacturing plants. 
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Scope of Health physics specialties:      ء ا�����	ز���ت ا�	���� 

1. Radioactive waste management. 

2. Radioactive contamination, decontamination.  

3. Radiological engineering (shielding, etc.) 

4. radiation monitoring and radon evaluation 

5. Biological effects. 

6. Radiation protection. 
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Atomic nomenclature 

1. Elements:  

There are (92) elements in the nature started with hydrogen and ending with 

uranium, many new elements are originate by adding neutrons to the nucleus 

atom until it increased to (118) elements. 

2. Nuclide :  Atomic nuclei with specific number of protons and neutrons.  

3. Nucleons :  Protons or neutrons. 

4. Neutral Atom: Atom has equal number of electrons and protons (e = p). 

5. radioactive nuclide :    A
Z X Unstable nucleus. 

6. Atomic Number:  

Number of protons in the nucleus and denoted by (Z). 

7. Atomic Mass Number:  

Number of (protons+ neutrons) in the nucleus and denoted by (A). 

 

 

    

 

 

 

 

8. Isotopes:  The atoms have the same atomic number (same protons). For 

example16
8O,17

8O,18
8O whose abundances are 99.975%,0.037%and 0.204%.  

9. Isotones:  The atoms have the same number of neutrons (A-Z). For example 

Boron-12(12
5B) and carbon-13 (13

6C) both contain 7 neutrons. 
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10101010.... Isobars:  The atoms have the same atomic mass number (same total number 

of nucleons). For example 40S, 40Cl, 40Ar, 40K, and 40Ca.     

 

    

 

 

 

 

 

 

 

 

11. Isomers:Isomers:Isomers:Isomers:  

  The atoms have the same atomic number and the same atomic mass 

number. Isomers are identical atoms except they exist at different energy states 

because of differences in the nucleon arrangement. 

   For example a nuclear isomer used in medical procedure 99m
43Tc, which 

decays with a half-life of 6 hours by emitting a gamma ray of 140 kiloelectron-volts 

of energy (this is close to the energy of medical diagnostic X-rays). 

Metastable isomers designated by "m" (or, in the case of isotopes with more 

than one isomer, m1, m2, m3, and so on) for example Cobalt-58m (58m
27Co). 

Increasing indices, m1, m2, etc., correlate with increasing levels of excitation 

energy states e.g., hafnium 177m1
72Hf  or  177m2

72Hf. 
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12.Isodiapheres: 

       Atoms having different atomic number and mass number but have same 

difference between number of neutron and number of proton nuclide with equal  

(N−Z),  Or It’s the nuclide that emitted alpha particles. For example (234
90Th and 

238
92 U) where N − Z = 54. 

 In thorium proton number is 90 and neutron number is 144, 144-90 = 54 

in uranium proton number is 92 and neutron number is 146, 146 - 92 = 54. 

 

13. Transuranium : 

      The transuranium or the transuranic elements are the elements with atomic 

numbers greater than 92 (the atomic number of uranium). All these elements are 

unstable and decay radioactively into other elements.  

    Transuranic elements can be artificially generated, via nuclear reactors or 

particle accelerators. The half-lives of these elements show a general trend of 

decreasing as atomic numbers increase.  For example; 93-Neptunium (Np), 95-

Americium (Am), 94-Plutonium (Pu), 98-Californium,  (Cf),  96-Curium (Cm), etc.  
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Question:   

How many protons and neutrons are in each of the seven naturally occurring 

isotopes of barium? Barium consists of seven isotopes;  
130 56Ba , 132 56Ba , 134 56Ba  , 135 56Ba , 136 56Ba,  137 56Ba ,138 56Ba. 

Answer:    

The number of protons in each isotope is 56. The number of neutrons is equal to 

(A–Z) therefore: 
130

56Ba: 130 – 56 = 74 neutrons 
132

56Ba: 132 – 56 = 76 neutrons 
134

56Ba: 134 – 56 = 78 neutrons and so on. 

     

 Example: This table is belonging to nitrogen isotope. 

 

    

    

 

Example :  

Boron-12(12
5B) and carbon-13 (13

6C) nuclei both contain 7 neutrons, and so 

they are isotones. Similarly, 36S, 37Cl, 38Ar, 39K20, and 40
20Ca20 nuclei are all 

isotones of 20 because they all contain 20 neutrons. 

 

Question: 

Determine which are isotopes, isobars, and isotones:  

                          131 54Xe  , 130
53I,  

132
55Cs , 131

53I 

Answer:    

      130
53I       and         131

53I       are     isotopes. 

       131 54Xe      and      131
53I       are     isobars. 

          132
55Cs  ,  131 54Xe      and      130

53I    
    are     isotones. 

  

nitrogen isotopes 
13 7N 14 7N 15 7N 
P =7 P =7 P =7 
e =7 e =7 e =7 
n = 6 n = 7 N = 8 
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Question: 

Complete the following table for the nuclides list below: 

nuclide protons electrons Neutrons Nucleons 
17

8O     
27

13Al     
60

27Co     
60

28Ni     

 

 

 

Characteristics of various nuclear arrangements 

Arrangement (Z) Atomic no. (A)Atomic mass no.  (N)Neutron no. 

isotope same different different 

isobar different same different 

isotones different different same 

isomer same same same 
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Radiation  

It is the transfer or the emission of energy as either waves or particles. It 

comes from a source and travels through some material or through space. It is 

produced by radioactive decay, nuclear fission and nuclear fusion, chemical 

reactions, hot objects. It separates into ionizing and non-ionizing. 

1. Ionizing radiations:   

It is the radiations that excite and ionize atoms of matter with which they 

interact, it includes: particulate and electromagnetic radiation.  

a. Particulate Ionizing radiation: it includes  

1. Charged particles : it's directly ionized matter, such as;  

1. Fast electron (beta, positron). 

2.  Heavy Charged Particle : 

a. Proton-the hydrogen nucleus. 

b. Deuteron-the deuterium nucleus, consisting of a proton and neutron.  

c. Triton-a proton and two neutrons, tritium nucleus.  

d. Alpha - helium nucleus, (two protons and two neutrons).  

e. Nuclear fragments. 

•••• Uncharged particles: 

Its indirect ionizes matter such as 

neutron. 
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b. Electromagnetic ionizing radiation : 

It is the very short wave-length part of the electromagnetic spectrum; with 

wavelengths up to 320 nm. It includes U.V., gamma  and X-ray. 

 

 

 

 

 

 

2. Nonionizing radiations:   

 It is the radiations that do not have a sufficient energy to remove electrons 

from atoms, and hence can't interact with matters or ionizing them. Such visible, 

infra-red (heat), microwaves, radiowaves, and laser. Nonionizing particulate 

includes molecules, atoms, and ions. 

 

Electromagnetic radiation:   

1. Includes gamma, X-ray, U.V., visible, I.R., micro, radio and T.V. arranging 

from the high frequency (ϑ), high energy (E) and short wavelength (λ) 

radiation.  
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2. Traveling in straight line as a stream of packets called photon, so they have 

no mass and no charge. 

3. Traveling across empty space at the velocity of light (c=3X108 m/s).   

 

 

 

 

1. Charged particles: 

a. Alpha particles (α) : 

• It’s a helium nucleus containing two protons and two neutrons. 

•  Its mass is 4amu. 

• It's emitted only from the nuclei of heavy elements. e.g.226Ra, 238U, 239Pu. 

• Its average kinetic energy is (4-7Mev). 

•  It ionizes 40,000 atoms for every cm of travel through air.  

• It has very short rang in matter, in air is 5cm, in soft tissue is less than 100µm. 

• Alpha emission occurs in the nuclei have an excess of protons. 

• Alpha decay is represented by the equation: 

 

• When it is ejected from a nucleus, the mass number decreases by four and the 

atomic number decreases by two.  

238
92U  →  234

90Th  +  4
2 α 

230
90Th  →  226

88Ra +  4
2 α 

226
88Ra  → 222

86Rn +   4
2 α 
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• The energy available as a result of the emission of alpha is called the decay 

energy Qα defined by: 

M(A,z)=M(A-4,Z-2)+ M(4,2)+Qα 

Qα =mass of parent- mass of decay products 

Qα = M(A,z)-M(A-4,Z-2)- M(4,2) 

 
Alpha range: 

Air is the commonly absorbing medium for specifying range–energy 

relationships of alpha. The range (in cm) of air, (Ra), of alphas whose energy E is 

between (2 MeV _8 MeV) is closely approximated by: 

Ra = 0.322E 3/2  

The range of alpha particles in any other medium whose atomic mass 

number is (A) and whose density is (ρ) may be computed from the following 

relationship: 

Ra × ρa × (Am) 0.5 = Rm × ρm × (Aa) 0.5, 

Where 
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Ra and Rm = range in air and medium (cm), 

Aa and Am = atomic mass number of air and the medium, and 

ρa and ρm = density of air and the medium (g/cm3). 

 

Example:  

What thickness of aluminum foil, density 2.7 g/cm3, is required to stop the 

alpha particles from 210Po? 

Solution: 

 
The energy of 210Po alpha particle is E = 5.3 MeV. Thus 

Ra = 0.322 × (5.3)3/2 = 3.93 cm. 

Substituting in equation: 

Ra = range of alpha in air = 3.93 cm, 

ρa = 1.293 × 10−3 g/cm3 

Am = atomic mass for aluminum = 27, 

Ρm = 27 g/cm3 

Aa = atomic mass of air which contain of 0.2 oxygen (Ao= 16) and 0.8 

nitrogen (An=14) , thus 

 Aa = 0.2 × 16 + 0.8 × 14=3.2+11.2 = 14.4 

 

 

 

       = 2.58 × 10−3 cm. 

Because the effective atomic composition of tissue is not very much different 

from that of air, the following relationship may be used to calculate the range of 

alpha particles in tissue: 

                       Ra × ρa = Rt × ρt 
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where 

Ra and Rt = range in air and tissue and 

ρa and ρt = density of air and tissue. 

 

Example: What is the range in tissue of a 210Po alpha particle? 

Solution: 

The range of alpha in air is 3.93cm. Assuming tissue to have unit density, 

the range in tissue is: 

 

 

b. Beta particles (β): 

• It is emitted during the radioactive decay of some unstable atoms.  

• It's emitted by the conversion of the proton into a neutron (or vice-versa).  

• Its atomic mass number = (0). 

•  It's less ionizing than alpha radiation, but more than gamma. 

•  Its traverse (10-100cm) in air, and (1-3 cm) in soft tissues. 

•  It is stopped by a few centimeters of plastic or a few millimeters of metal.  

• Its ionize several hundred atoms/cm 

• The nucleus emits beta, is emit (either an electron or a positron) and 

neutrino. Thus A is constant, but Z and N change by 1. 

131
53I   →

  131
54 Xe  +  0-1 β 

139
56Ba  →  139

57La   +  0-1 β 
234

90Th →  234
91La   +  0-1 β 
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Negative charge beta particles (electron) emitted as a result of the transformation 

of neutron into proton, electron and antiquark neutrino: 

   →   +   + ν 

Positive beta charge particles (positron) emitted as a result of the transformation 

of the proton into neutron, electron and neutrino:  

   →    +     + ν 

 
 

                                 

 

 

                                                                                                        

       

 

 

 

Question: what is the difference between electron and beta particles? 

Answer:  beta particles originate in the nuclei of radioactive atoms, while the 

electron exists in shells outside the nuclei of all atoms. 
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2. Uncharged particles: 

a. Neutron: 

• Particle having a mass 1/4 the mass of alpha and 2000 times that of a beta. 

•  Has no electrical charge.  

• It has the potential to penetrate matter deeper than any other charged 

particles but this depends greatly on the physical and atomic nature of the 

matter being penetrated. 

3. Ionizing electromagnetic radiation: 

a. Gamma ray (ɣ): 

• Discovered by Paul Villard a French chemist and physicist in1900. 

• It’s a monochromatic radiation. 

• It has no mass and no charge. 

• It has frequencies above >1019 Hz. 

• It's energy above 100keV (from 0.1 to 3MeV). 

• It ionizes 100 ions pairs/cm. 

• Its wavelength between (0.05-0.005 Aº). 

• Its wavelengths less than the diameter of atom (less than 10 picometers). 

•   It's emission of electromagnetic radiation from of unstable radioactive 

nucleus and accompanying with alpha or beta. 
60 27Co →60 27Co + 00Ɣ 

Cobalt with excess energy decays to 60Co with less energy plus energy 

gamma ray. 

•  It's emitted when the nucleus transitions from a higher energy level to a 

lower energy. 

• Its emission unchanged atomic and mass numbers. 
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b.   X - ray :  

• It's an electromagnetic radiation with a wavelength smaller than 10nm. 

• Emitted by an electron changing energy levels. 

• Gamma has higher energies than x-rays and both can penetrate matter 

farther than any particles.  

• They can be stopped by high density materials such as several feet of 

concrete or lead. 

 

X-ray production: 

 X rays are produced in an evacuated glass envelope (X-ray tube 

subjected to a high voltage) when fast moving electrons emitted from a hot 

filament -cathode- are suddenly stopped by impact on a metal target -anode- . 

The kinetic energy of an electron is converted into X-rays (1%) and into heat 

(99%). 

The maximum energy of the produced X-ray photon is limited by the energy 

of the incident electron, which is equal to the voltage on the tube times the 

electron charge, so 80 kV tube cannot create X-rays with energy greater than 80 
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keV. When the electrons hit the target, X-rays are created by two different 

atomic processes: 

 

 

 

 

 

 

 

 

1. Characteristic radiation (line spectrum): 

• It’s a line spectrum corresponds to a specific wavelengths which distinguish 

the element of the target material. 

• It's emitted from heavy elements. 

•  It is produced when a projectile electron interacts with an inner –shell 

electron of the target atom. If the inner electron acquires a sufficient energy, 

it jumps to a higher energy level or leaves the atom; an outer–shell electron 

fills the inner shell gap.     

• The difference between the energy of the two levels is appearing in the form 

of a photon with a specific wavelength. 

• The wavelength of the emitted radiation is a characteristic of the target 

element. Because it depends on the atomic number of the element. 
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• "K- X-rays" occur when an electron transit to n=1 or (K-shell).  

           Transition to n=1   from   n=2(L-shell) called "K-alpha ".  

           Transition to n=1   from   n=3(M-shell) called "K-beta ". 

• "L- X-rays" occur when an electron transit to n=2 or (L-shell). 

        Transition to n=2    from n=3(M-shell) called "L- alpha ".  

        Transition to n=2   from   n=4(N-shell) called "L - beta ".etc 
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Question:  

 A K-shell electron is removed from a tungsten atom and is replaced by an L-

shell electron. What is the energy of the characteristic X-ray that is emitted?  

    Answer:  

For tungsten: K-shell binding energy= 69KV,  

                      L-shell binding energy =12KV. 

Thus the characteristic X-ray emitted has energy of: 69 - 12  =  57KV. 

 

2. Bremsstrahlung radiation (continues spectrum): 

• Bremsstrahlung is a German term means "braking rays" or "slowing down".  

• It’s continues spectrum consists of all wavelength in a certain limits. 

• It doesn't change with changing of the target material.  

• It is produced when the projectile electron come close to the nucleus of the 

atom is slowed (by the electric field of a target atom nucleus or the 

electrostatic force of the attraction between electron and nucleus), changed 

its path, and reduced its kinetic energy. This loss in the kinetic energy 

reappears as an X-ray. 

• Its energies varying from zero to the maximum energy of the electrons. 

•  A low–energy results when the projectile electron is barely influenced by the 

nucleus. While the maximum energy occurs when the projectile electron loss 

all its K.E.  
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Radiation  A.M.N Charge energy Range in 

air Soft  tissue origin 

alpha 4 +2 4-7Mev 1-10cm 0.1mm nucleus 

beta 0 -1 < 6Mev <10m 3cm nucleus 

gamma 0 0 < 10Mev <100m 30 cm nucleus 

X-rays 0 0 <1 Mev Up 

to100m 

30cm Electron cloud 
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Question:  which are most penetrating radiations? 

 Answer:  neutron > gamma >X-ray > beta >alpha . 

Question:  which is less ionizing gamma or (alpha and beta)? 

Answer :  gamma ˂beta ˂ alpha.   

Question:  What is the change in atomic number when atom emits gamma 

radiation? 

Answer:  the atomic number doesn't change.  

 

Question:  Which type of radiation produces the greatest change in mass number 

when emitted by an atomic nucleus?   Alpha 

Question :  Which is more dangerous gamma or x-rays?  Gamma 

Question :  What is the source used for tumors therapy alpha or gamma, and Why 

Question:  what are the main types of radiation associated with radioactive decay?  

Answer:  Alpha, beta and gamma. 

Question:  What are the differences between gamma and X -ray? 

Answer:  

1. Gamma is emitted from the nucleus (by the excited nucleus itself) of some 

radioactive isotopes. And X-rays are produced from the electron shells 

(electrons outside the nucleus) in the tungsten anode of the X -ray machine. 

2. Gamma rays have shorter wavelengths than the X-rays. 

3. Gamma cause more harm to human body than the X- rays. 
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4. Gamma sometimes produced with other types of radiation like alpha and 

beta. However this is not the case with x rays. 

 

       

 


