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Lesson 1 Objectives

Define what we mean by “radiation”.

Explain the difference between ionizing & non-ionizing radiation.

Explain the basic structure/terminology associated with the 

electromagnetic (EM) spectrum  -- E = h = hc/

Describe the difference between directly and indirectly ionizing 

radiation (charged vs. neutral particles, respectively).

Describe the basic structure of the Chart of the Nuclides (i.e. plot 

of nuclides on a Z vs. N curve), including the island of stability 

and the regions occupied by neutron poor, neutron rich, and the 

heavy isotopes.

Identify the radioactive decay processes (+, EC, -,  decay, etc.) 

with their associated regions on the Chart of the Nuclides.

Identify several practical uses/applications of radiation science.
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Some Terminology

The study of Nuclear Science and Engineering is all about the 

fundamental understanding and useful application of the 

behavior of the atomic nucleus and its surrounding atomic 

electrons.

The phrase “Nuclear Science” is often used synonymously with 

the term “Radiation Science”.

Radiation is energy propagated through a medium.

Radiation can be in the form of electromagnetic (EM) radiation or 

as particle radiation (electrons, protons, neutrons,  particles, 

etc.).

High energy EM radiation is usually referred to as x-ray and/or 

gamma ray radiation.

Note: x-rays originate from electron transitions and -rays are 

created by transitions within the nucleus.
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Some Terminology (cont.)

Two main classifications of EM radiation  -- non-ionizing and 

ionizing radiation:

Non-ionizing radiation has 

relatively low energy but it 

still excites molecules and 

atoms causing them to 

vibrate faster. 

Ionizing radiation has 

enough energy to force an 

atom or molecule to give 

up an electron, therefore 

ionizing it.  
Typical minimum electron ionization 

energies range from about 4 – 25 eV

region of interest
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EM Radiation

where    h = Planck's constant (4.135710-15 eV-sec) 

and        c = speed of light (2.99792 1010 cm/s in a vacuum)

hc hc
E = hν = or λ = 

λ E

 →

 →

E →
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Some Terminology  (cont.)

Ionizing radiation is further subdivided into two classes  --

directly ionizing and indirectly ionizing radiation:

Fast moving charged particles, such as beta particles (electrons 

and positrons), protons,  particles, fission fragments, etc., can 

directly excite and ionize the atom via far-reaching coulomb 

interactions with the electron cloud.

Neutral particles, such as photons (x-rays and -rays) and 

neutrons, only indirectly ionize the atom via particle-like 

interactions with the atom which converts some of the incident 

kinetic energy into a form that can generate secondary charged 

particles.

Charged particles travel relatively short distances in matter.

Neutral particles, in general, require much larger 

thicknesses to attenuate the original radiation source.
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Some Terminology  (cont.)

We will spend lots of quality time discussing 

the interaction of radiation with matter!!!
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Nuclear Stability

http://www.nndc.bnl.gov/chart/
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Region of Stability and Decay Product Map

Decay Product Map
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Radioactive Decay Processes

Excess Energy

Gamma Decay:

Internal Conversion (IC):                                   (x-rays also emitted)

Neutron Poor

+ Decay (p  n + + + ):

Electron Capture (p + e → n + ):                         (x-rays also emitted)

Proton Emission:  

A * A
Z ZP P + γ

A * A + -
Z ZP P  + e

A A - +
Z Z-1P D  + β  + ν

A A
Z Z-1P D + ν

A A-1 1
Z Z-1 1P D  + H

 

12
6C

Notation
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Radioactive Decay Processes  (cont.)

Neutron Rich

- Decay (n → p + - +   ):

Neutron Emission:  

Too Heavy

 Decay:

Spontaneous Fission:
A
Z P 2 FPs 2 or 3 neutrons 

A A-1 1
Z Z 0P D + n

 A A + -
Z Z+1P D  + β  + ν

A A-4 2- 4 2+
Z Z-2 2P D  + He

We will discuss this subject in more detail and perform a 

series of radioactive decay calculations later in this course!!!
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Applications

Medical Applications

Nuclear medicine uses ionizing radiation to both diagnose and 

treat illnesses.

Imaging via x-ray and computed tomography (CT) machines is 

now commonplace.

Various radiopharmaceuticals coupled with gamma cameras 

can be used to target and image specific organs.

High energy x-rays and/or gamma rays can be used to bombard 

tumors (external therapy) or sealed radioactive sources can be 

placed inside or near diseased tissue (implant therapy or 

brachytherapy)  with the intent to destroy it.

Etc…
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Medical Applications  (cont.)

Sketch of CT Scanner

Sketch of a Gamma 

Knife in Operation

Brachytherapy 

Seeds
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Applications  (cont.)

Industrial Applications

Ionizing radiation is used to kill germs and sterilize food and 

medical equipment.

NDT applications involve imaging techniques to observe 

metallic castings and welds, and control and monitoring 

applications involve thickness gauges and fluid level devices.

The agricultural industry makes use of radiation to cause cell 

mutations to develop new and better types of plants and for 

pest control (sterilized males released to mate with females). 

Many home smoke detectors use small amounts of Am241 (an α

emitter)  -- a decrease in the current when smoke is present 

activates the alarm.

Etc…
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Industrial Applications  (cont.)

Smoke Detector Operation

Sterile Insect Technique (SIT) 

with Mediterranean Fruit Flies
Thickness Gauge 

for Paper Products
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Industrial Applications  (cont.)

Development of 

New Plant Strains
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Industrial Applications  (cont.)

Gamma Pipe Crawlers
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Applications  (cont.)

Energy Production Applications

Radioisotope power and heating units for remote 

space applications.

Nuclear reactors for space applications (for 

electricity generation and propulsion)

Betavoltaic (and alphavoltaic) batteries for long-

term low-power applications.

Large-scale terrestrial nuclear power (see next 

few Lessons!!!).

Etc…
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Radioisotope Power/Heating Systems

Radioisotope 

Thermoelectric 

Generator (RTG)

and

Radioisotope 

Heating Unit (RHU)
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Radioisotope Systems  (cont.)
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Nuclear Reactors for Space

SNAP-10A launched in 1965; 

worked for 43 days (500 We)
Nuclear Engine for Rocket 

Vehicle Application (NERVA) 

Thermal Propulsion System 

under development until 1972 

with several ground tests

Recent reactor design at LANL 

to empower deep space mission 

(supplement for RTGs)
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Lesson 1 Summary

In this Lesson we have discussed the following topics:

What we mean by “radiation”.

The difference between ionizing & non-ionizing radiation.

The basic structure/terminology associated with the 

electromagnetic (EM) spectrum  -- E = h = hc/

The difference between directly and indirectly ionizing radiation 

(charged vs. neutral particles, respectively).

The basic structure of the Chart of the Nuclides including the 

island of stability and the regions occupied by neutron poor, 

neutron rich, and the heavy isotopes.

Several radioactive decay processes (+, EC, -,  decay, etc.) 

with their associated regions on the Chart of the Nuclides.

Several practical uses/applications of radiation science.
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