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Do you support increased 
development of nuclear power ?
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The largest source of radioactivity the 
average person is exposed to is

1 2 3 4 5 6

0% 0% 0%0%0%0%

1. The sun

2. Cell phones

3. Medical x-rays

4. Nuclear power

5. Radon 

6. bananas



All matter is composed of combinations of 
elements.

There are 118 (according to Wikipedia) 
elements that have been discovered so far, but 
only 92 elements that occur in nature.

The smallest “piece” of an element that retains it 
characteristics is an atom.

Known elements are arranged on the periodic 
table according to their chemical characteristics.

Audio Link

http://www.phy.ilstu.edu/~bkc/phy207/nucrad1.mp3




Planetary Model of the Atom

1) Protons (nucleus)

1) Positive charge

2) Large mass

2) Neutrons (nucleus)

1) No charge 

2) Large mass

3) Electrons 

1) Negative charge 

2) Small mass





• Charge on an electron is equal but opposite the 
charge on a proton.

• An ion is an atom that has either lost or gained 
electrons and therefore has a net charge

• Electrons “orbit” nucleus like planets orbiting 
the sun (Electric force replaces gravity).

• A neutral atom has equal numbers of protons 
and electrons (zero net charge) 

• The chemical properties of an element depend 
on the electrons. 



•Mass of a proton is 1836 times greater than 
the mass of the electron.

•Mass of a proton and the mass of neutron 
are approximately equal. (neutron is slightly 
heavier)

•Nucleus is composed of neutrons and 
protons, thus, most of the mass of an atom 
is in the nucleus.



Useful Definitions

• Atomic number (Z): Number of protons 
(electrons) in a given neutral atom (determines 
what element we are dealing with).

• Atomic mass (A): Number of neutrons plus the 
number of protons in a given atom.

• Neutron Number (N): Number of neutrons in a 
given atom

• Isotope: Atoms with the same Z but different A



Isotopes of Hydrogen and 
Helium



Definition: Atomic Mass Unit (u) = 12th of the mass of  12C.

 1 u=1.66×10-27 kg (very small)

How to write an element’s symbol for a given isotope

X
Z

A

U
92

236

Example

Note: N=A-Z



•Light stable isotopes (Z<20) have N 
approximately equal to Z

•Heavy stable isotopes (Z>20) have N greater 
than Z.

•Neutrons act as “spacers” to reduce electric 
repulsion between the protons in nucleus.



N=Z

N>Z



Proton Mass  =  1.007277 u

Neutron Mass = 1.008665 u

Neutron Mass

+ Proton Mass = 2.015942 u

Deuteron Mass = 2.013553 u

Missing Mass

(N + P – D) = 0.002389 u

What happened to the mass?????



Answer: It is converted into binding 
energy according to Einstein’s mass 
energy relation 

E=mc2

For the deuteron example, this is 2.15 

MeV of energy. If we want to break the 
deuteron apart we must give this 
energy back.

Units of energy : 1 calorie = 4.186 Joule

 1 Btu =  252 calorie

 1 MeV = 1.6 × 10 -13 Joule



What is actually more important is the binding energy per 
nucleon.          

For Deuterium BE/A= 2.15MeV/2= 1.075Mev

Atomic Mass (A)



Note that iron has the highest binding energy per 
nucleon.  This is the most stable element in nature in 
that it requires more energy per particle to break it 
apart than anything else.

Fusion energy comes from combining light elements to 
make heavier ones (increase binding energy per 
nucleon for elements lighter than iron).

Fission energy comes from breaking heavy elements 
into lighter ones (increase binding energy per nucleon 
for elements heavier than iron).



Audio Link

http://www.phy.ilstu.edu/~bkc/phy207/nucrad2.mp3


Radioactive decay is a natural process. An atom of a 
radioactive isotope will spontaneously decay into another 
element through one of three common processes: 

Alpha decay 
Beta decay 
Spontaneous fission (not always included)
Electron Capture (not always included)

In the process, four different kinds of radioactive rays are 
produced: 

Alpha rays (basically a Helium nucleus)
Beta rays (an electron or positron)
Gamma rays (high energy light)
Neutron rays (not always included)

In a radioactive decay, the atomic number and atomic 
mass of the decay products must equal the atomic number 
and atomic mass of the original isotope.



Alpha Decay

An alpha (α) particle is composed of two protons and 
two neutrons, thus its atomic mass is 4 and its atomic 
number is 2. (Note: this is a Helium 4 nucleus)

X
Z

A

Example

Y
Z-2

A-4

α
2

4

→ +

Th
90

232

Ra
88

228

α
2

4

→ +



Beta Decay

There are two types of beta (β) particles. They are 
either electrons or positrons (antimatter of electron) 
Their atomic mass is 0 and their atomic number is ±1.

X
Z

A

Y
Z+1

A

β
-1

0

→ +

X
Z

A

Y
Z-1

A

β
+1

0

→ +

Beta Minus 
Decay

Beta Plus 
Decay

OR



Ra
88

228

Ac
89

228

β
-1

0

→ +

Examples of Beta Decay

C
6

11

B
5

11

β
+1

0

→ + Beta Plus Decay

Beta Minus Decay



Gamma Rays

A gamma (γ) particle is pure energy.  It essentially just 
high energy light Their atomic mass is 0 and their 
atomic number is 0. The isotope emits  a gamma 
particle in relaxing from an excited state to a relaxed 
state but does not change into a different element.

X
Z

A

X
Z

A

γ
0

0

→ +
*



In spontaneous fission, an atom actually splits 
instead of throwing off an alpha or beta particle. Very 
common for heavy elements.  Usually also results in 
neutron emissions

Example:

Spontaneous Fission

Fm
100

256

Xe
54

140

Pd
46

112

→ + n
0

1

+ 4



Penetration of Matter
Though the most massive and most energetic of 
radioactive emissions, the alpha particle is the shortest in 
range because of its strong interaction with matter. The 
electromagnetic gamma ray is extremely penetrating, 
even penetrating considerable thicknesses of concrete. 
The electron of beta radioactivity strongly interacts with 
matter and has a short range. 



Half Life

The half life of a radioactive isotope is the time 
required for ½ of the original amount of the isotope to 
have decayed. 



The half-life of various isotopes can range from 
billions of years to small fractions of a second.

Isotope Half-Life

Tritium 12.26 years (beta minus)

Strontium 90 28.8 years (beta minus)

Cesium 137 30.2 years (beta minus)

Carbon 14 5730 years (beta minus)

Radon 222 3.8 days (alpha)

Polonium  218 3.1 minutes (alpha)

Polonium 214 164 microseconds  (beta 
minus)

Uranium 238 4.5 billion years (alpha)

Uranium 235 710 million years (alpha)

Plutonium 238 86 years (alpha)

Plutonium 239 24400 years (alpha)

Plutonium 240 6580 years (alpha)

Plutonium 241 13.2 years (beta minus)



Radioactive decay series
Often times the products of a radioactive decay are 
themselves radioactive.  These products will continue to 
decaying until we reach a stable isotope.

222Rn

↓ α decay
3.8 day

218Po

↓ α decay
3.1 min

214Pb →
214Bi →

214Po

β- decay
26.8 min

β- decay
19.9 min ↓ α decay

164µsec

210Pb





Radioactive 
Isotope

Sable 
Isotope

As the radioactive isotope decays, the amount of 
the stable isotopes increase.  By measuring the 
ratio of the radioisotope to the decay products, we 
can determine the age of an object.



In September of 1991, two 
hikers in the Oetzal region 
of the Alps  found a frozen 
body in the melting ice.  Not 
until the police forensic 
department were brought in 
did it become clear that this 
body was no recent death. 
Archaeologists dated his 
body using Carbon 14 to 
5,300 years old! 



Units of radiation

Becquerel (Bq) 1 decay per second

Curie (Ci) 3.7 x 1010 decays per second. (Radioactivity 
of 1 gram of Radium)

rad (radiation 
absorbed 
dose)

0.01 J of radioactive energy per 
kilogram of tissue.  

Grey (Gy) 1 J of radioactive energy per kilogram 
of tissue.  

rem (Roentgen 
Equivalent 
Man) 

rem = Quality Factor X rad (takes into 
account the type of radiation, not just energy 
absorbed.)

Sievert (Sv) 1Sv = 100 rem

Audio Link

http://www.phy.ilstu.edu/~bkc/phy207/nucrad3.mp3


Radiation Paths in Tissue



Radiation Quality Factor 
(QF)

Gamma 1

Electrons 1

Thermal Neutrons 2-5

Fast neutrons (10 MeV) 5-10

Alpha 20

Protons (10 MeV) 10

Quality Factors for converting rad to rem 
(or Gy to Sv)



Sources of Radiation Exposure

Depends on a lot of factor such as

•Occupation

•Where you live

•Life style

The average radiation dose from exposure to 
natural and man-made background radiation in 
the United States is approximately 620 mrem 
per year. (if you smoke, add ~280 millirem) 



Natural Radioactivity in the Body

                                              

Small traces of many naturally 
occurring radioactive materials 
are present in the human body. 
These come mainly from 
naturally radioactive isotopes 
present in the food we eat and 
in the air we breathe. 
These isotopes include tritium 
(H-3), carbon-14 (C-14), and 
potassium-40 (K-40).



Cosmic Radiation
Cosmic rays are extremely energetic 
particles, primarily protons, which 
originate in the sun, other stars and from 
violent cataclysms in the far reaches of 
space.  Cosmic ray particles interact with 
the upper atmosphere of the earth and 
produce showers of lower energy 
particles. Many of these lower energy 
particles are absorbed by the earth's 
atmosphere.  At sea level, cosmic 
radiation  is composed mainly of muons, 
with some gamma-rays, neutrons and 
electrons. 

Because the earth's atmosphere acts as a shield the average amount of 
exposure to cosmic radiation that a person gets in the Unites States 
roughly doubles for every 6,000 foot increase in elevation.



Altitude Dependence of Cosmic Ray Dose 

(dose equivalent; does not include the neutron component). 

Altitude, m 
(ft)

Dose Rate, 
mrem/y

Example

Sea level 31 Los Angeles

1,525 (5,000) 55 Denver

3,050 (10,000) 137 Leadville, 
Colo.

9,140 (30,000) 1900 Normal jetliner

15,240 
(50,000)

8750 Concorde

24,340 
(80,000)

12,200 Spy plane



Radioactivity in the Earth

                                      

When the earth was formed it 
contained many radioactive 
isotopes.  The shorter lived 
isotopes have decayed leaving 
only those isotopes with very long 
half lives along with the isotopes 
formed from the decay of the long 
lived isotopes. These naturally-
occurring isotopes include U, Th 
and their decay products, such as 
Rn. 





Average annual radiation dose per person in the U.S. is 620 
millirem (6.2 millisieverts).

Approximately ½ is natural
Approximately ½ is from medical diagnosis and treatment



8

8

11

4

3
1

55
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Radon

Terrestrial

Cosmic

InternalMedical
X-rays

Nuclear 
Medicine

Consumer
Products

All other: 
Fallout
Occupational
Nuclear Power

Sources of Radiation Exposure





Blue: low
Green: Intermediate
Yellow/red: High

Median Radon Levels by 
County in the U.S.







Chronic Exposure

Chronic exposure is continuous or intermittent exposure 
to low levels of radiation over a long period of time. 
Chronic exposure is considered to produce only effects 
that can be observed some time following initial 
exposure. These include genetic effects and other 
effects such as cancer, precancerous lesions, benign 
tumors, cataracts, skin changes, and congenital defects.



Acute Exposure

Acute exposure is exposure to a large, single dose of 
radiation, or a series of doses, for a short period of time. 
Large acute doses can result from accidental or emergency 
exposures or from special medical procedures (radiation 
therapy). In most cases, a large acute exposure to radiation 
can cause both immediate and delayed effects. For 
humans and other mammals, acute exposure, if large 
enough, can cause rapid development of radiation 
sickness, evidenced by gastrointestinal disorders, bacterial 
infections, hemorrhaging, anemia, loss of body fluids, and 
electrolyte imbalance. Delayed biological effects can 
include cataracts, temporary sterility, cancer, and genetic 
effects. Extremely high levels of acute radiation exposure 
can result in death within a few hours, days or weeks.



Dose (rem) Effect
0.3 (weekly) Probably no observable effect.

60 (whole body) Reduction in white blood cells.

100 (whole body) Nausea, vomiting, fatigue.

200 (whole body) Reduction of all blood elements

400 (whole body) 50% of an exposed population will 
probably die

500 (gonads) Sterilization

600 (whole body) Death (likely)

1000 (skin) Reddening of the skin

Radiation doses required for various 
effects





LD 50-30  acute radiation dose in rad. 
(Radiation exposure that will kill 50% of the 
population in 30 days.)

Guinea pig 250

Dog 300-430

Human 450

Monkey 500

Sheep 520

Rat 590

Donkey 580-780

Rabbit 790-875

Chicken 1000

Turtle 1500

The occupational dosage allowed by law is 
1/700 the lethal dose for humans. 



Energy Source              Death Rate (deaths per TWh) CORRECTED
Coal (elect, heat,cook –world avg) 100 (26% of world energy, 50% of 
electricity)
Coal electricity – world avg        60 (26% of world energy, 50% of 
electricity)
Coal (elect,heat,cook)– China      170
Coal electricity-  China            90 
Coal – USA                          15
Oil                                 36  (36% of world energy)
Natural Gas                          4  (21% of world energy)
Biofuel/Biomass                     12
Peat                                12
Solar (rooftop)                      0.44 (0.2% of world energy for all 
solar)
Wind                                 0.15 (1.6% of world energy)
Hydro                                0.10 (europe death rate, 2.2% of world 
energy)
Hydro - world including Banqiao)     1.4 (about 2500 TWh/yr and 171,000 
Banqiao dead)
Nuclear                              0.04 (5.9% of world energy)

http://nextbigfuture.com/2011/03/deaths-per-twh-by-energy-source.html

Myth vs. Data: Take a look at actual death rates of 
various energy sources

Look at the dates for the reference and the Fukushima disaster?

http://nextbigfuture.com/2011/03/deaths-per-twh-by-energy-source.html


Nuclear Power

The United States 
Currently generates 
approximately 8% of 
its energy using 
nuclear power.



In medical applications, 
radiation helps with both 
diagnosis and treatment of 
patient illness. 



Industrial applications

The primary industrial applications of radiation are 
based on penetration and scattering of radioactivity, 
or the use of tracers. Because radiation loses 
energy as it passes through substances, industry 
has been able to develop highly sensitive gauges to 
measure the thickness and density of many 
materials, as well as imaging devices to inspect 
finished goods for weaknesses and flaws. 



Many smoke detectors—installed in 
nearly 90 percent of U.S. homes—rely 
on a tiny radioactive source to sound 
the alarm when it senses smoke from a 
fire. 

Consumer Products

Non stick pans are treated with radiation 
to ensure that the coating will stick to 
the surface.

Computer disks "remember" data better when they are treated 
with radioactive materials



Natural amethysts are now often given their distinctive color 
by irradiating the raw stones in a reactor or by exposure to 
accelerator radiation sources. 

Nuclear batteries power buoys as well as remote Arctic 
radio transmitters. 

  

                                                                                                 

                                               

Photocopiers use small 
amounts of radiation to 
eliminate static and prevent 
paper from sticking together and 
jamming the machine. 

Food, cosmetics, medical supplies and 
contact lens solutions are sterilized with 
radiation to remove irritants and allergens. 
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