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Nuclear Physics and Society

Physics Department

University of Richmond

Nuclear Basics



Motivation: 

Educate the Public and University 

communities about basic nuclear physics 

ideas and issues
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U.S. Department of Energy Workshop

July 2002, Washington D.C.

Role of the Nuclear Physics Research Community (universities 

and national laboratories) in Combating Terrorism

Education and Outreach

•Community

•Local PD and FD



DOE Workshop …
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Border Control/ US Customs

•1,000,000 visas/year

•422 ports of entry

•1700 flights / day

•290 ships / day

•60 trains / day

•1200 busses / day

•540,000,000  border entries / 

year

Time per primary inspection

8 seconds => 1 hour delay

Cargo Containers

10,000,000 per year … 10,000 per ship!

5 / minute @ L.A.

< 3% inspected



Who are We
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Con Beausang

Chairman & Associate Professor Physics Department

Jerry Gilfoyle

Professor, Physics Department

Paddy Regan

Professor Physics Department, University of Surrey, U.K.
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Monday April 13th

Lecture 1:

The types of radiation, their properties and how these can be used to detect them. 

Some basic definitions. 

Introduction to radiation detectors. 

Tuesday April 14th

Laboratory Session: 12:15  3:30 pm

Environmental Radiation Laboratory experience

Measurement of half-life

Demonstration of shielding

Find the source

Lecture 2:

The creation of the elements. Nuclear physics in the cosmos. 

Wednesday April 15th

Laboratory Session 2: 12:15  3:30

Repeat of Tuesdays experience

Lecture 3:

Applications of Nuclear Physics: Nuclear weapons, nuclear power and nuclear medicine. 

Thursday April 16th

Lecture 4

Some of the frontiers of modern nuclear physics research 

Nuclear Physics and Society



Nuclear Physics & Society:  Lab Sign-up

First Last Tuesady Thursday

Clifford Bell

Faith Goode

Chris Ryan

Meredith Womble x

Jennifer Womble x

Charles Keene

H Ellerson

James Lewis

Bruce Stratton

Plus 1

Plis 2

Cain Bonniwell

Matt Jordan

Fred Felgenhauer

and daughter

Laboratory Experience: Sign-up Sheet
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The Cookie Quiz

Alpha 

cookie
Beta 

cookie

Gamma 

cookie

Neutron 

cookie
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The Cookie Quiz

Alpha 

cookie

Beta 

cookie

Gamma 

cookie
Neutron 

cookie
Throw away

Put in pocket

Hold in clenched fist

Eat one é GOAL: Minimize your 

radiation exposure



… when I was 

young(er), I was curious 

…

What are we made of ?

… sugar and spice and all things nice 

… that’s what little girls are made of

… snips and snails and puppy dogs tails

… that’s what little boys are made of.

… ok mum, … so what 

are sugar, spice and 

snails etc. made of? … cells

… molecules

… atoms

… nuclei



The Uncertainty Principle

Heisenberg (Quantum Mechanics)

D(position) D(momentum) > Constant

Beausang (Teaching)

D(truth) D(clarity) > Constant



Atoms … are made of …

Electrons

… very light, but occupy most of the volume 

inside an atom

Nuclei 

… lie at the Core of Atoms

… very heavy, very small, very compact

…occupies almost none of the volume inside 

the atom



How do we know?

How to see the invisible?

… size of your probe

… scattering

Alpha-particle beam

Detector

Zinc-sulfide 

screen 

Discovery of the 

nucleus

~1910

The eyes of 

Geiger and

Marsden

16-inch 

Battleship 

shells and 

tissue paper



Think of atoms as being like a mini solar system 

… The sun at the center is the nucleus, the electrons 

orbit the nucleus, like the planets orbit around the 

sun

Bohr Model



Electrons (1897)

•Very small

•Point-like particles (i.e.nothing inside an electron)

•Very light ~ 1/2000th of proton mass

•Negatively charged (-1 elementary charge)

•Electrons occupy almost all the space in the atom (orbiting the 

nucleus like the earth and other planets orbit the sun)

•Have almost none of the mass of the atom

•All of chemistry has to do with electrons from different atoms 

interacting with each other



The Nucleus (~1910)

ÅMade up of protons and neutrons

•Almost all of the mass of the atom is 

concentrated in the nucleus. 

• >99.9% of the known mass in the universe.

•Occupies almost none of the volume of the 

atom.

•Radius < 1/10,000

•Volume < 1/1,000,000,000,000



•The nucleus is the source of almost all the 

things we commonly think of as being 

radioactive.



The Nucleus Protons
•Positively charged

(+1 elementary charge)

•Size ~ 1 fm (10-15 m)

•Mass 938 MeV/c2 = 1

Neutrons
•Neutral

(0 charge)

•Size ~ 1 fm (10-15 m)

•Mass 939 MeV/c2 ~ 1

Neutrons are slightly more massive than 

the protons!!!

This has huge consequences for us!



Delicate Balances

Laws of Physics

1) If it can happen … it will happen …

2) If some law forbids it to happen … it will happen more 

slowly …

3) If a process is really REALLY forbidden to happen … 

it just takes a long time …



Standard Model:

Neutron and proton are 

very close relatives

quark structure

… proton (uud)

… neutron (udd)

Many laws allow neutrons to `change into’ 

into protons … change a d-quark into a u-

quark (or vice versa)

… beta-decay



The half life of a free neutron (i.e., one not inside a 

nucleus) is only about 12 minutes!!!

Mass Neutron  = 939.565330 MeV/c2

Mass Proton = 938.271998 MeV/c2

But …

Inside a nucleus … neutrons are stable

The half life of a free proton is > 1031 years 

Inside some nuclei protons can ‘decay’ into neutrons 

Imagine … if they were not!

Then in ~ 1-2 hours the entire universe 

would be made of Hydrogen

E = mc2



The Nucleus

•Atoms are electrically neutral

•The number of protons in a nucleus is equal to and determines the number 

of orbiting electrons

the chemistry

the element name

•Hydrogen (1
1H)

1 proton, 0 neutrons

Mass = 1
•Helium (4

2He) (Alpha-particle)

2 protons, 2 neutrons

Mass = 4

•Uranium (238
92U)

92 protons, 146 neutrons

Mass = 238 



The Nucleus

Many elements have several stable nuclei with the 

same number of protons but different numbers of 

neutrons … 

same name 

same chemistry

different mass

Isotopes



The Periodic Table of the Elements



Chart of the Nuclei
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Chart 

of the 

Nuclei

The Landscape

~300 stable 

~ 7000 unstable … radioactive.



Half Life
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Time taken for half of the substance to decay away

Example:

If you have 1000 radioactive nuclei 

and

If their half life is 30 minutes

After 30 minutes 500 nuclei remain

After 60 minutes 250 remain

After 90 minutes 125 remain

After 120 minutes 62 remain 

There is a huge variation in half 

lives of different isotopes …. 

From a tiny fraction of a second 

to roughly the age of the 

universe.



Some Isotopes & Their Half Lives

ISOTOPE HALF-

LIFE
APPLICATIONS

Uranium billions 

of years

Natural uranium is comprised of several different isotopes.  

When enriched in the isotope of U-235, it’s used to power 

nuclear reactor or nuclear weapons.  

Carbon-14 5730 y Found in nature from cosmic interactions,  used to “carbon 

date” items and as radiolabel for detection of tumors.

Cesium-137 30.2 y Blood irradiators, tumor treatment through external 

exposure.  Also used for industrial radiography.

Hydrogen-3 12.3 y Labeling biological tracers.

Irridium-192 74 d Implants or "seeds" for treatment of cancer. Also used for 

industrial radiography.

Molybdenum-99 66 h Parent for Tc-99m generator.

Technicium-99m 6 h Brain, heart, liver (gastoenterology), lungs, bones, thyroid, 

and kidney imaging, regional cerebral blood flow, etc.

29



30

For Example: Suppose we have 

1,000,000,000 atoms of  material A with a half life of 1 second

and 

1,000,000,000 atoms of material B with a half life of  1 year

(real sources have many more atoms in them)

Suppose they both decay by alpha emission.

In the First Second

Substance A: Half the nuclei will decay 

… 500,000,000 alpha particles will come zipping out at you.

1 year = 365 days * 24 hours * 60 minutes * 60 seconds = 31,536,000 seconds

In the First Second for substance B

Only ~ 500,000,000 / 31,536,000 = 16 nuclei will decay 

… only 16 alpha particles will come zipping at you 



31

On the other hand …

In 10 seconds … almost all of the radioactivity in substance A is gone away 

But it takes years for the activity of substance B to go away!

Nuclear Bombs …

The fissile material (U or Pu) has a long half-life. 

Low specific activity. Not much activity on the 

outside.

Dirty Bombs …

The radioactive material wrapped around the 

explosive would probably have a much shorter 

half-life. Perhaps significant activity on the outside.


