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1905

E = mc2
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Matter and 
Energy are 

Interchangeable
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E = mc2

E = ½  mv2
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E = m
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Energy Density
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(186,000 miles/second)2 

Ten quadrillion
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A very, very small 
amount of matter 

transforms into a very, 
very large amount of 

energy.
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E = ½ mv2

V = ~ 40-50 mph
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Lake Powell covers 250 
square miles to produce 
1000 MW, the equivalent of 
one coal or nuclear plant.

Lake Powell, behind Hoover 
Dam, covers 250 square 
miles to produce 1000 
megawatts.
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E = ½ mv2

V = ~30-40 mph
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125 square 
miles for 
1000 MW
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Tidal and Wave Energy

E = ½ mv2

V = ~ 5-7 mph
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1000 mw = 
Dozens of 
miles of 
coastline.
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E = mc2

90 million from Earth
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Solar conversions take place at 
best at ~ 20 percent 

Solar energy hits the earth 
at an average of 400 watts 
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One 100-watt light 
bulb per square meter.



9/30/20099/30/2009 181810 Megawatts – 1/5 sq. mile

Solar Thermal



9/30/20099/30/2009 1919

46,000 
square 
miles of 
western 
desert
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The Nature Conservancy 
calls this: 

“Energy Sprawl.”
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Figure 3. Land-use intensity for energy production/conservation techniques. 
Energy Density
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Is there any source of energy 
that involves. . .
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Chemistry
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Quantum Theory



9/30/20099/30/2009 2525

Electrons as 
Particle/Waves

Louis de Broglie  
1892-1987
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Richard Feynman 1918-1988

Matter = Energy
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One billionth of the mass.

2000 pounds for 30 miles.
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Is there another source 
of mass in the atom 
besides the  electron?

Is there any other 
concentration of matter  

in the universe other 
than the electron?
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The remainder is in the 
nucleus.

Only 1/1800th of the 
mass is in the electrons.
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The energy release from splitting a 
uranium atom is 2 million eV.
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A 110-car unit train arrives at 
the  plant every day.

Each car carries 100 tons and  
provides 20 minutes of 
electricity.

A train leaves Cheyenne 
every six minutes.  In 2000 it 
was every 25 minutes.
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Two years worth of electricity.
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Four years’ worth of nuclear waste.
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All of France’s nuclear waste 
from 30 years of producing 80 
percent of its electricity is stored 
beneath the floor of this room.
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It takes 100 years for ideas 
to enter history.

E = mc2

1905 - 2009 – It’s time!!
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7,000o C

Uranium and Thorium heat 
the center of the earth.
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The remainder comes from the radioactive

breakdown of three elements.
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. . meets groundwater.

Geothermal energy 
occurs when the 
earth’s heat  . . . 
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Geothermal energy - Iceland
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Terrestrial Energy
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What does this mean 
for energy supplies and 

the environment?
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One-tenth of the mountains in 
West Virginia mountains have 

now been decapitated.
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Three billion tons 
of CO2

 
a year.
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“Fifteen homes like this one in Harriman, 
Tenn., were flooded with fly ash sludge on 
Monday after a storage pond wall broke.” 

– New York Times, December 24, 2008
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What happens at a 
nuclear reactor?



9/30/20099/30/2009 5050

No CO2 emissions.
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After five years, only six ounces 
of matter have been transformed 

into energy . . . but enough to 
power San Francisco.
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Can a 
nuclear 
reactor 

explode?
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“What are we 
going to do 

with the 
waste?”
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There is no such thing as 
nuclear waste.
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95 percent of what goes 
into Yucca Mountain 

will be natural uranium.
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Hippies versus NazisHippies versus Nazis
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“Is Chronic Radiation an Effective 
Prophylaxis Against Cancer?”

W.L. Chen, et al.  Journal of American Physicians and Surgeons, Spring 2004
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Reprocessing reduces  nuclear 
waste by 97 percent.
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Free Enterprise Radon 
Health Mine

Boulder, Montana
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What are the 
problems 

with 
nuclear?
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Centrifuges must run for 
more than a year to get 
bomb-grade material.
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There is no safe 
dose of 

radiation.
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Radiation 

(not invented in 
1946)
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“What are we 
going to do 

with the 
waste?”
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Hippies versus NazisHippies versus Nazis
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“. . . whatever coal’s 
environmental  problems, at 
least coal plants are not going to 
melt down in some radioactive 
nightmare or increase the risk 
that some Middle Eastern 
terrorist will get his hands on a 
few ounces of uranium.”

“. . . whatever coal’s 
environmental problems are, at 
least  coal plants are not going to 
melt down into some radioactive 
nightmare or increase the risk 
that some Middle Eastern 
terrorist will get his hands on a 
few ounces of uranium.”
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Nuclear’s biggest supporter.
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Where does all this Where does all this Where does all this 
energy come from?energy come from?energy come from?
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Supernova!

The seeds of our solar system.
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Radioactivity is Radioactivity is 
the dying embers the dying embers 

of the of the 
Supernova.Supernova.
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The Marriage of Heaven and The Marriage of Heaven and 
EarthEarth

Energy for the 21st Century.
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..

Following slides are Following slides are 
excessexcess
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E = mc2

E = ½  mv2
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George Gamow, 1904-1968George Gamow, 1904George Gamow, 1904--19681968
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Photon  ~  1.77- 3.10 electron-volts

Chemical bonds  ~   1 electron-volt

Room temperature ~ 1/40th electron-volt
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When matter is 
completely 
transformed into 
energy it becomes . . .
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“There’s Plenty of Room at the Bottom.”
December 29, 1959

Richard Feynman  - 1918 - 1988
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50 mph = 74 feet/sec 
5.4 x 103 feet/sec2

186,000 miles/sec 
9.8 x 1017 feet/sec2

Factor of 180 quintillion
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Energy from heaven . . .

. . . and earth.
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A World Lit 
Only By Fire . .
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Things have changed . . . 

. since the industrial revolution.
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Coal     ~   6.7 MWh/kg

250,000,000 MWh/kg
(5,000 days of electricity)
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One carbon bond = 1 eV
One photon ~ 1-2 eV

One uranium atom =         
200,000,000 eV



9/30/20099/30/2009 119119



9/30/20099/30/2009 120120

First tamed 
700,000 years ago.
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Mass of electron  - 9.109 x 10-31 kg
Mass of proton     - 1.673 x 10-27 kg
Mass of neutron   - 1.675 x 10-27 kg

Only 1/1800th of the 
mass is in the electrons.
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