Nothing exists except atoms and empty space;
everything else Is opinion.

Democritus




Arizona State University
SES 194

Energy in Everyday Life

Powering the Sun

Frank Timmes

ftimmes@asu.edu



N%‘é’fé’, 5as Fossil Fuels

Domestic
60.eU Production

78.10

Crude Qil !
11.99

NGPL?
293

Nuclear Electric Power
8.26

enewable
nergy3

9.24 PrF:-tf'-:::IeLir'n‘q
24 49

Other”
kit Snd Cthers®
' 0.97

Petroleum
5.90

Othef%ports
Exports 10.36 '

Coal
19.64

Natural Gas’
24 84

Consumption'®
g7 30

Petroleum®
35.28

Nuclear Electric Power 8.26

Renewable Energy? g 14

Flow of energy in USA.
Department of Energy,
Annual Energy Review 2013.
Units are ExaJoules, 1018 J.

1
Residential
21.62

industrial
30.59

Transggrtt}aation s
7.






No one knew much energy the Sun releases into space until
we learned the Sun’s distance from the Earth.

Once we learned the Sun’s prodigious energy output, we
were at a loss to explain it until Einstein opened the door
by showing that mass is just a form of energy.

2
E=mc



What powers the Sun?

Wood - Ancient Greeks.
Lasts 2000 years.

Coal - Middle Ages
Lasts 4000 years.

Gravitational contraction - 1830’s.
Lasts 4 million years.

Nuclear reactions - 1940’s
Lasts 10 billion years.



The Sun presently shines by burning
hydrogen (fuel) into helium (ash) in its core.

600 million tons of hydrogen are converted into 596 million
tons of helium every second. Where did the missing mass go?

2
E=mc



