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Break a single molecular bond: 10-18 J



Split a single nucleus: 10-11 J



Hopping flea: 10-7 J



Depress a keyboard key: 10-2 J



Newton’s Apple: 1 J



1 kg of TNT: 106 J

1 kg of TNT has 
about 1024

molecules × 10-18J 
to break one bond

per molecule



Gallon of gasoline: 108 J



Lightning bolt: 1010 J



Atomic Bomb (Fission): 1014 J

1 kg of 235U has about 1024 nuclei 
× 10-11J to split one nucleus. So a 
bomb such as this may have only 

10 kg of  uranium.

The explosive “yield” is often quoted in kilotons of TNT.

1014 J would require 10 kton = 10,000,000 kg of TNT.

The Hiroshima bomb was 15 kton.



Meteor Impact: 1016 J



Hydrogen Bomb: 1017 J



Exploding volcano: 1018 J



1994: Comet Shoemaker-Levy strikes Jupiter
Fragment G: 1022 J



Output of our sun for one year: 1034 J



Supernova: 1044 J

before after

99% of energy released in the form of neutrinos.
In 1987, this supernova was detected by ~ 20 neutrinos 
within 12 seconds on earth (160,000 light-years away).



Creation of the Universe: 1068 J

2006 Nobel Prize 
in Physics
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U.S. Energy Consumption
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10-3 WPocket calculator
18 WCompact fluorescent lightbulb
40 WLaptop computer
100 W100 W lightbulb
200 WDesktop computer
1 kWSolar intensity at earth, per square meter
1.5 kWPer capita electricity in US
5 kWClothes Dryer
10 kWElectric Stove
105 WAutomobile at 60 mph
2 × 109 WHoover Dam
3 × 1012 WU.S. Total Energy Consumption Rate (1020 J / 3 × 107 s)







Kleiber’s Law (1932)



One simple line of reasoning using scaling:
Mass ~ Volume ~ L3

Equivalently L ~ M1/3

Metabolic activity requires removal of Heat
Heat Dissipation ~ Surface Area ~ L2 ~ M2/3 (dashed line)

But data seems to show M3/4 (solid line)



Some scientists 
suggest explanations 
for ¾ power…

… other scientists suggest that it is 
2/3 with more data and within 
statistical uncertainty

West, Brown, Enquist Science 276 (1977) p. 122
Dodds, Rothman, and Weitz, J. Theo. Biology 209 (2001) p. 9
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