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http://en.wikipedia.org/wiki/File:Manhattan_Project_US_Map.png
http://en.wikipedia.org/wiki/File:Groves_Oppenheimer.jpg

The Manhattan Project created the first nuclear bombs. The
first human-engineered nuclear detonation, the Trinity test, is
shown.



http://en.wikipedia.org/wiki/Nuclear_bomb
http://en.wikipedia.org/wiki/Nuclear_detonation
http://en.wikipedia.org/wiki/Trinity_%28nuclear_test%29

The mushroom cloud over Hiroshima
after the dropping of Little Boy
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http://en.wikipedia.org/wiki/Mushroom_cloud
http://en.wikipedia.org/wiki/Hiroshima
http://en.wikipedia.org/wiki/Little_Boy
http://en.wikipedia.org/wiki/File:Atomic_cloud_over_Hiroshima.jpg
http://en.wikipedia.org/wiki/File:Atomic_cloud_over_Hiroshima.jpg
http://en.wikipedia.org/wiki/File:Nagasakibomb.jpg
http://en.wikipedia.org/wiki/Nuclear_explosion
http://en.wikipedia.org/wiki/Nagasaki

5 3 805 § (J. C. Maxwell, 1831-1879)
,gr_1860+’c e BEcE AN K iE - 7T EETR % o
UERE YL R F-Y ﬁam%ﬁﬁ%mﬁf

*- {2 t%,
f‘ .’\\ front / |
ﬁ’ R!.‘. v 2= 7
il ; E=0 Cic t%
B “~all B =0
E P> =
B'f ,;f )

Bl ERE NG (A AR HEFH30F T RE=C

2 fod ,g_frg@g?;;;wwgg 27 A



THE ELECTRO MAGNETIC SPECTRUM

Wavelength
(metres)
Radio Microwave Infrared  Visible Ultraviolet X-Ray = Gamma Ray
103 102 107 106 108 10°10 10712
Frequency
(Hz)

108 1012




EARTH'S ENERGY BUDGET
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DiscovERY oF ExPANDING UNIVERSE

o
- Telescope

’;f RF ® L2 http://map.gsfc.nasa.gov/



emitted spectrum
‘unshifted’
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observed spectrum
‘shifted’
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DiscoveERY oF Cosmic BACKGROUND
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Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

Inflation

Quantum
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years




THE ELECTRO MAGNETIC SPECTRUM

Wavelength
(metres)
Radio Microwave Infrared  Visible Ultraviolet X-Ray  Gamma Ray
103 1072 1075 106 108 10°10 10712
Frequency
(Hz)

108 1012




Penetrates Earth's
M |
Atmosphera? Y l '

Radiation Type Radio Microwave Infrared Visible Ultraviclet  X-ray Gamma ray
Wavelength (m) 1072 10°° 0.5x10 © 1078 1" 1072

10°
Approximate Scale b | 1
of Wavelength 1\\. &

Buildings Humans  Buiterflies Meedle Point Protozeoans Molecules  Atoms  Atomic Nuclei

Temperature of  _
objects at which 4
this radiation is the ||
most intense "Wy
wavelength emitted

—

1K 100 K 10,000 K 10,000,000 K
-272 *C =173 °C 9,727 °C ~10,000,000 *C



http://upload.wikimedia.org/wikipedia/commons/c/cf/EM_Spectrum_Properties_edit.svg

FREQUENCY WAVELENGTH ENERGY

300 EHz
30 EHz
3 EHz
300 PHz
30 PHz
3 PHz
300 THz
30 THz
3 THz
300 GHz
30 GHz
3 GHz
300 MHz
30 MHz
3 MHz
300 kHz
30 kHz

3 kHz

1 pm
10 pm
100 pm
1 nm
10 nm
100 nm
1 pm
10 um
100 pm
1T mm
1 cm

1 dm
Tm
10 m
100 m
1 km
10 km
100 km
1 Mm
10 Mm
100 Mm

1.24 MeV
124 keV
12.4 keV
1.24 keV
124 eV
12.4 eV
1.24 eV
124 meV
12.4 meV
1.24 meV
124 peV
12.4 peV
1.24 peV
124 neV
12.4 neV
1.24 neV
124 peV
12.4 peV
1.24 peV
124 feV
12.4 feV



Legend!2lEl4]

y= Gamma rays

HX= Hard X-rays
SX= Soft X-rays
EUV= Extreme ultraviolet

MIR= Mid infrared
FIR= Far infrared
Radio waves

NUV= Near ultraviolet
Visible light
NIR= Near Infrared

EHF= Extremely high freq,.

SHF= Super high freq,.
UHF= Ultra high freq.
VHF= Very high freq,.

HF= High freq.
MF= Medium freq.
LF= Low freq.

VLF= Very low freq.
VF/ULF= Voice freq,.
SLF= Super low freq.

ELF= Extremely low freq.

Freg=Frequency



http://en.wikipedia.org/wiki/Electromagnetic_spectrum
http://en.wikipedia.org/wiki/Electromagnetic_spectrum
http://en.wikipedia.org/wiki/Electromagnetic_spectrum
http://en.wikipedia.org/wiki/Gamma_ray
http://en.wikipedia.org/wiki/High_frequency
http://en.wikipedia.org/wiki/X-ray
http://en.wikipedia.org/wiki/X-ray
http://en.wikipedia.org/wiki/X-ray
http://en.wikipedia.org/wiki/Medium_frequency
http://en.wikipedia.org/wiki/Radio_waves
http://en.wikipedia.org/wiki/Low_frequency
http://en.wikipedia.org/wiki/Ultraviolet
http://en.wikipedia.org/wiki/Extremely_high_frequency
http://en.wikipedia.org/wiki/Very_low_frequency
http://en.wikipedia.org/wiki/Near_ultraviolet
http://en.wikipedia.org/wiki/Super_high_frequency
http://en.wikipedia.org/wiki/Voice_frequency
http://en.wikipedia.org/wiki/Visible_light
http://en.wikipedia.org/wiki/Ultra_high_frequency
http://en.wikipedia.org/wiki/Super_low_frequency
http://en.wikipedia.org/wiki/Infrared
http://en.wikipedia.org/wiki/Very_high_frequency
http://en.wikipedia.org/wiki/Extremely_low_frequency
http://en.wikipedia.org/wiki/Frequency

Submultiples Multiples

Value Symbol Name Value Symbol Name
10T W dw deciwatt 10'W daw decawatt
1072 W cW centiwatt 102W hwW hectowatt
103 W mw milliwatt 103 W kW kilowatt
10 W UW microwatt 10°W MW megawatt
109 W nW nanowatt 10°W  GW gigawatt

12
1072w pW picowatt 10 TW terawatt

W

15
1001w W femtowatt \1/\(/) PW petawatt

18
10°'8W  aw attowatt \1/\(/) EW exawatt

21
102'W  zZW zeptowatt \1/\(/) ZW zettawatt

24
1074W  yWw yoctowatt \1/\(/) YW yottawatt

Common multiples are in bold face




U.S. nuclear power plants have net summer
capacities between about 500 and 1300 MW.



http://en.wikipedia.org/wiki/Nuclear_power_plant

Microjoule
The Large Hadron Collider (LHC) is expected to produce collisions on the order
of 1 microjoule (7 TeV) per particle.

Kilojoule

The kilojoule (kJ) is equal to one thousand joules. Food labels in
some countries express food energy in kilojoules. One kilojoule is
about the amount of solar radiation received by one square metre
of the Earth in one second.

Megajoule

The megajoule (MJ) is equal to one million joules, or
approximately the kinetic energy of a one-ton vehicle moving at
160 km/h (100 mph).

Gigajoule

The gigajoule (GJ) is equal to one billion joules. Six gigajoules is
about the amount of chemical energy in a barrel of oill.

Terajoule

The terajoule (TJ) is equal to one trillion joules. About 60
terajoules were released by the bomb that exploded over
Hiroshima.



http://en.wikipedia.org/wiki/Food_label
http://en.wikipedia.org/wiki/Food_energy
http://en.wikipedia.org/wiki/Sunlight
http://en.wikipedia.org/wiki/Earth
http://en.wikipedia.org/wiki/Chemical_energy
http://en.wikipedia.org/wiki/Barrel_of_oil_equivalent
http://en.wikipedia.org/wiki/Little_boy
http://en.wikipedia.org/wiki/Little_boy
http://en.wikipedia.org/wiki/Large_Hadron_Collider
http://en.wikipedia.org/wiki/Electron_volt

In physics, the electron volt
(symbol eV, also written
electronvolt) Is a unit of energy
equal to approximately
1.602x10-19 J



http://en.wikipedia.org/wiki/Physics
http://en.wikipedia.org/wiki/Energy
http://en.wikipedia.org/wiki/Joule
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http://upload.wikimedia.org/wikipedia/commons/5/58/Greenhouse_Effect.svg

Solar radiation powers
the climate system.

Some solar radiation
is reflected by
the Earth and the
atmosphere.

About half the solar radiation
is absorbed by the

Earth's surface and warms it. Infrared radiation is
omitted from the Earth's

surface.




