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Will Happer, Climate Scientist, 1982 



What is all the fuss about? 



Nature Climate Change, Vol  3, p. 767, September 2013. 

Happer et al., 1982 

Climate Models Don’t Work; Red is Observed; Bars are Models 



 Der Spiegel, Jan. 2013 

Klimawandel: Forscher rätseln über Stillstand bei Erderwärmung  

The press is beginning to notice! 

http://www.spiegel.de/wissenschaft/natur/stillstand-der-temperatur-erklaerungen-fuer-pause-der-klimaerwaermung-a-877941.html


http://www.drroyspencer.com/latest-global-temperatures/ 

Satellite temperature measurements of  
lower atmosphere show little warming 



El Nino 

Normal 

La Nina 

http://en.wikipedia.org/wiki/File:Enso_elnino.png
http://en.wikipedia.org/wiki/File:Enso_normal.png
http://en.wikipedia.org/wiki/File:Enso_lanina.png


Al Gore, Climate Scientist, Nobel Laureate. 



The Original for the Image on the Book’s Cover. 



The Image on the Inner Cover Showing the Lamentable Effects of More CO2 



Hurricane (Tropical Cyclone) Tracks; 1985-2005; (Wikipedia) 

No Coriolis force at equator  No hurricanes 
Low clouds spiral in counterclockwise in North; clockwise in South 





Atmospheric Circulation 



A NASA Website 





 Examples of FTIR Data from a Satellite 



One Slide Summary of Global Warming Theory 
Key Parameters: forcing DQ2 and feedback f 



2349 cm -1  
frequency too high for greenhouse 
warming 

666 cm -1 (Satan’s number) 
 greenhouse warming 

1388 cm-1  
no changing dipole moment, 
no absorption or emission 

The Villain! 



Fermi Resonances 

a = ? 



What is wrong with this slide? 



Attenuation Coefficient (e-foldings / length) 

N is the number density of CO2 molecules, and seg is the cross section of the transition 
from a lower state g to an upper state e; Geg is the lineshape function. 

Line strength (in cm) 

neg  = frequency (in cm-1) of the transition, Deg = the electric dipole matrix 
element, Eg  = lower-state energy, T = absolute temperature, k = Boltzmann’s  
constant, h = Planck’s constant, c = speed of light, T = absolute temperature. 

Partition function 

Line shape 



A Lorentzian line shape 

meg  = broadening;  n = frequency; neg = resonance. 

A Voigt line shape 

Normalized line shapes 

Neither Lorentzian nor Voigt line shapes are correct in the far wings! 



Thousands of lines!  Linestrengths vary by 10 orders of magnitude. 



Very Slow Partial Radiative Decay Rates of CO2 Molecules 



Less pressure broadening of cross sections at high altitude. Q-branch lines. 



Schwartzschild-Milne Equation: 
Downwelling Flux at the Surface 

Planck Brightness 

Optical Depth from Surface  
to Altitude z 

K. Schwartzschild E. A. Milne 

M. Planck 





Logarithmic dependence of down-welling IR on CO2 concentration. 



Svante Arrhenius 
Worlds in the Making, The Evolution of the Universe 
(page 53) 

“If the quantity of carbon dioxide in the air should sink to one 
half its present percentage, the temperature would fall by 
4 K; a diminution by one-quarter would reduce the temperature 
by 8 K. On the other hand any doubling of the percentage of  
Carbon dioxide in the air would raise the temperature of the 
Earth’s surface by 4 K, and if the carbon dioxide were increased 
four fold, the temperature would rise by 8 K.” 

Logarithmic Dependence of Warming on CO2 Concentration 

C = CO2 concentration; C0 = saturation concentration; S = Doubling Sensitivity  



The doubling sensitivity S for greenhouse warming by CO2 is poorly known.  
IPCC claims S = 1.5 K to 4.5 K. 
Could be even smaller! 



D. J. Wilson and J. Gea-Banacloche,  Am. J. Phys. 80, 306 (2012) 

Triangular Approximation to CO2 Cross Section Give Logarithmic Warming 





Cross sections depend on far-wing lineshape at band edges which drive warming! 



Doppler shift 
from molecular 
motion (line core). 

Radiative decay 
(line core). 

         Collisional  
excitation/deexcitation 
transients (far wings). 

Free-oscillation time  
between collisions 
            (line core). 

Physics Behind Shape of Emission Absorption Lines 



H. A. Lorentz (1853 -1928) 

M. Abraham (1875 – 1922) 

Larmor’s radiated power 

The Larmor time  

The Abraham-Lorentz radiation reaction force 
(see Jackson’s E&M for more discussion) 

Newton’s second law of motion 

Viscous damping 
does not work as 
a description of  
radiation damping. 
It does not conserve  
energy.  Radiation 
damping force must  
be proportional to  
the  third deriviative! 

Radiation 

(Pre-QM Fermi’s Golden Rule) 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=YB_Dix4aRWX56M&tbnid=iwA_0rjlqwemMM:&ved=0CAUQjRw&url=http://hyperphysics.phy-astr.gsu.edu/hbase/oscda.html&ei=J7kIVKjOLo-uyATQ5ILQBA&bvm=bv.74649129,d.aWw&psig=AFQjCNHSXdJ3jasjR7oziMVd8q1wp1cH3Q&ust=1409944123053898


A Solution to Newton’s Second Law,  f = ma 



A Useful Special Function For Spectral Line Shapes 



Collision-Free Cross Section (not possible with CO2  in air) : 



Outline of Lineshape Calculation with Collisions 





Far-wing (global warming) cross sections much bigger with Lorentz broadening ( lines) 
than with realistic far-wing broadening (circles). 



390 ppm CO2 



Using Voigt profiles increases 
the radiative-forcing increment 
from doubling CO2 by a factor 
   ~1.4 
But far wing absorption from Voigt 
profiles does not exist! 
 
Need experimental measurements! 



Hartmann, Boulet and Robert, Collisional Effects on Molecular Spectra, Elsevier, 2008 

Voigt Line Shapes Don’t Work in Far Wings! 



“Science is the belief in the ignorance of experts.” 
 

Richard Feynman 

Climate models are not working! Far-wing lineshapes 
(forcing DQ2) are one of many possible causes. Clouds 
(feedback f) probably even more important  

http://en.wikipedia.org/wiki/File:Richard_Feynman_Nobel.jpg

