Notes on Radiation – Steve’s Lectures: 09/26, 10/01

Infrared radiation = thermal radiation = heat


It gradates gradually into the visible

Think of a wood stove:


When you first start the fire, you don’t feel anything – the stove is cold


But, as time passes, it warms up – you feel the heat, but you can’t see it


Add more wood and really get it “hopping” – if you turn off the lights, you will see it glowing a 

dim red


Add yet more wood, and it becomes brighter & brighter red.


You could, if it didn’t explode, experience the entire visible spectrum from colder to hotter

Wien’s Law Diagram
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The sun emits radiation in what range?  T ( 6000 K


Wien’s Law says:  
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So, the sun emits maximum radation at 
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 (in the solar spectrum)

The room is at T = 295 K, so 
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 (in the thermal spectrum)

Energy transfer (from hot to cold) occurs in three ways:

Radiation – transfer through air (e.g., sun)

Conduction – transfer along/between objects (e.g., touch a hot poker)

Convection – movement caused by convective air movement (e.g., thermals off stove)

Stefan_Bolzman Law says 
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Net Radiation

Basically it is the difference between thermal in and thermal out

Rn = (1-()ls + EL(T4surf - (T4sky
Figure 7.2 Earth’s Energy Balance & Effects of Daylength

The biggest effect on temperature change at the surface is moisture status.  If the surface is wet, more solar radiation is spent on evaporation & less on heating.

There has been a big change in temperature in the last 2 weeks (from 80 to 50) – WHY?

Change in daylength – maximum change right now at ~4 min/day in Missoula (1/2 hour/week).

There has been enough rain to wet the surface (regionally), which has switched the partitioning of energy from heating (H) to evaporation (LE).  Also, we are on the fall storm track, with rains every 4 days or so.  These clouds also reduce incoming radiation.  Therefore, we won’t see 80 again until next year.

Calculating Incident Radiation (Transparency)


I = S cos(Z)

S ~ 1000 W m-2; Z = solar zenith  angle


Z = col-1(sin(latitude)sin(solar declination) + cos(latitude)cos(solar 

declination)cos(H))

H = hour angle


H = 15( * (Time – 12)

The Arctic Circle defines the point on the earth where, on December 21, the sun doesn’t rise above the horizon.

Right now in Fairbanks, daylength changes by ~12 minutes/day (changes the most at the equinoxes of Sept/Mar 21).

In the tropics, there is no real change in daylength, and there is no change in incoming energy.  So, there is no seasonal changes in temperature.  The only thing that does have seasonality is rainfall – monsoon season.

Potential Incoming Solar Radiation – Slope Effects


See Handout

In the summer, the sun rises to the northeast of us (in Missoula) and sets to the northwest of us.  So, do north-facing slopes near Missoula ever get direct sun?  Yes, of course, during sunrise & sunset in the summertime.

On June 21, the flat surface (heavy line) gets slightly more radiation than a south-facing slope, but it is not profound.

The biggeest effects of this are seen in the northern Rockies.

Around Missoula, we can really see it near the L on Mt. Jumbo.  It is not an issue during the summer, but during the winter, snow that falls on the south-facing slopes will melt – they will even have less snow than flat surfaces.  On northern slopes, however, the snow piles up, increasing available moisture after snowmelt.  Therefore, trees in this area grow on north-facing slopes since there is more moisture there. South-facing slopes get too hot & dry during the summer since there is no buildup of moisture to both support trees & evaporate to cool the area.
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