Blackbody radiation and solar radiation

1) More on Blackbody Radiation;

Black body radiation

2) Magnitude of Solar radiation



Summary

1) Radiation power mainly concentrated in an interval of
wavelengths near the peak. The peak in the power
spectrum moves to longer wavelengths when T decreases.

A T=2898%x10"meK

peak
Wien’s displacement law

2) The integrated (the area below the power spectrum) or
total radiation power per unit surface area decreases as T
decreases.

§= ol* J/m’s; 0=5.6703x10"°W /m°K".

Stefan-Boltzmann Law



Q1

At about 6000K, the sun is radiating light
with peak wavelength about 480nm. For
human bodies, estimate the peak
wavelength of the blackbody radiation.
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Blackbody radiation at T=310K



Power density (milliwatts/m ?)

Far : Millimeter waves, commaonly

Infrared : called microwavas atove
' about 100 on this scele

- 10 15 20
x 0.1 milimeters = wavelangth

Blackbody radiation at T=3K



Q2

Currently, the temperature of our universe is
measured to be 2.7 K. Find the ratio between
the radiation power per unit area of the
universe (P1) and the radiation power per unit
area of our human bodies (P2), i.e. P1/P2.

1) 10,000;
2) 1;

3) 107(-2);
4) 10/(-8).



Solar radiation

« Solar constant ~1.4 kW/m?
( iIncoming radiation POWER per unit area ).

Or more accurately annual average solar
constant S = 1367 W/m?
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Q3

In Fei's backyard, there are garden lights powered
by solar energy. The size of solar panel is about

5X5 cm”2 and in summers in Vancouver, it is
under sunshine for about 12 hours each day.
Estimate how much energy is stored everyday
In solar batteries.

1) 5000KJ;
2) 50 KJ;
3) 1KJ;
4) 100 J.



Q4

For a garden light to be on for a whole night,
estimate how many watits (at most) can it
have?

0.1 W
2 W:

60 W;
200 W
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Energy Balance of the Earth

* Incoming energy flux: Solar energy;
* |Internal heat (won't be considered);

« Outgoing energy: Radiation by the earth.



Reflection coefficients or Albedo

» QOverall average reflection coefficient of an
object: Albedo

* Albedo of the Earth is about A = 0.3 which
means that the Earth as a whole reflects
30% of solar radiation.



Total power of the
iIncoming radiation
Pin= (1 'A) S 1T I:{Ear’[h2
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Terrestrial flux
area = 4t R°

Example from Roland B. Stull, Meteorology for Scientist and Engineers



