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Chapter 2 Topics

• Energy and how it is transmitted

• All about Radiation

• The solar constant

• The earth’s orbit and seasons

• Resulting radiation distribution



Energy

Energy – the property of a system that allows it to do work. 
The work transforms the energy from one type to another.

Kinetic Energy = energy of motion KE = (1/2)mv2

As speed increases, KE increases.  

Mass is also included in the equation, so if two substances 
(water and air) have the same velocity, water has more KE 
due to a higher mass.



Kinetic Energy

Kinetic Energy or energy of motion

Sound energy
Chemical energy

(Mechanical)

(Radiant)

Nuclear energy



Kinetic Energy

Heat or thermal energy – related to temperature

heat ≠ temperature

If heating both beakers, more energy is required to heat “A”. 
If both heated to 100C, “A” will have more thermal energy.



Potential Energy

Potential Energy – the energy of a system due to it’s position

The water behind a dam has a great deal of potential energy     
PE = mgh



Radiation – Radiant Energy

Energy propagated in the 
form of electromagnetic waves 

amplitude



Electromagnetic waves

Fig. 2.6

equal amplitude equal intensity

different wavelength  different 
forms of energy



Electromagnetic spectrum

Fig. 2.7

At one end of the spectrum are 
the long radio waves, the same 
waves radio stations emit.

Stars and gases in space also 
emit radio waves.

IR radiation is often thought of 
as heat, because it makes us 
feel warm.

Visible light is EM energy which 
can be detected by our eyes.

UV radiation damages plant 
and animal tissue, it can cause 
a sunburn.

Only extremely hot objects or 
particles moving at very high 
velocities can create high-energy 
radiation like X-rays and gamma-rays.



All objects with a temperature
above absolute zero emit radiation

A blackbody emits and absorbs
the maximum amount of energy

per wavelength

The earth and sun are near 
blackbodies, the atmosphere is not



Plank’s Law

Planck's law describes the electromagnetic radiation 
emitted by a black body at a specific temperature.

Fig. 2.8
The equation is complicated, but results in a curve with a characteristic shape.
The curve indicates the amount of energy emitted at specific wavelengths.



Characteristics of Ratiation

Hotter bodies emit more energy 
than cooler objects.

The amount of energy emitted varies by wavelength

The area under the curve 
represents the total energy 
emitted, and it is related to 
temperature by the Stefan-
Boltzmann Law.



𝐼 = 𝜎𝑇4

If you double the temperature 
of a blackbody, emitted energy 
increases by 16.

𝐼 ∝ 𝑇4

Sun: 64,000,000 Watts/m2 Earth: 340 Watts/m2

Stefan-Boltzman



Wein’s Law

λmax =      constant 
T

Wavelength of maximum emission = 2928/T

Sun (5800K, 5000 C):
λmax = 0.5 μm

Earth(288K, 15 C):
λmax = 10 μm



http://profhorn.meteor.wisc.edu/wxwise/planck/h5/planck.html



Now that we know everything
about radiation, let’s return to

the three types of heat transfer.



Heat Transfer Mechanisms

• Radiation – propagated without a transfer mechanism, (space)

• Conduction – transfer from molecule to molecule

• Convection – transfer by mass movement of a fluid

Fig. 2.4



Conduction is the heat 
transfer from one molecule 
to another.

As temperature increases, 
molecular vibrations 
increase, then vibrations in 
adjoining molecules 
increase.

The transfer is always from 
more energy to less, or 
from warm to cold.

Heat Transfer by Conduction



Convection is the transfer of heat through 
mass movement of a fluid. Both air and water 
are fluids.

While it is difficult for the atmosphere to 
transfer heat by conduction, convection 
happens naturally in the atmosphere.

Heat Transfer by Convection



Heat Transfer by Convection

When air near the warm ground is warmed by conduction, the air heats, becomes less 
dense, and rises (a thermal).  “Convective” clouds develop.



Once a thermal is initiated, and the air rises, it cools by expansion.  Cool air that sinks 
warms by compression.

Heat Transfer by Convection: 
resulting vertical circulations



Heat Transfer by Convection







Solar Constant

Solar Constant –
Energy emitted by a sphere 
decreases in intensity due to 
a increase in area. 

The radiation diminishes in 
proportion to the distance 
squared (inverse square 
law).

Earth: 1361 W/m2

Mars:  445 W/m2

Fig. 2.10



Earth-Sun Geometry

Fig. 2.11



Earth’s Tilt – 23.5o

Arctic Circle

Tropic of Cancer

Equator

Tropic of Capricorn

Antarctic Circle

Fig. 2.14



The tilt results in seasons

Fig. 2.12



http://profhorn.meteor.wisc.edu/wxwise/seasons/h5/seasons.html



Solar Angle

Solar radiation is directly related to solar angle:

– Higher solar angles reduce beam spreading, greater intensity

– Lower angles induce less intense radiation



Impact of Atmosphere





Solar Paths





http://profhorn.meteor.wisc.edu/wxwise/radiation/sunplot5.html


