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Climate Change...Why the cause for concern?

Climate change is the major, overriding environmental issue of our time,
and the single greatest challenge facing environmental regulators. It is a
growing crisis with economic, health and safety, food production,
security, and other dimensions.

United Nations Environmental Program
http:/mwww.unep.org/climatechange/

The Earth is solar powered!

Electromagnetic radiation from the Sun reaches the Earth and ...........cccceuvevneee. it.

Earth will maintain thermal .........ccccoeve e,
(constant average temperature) as long as
energy in (from the sun) ....ccccoeveveieiecennns

energy out (from the earth).
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Linear and Logarithmic Scales

Physical values often take on a vast ......cccecvveerenee. of values.
Temperatures can range from absolute zero (0 K) to hundreds of .........cccccevvvviieernnes of degrees.
Object D)
Temperature
1K 100 K 10,000 K 10,000,000 K
0K -272°C -173°C 9,727 °C ~10,000,000 °C

Wavelengths of electromagnetic radiation vary from a tiny 10'?> metre for gamma rays to 1000 (103)

Metres for ...vene e e, waves.
Radiation Type Radio Microwave Infrared Visible Ultraviolet  X-ray Gamma ray
Wavelength (m) 10° 1072 10°° 0.5x10°® 108 10710 10712

Corresponding frequencies of electromagnetic radiation vary from a 10,000 (10%) Hz for radio waves to

1020 HZ fOF v rays.
104 10® 102 10'° 10'® 10'® 10%°

A Linear scale has even scale divisions.

°C 0 10 20 30 40 S50 60 70 80 90 100

To represent a vast range of values on graphs or diagrams, a logarithmic scale is often used.

)

1K 10K 100K 1,000 K 10,000 K 10,000,000 K

On a logarithmic scale, values go up by a factor of .................. for each scale division.
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Linear and Logarithmic Scales (Continued)

How to interpret logarithmic scales.

Each mark represents a ten-fold increase in the value of the temperature.

)

K 1K 10K 100K 1,000 K 10,000 K 10,000,000 K
|
| | I 1T 1riri | I 1T 1rrri
100K 200 300 1000K 2000 3000 10,000K
(10%K) (10%K) (104K)

The marks within each ‘decade’ get closer and closer together and each represent the same change in

the temperature.

Surface temperatures for the Earth and the Sun are shown on this logarithmic scale below.

I T ;1 1T T 1111 T 1T 1T T T1T11
100K 200 /300 1000K 2000 3000 10,000K
(102K) (10°K) (104K)
Earth's average surface 288 K 5778 K  Sun's surface temperature
temperature (15°C)
On some graphs the horizontal axis represents increasing f..........cccceceevevverveeceessecseennes
Object
Temperature )
1K 100 K 10,000 K 10,000,000 K
-272°C -173°C 9,727 °C ~10,000,000 °C
increasing frequency W
C = f?\, <mm increasing wavelength
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Linear and Logarithmic Scales (Continued)

On other graphs the horizontal axis represents increasing wavelength.

Object
Temperature ((

10,000,000 K 10,000 K 100 K 1K
~10,000.000 °C 9,727 °C =173 °C -272°C

g increasing frequency
increasing wavelength [

Sometimes the scale on the horizontal axis will be linear and sometimes it will be logarithmic. Be sure to

check carefully.

Electromagnetic Radiation from the Sun and the Earth.

Earth (15°C) 288 K €8  sSun5778 K

b

Object —_— )
Temperature T
1K 100 0,000 K 10,000,000 K
0K -272°C -173 9,727 °C ~10,000,000 °C
Radiation Type Radio Microwave Infrare isible Ultraviolet  X-ray Gamma ray
Wavelength (m) 10° 107? 107° 5x107° 1078 10710 10712
Frequency (Hz) .
10* 10° 10%? 10° 10'° 10'® 10°
The most intense radiation from the Sun will be inthe v........cccoeeeveeene. part of the electromagnetic

spectrum. Wavelengths of the order of 10°® m and frequencies of the order of 104 Hz.

All of the radiation from the heated up Earth will be in the infrared region. Wavelengths of the order of
10° m.



What do we know about Electromagnetic radiation from the Sun? w n
Curiously, the Sun can be modelled as a “Black Body Radiator".
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Intensity versus Wavelength graph showing Black Body Radiation for an object at 5000 K, a similar

temperature to the surface of the Sun (5778 K)
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The most intense radiation from the Sun will be in the visible part of the electromagnetic spectrum.

There will also be plenty of infrared radiation and some ultraviolet radiation.

Extra Notes




Wien’s Law

As the temperature of a black body radiator decreases, the intensity of its radiation also decreases.

however, the wavelength of ..........ccccoeuveueene. intensity radiation, Amax, feeeeeeerecveeeneeceeceeevereerenee.

3000 Degrees Kelvin

w4000 Degrees Ke lvin

5000 Degrees Kelvin

Amax|] = constant

intensity

Wien's Law

wavelength (x10-°m)

Wien's Law

Amax | = constant

Where
Amax = wavelength of maximum light intensity emitted by black body
radiator at temperature T (m)

T = Temperature of black body radiator (K)

Wien's constant = 2.9 x 103 metre-Kelvin (mK)

The earth reflects visible light from the sun but emits no
visible light of its own.

The earth can also be modelled as a black body radiator.
Sun heats up the earth, raising its temperature, and as a
FESUIL, v radiation is re-radiated

from the Earth.




a Use Wien's Law to determine the wavelength of maximum intensity radiation from the Sun
given the sun's surface temperature is 5778 K.

b What part of the electromagnetic spectrum does this radiation come from?

C Use Wien's Law to determine the wavelength of maximum intensity radiation from the
Earth given that the average surface temperature is 15°C.

d What part of the electromagnetic spectrum does this radiation come from?

The Power of Black Body Radiation

Power = rate of transfer of energy (Watts, W), that is, hNOW ......ccccceeeeerniniinriceenee. energy is transferred

from one type to another.

A 100 Watt light globe transfers electrical energy into

heat and light energy ......ccoceevvenene. as quickly as a 50 " A\,

Watt globe and appears to be much b........ccccoeevernneene. 50 Watt

100 Watt

The concept of Power can be applied to radiated energy from a black body radiator, but units are Watts

Power = rate of transfer of ......cueceeccecceecnnnens (Watts per square metre Wm?2)




Stefan Boltzmann Law

Power of a black body radiator is given by the area under the Intensity versus wavelength graph.

3000 Degrees Kelvin

== 4000 Degrees Ke lvin

5000 Degrees Kelvin

intensity

Power OC Temperature?

< \g\\tf% "
1500 2000 2500

wavelength (x10-°m)

Stefan-Boltzmann Law

P x T Power X Temperature?
or P= oT?
Where

P = Power of thermal radiation from a black body radiator (Wm<)
T = Temperature of black body radiator (K)

O = Stefan-Boltzmann's constant = 5.67 x 108 Wm-=2K+4

What determines the Earth’s surface temperature?

Radiation from Sun

Average Value = 340 Watts per square metre

Radiation reflected from Earth
Average Value = 100 Watts per square metre

340 - 100 = 240 Watts per square metre
absorbed by the earth!
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For the Earth to be in thermal equilibrium, ................ Watts
would need to be re-radiated from the Earth's surface.
What temperature does this correspond to?

We can calculate this using the Stefan-Boltzmann Law

P= oT?

Worked Example

The earth can be modelled as a black body radiator, emitting thermal radiation at a rate of 240 Watts
per square metre

a What temperature does this correspond to? Give your answer in K and in °C.

b What type of Electromagnetic Radiation would this be?
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Stefan-Boltzmann

prediction for earth's - 1 80C

surface temperature

Actual average earth

surface temperature 1 5OC

since last ice-age

7 Why the big difference?

10



