Warmestrahlung — Stefan-Boltzmann Gesetz
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Messpurkt 47.8 “C




Was wenn die Strahlung nur bestimmte Energien
annehmen kann?
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Plancksche Konstante: h = 6.626176 x 1073* Js
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Das ergibt das Planck’'sche Strahlungsgesetz fur einen
schwarzen Korper

w(v, T)dv = (87hv?)/c? [exp(hv/kgT) — 1)] 'dv

u(X, T)d\ = (8mhe)/N° [exp(he/AkpT) — 1)]1dA

Plancksche Konstante: h = 6.626176 x 1073 Js

Und daraus folgt auch das Stefan-Boltzmann'sche Gesetz



Damit konnen wir die Stefan-Boltzmann Konstante
direkt aus dem Planck'schen Gesetz bestimmen

21k W
— — 5.67051(19) - 1078
15c2h3 (19) m2K?4

o

Wir konnen also aus den fundamentalen
konstanten h, k und c, sowie der Solarkonstanten
eine mittlere Gleichgewichtstemperatur der Erde
ausrechnen (inkl Albedo), was 253 K ergabe.



Mit den Bindungseigenschaften erhalten wir die
Absorptionseigenschaften
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Mit den Bindungseigenschaften erhalten wir die
Absorptionseigenschaften

*Bond Lengths, pm *Bond Energies, D, (kJ/mol)

Multiple Bonds Multiple Bonds

C=C 134 0=0 121 C=C 611 0=0 498

=0 120 C=C 837

C=N 127 N=N 122 C=N 615 N=N 418

C=N 115 N=N 113 C=N 891 N=N 946

C=0 113 S=0 133 C=0 1072 S=0 523
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Mittlere freie Weglange und Absorptionsquerschnitt
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File:Absorption-cross-sections-for-CO2-green-and-water-vapour-purple-from-HITRAN.jpg - Wikimedia Commons



https://commons.wikimedia.org/wiki/File:Absorption-cross-sections-for-CO2-green-and-water-vapour-purple-from-HITRAN.jpg

Temperaturen aus Intensitaten (kosmische
Hintergrundstrahlung, Warmebildkamera)
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Wie nimmt der Druck mit der Hohe ab?
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Boltzmann Verteilung!

Dadurch nimmt die Absorptionslange mit der Hohe zu!



Was macht die Temperatur in der

Atmosphare?
VdP
PdV = N pcp,dT’' —dP =0
me,dT Vb _ 0 dF = —pgdz
Y
dT g
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LKS/IGRA temperature trends
Global-mean
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Temperature difference from 1961 to 1990

average of -56 (in degrees centigrade)

The Vostok (Antarctica) Ice Core Record.

Carbon Dioxide versus Temperature for the last 420,000 years.
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Per capita CQO, emissions, 2022 Our World

Carbon dioxide (CO,) emissions from fossil fuels and industry. Land-use change is not included.
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What are the

ur World

cleanest sources of energy? s

Coal
36% of global electricity
Oil

3% of global electricity

Natural Gas

22% of global electricity

Biomass

2% of global electricity

Hydropower

12% of global electricity

Wind

7% of global electricity

Nuclear ener

10% of global electricity

Solar

4% of global electricity

X

Greenhouse gas emissions

Measured in emissions of CO,-equivalents per gigawatt-hour of electricity over the lifecycle of the power plant.
1 gigawatt-hour is the annual electricity consumption of 150 people in the EU.

970 tonnes
N

160-times higher than nuclear energy

720 tonnes
S

65-times higher than wind
440 tonnes

. 78-230
" tonnes

I 24 tonnes

I 11 tonnes

gy | 6 tonnes

53 tonnes
(8 - 83 tonnes, depending on technology and location)

Death rates from fossil fuels and biomass are based on state-of-the art plants with pollution controls in Europe, and are based on older models of the impacts of air pollution on health.
This means these death rates are likely to be very conservative. For further discussion, see our article: OurWorldinData.org/safest-sources-of-energy. Electricity shares are given for 2021.

Data sources: Markandya & Wilkinson (2007); UNSCEAR (2008; 2018); Sovacool et al. (2016); IPCC AR5 (2014); UNECE (2022); Ember Energy (2021).

OurWorldinData.org - Research and data to make progress against the world’s largest problems.

Licensed under CC-BY by the authors Hannah Ritchie and Max Roser.



ur Worl

What are the safest and cleanest sources of energy? g

Death rate from accidents and air pollution

Measured as deaths per terawatt-hour of electricity production.
1 terawatt-hour is the annual electricity consumption of 150,000 people in the EU.

K1230—ﬁmes higher than solar

‘\61 3-times higher than nuclear energy

2.8 deaths -
4.6 deaths-
1.3 deaths .

171,000 deaths from Bangian Dam failure in 1975, China

0.04 deaths ’

0.03 deaths
Includes deaths from Chernobyl and Fukushima disasters

0.02 deaths
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36% of global electricity

Oil
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Natural Gas
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2% of global electricity

Hydropower

12% of global electricity

Wind

7% of global electricity

Nuclear ener

10% of global electricity

Solar

4% of global electricity

X

Greenhouse gas emissions

Measured in emissions of CO,-equivalents per gigawatt-hour of electricity over the lifecycle of the power plant.
1 gigawatt-hour is the annual electricity consumption of 150 people in the EU.
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N
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720 tonnes
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53 tonnes
(8 - 83 tonnes, depending on technology and location)

Death rates from fossil fuels and biomass are based on state-of-the art plants with pollution controls in Europe, and are based on older models of the impacts of air pollution on health.
This means these death rates are likely to be very conservative. For further discussion, see our article: OurWorldinData.org/safest-sources-of-energy. Electricity shares are given for 2021.

Data sources: Markandya & Wilkinson (2007); UNSCEAR (2008; 2018); Sovacool et al. (2016); IPCC AR5 (2014); UNECE (2022); Ember Energy (2021).

OurWorldinData.org - Research and data to make progress against the world’s largest problems.

Licensed under CC-BY by the authors Hannah Ritchie and Max Ros



