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Physics in the 20. century

* Views: Elementary Particles, Quantum
Mechanics, Theory of Relativity

e Limit of divisibility (Democritus, Aristotle:
matter not a continuous whole: "From

infinitely small particles, the world can not be
assembled"



Grainy composition of nature

Brownian motion: shift of particles
(under the microscope)

Mikroskop —

Pollenkérner

[.icht

Irregular

Brown: living material?

1. Molecules: disorderly motion collides with particles from all directions by chance
2. Molecules have a mass and are not infinitely small.



5. Uber die von der molekularkinetischen Theorie
der Wirme geforderte Bewegung von in ruhenden
I’Zussoglcezten suspendierten Teilchen; -«
- von A. Einstein.

In dieser Arbeit soll gezeigt Werden, daf nach der molekular-
kaetlschen Theorie der Wéarme in Fliissigkeiten suspendierte
Korper von mikroskopisch sichtbarer GroBe infolge der Mole-
kularbewegung der Whrme Bewegungen von solcher Grife
ausfithren miissen, daB diese Béwegung- T~ioh+ =it dam
Mikroskop nachgewiesen werden kénnen. -'/;E
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560 A. Finstein. Bewegung etc.

Umgekehrt 1aBt sich die gefundene Beziehung zur Be-
stimmung von N benutzen. Man erhilt:

y_ ! RT  G—

A, B8ak P

Moge es bald einem Forscher gelingen, die hier auf-
geworfene, fiir die Theorie der Wiarme wichtige Frage zu ent-
scheiden!

Bern, Mai 1905.



CLIMATE SUB-SYSTEMS
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Predictability:
Weather and Climate

Brown's Particle: Climate

Molecules: Weather
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Bundesliga 2015/2016
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Motivation: Observational Record
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Motivation: Observational Record

1-5 1 | | | 1 | |
HadCRUT4
— GISSTEMP
Uncertainty bounds
1+ L

Temperature anomaly [ C]

0.5

-0.5 | | | | | | | tfé —
1880 1900 1920 1940 1960 1980 2000 2N
Time [years]
Uncertainty largely due to missing
information at high latitudes .
Temperature Anomaly 1930 r——
White areas: not enough data T e ‘ £




Attribution

.greenhouse gas emissions
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Annual mean global SST trends (model) and local alkenone-based temperature trends
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http://de.wikipedia.org/wiki/%C3%96tztaler_Alpen
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Model SST trend (°C/6 kyr)

Holozane Temperaturtrends 6000 Jahre

Annual mean global SST trends (model) and local alkenone-based temperature trends
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SST anomaly (model)/°C/6 kyr
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Problem of the data or models?
Knowlegde of the recorder systems
Scales of the models
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Marine temperature variability

(annual to millennial time scales)
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Current climate models seem to underestimate variability

Laepple and Huybers, 2014; GRL, PNAS



Marine temperature variability

(annual to millennial time scales)
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dT ST Forcing
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