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Cloud and ship. Ukraine, Crimea, Black sea, view from Ai-Petri mt.”

(Yevgen Timashov / National Geographic)



(geo)fizyka chmur ~~ meteorologia i klimatologia fizyczna

1nm




#termodynamika
(przemiany fazowe wody,

termodynamika powietrza)

(geo)fizyka chmur ~~ meteorologia i klimatologia fizyczna



(geo)fizyk
)fizyka chmur ~~ meteorologia i klimatologia fiz
yczna

F#termodynamika
(przemiany fazowe wody,
termodynamika powietrza)

&

#mechanika ptynéw
(przeptywy, konwekcja
turbulencja)

portal Polskie] Akademi Nauk

Artykut / Nauka  odkrycia

Problem Za milion dolaréw. Al mogla znalez¢ rozwiazanie?
e

10 wrzesnia 2026

_Dochodzi do pardzo dziwnego

i bezprecetlensowego rozdzielenia
iwani dzi od jej

Nauki éciste i nauki 0 Ziemi
Przez niemal sto |at matematycy nie potrafili rozstrzygnac jednego Z P
pytan dotyczacych przeptywu wody i powietrza. System sztucznej inteligencii
stworzony przez OpenAl miat znalezé rozwigzanie W niespetna cztery dni.

y
zrozumienia”

Dac



(geo)fizyka chmur ~~ meteorologia i klimatologia fizyczna

p - -
(przemiany fazowe wody, r \ g T
)

T g

termodynamika powietrza

B

(przeptywy, konwekcja,
turbulencja)

F#elektromagnetyzm
(optyka chmur, pomiary,
albedo, wytadowania)







https://science.nasa.gov/earth/earth-observatory/ship-tracks-off-europes-atlantic-coast-3275
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pdf(x) - m(x)

auxiliary particle attribute

time: 100 s
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time: 1300 s
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time: 1500 s
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auxiliary particle attribute

time: 2000 s
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time: 2100 s
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time: 2200 s
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time: 2400 s
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auxiliary particle attribute
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auxiliary particle attribute

time: 3300 s
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koncentracja kropel o rozmiarze x:
c(z,t) : RT x Rt — R
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pdf(x) - m(x)

auxiliary particle attribute

time: 3600 s
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réwnanie koagulacji Smoluchowskiego

koncentracja kropel o rozmiarze x:
c(z,t) : RT x Rt — R

zalezno$¢ tempa zderzen od rozmiardw:
a(zi,z2) : RT x RT — RY
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Fig. 1. Time-lapse photos of statues at Herten Castle near Recklinghausen, Westfalia, Germany, built in 1702. The left side picture was taken in 1908, the right
side picture 1969, showing almost complete destruction of the surface. Porous Baumberg sandstone is composed of mostly quartz grains which are cemented
with soluble calcite. Photos and informaiion were supplied by Mr. Schmidt-Thomsen, Landesdenkmalamt Westfalia-Lippe, Muenster, Germany.

Winkler 1976, DOI:10.1007/BF00182871
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Journal of Geophysical Research: Atmospheres

RESEARCH ARTICLE
10.1002/2016JD025251

Key Points:

+ Very ice active Snomax protein
aggregates are fragile and their ice
nucleation ability decreases over
months of freezer storage

- Partitioning of ice active protein
aggregates into the immersion oil
reduces the droplet's measured
freezing temperature

The unstable ice nucleation properties of Snomax®
bacterial particles
Michael Polen’, Emily Lawlis’, and Ryan C. Sullivan'

'Center for Atmospheric Particle Studies, Carnegie Mellon University, Pittsburgh, Pennsylvania, USA

Abstract snomax®is often used asa surrogate for biological ice nucleating particles (INPs) and has recently
been proposed as an INP standard for evaluating ice nucleation methods. We have found the immersion
freezing properties of Snomax particles to be substantially unstable, observing a loss of ice nucleation ability

(30} Snomax

INTERNATIONAL

reuters.com/markets/commodities/

making-snow-stick-wind-challenges-winter-games-slope-makers-2021-11-29
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About v News v  Science v Q cloud experiment ® English

Q. cloud experiment

Tags v All categories v

Search results for: “cloud experiment”
Showing 1-10 of 95 results

CLOUD experiment uncovers a major new source of marine aerosol particles

CLOUD experiment uncovers a major new source of marine aerosol particles CLOUD experiment uncovers a major new source of marine
aerosol...

24 June 2026

CLOUD experiment resolves puzzle of new aerosol particles in upper troposphere

Isoprene emitted by tropical forests may provide a globally important source of aerosol particles that influence clouds, according to a
new study by...

4 December 2024

CERN's CLOUD experiment shines new light on climate change


https://home.cern/?s=cloud+experiment

https://home.cern/science/experiments/cloud

About v News v

Science v

A brief tour of the CLOUD experiment at CERN, and its scientific aims (Video: Noemi Caraban/CERN). Source:

The CLOUD experiment involves an i

plinary team of scientists from 17 institutes in nine countries,
comprising atmospheric physicists and chemists, and cosmic-ray and particle physicists. The Proton

Synchrotron provides an artificial source of “cosmic rays” that simulates natural conditions between ground

[EEEWRGERIEICEEENA beam of particles is passed through the cloud chamber and its effects on aerosol
production or on liquid or ice clouds inside the chamber are recorded and analysed]
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https://open-atmos.github.io/PySDM

What is PySDM?

PySDM is a package for simulating the dynamics of population of particles| ?enffom
lundergoing diffusional and collisional growth (and breakage) IR I Time:0min e
features a Pythonic high-performance (multi-threaded CPU & CUDA GPU) -

ER SN s per Droplet Method (SDM) Monte-Carlo algorithm [ a0 edbBbo

representing collisional growth (Shima et al. 2009), hence the name. It is

intended to serve as a building block for simulation systems modelling m ¥ 1200 —;DDD;JESA

ER VIV EREEELRELEER, with PySDM being responsible for

representation of the dispersed phase. Currently, the development is focused 5 7 ¢ 900 5
on atmospheric [Tl R T, in particular on modelling the ; : e, LM
dynamics of particles immersed in moist air using the particle-based (a.k.a. i 9
super-droplet) approach to represent aerosol/cloud/rain microphysics. The key

goal of PySDM is to enable rapid development and independent reproducibility &

of simulations in cloud microphysics while being free from the two-language 300 M;P 900 1200

barrier commonly separating prototype and high-performance research code. ()

PySDM ships with a set of examples reproducing results from literature and Arows scale with Courant

serving as tutorials. The animation shown here depicts a flow-coupled number C=u-At/Ax, reflecting
simulation in which the flow is resolved using PySDM's sibling project: the grid spacing ax and ay.
PyMPDATA. The examples include also single-column setups (with PyMPDATA
used for advection) as well as adiabatic cloud parcel model setups (with

PySDM alone sufficient to constitute a microphysics-resolving cloud parcel| "v‘wﬂr,‘\) simulation and generating the visualisation
Imodel in Python N using Paravie

multiplicity

effective radius (um)

Jupyter notebook setting up and running the above



https://open-atmos.github.io/PySDM
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There is NO CLOUD, just other people s computers
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?’ CYFRONET

Akademickie Centrum Komputerowe Cyfronet AGH

https://www.cyfronet.pl/pl/supercomputers

Nasze superkomputery

Cyfronet jest operatorem maszyn notowanych na listach: TOPS00 - najszybszych, oraz Green500 -
Athena, Ares, Prometheus i Faeton.

y superkomputeréw na $wiecie. Zobacz superkomputery: Helios,

Dziatajacy Dziatajacy

Dziatajacy
Helios Athena Ares

Nowe $wiatfo dla innowacji w polskiej nauce i

W latach 2022 i 2023 najszybszy superkomputer w Potgzne wsparcie zasobéw Cyfronetu, 4 PFlops mocy
gospodarce, 37 PFlops mocy obliczeniowej.

Polsce, 7,7 PFlops mocy obliczeniowej. obliczeniowej.



https://www.cyfronet.pl/pl/supercomputers

https://open-atmos-krk.github.io/projects



https://open-atmos-krk.github.io/projects

Dziekuje za uwage, powodzenia na studiach!

Zesp6t Fizyki Srodowiska:
https://zfs.agh.edu.pl/


https://zfs.agh.edu.pl/

