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ck of Modern Physics (ll)

dia Ziemi

Ziemia, mimo szybkiej rotacji dnia/ nocy i powoli nastepujgcyh por
roku, wydaje sie by¢ wieczna jak caly Wszechswiat.

W rzec zywistosci, 2/3 wieku Wszechswiata mineto bez Ziemi a nawet
bez Ukladu Stonecznego.

Ziemia powstata zaledwie 4,5 mid lat temu, z mglawicy planetarnej”
po wybuchu jakiejs Super-Nowej, naszego Pra-Stonca

FoborHunbds Hertads

wielkosci Marsa

Ziemia powstata ze zlepkow pytow w wirujacej chmurze,
bardzo szybko po wybuchu, w ciggu jakis 10 min [at.
Okoto 100 min lat pozZniej w Ziemie uderzyt obiekt

To byly najstraszniejsze 24 godziny w historii naszej
planety: z wyrzuconej materii uformowat sie Ksiezyc




lle lat ma Ziemia?
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Snowball Earth
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Ediacaran
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From left to right: Four main Proterozoic events:

Great Oxidation Event and subsequent Huronian
glaciation; First eukaryotes, like red algae;
Snowball Earth in Cryogenian period; Ediacaran
biotal]

https://en.wikipedia.org/wiki/Snowball Earth



Great Oxygenation Event
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O, build-up in the Earth's atmosphere. Red and green lines represent the range of the estimates
while time is measured in billions of years ago (Ga).Stage 1 (3.85-2.45 Ga): Practically no O, in
the atmosphere. The oceans were also largely anoxic — with the possible exception of O, in the
shallow oceans.

«Stage 2 (2.45-1.85 Ga): O, produced, rising to values of 0.02 and 0.04 atm, but absorbed in
oceans and seabed rock.

«Stage 3 (1.85-0.85 Ga): O, starts to gas out of the oceans, but is absorbed by land surfaces. No
significant change in oxygen level.

*Stages 4 and 5 (0.85 Ga — present): Other O, reservoirs filled; gas accumulates in
atmosphere.ll




lle lat ma zycie na Ziemi?

Geological Timescale

Chase Studios
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ZyC|e na Zleml powstaio praW|e natychmiast - jak tylko Planeta ostygta na tyle,
ze powstaty skaty i woda skroplita sie. Trzy miliardy lat mineto, zanim w
atmosferze zebrat sie w obfitosci (>10%)tlen, pojawity sie rosliny na ladzie |
ryby w oceanach. 400 milionow lat temu na Igdzie krolowaty paprocie i widtaki
a na dnie morz zerowaty trylobity. Kwiaty pojawity sie 200 min lat temu.




Paleontologia
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Columbia 1,590 mld temu

Columbia / Nuna N
1,590 Million years ago (Mya)
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Great extinctions

Marine extinction intensity during the Phanerozoic

https://en.wikipedia.org/wiki/Extinction_event
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W naszym organizmie relikty sprzed 2 mid lat

Cell wall
Cell membrane ———

Peptidoglycan layer —, |

Outer membrane —— §

Fig. 5.5 (a) Il Methanobrevibacter smithii appartiene al regno Archeae vive nell’
intestino umano, dove produce metano digerendo polisaccaridi; esso ha un’anatomia
molto semplice: un groviglio di DNA al centro € una membrana cellulare molto pri-
mitiva, ancora non basata su lipidi; (b) la struttura del batterio azzurro-verde (cia-
nobatterio) ¢ molto piu complicata: contiene delle “sottocellule” specializzate 1n al-
cune funzioni, come la fotosintesi o la replicazione (ribosomi). FONTE: Wikipedia.

G. Karwasz, Scienza e Fede, Aracne Editrice, Roma, 2019



Globalne zlodowacenia jako laboratorium ewolucj

@ < ’ Iig-;'\ : i-i-:

Figura 4.10. (a) Nel periodo delle glaciazioni globali ¢’era gia 1’ossigeno nell’atmo-
sfera: cosi s1 potevano osservare anche le aurore boreali, che sono dovute a O, e NO
(Geodium, Torun). E forse la presenza d’ossigeno provoco grandi fluttuazioni della
temperatura sulla scala globale. (b) Le bocche idrotermali sono ambienti ricchi di
vita sorprendente, ne1 quali I’energia non viene ricavata dal sole, ma dalle reazioni
chimiche. (¢) Il paesaggio desolato di Marte, privo di acqua e di rocce calcaree. In
Giugno 2018, sembra, che sono state trovate le tracce delle sostanze derivanti dalla
decomposizione di molecole organiche: non ¢ da escludere, che in temp1 remoti (un
paio di miliardi d’anni1 fa) sul Marte esisteva qualche forma primitiva di vita. FONTE:
Geodium, Torun (GK); NASA Astrobiology Institute; http://mars.nasa.gov.



paleo-livello del mare (LdM)
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Il Tirreniano

Era Tyrrenska to okres interglacjatu
pomiedzy dwoma ostatnimi
zlodowaceniami, ktore miaty
miejsce odpowiednio 160 tys. i 20
tys. lat temu. W tym okresie, po
tym jak poziom morza obnizyt sie
do 120 metréw ponizej obecnego
poziomu z powodu zamarzania
duzych mas wody na biegunach,
nastgpit jego gwattowny wzrost.
Okoto 125 tysiecy lat temu poziom
morza osiggnat i przekroczyt obecny
poziom o okoto szes¢ metrow.

https://rivistanatura.com/come-e-
cambiato-il-livello-del-mare-nel-
mediterraneo/



Wielkie roztopy 14 tys. lat temu

Home / Press releases / 14 mila anni fa fusione calotta glaciale causa brusco innalzamento del livello globale dei mari

PRESS RELEASE

14 mila anni fa fusione calotta glaciale causa brusco innalzamento del
livello globale dei mari

11/10/2016

Cnr, Ogs e Ingv protagonisti nella ricerca di frontiera in Artico con il P
progetto Arca, finalizzato a comprendere meglio il sistema
climatico e i suoi cambiamenti investigando gli eventi estremi del
passato e i processi che li hanno generati.

Risale a circa 14mila anni fa l'ultima grande fusione della calotta
glaciale artica che ha causato I'immissione negli oceani di grandi
volumi di acque fredde e dolci, alterando la circolazione oceanica
e innescando uno sconvolgimento climatico e ambientale fino
alle zone tropicali. La conferma arriva dalle ricerche nell'ambito
del Progetto Arca (ARctic: present Climatic change and pAst
extreme events), i cui risultati sono stati presentati oggi presso la
sede del Ministero degli affari esteri e della cooperazione
internazionale a Roma.

Il progetto, finanziato dal Ministero dell'istruzione, universita e
ricerca, ha visto impegnati il Consiglio nazionale delle ricerche
(Cnr), in qualita di coordinatore, I'lstituto nazionale di

oceanografia e di geofisica sperimentale (Ogs) e l'lstituto .

L

https://www.cnr.it/en/press-release/7067/14-mila-anni-fa-fusione-calotta-glaciale-
causa-brusco-innalzamento-del-livello-globale-dei-mari
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Past analogues for present and future
climate change

Global Land-Ocean Temperature Index
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Importance of Arctic Past Climate
and Climate Change Studies

Marit-Solveig Seidenkrantz

Centre for Past Climate Studies
& Arctic Research Centre
Department of Geoscience,
Aarhus University (Denmark)
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Arctic ocean
currents

Blue arrows =
cold, relatively
fresh water.

Red arrows =
warm, salty water
from the North
Atlantic

(Jack Cook, WHO/)
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MODERN SEA ICE

Wl Perennial (>87%) I SN P [l Perennial (>87%)

[l Dense (50-87%) 4 S p. [l Dense (50-87%)
Common {20-50%) g 17 % £~ BCommon {20-50%)

B Occasional (15-20%) & B Occasional {15-20%)

[ Rare (0.1-15%) - ¥ [ Rare (0.1-15%)

1953-2003 2003-2013
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[JSnow Extent

BLand

[JPermafrost (Continuous)
[JPermafrost (Discontinuous) [JPerennial Sea Ice
B Seasonal Sea Ice

BGlaciers & Ice Sheets

B Ocean
Table 2.1 Surface area and mass of the various components
of the cryosphere?
Cryospheric component Area Mass
Antarctic ice sheet 2.7 53
Greenland ice sheet 0.35 S
Alpine glaciers 0.1 0.2
Arctic sea ice (March) 3 0.04
Antarctic sea ice (September) 4 0.04
Seasonal snow cover 9 <0.01
Permafrost 5 1

IR O "

Fig. 2.13 Satellite image of the Antarctic ice sheet showing
rate of creep of the ice (in m year ') on a logarithmic scale.

Fea. L 2 k. P e N W e B Al 2a L

Sptyw lgdolodu (Atm. Sci. str. 31)



Glacjosfera: gdzie sie podziejg misie polarne?
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Topnienie Green-landii

lac Gletscher

® Within 1 km
® Overestimated
@ Underestimated
© Poor bathymetry
Mesh resolution (m)
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https://www.nature.com/articles/s41558-022-01441- https://www.nature.com/articles/s43247-021-00092-
2/figures/3 z?fromPaywallRec=false



Topnienie Grenlandii
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https://www.nature.com/articles/s41558-022-01441-2 regresji pozostaje pozioma?

Greenland ice sheet climate disequilibrium and committed sea-
level rise, Jason E. Box et al.

, https://www.nature.com/articles/s41558-022-01441-2
Nature Climate Change volume 12, pages808-813 (2022)




Dryf lodu w Arktyce

coast of Greenland. The white area at the upper left is landfast
ice that is attached to the coast, and the black channel adja-
cent to it is open water, where the mobile pack ice has become
detached from the landfast ice. [NASA MODIS imagery. ]

W Iewym gérnym rogu — |6d przylegajacy Fig. 2.16 Wintertime Arctic sea ice motion as inferred from
do Grenlandii the tracks of an array of buoys dropped on ice floes by air-

. . craft. [Courtesy of Ignatius Rigor. |
Atmospheric Science, str. 34 _ _ _ . o
P Wir ,dookotfa” bieguna to sita Coriolisa (obrot Ziemi)

Kry wyptywajg z obu stron Grenlandii




Ogolnie, interakcja I6d — ocean jest skomplikowana

Ice dynamics will remain a primary driver of Greenland ice sheet mass loss over the

next century https://www.nature.com/articles/s43247-021-00092-z/figures/2
Youngmin Choi et al.

Communications Earth & Environment volume 2, Article number: 26 (2021)




Zlodowacenia holocenu (tj. ostatnie)

This is a preliminary attempt at a map of the Earth during the last Ice Age (at about the
last glacial maximum, 16,000 B.C.). The base map is a modern map of the Earth from
the Visible Earth web site. From various sources ice caps and sea level changes are
indicated; vegetation changes are only partly represented so far. Map centered on 0°
longitude. https://www.johnstonsarchive.net/spaceart/cmaps/earthicemap.jpg




Zlodowacenia holocenu (tj. ostatnie)
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. . Figure 2 | CO, concentration and temperature. a, The global proxy
Zm!any C02 Wyprzedzaja temperature stack (blue) as deviations from the early Holocene (11.5-6.5 kyr
Zmlany tem peratury ago) mean, an Antarctic ice-core composite temperature record" (red), and
J.D. Shakun et al atmospheric CO, concentration (refs 12, 13; yellow dots). The Holocene,

Younger Dryas (YD), Bolling-Allerod (B-A), Oldest Dryas (OD) and Last
Glacial Maximum (LGM) intervals are indicated. Errqr bars, 16 (Methods);
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Poziom morza: predykcja

PERSPECTIVE NATURE CLIMATE CHANGE D01 10.1038/NCLIMATE2923
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Figure 2 | Past and future changes in global mean sea level. a, Long-term global mean sea-level change for the past 20,000 years (black line) based on

palaeo sea level records (black dots with depth uncertainties shown by blue vertical lines)%° and projections for the next 10,000 years for four emission
scenarios (1,280, 2,560, 3,840, and 5,120 Pg C). Time series for future projections (mean and one standard deviation) are based on thermosteric contributions
from the UVic and Bern3D-LPX models, from modelled land-ice changes driven by UVic model runs with an equilibrium climate sensitivity of 3.5 °C, and

from Bern3D-LPX model runs in which the total land-ice contribution was estimated from the relation between the UVic and land-ice model results (see



Fig. 2 Trendy dotyczace lodu Morza Arktycznego. Minimalna roczna powierzchnia lodu
(A) zmalata drastycznie na przestrzeni lat 1979 - 2012.

A

& 6

Ee

E2 a4

£5 ] Arktyka:

£ 7o 1o 1ees 10 1eer 1oes 1997 2o00 2o 20w wwe 2oz ZNIKNEfA juz potowa pokrywy lodowej
B " C

! 7 A { E"
- g
\ "j (e TN

-5 -2.5 0 2.5 5

E Post et al. Science 2013;341:519-524

‘ AY AAAS

Published by AAAS



Topnienie czap polarnych spowolni rotacje
Ziemi (31/03/2024)

https://www.smithsonianmag.com/smart-news/melting-polar-ice-sheets-are-slowing-earths-rotation-that-could-change-how-
we-keep-time-180984046/?utm_medium=distribution&utm_source=pushly&utm_campaign=editorial



Jesli znikng gory Antarktydy...

Surface Temperature (K) FA-C
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The Global Climate Response to 1 T
and the Importance of =

HANSI K. A. SINGH, CECILIA N 0

Department of Atmospheric Science. 5 7

| y — ' :
(Manuscript received 25 Jur m
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-1, 1.5 10 20
A global climate model is used to study the effect of flattening the orography of the Antarctic Ice Sheet on
climate. A general result is that the Antarctic continent and the atmosphere aloft warm, while there 1s modest
cooling globally. The large local warming over Antarctica leads to increased outgoing longwave radiation, which
drives anomalous southward energy transport toward the continent and cooling elsewhere. Atmosphere and
ocean both anomalously transport energy southward in the Southern Hemisphere. Near Antarctica, poleward
energy and momentum transport by baroclinic eddies strengthens. Anomalous southward cross-equatorial en-
ergy transport is associated with a northward shift in the intertropical convergence zone. In the ocean, anomalous
southward energy transport arises from a slowdown of the upper cell of the oceanic meridional overturning
circulation and a weakening of the horizontal ocean gyres, causing sea ice in the Northern Hemisphere to expand
and the Arctic to cool. Comparison with a slab-ocean simulation confirms the importance of ocean dynamics in
determining the climate system response to Antarctic orography. This paper concludes by briefly presenting a

discussion of the relevance of these results to climates of the past and to future climate scenarios.




Magnetosfera

Zorze polarne. Natadowane czastki z promieniowania
kosmicznego (gtéwnie protony) zderzajg sie czgstkami
powietrza zmuszajac je do Swiecenia.

natomiast-azotéwieci w kolorach
purpury i bordo.

© Kamil Fedus
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Mystery of Purple Lights in Sky Solved With Help From Citizen
Scientists

music throughout

P Pl ) o002/212 e o [ 1 3

The Aurora Named STEVE

asa.gov/science-research/heliophysics/mystery-of-purple-lights-in-sky-solved-with-
help-from-citizen-scientists/



Mystery of Purple Lights in Sky Solved With Help From Citizen
Scientists

The Aurora Named STEVE o ~»

Watch later Share

MORE VIDEOS

P o) 120/212 B & Youlube 2

asa.gov/science-research/heliophysics/mystery-of-purple-lights-in-sky-solved-with-
help-from-citizen-scientists/



Mystery of Purple Lights in Sky Solved With Help From Citizen
Scientists

The Aurora Named STEVE

1:39
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Il O 141/212 B & Youlube [

asa.gov/science-research/heliophysics/mystery-of-purple-lights-in-sky-solved-with-
help-from-citizen-scientists/

https://www.youtube.com/watch?v=EMw4OPjRnTo



Mystery of Purple Lights in Sky Solved With Help From Citizen
Scientists

Pause (k)

Il »l o« —e 548/633

Why the Northern Lights could get more intense | BBC Global

https://www.youtube.com/watch?v=EMw4OPjRnTo



UV radiation, atomic oxygen & nitrogen

Accordingly, studies have found O to be the main component of the
atmosphere between 200 and 650km [222, 223], with atmospheric models
predicting that, by volume, 96 % of the atmosphere in low earth orbit consists
of O [224, 225]. As a result, O is essential for cooling the atmosphere

through collisions with other atmospheric molecules or direct radiative cooling
to the ground state [223].

of oxygen-rich
bodies such as Venus [231] and Europa [232].



Zorza polarna ogladana z kosmosu

Wiecej o jonosferze w wyktadzie nr 6, o stratyfikacji atmosfery






Auto-generacja mega-prgdow elektrycznych
— auto-generacje pol magnetycznych
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Physics Today, 2013
389371aa.eps.2.gif



Dynamo bywa kaprysne
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Back and forth throughout history

Neogene )

Canorosc

[ Faloogene

Thiz graph shows the polarty of Earth's magnetic fiskd as far back a3 the Jurassic pediod some 160 million years (myr) ago. Puple denctes pedods
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Bieguny zmieniajg swoj kierunek dos¢ czesto (nawet co kilka min lat)

Zrodio: Physics Today, 2013



Pole magnetyczne Ziemi:
niezbedne do istnienia
atmosfery i dla zycia

(a) (b) \CG)

negative
charges
near nm

=
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Model geo-dynama: prady elektryczne ptyngce w zelaznym, {j. ferro-
magnetycznym jgdrze.



Szczegotowa konfiguracja pola
magnetycznego jest bardzo ztozona

A Magnetic field at CMB B Magnetic field at CMB
dipole + non-dipole field non-dipole only

-300000 0 300000 600000 0 100000
nT nT

Glatzmaier and Roberts 1995



Szczegotowy model geo-dynama i
generowanego pola jest ztozony

Pole magnetyczne odchyla strumienie natadowanych elektrycznie
czgstek ze Stonca, ktore zmiottyby atmosfere ziemskg w kierunku
biegunow

Glatzmaier and Roberts 1995



. Pasy Van Allena: wiatr czgstek
Zzjonizowanych ze Stonca

— Oprocz regularnego pola, w poblizu Ziemi obserwuje sie rowniez pole
magnetyczne zwigzane z silnymi wiatrami wiejgcymi w jonosferze z

predkoscig 100 m/s.

— Pole magnetyczne zabezpiecza nas przed groznym dla zycia strumieniem
czagstek zjonizowanych naptywajgcych ze Stonca

Radlatlon Dose in the Van Allen Belts

losl
"|||-| _._] .i "'_,_-E or .'r

Pasy radiacyjne Van Allena

- odkryte w 1988 r. przez satelite Explorer |,

- wewnetrzny: 2400 — 5000 km nad Ziemia,

- zewnetrzny: 12000 — 25000 km nad
Ziemig

- wypetnione sg protonami i elektronami o
bardzo wysokich energiach

© Justyna Chojnacka

1.00E-4

Courtesy of Joe Fennel at




Pasy van Allena: gwarancja bezpieczenstwa

(AP 38 s Jwd) X1 A TOILAVd

Pole magnetyczne Ziemi, z biegunami na (zimnych) biegunach, utrzymuje (Smiercio-
nosne dla DNA) czgstki natadowane wiatru stonecznego z daleka od ziemi. piscovering

Earth’s radiation belts Daniel N. Baker, and Mikhail I. Panasyuk Citation: Physics Today 70, 12, 46 (2017);

http://www.sinp.msu.ru/ru/system/files/pt.3.3791.pdf



Woda na Ziemi?

Fig. 2.26 The corona around the Earth in this image is due to

the scattering of solar radiation by hydrogen atoms that are
escaping from the atmosphere. [Image from NASA/Dynamics
Explorer/Spin-Scan Auroral Imaging. Courtesy of David Catling. |

Atmosfera Ziemi rozcigga sie az do Ksiezyca,
albo i dalej.

Widzimy to w sygnale (uciekajgcego) z Ziemi
wodoru

Innymi stowy, powstanie zycia na Ziemi, a
przez to obecnosc¢ wolnego tlenu w
atmosferze, zabezpiecza Ziemie przed
ucieczkg wodoru: czytaj wody. Ciekawe,
prawda?

Atmospheric Science, str. 47



Stowik odczuwa zmiany w pola magnetycznego, aby
zmieni¢ swoje upierzenie (i wyemigrowac ze SzwecjL
we wrzeshiu) T
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Uran & Neptun: no magnetic poles

lack magnetic poles | o
) https://physicsworld.com/a/immiscible-ice-layers-may-
17 Dec 2024 Isabelle Dumé explain-why-uranus-and-neptune-lack-magnetic-poles/

Hydrogen and helium

Carbon, Carbon,

nitrogen, nitrogen;
hydrogen hydrogen
mixture mixture
Rocky core Rocky core
" Uranus Neptune

Under the ice: Models for the interior structures of the ice-giant planets Uranus and Neptune have two
distinct, intermediate layers: an upper, water-rich convecting layer where disorganized magnetic fields are

To investigate conditions deep beneath Uranus and Neptune’s icy surfaces, Militzer
developed computer models to simulate how a mixture of water, methane and ammonia
will behave at the temperatures (above 4750 K) and pressures (above 3 x 10° atmospheres)
that prevail there.



Zagadnienia

Skad sie bierze pole magnetyczne na Ziemi?

Czy zmiany pola magnetycznego sa/ bedg globalnymi katastrofami?
Pojecie ,Earth — snow ball”

Pasy van Allena

Dla astronomoéw: czy na Marsie (i Uranie) jest pole magnetyczne?

Czy cztowiek moze odczuwac pole magnetyczne? (do dyskusiji)



Conclusione: I'importanza dell'insegnamento
interdisciplinare delle Scienze

Ksztalcenie nauczycieli chemii

.. : Rubiny, ztote szkio i brazylijskie
- Fisica con Geografia motyle, czyli o kolorach

- Fisica con Chimica w fizyce, chemii i biologii

. . . W artykule przedyskutujemy, niejako od poczatku, zagadnienia
- C h I m I Ca CO n G eo I O I a obserwagji kolorow. Pokazemy, jak rézne aspekty powstawania koloréw
moze nauczyciel zilustrowac prostymi przyktadami praktycznymi.
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