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Uvod do teorie
plazmatu

V textu byly pouzity nékteré obrazky a text z knihy:

P. Kulhanek, Uvod do teorie plazmatu, AGA 2011, Praha.

UVOD DO TEORIE PLAZMATU
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and “for the theoretical discovery of a mechanism that
contributes to our understanding of the origin of mass of subatomic particles, and which
recently was confirmed through the discovery of the predicted fundamental particle, by the
ATLAS and CMS experiments at CERN’s Large Hadron Collider”

Normal matter ....4.83%
... and now 1t is clear ....



https://www.nobelprize.org/prizes/physics/2013/
https://www.nobelprize.org/prizes/physics/2013/englert/facts/
https://www.nobelprize.org/prizes/physics/2013/higgs/facts/

02. 10. 2018

J

The 2018 Nobel Prize in Physics on October 2, 2018, was awarded to Arthur Ashkin of the
US, Gerard Mourou of France and Donna Strickland of Canada.

Arthuru Ashkinovi za vynélez tzv. optické pinzety a jeji aplikaci v biologickych systémech.
druhou polovinu se pod€li Francouz Gérard Mourou a Kanad’anka Donna Stricklandova, autoti metody generovani
velmi kratkych optickych pulzi s vysokou intenzitou.

Nobelova cena za fyziku (4)
1903 -

1963 - Maria Goeppert-Mayer
2018 - Donna Strickland

Charles University Prague


http://www.converter.cz/fyzici/curie-sklodowska.htm
http://www.converter.cz/fyzici/curie-sklodowska.htm
http://www.converter.cz/fyzici/curie-sklodowska.htm

“for contributions to our understanding of the
evolution of the universe and Earth’s place in
the cosmos”

James Michel Didier

Peebles Mayor Queloz
“for theoretical “for the discovery of an exoplanet

discoveries orbiting a solar-type star”

in physical

cosmology”

THE ROYAL SWEDISH ACADEMY OF SCIENCES


https://www.nobelprize.org/prizes/physics/2019/summary/

(6. 10.) Roger Penrose, born 1931 in Colchester, UK. Ph.D. 1957 from
University of Cambridge, UK. Professor at University of Oxford, UK.

Reinhard Genzel, born 1952 in Bad Homburg vor der Hohe, Germany.
Ph.D. 1978 from University of Bonn, Germany. Director at Max Planck
Institute for Extraterrestrial Physics, Garching, Germany and Professor
at University of California, Berkeley, USA.

Andrea Ghez, born 1965 in City of New York, USA. Ph.D. 1992 from
California Institute of Technology, Pasadena, USA. Professor at
University of California, Los Angeles, USA.

Roger Penrose Reinhard  Andrea

The Nobel Prize in Physics 2020 was divided, one half
“for the discovery that Genzel Ghez ded R P y " he di hat black hol
black hole formation “for the discovery of a awar e t(_) oger enrose_ _Ort € discovery that black hole
is a robust prediction supermassive compact object formation is a robust prediction of the general theory of
of the general theory at the centre of our galaxy” relativity", the other half jointly to Reinhard Genzel and
ofikel Aty Andrea Ghez "for the discovery of a supermassive compact
THE ROYAL SWEDISH ACADEMY OF SCIENCES Obiect at the centre of our qalaxv_"

Nobelova cena za fyziku zZeny (4x)

1903 -

1963 - Maria Goeppert-Mayer

2018 - Donna Strickland

2020 - Andrea Ghez Cenu za fyziku doteraz udelili 212 vedcom.

Doteraz cenu ziskali tri Zeny, Marie Curiova v roku 1903, Maria Goepper-Mayerova
v roku 1963 a Donna Stricklandova roku 2018.


https://www.nobelprize.org/prizes/physics/2019/summary/
http://www.converter.cz/fyzici/curie-sklodowska.htm
http://www.converter.cz/fyzici/curie-sklodowska.htm
http://www.converter.cz/fyzici/curie-sklodowska.htm

BREAKING NEWS: The Royal Swedish Academy of Sciences has decided to award the
2021 in Physics to Syukuro Manabe, Klaus Hasselmann and Giorgio Parisi “for
groundbreaking contributions to our understanding of complex physical systems.”

05. 10. 2021

“It’s clear that for the future
generation, we have to act now in a
very fast way.” - 2021 physics
laureate Giorgio Parisi speaks about
the current climate situation at this
morning's press
conference.

Syukuro NET Giorgio
Manabe Hasselmann Parisi —— T the | v of
“for the physical modelling “for the discovery of the _Or Iscovery of the _Interp ay 0 .
of Earth’s climate, quantifying interplay of disorder and disorder and fluctuations in physical
variability and reliably fluctuations in physical .
predicting global warming” systems from atomic systems from atomic to Dlanetarv
to planetary scales” scales.

THE ROYAL SWEDISH ACADEMY OF SCIENCES
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https://twitter.com/hashtag/NobelPrize?src=hashtag_click
https://twitter.com/hashtag/NobelPrize?src=hashtag_click

05. 10. 2021

2021 Nobelova cena za fyziku byla udélena z jedné poloviny spole¢né Syukuro
Manabemu a Klausi Hasselmannovi ,,za fyzikalni modelovani zemského klimatu,
kvantifikaci jeho proménlivosti a spolehlivou predpovéd’ globalniho oteplovani* a z
druhe poloviny Giorgiu Parisimu ,,za objev vzajemneho pusobeni neusporadanosti a
fluktuaci ve fyzikalnich systémech od atomarnich po planetarni métitka“.

: 10
Charles University Prague typical for 2021 @



04. 10. 2022

Charles University Prague

Alain Aspect John F. Clauser Anton Zeilinger

Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

The Nobel Prize in Physics 2022 was awarded to
Alain Aspect, John F. Clauser and Anton Zeilinger
"for experiments with entangled photons,

establishing the violation of Bell inequalities and
pioneering quantum information science"
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28 KTEROU SE Z PREMIRY INFORMACT ZAHE BLEMOUT,

(,Vim, Ze nic nevim.* I know that I know nothing)

THE EXPERTS SPEAK'

“There is not the slightest indication 'rhd‘r [nuclear| energy will ever
be obtained” Albert Ei m, 195

“Anyone who expects a source of power from the transforn
these yms is talking moonshine.”
Elektfina 1 MWwh
163.83 EUR 207.66%

ddus hence, [when controlled fu
just like the unmetered air.”

“elvin, 1897

' is equipped with 18,000 vacuun
’H Tnnw (:c'unl')u‘r(’rw in the future may hrﬂv only

cuum tubes .111(1 perhaps only weigh 13 tons.” Popula;

0Ok ought to be enough for anybody.” Bill Gates, 1981
C. Cerf and V. Ns v, Villard, New York, 1

University of California, Berkele



Motivation: e, H*. H, H-, H2+, H29 ....H3+

Just for pleasure. The Privilege of Being a Physicst

here are certain obvious privileges that a physicist en-

_1 tpnml."' i} joys in our society. He is reasonably paid; he is given in-

E nt : struments, laboratories, complicated and expensive ma-
chines, and he is asked not to make money with these tools,

like most other people, but to spend money. Furthernmre,

he is supposed to do what he himself finds most interesting,

S (7) o

and he accounts for what he spends to the money givers in
the form of progress reports and scientific papers that are
i much too specialized to be understood or evaluated by those

who give the money—the federal authorities and, in the last
. - analysis, the taxpaver. Still. we believe that the Dursmt of
Oric U d OuC science by the | & *® o, =

ported by the p J g - - .
92.1% of nucleons in the universe are protons 22::1:.[3 iﬁifﬁ
7.8% are helium nuclei ! physics only; we
ral sciences, bu
ences, that is, -
formed without

Cosmic Abundance

H e of some elements

Element Abundance b
hydrogen (H)  1.000.000 “Intelligent play with siplé, natural
a . a . helium 80.147 phenomena, the joys of discovery of
oxygen 739 unexpected experiences, are much better
C N O Ne catbon a1z ways of learning to think than any
teaching by rote.”
. . . . neon 138
Mg Si S Ar nitrogen 91
. magnesium 40
ilcon
Fe Sil 37

Sulfur 19
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Plasma

History of the term “plasma” In the mid-19th century the Czech physiologist
Jan Evangelista Purkynje introduced use of the Greek word plasma (meaning “formed
or molded”) to denote the clear fluid which remains after removal of all the corpuscular
material in blood.

Half a century later, the American scientist_lrving Langmuir proposed in
1922 that the electrons, ions and neutrals in an 1onized gas could similarly be considered

as corpuscular material entrained in some kind of fluid medium and called this
entraining medium plasma. However it turned out that unlike blood where there really is
a fluid medium carrying the corpuscular material, there actually is no “fluid medium”
entraining the electrons, ions, and neutrals in an ionized gas. Ever since, plasma
scientists have had to explain to friends and acquaintances that they were not studying
blood!

Jan Evangelista Purkyné was a Czech anatomist and physiologist. In 1839, he coined the term protoplasm for the fluid substance
of a cell. He was one of the best known scientists of his time. Wikipedia

Purkyné also introduced the scientific terms plasma (for the component of blood left when the suspended cells have been
removed) and protoplasm (the substance found inside cells.)


https://en.wikipedia.org/wiki/Jan_Evangelista_Purkyn%C4%9B

Plasma

* Velmi Casto se o plazmatu mluvi jako o Ctvrtém skupenstvi :
hmoty

» Nazev plazma pro ionizovany plyn poprve pouzil Irwing
Langmuir (1881-1957) v roce 1928, protoze mu chovanim tento
stav latky ptfipominal krevni plazmu

» Za své objevy, které byly na pomezi fyziky a chemie (napf.
Vyuziti atomarniho vodiku — svafovani atomarnim vodikem),

; ‘x . Langmuir
ziskal v roce 1932 Nobelovu cenu praveé za chemii

Plazma 1922 or 1928 7?7?77 ©

* Definic plazmatu je v literature celd fada

— Plazma je kvazineutralni plyn slozeny z nabitych a neutralnich castic, vykazujici kolektivni chovani

— Fyzikadlni plynné plazma se sklada z riiznych druhii castic, elektricky nabitych ¢i neutralnich v rozlicnych
kvantovych stavech

« Co je kvazineutralita? N, =N, (: ng)

* Co je kolektivni chovani? — rozumi se jim pohyby, které zavisi nejen na lokalnich podminkéach, ale také
na stavu plazmatu ve vzdalenych oblastech



Definition of a plasma
Although a plasma is loosely described as an electrically neutral medium of positive and negative particles, a more
rigorous definition requires three criteria to be satisfied:

The plasma approximation:

Charged particles must be close enough together that each particle influences many nearby charged particles, rather
than just the interacting with the closest particle (these collective effects are a distinguishing feature of a plasma). The
plasma approximation is valid when the number of electrons within the sphere of influence (called the Debye sphere
whose radius is the ) of a particular particle is . The average number of particles in the
Debye sphere is given by the

Bulk interactions:

The Debye screening length (defined above) is short compared to the physical size of the plasma. This criterion means
that interactions in the bulk of the plasma are more important than those at its edges, where boundary effects may take
place.

Plasma frequency:

The electron plasma frequency (measuring of the electrons) is large compared to the electron-
neutral collision frequency (measuring frequency of collisions between electrons and neutral particles). When this
condition is valid, plasmas act to shield charges very rapidly ( Is another defining property of plasmas).

17
Charles University Prague


https://www.plasma-universe.com/Debye_length
https://www.plasma-universe.com/plasma/?title=Plasma_parameter&action=edit&redlink=1
https://www.plasma-universe.com/plasma/?title=Plasma_oscillation&action=edit&redlink=1
https://www.plasma-universe.com/quasi-neutrality/

Charged Particle Trajectories Are Different In Plasmas

Figure 3: The trajectory of a neutral par-
ticle in a partially ionized gas exhibits
“straight-line” motion between abrupt
atomic collisions. The typical distance
between neutral particle collisions is

called the collision “mean free path.”
Symbols: neutrals (circles), electrons
(minus signs) and ions (plus signs).

JDC Lecture 1/CEMRACS 2014, CIRM, Marseille, France

Plasma

Fizure £: The trajectory of a “test” elec-
tron in a plasma exhibits continuous

small-angle Coulomb collisional scat-
terings of its direction of motion. The
“collision length” is the exponential
decay length over which an average
charged particle in a plasma loses its
initially directed momentum.

July 21-25, 2014, p10




PLASMA AS A STATE OF MATTER
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Figure 1.1 Parameters of laboratory plasmas,

Characteristic

Typical ranges of plasma parameters

Terrestrial plasmas

Cosmic plasmas

Size in metres

107 m (lab plasmas) to
102 m (lightning)

10 m (spacecraft sheath) to
10% m (intergalactic nebula)

Lifetime in seconds

10712 s (laser-produced plasma) to
107 s (fluorescent lights)

10 s (solar flares) to
107 s (intergalactic plasma)

Density
in particles per cubic metre

10" m3to
10%2 m2 (inertial confinement plasma)

10° (i.e., 1) m3 (intergalactic medium) to
1039 m3 (stellar core)

Temperature in kelvins

~0 K (crystalline non-neutral plasma) to
108 K (magnetic fusion plasma)

104 K (aurora) to
107 K (solar core)

Magnetic fields in teslas

104 T (lab plasma) to
108 T (pulsed-power plasma)

102 T (intergalactic medium) to
101 T (near neutron stars)

19
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HRaNGES OF PLASMAS
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electrons in a metal may be considered an el
can take on values varying by many
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, but the properties of

plasmas with apparently disparate parameters may be very similar (see

). The following chart considers only
exotic phenomena like

conventional atomic plasmas and not
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https://www.plasma-universe.com/plasma/#cite_note-11
https://www.plasma-universe.com/plasma/?title=Orders_of_magnitude&action=edit&redlink=1
https://www.plasma-universe.com/plasma-scaling/
https://www.plasma-universe.com/plasma-scaling/
https://www.plasma-universe.com/plasma/?title=Quark_gluon_plasma&action=edit&redlink=1

05. 10. 2021
04. 10. 2022

Charles University Prague
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PrOmérnd ro¢ni teplota
1775-2021, Praha-Klementinum

Graf vyde uRazuje primérné roéni teploty na stanici Praha-Klementinum za obdobi{ 1775 aZ 2020. V grafu je vyznacena prerusovanou ¢arou hladina primérné
roéni teploty za rok 2021 a vysrafovdno je obdobi 1991 az 2020

Jak ukazuje vySe uvedend infografika, v Rontextu poslednich 30 let (obdobi 1991 az 2020) a zejména pak posledni dekddy (2011 az 2020) opravdu byl rok 2021
chladnéjsi. Pfi hodnoceni klimatu 0
velmi t a do roku 1990 bycho
rovnéz roRk silné nadnormdlni (+1,1 °C). Trend je zcela zfejmy, a to dlouhc bé z\ ani teploty, které se v poslednich letech velmi akcelerovalo. To viak
g it chlad rok (a stejné tak globdlni oteplovdni neznamend, Ze se v zimé nemohou vyskytnout velmi chladné dny,
dlouhodobé jich ale ubyvd). Jedté lepsim prikladem nez rok 2021 je v tomto sméru rok 1996 a 2010. Ani tyto dva roky ale nelze
povaZovat za velmi chladné z dlouhodobého hlediska. Pfi pohledu na celRovy priibéh je patrné, ze rok 1996 byl blizko primeéru 1775-1990 a rok [0]
byl z dlouhodobého pohledu teplotné nadpriimérny

) N @jachym | www.infoviz.cz

Charles University Prague
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Jaderné elektramy

Zpracovanf odpadu
Vétrné elektrarmy - onshore
Precerpavaci elektramy
Solarni elektramy
Ostatni OZE
Vodni elektramy
Biomasa
Cerné uhlf
Plynové zdroje

Hnédé uhli

Podil zdroji na vyrobé elektfiny v roce 2021
(v %)

Slovenske  Madarsko
Jaderné elektrarny 36.6 51.2
Hnédé uhli
Plync droje
Cerné uhli
Biomasa
Vodni elektrarny

Fotovoltaické
elektrarny

Vétrné elektrarny

Ostatni obnovitelné
zdroje

Ostatni

Celkem OZE

Ropa Brent 1 barel
94.070 USD

Cui bono?

Qui Bonum

Rakousko
0

0

16.1

0

2.6

Némecko
13

19.5

Polsko Francie
70.4
0

6.4

Interaktivni graf ceny Ropa Brent

05.10.2022
07.10.2019
140




Kumulativni emise ,CO za roky 1751-2012

a Zbytek Asie
Kanada : & Pacifik
& Austrélie velkd Ne ke 4,4%
31% Briténie 95"63; Y o
5.4 % s '

Zbytek / Podil na globalnich emisich
\ G(Vropy - CO, mezi roky 17512012

\ ostatni podle rtiznych regionti

0%
Jizni a stfedni ) ~
N\ Amerika o Stredni vychod
39% \" 2 349
Lodé/letadla
37%

EMISE C02 PRODUKOVANE V DOPRAVE
Podil emisi podle druhu dopravy (2016)

Letecka Zelezniéni Namorni Ostatni
0,5%

Nejveétsi producenti CO2 na svéte

Motocykly

A

\ y 60,7%
Tézké nékladni vozy . ; 0Osobni automobily

11,0%
Lehkeé nakladni vozy

Zdroj: Evropskd agentura pro Zivotni prostiedi

https://cs.wikipedia.org/wiki/ Kdo z vas je bez hiichu, prvni hod’ na ni kamenem



Emise COz na hlavu
vybrané zemé, 2017

Katar
Estonsko
Saldska Ardbie
Lucembursko
Australie
USA
Kanada
JiZni Korea
Nizozemsko
Belgie
Rusko
Cesko
Némecko
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Polsko
Finsko
Rakousko
Kypr

Recko
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Dansko
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celosvétovy @
Litva
Loty3sko
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Chorvatsko
Brazilie
Indie
Bangladés

251
COz2 na obyvatele

zemé mimo EU ® globalni primér

“Kdo z vas je bez htichu, prvni hod’ na ni kamenem?” Jesus _ _ _ 26
He that is without sin among you, let him be the first to

(see ref.: Novy zakon, Jan 8 ... hora Olivetska ...) cast a stone at her.
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Manabe's work in the 1960s demonstrated how increased levels of carbon dioxide in the atmosphere caused the Earth's temperature to rise.
In doing so, he "laid the foundation for the development of current climate models," the Royal Swedish Academy of Sciences said in a
statement.

A decade later, Hasselmann "created a model that links together weather and climate.”

Parisi's discoveries, meanwhile, "make it possible to understand and describe many different and apparently entirely random complex
materials and phenomena.” This is not only true for physics but also for other areas, such as mathematics, biology, neuroscience and machine

learning, the academy added. Manabe’s climate model

Syukuro Mandbe Nabthr' first researcher to

05. 10. 2021

ATMOSPHERE

Incoming o Hot air +
solar radiation air latent heat
; Infrared
TS |
1 heat radiation *
]

I
']
»

Infr ared heat radiation from the Hot airis llqhter than cold air, so i
tially absorbed in the o ) ;
e, warming the air and vapour, which is a po.-ve gree
, while some radiates The warmer the air, the hlth-l the
out into space. C ntration of water vapour. Further up,
s colder, cloud
e latent heat
stored in the water vapour.

®©Johan Jarnestad/The Royal Swedish Academy of Sciences

The committee's decision to recognize pioneering work on climate change comes weeks before the world's leaders meet at COP26,

28


http://www.cnn.com/2021/09/23/world/what-is-cop26-glasgow-un-climate-conference-cmd-intl/index.html

Carbon dioxide heats

the atmosphere

Increased levels of carbon
dioxide lead to higher
temperatures in the lower
atmosphere, while the upper
atmosphere gets colder.
Manabe thus confirmed that
the variation in temperature
is due to increased levels of
carbon dioxide; if it was
caused by increased solar
radiation, the entire atmosp-

here should have warmed up.

Charles University Prague
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Source: Manabe and Wetherald [1947] Thermal equilibrium of the atmosphere with a gven
distribution of relative humidity, Journal of the atmospheric sciences, Vol. 24, Nr 3, May.

©Johan Jarnestad/The Royal Swedish Academy of Sciences

Cco,

Ternperature at the surface
fell by 2.28°C when the level
of carbon dioxide halved.

It increased by 2.36°C when
the level of carbon dioxide
doubled.
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/ “for groundbreaking contributions to our understanding of complex physical systems” / /;Sf,\ !
- (S
. / 78 ‘\
Syukuro Klaus Giorgio
Manabe Hasselmann Parisi
“for the physical modelling “for the discovery of the
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Member of the Nobel Committee for Physicg Thors Hans Hansson, Secretary General of the Royal
Swedish Academy of Sciences Goran K. Hgnhsson, and member of the Nobel Committee for Physics
John Wettlaufer announce the winners of tiie 2021 Nobel Prize in Physics at the Royal Swedish

Po—

@ The committee's decision to recggnize pioneering work on climate change comes weeks before the world's leaders meet at COP26,

or discovery of the interplay of disorder and fluctuations in physical
systems from atomic to planetary scales.
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http://www.cnn.com/2021/09/23/world/what-is-cop26-glasgow-un-climate-conference-cmd-intl/index.html

24. 09. 2021

V Praze se na Malostranském namésti seSlo kolem 500 lidi, uvedla pro server iIROZHLAS na mist¢

policie. Slo o prvni studentskou stavku za klima svolanou iniciativou Fridays for Future od lofiského zaii.

Charles University Prague

31


https://www.irozhlas.cz/zpravy-domov/ceske-klima-2021-zmena-klimatu-datova-zurnalistika-mladi-lide-demonstrace_2109241541_nkr
https://www.irozhlas.cz/zpravy-domov/ceske-klima-2021-zmena-klimatu-datova-zurnalistika-mladi-lide-demonstrace_2109241541_nkr
https://www.irozhlas.cz/zpravy-domov/ceske-klima-2021-zmena-klimatu-datova-zurnalistika-mladi-lide-demonstrace_2109241541_nkr
https://www.irozhlas.cz/zpravy-domov/ceske-klima-2021-zmena-klimatu-datova-zurnalistika-mladi-lide-demonstrace_2109241541_nkr
https://www.irozhlas.cz/zpravy-domov/ceske-klima-2021-zmena-klimatu-datova-zurnalistika-mladi-lide-demonstrace_2109241541_nkr
https://www.irozhlas.cz/zpravy-domov/ceske-klima-2021-zmena-klimatu-datova-zurnalistika-mladi-lide-demonstrace_2109241541_nkr
https://www.irozhlas.cz/zpravy-domov/ceske-klima-2021-zmena-klimatu-datova-zurnalistika-mladi-lide-demonstrace_2109241541_nkr
https://www.irozhlas.cz/zpravy-domov/ceske-klima-2021-zmena-klimatu-datova-zurnalistika-mladi-lide-demonstrace_2109241541_nkr
https://www.irozhlas.cz/zpravy-domov/ceske-klima-2021-zmena-klimatu-datova-zurnalistika-mladi-lide-demonstrace_2109241541_nkr
https://www.irozhlas.cz/zpravy-domov/ceske-klima-2021-zmena-klimatu-datova-zurnalistika-mladi-lide-demonstrace_2109241541_nkr
https://www.irozhlas.cz/zpravy-domov/ceske-klima-2021-zmena-klimatu-datova-zurnalistika-mladi-lide-demonstrace_2109241541_nkr
https://www.irozhlas.cz/zpravy-domov/ceske-klima-2021-zmena-klimatu-datova-zurnalistika-mladi-lide-demonstrace_2109241541_nkr
https://www.irozhlas.cz/zpravy-domov/ceske-klima-2021-zmena-klimatu-datova-zurnalistika-mladi-lide-demonstrace_2109241541_nkr
https://www.irozhlas.cz/zpravy-domov/ceske-klima-2021-zmena-klimatu-datova-zurnalistika-mladi-lide-demonstrace_2109241541_nkr
https://www.irozhlas.cz/zpravy-domov/ceske-klima-2021-zmena-klimatu-datova-zurnalistika-mladi-lide-demonstrace_2109241541_nkr
https://www.irozhlas.cz/zpravy-domov/ceske-klima-2021-zmena-klimatu-datova-zurnalistika-mladi-lide-demonstrace_2109241541_nkr
https://www.irozhlas.cz/zpravy-domov/ceske-klima-2021-zmena-klimatu-datova-zurnalistika-mladi-lide-demonstrace_2109241541_nkr
https://www.irozhlas.cz/zpravy-domov/ceske-klima-2021-zmena-klimatu-datova-zurnalistika-mladi-lide-demonstrace_2109241541_nkr
https://www.irozhlas.cz/zpravy-domov/ceske-klima-2021-zmena-klimatu-datova-zurnalistika-mladi-lide-demonstrace_2109241541_nkr
https://www.irozhlas.cz/zpravy-domov/ceske-klima-2021-zmena-klimatu-datova-zurnalistika-mladi-lide-demonstrace_2109241541_nkr
https://www.irozhlas.cz/zpravy-domov/ceske-klima-2021-zmena-klimatu-datova-zurnalistika-mladi-lide-demonstrace_2109241541_nkr

Emise CO2 na hlavu, ¢asova rada
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vybrané zemé, 1965 az 2017
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- USA -8 svét

Charles University Prague




https://www.worldometers.info/cz/

~7 815 369 848 Soucasna svétova populace (8.10. 2019)
~7 897 522 492 Soucasna svétova populace (4. 10. 2021)

8.10.2019 do 13:00
in 1594 603 663 589 Solarni energie dopadajici na Zemi dnes (MWh)

out 216 185 179 Energie spotiebovana dnes (MWh)

out/in ~ 0.00013 .... negligible

>191 109 298 413 Odeslanych e-mailovych zprav dnes ...

“Kdo z vas je bez htichu, prvni hod’ na ni kamenem”



Not actualized, approximation

wikipedia.org/wiki/Terestridlni_zateni

vracené . pfichazejici . . odchazejici
sluneéni zareni - . slunecni zareni dlouhovinné
101,9 W/m2 zareni

Zéfenf

Ovzdysy

ha zg
161 - ot it
stoupani evapo- Vyzafovano poh 3
suchého transpi- povichem Icovéng
vzduchu _ race Povrchepm,

pohlcové\no
povr chem

na Zemi
zUstava
0,9 W/m?

Kratkovinné zafeni ze Slunce dopadajici na zemsky povrch a atmosféru. Dlouhovinna ¢ast zafeni je emitovana z povrchu a téméf zcela
absorbovana do atmosféry.

V tepelné rovnovaze je absorbovana energie z atmosféry ~ stejna jako ta vydavana do vesmiru.

Cisla ukazuji vykon zafeni ve wattech na metr ¢tvereéni v obdobi let 2000-2004

Primé&rna hustota toku energie ze zemského povrchu vzhiiru ¢ini asi 400 W/m?2, coz odpovida teploté 16 °C; hustota toku, ktery Zemé&

vyzafuje do vesmiru, ¢ini ale jen asi 240 W/m? a odpovida to teploté zhruba 255 K. Terestrialni (téz terestrické, pozemské) zafeni je v

naprosté vétsSin¢é dlouhovinné infracervené zateni. https://cs.wikipedia.org/wiki/



EARTH'S ENERGY BUDGET

Reflected by Reflected Reflected from
atmosphere by clouwds earth's surface
' & N 4%

Incoming Radiated to space
solar energy !‘mm fl:lud-s and
1 0% atmosphere —

Absorbed by
atmosphere 16% Radiated

directly
o space
from earth
Absorbed by
clouds 3% — Radiation
absorbed by

Conduction and - atm osphere
rising air 7% 15%

Carried to clouds
and atm ophere by
Absorbed by land latent heat in
and oceans 51% waler vapor 23%

Charles University Prague




Globalni horizontalni zareni Ceska republika

}F
guldstl 1 4
"% nad Labem

\ Hradec

* Kralove
2« Pardubice™ AN 2
3 v“\:)
’ )
Ostrava ¥ . \

wOlomouc

’ Jihlava

Ceské Budejovice _
W (&

Prameérny ro¢ni thrn (4/2004 - 3/2010) 25 50 km

<1060 1140 1220 kWh/m2 © 2011 GeoModel Solar s.r.o.

.... elektfiny stanoven na 6 K/kWh s DPH
.... plynu na 3 K¢/kWh s DPH.

Charles University Prague
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Spektrum elektromagnetického zareni Information

Pozemni vysilani Radarové Infracervené Rentgenové Kosmické
Radiové Mikrovinné Ultrafialové Gamma

Dlouhé viny . Kratké viny
s S NVWWW

o"l ..l

Viditelné svétlo - elektromagnetické zareni v rozmezi vinovych délek
380-760 nm.

Barva svétla pfimo souvisi s energii fotonu. Lidské oko vnima
rozsah 1,65+3 27 eV. e
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Teplota na povrchu Slunce ¢ini ~ 5 800 K

Zareni cerného télesa

Viditelng  Infraervené
zafeni  zafeni

T, >T,

approximately

T, = 6000 K

»
2000 3 (nm)

Prabéh spektralni intenzity vyzarovani v
zavislosti na vinové délce a teploté.

S rostouci termodynamickou teplotou télesa
se zvysuje maximum spektralni intenzity
vyzarovani a posouva se smérem Kk nizsi
vinové délce

approximately

Solar Energy Distribution

solar energy curve at top of the atmosphere

Solar Readiation Curve
5% ultraviolet (300-400 nm)

43% visible light (400-700 nm)

52% near infrared (700-2500 nm)

Incoming solar
radiation at sea level
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N
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Yellow color shows energy absorbed
by gases in air including water vapor,
carbon dioxide,ozone and other
greenhouse gases.

Spectral Irradiance (Wlmzlnam)

0 s T T T T T T T T
250 500 750 1000 1250 1500 1750 2000 2250 2500 3000
UV visible near infrared

Wavelenght (nanometers)

thermal
infrared




Spectrum of solar radiation _
modified by atmospheric absorption

Solar Radiation Spectrum

Visible Infrared —

Sunlight at Top of the Atmosphere

5250°C Blackbody Spectrum

/

Radiation at Sea Level
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Wavelength (nm)

Absorption Bands
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Solarirradiance spectrum modified

by atmospheric absorption
stolen fromhttp://www.laafb.af.mil/SMC/MT/BROCHURE/pag

Solar Irradiance Outside Atmosphere

Solar Irradiance at Sea Level

0.8 1.2 16 20 24
Wavelength (um)




Detail 0.1-100 pm
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Radiation
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Absorption

absorption (%)
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wavelength (um)
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Figure 3. The wavelengths of incoming solar radiation and emitted radiation absorbed by the Earth's atmosphere, showing the solar
window and atmospheric (thermal) window. The graph shows the regions of the electromagnetic spectrum (light) that are absorbed by
specific molecules. Key: CO,, carbon dioxide; H,O, water; IR, infrared light; O,, oxygen; O, ozone; UV, ultraviolet light; vis, visible light
(adapted from a figure in Turco 2002, p334)
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approximation

prichazejici . . odchazejici .
slunecni zareni dlouhovinné
zareni

vracené
sluneéni zareni
101,9 W/m2

osmic Rays X-Rays
Gamma Rays

Microwaves Radio

Ultraviolet § Infrared Radar

161 -
stoupani  evapo- Vyzafovano Dohlec
suchého transpi- povrchem Icovéne

pohlcovano
povichem n A POVrchem solar window

na Zemi ‘b

zlstava

0,9 Wim?

atmospheric
window

absorption (%)

0.1 0.3 05 0.7 1.0 5.0 15.0 20.0
wavelength (um)

|-— UV—+—v1’s—+— near IR —-I far IR (longwave, thermal) —
Kratkovlnné zafeni ze Slunce dopadajici na zemsky povrch a atmosféru. Dlouhovinna ¢ast
zafeni je emitovana z povrchu a témér zcela absorbovana do atmosféry. V tepelné rovnovaze je
absorbovana energie z atmosféry stejna jako ta vydavana do vesmiru. Cisla ukazuji vykon zareni
ve wattech na metr ¢tverecni v obdobi let 2000-2004



Niels Bohr
Spektrum atomu vodiku
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Energy levels H SE NI Al =+1; Am, =0,£1
Grotrian diagram H Angular momentum of photon is s=1

13.6eV

5.2 ’ Atomic structure and
atomic spectra

2186 cm i

Fig. 15.12. A Grotrian diagram which
summarizes the appearance and
analysis of the spectrum of atomic 7414 cm7=2
hydrogen. The thicker the line, the
more intense the transition,

656.7 nm (H,)
486.1 nm (Hﬂ) 100
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410.2 nm (H3)
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Fig. 15.1. The spectrum of atomic
hydrogen. The spectrum is shown on
the left, and is analysed into its
overlapping series on the right. Note
that the Balmer series lies in the visible
region.

13.6eV x 8065,5 cm1=> 109000 cm1=>{91nm

He energies



Information

Classical or guantum approach?

Electron:
leV = v=5.9x10’cm s
1~8,/V ~10%/ 5.9x107=2x10"1¢s

A~2A = 2x108cm_de Broglie

1us x 5.9x107cm s1=59cm

leV > v=2x105cm s-1 40x1800=72 000
1~8,/V ~108/ 2x10°~6Xx1014s
A~ 9x10t'cm de Broglie




De'groglié wave lenght
” 3

: “gléctrons

®
$HIGH-PRESSURE
He SURERSONIC BEAMS(0.4K)

*
OPTICAIMOLASSES
(‘10-160&1{)

BOSE-EINSTEIN
C ONDENSATE(~180nK)

10 104 10
de Broglie A(nm)

Jortner, Rosenblit, ULTRACOLD LARGE FINITE SYSTEMS
Advances in Chemical Physics, in press, 2005
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Electronvolt E€OKT
1leV ~ 11 604.5 K

1K ~ 9x10-°eV

By definition, it is equal to the amount of kinetic energy gained by
a single unbound electron when it accelerates through an electric potential difference of one volt

Conversion factors:
1 eV =1.6021765(40)x1071°J (the conversion factor is numerically equal to the elementary charge expressed in coulombs).
1 eV (per atom) is 96.485 kJ/mol.

1.65 to 3.27 eV: the photon energy of visible light.
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Barva svétla pfimo souvisi s energil fotonu. Lidské oko vnima
rozsah 1,653 27 eV.

13.6 eV: The energy required to ionize atomic hydrogen. Wavelength (nm)
Molecular bond energies are on the order of one eV per molecule

1 TeV: Atrillion electronvolts, or 1.602x107 J, about the kinetic energy of a flying mosquito

14 TeV: the design proton collision energy at the Large Hadron Collider (which has operated at half of the energy since March 30, 2010).

Mol (znacka mol) je zakladni fyzikalni jednotka latkového mnozstvi.
Jeden mol libovolné latky obsahuje stejny pocet Castic, jaky je obsazen atomu v 12 g nuklidu uhliku.
Tento pocet udava Avogadrova konstanta, jejiz hodnota je pfiblizné 6,022x10% mol!.



http://en.wikipedia.org/wiki/Joule
http://en.wikipedia.org/wiki/Elementary_charge
http://en.wikipedia.org/wiki/Coulomb
http://en.wikipedia.org/wiki/Joule
http://en.wikipedia.org/wiki/Mole_%28unit%29
http://en.wikipedia.org/wiki/Mosquito
http://en.wikipedia.org/wiki/Photon_energy
http://en.wikipedia.org/wiki/Ion
http://en.wikipedia.org/wiki/Hydrogen_atom
http://en.wikipedia.org/wiki/Molecular_bond
http://en.wikipedia.org/wiki/Bond_energy
http://en.wikipedia.org/wiki/Orders_of_magnitude
http://en.wikipedia.org/wiki/Large_Hadron_Collider
https://cs.wikipedia.org/wiki/Fyzik%C3%A1ln%C3%AD_jednotka
https://cs.wikipedia.org/wiki/L%C3%A1tkov%C3%A9_mno%C5%BEstv%C3%AD
https://cs.wikipedia.org/wiki/%C4%8C%C3%A1stice
https://cs.wikipedia.org/wiki/Atom
https://cs.wikipedia.org/wiki/Nuklid
https://cs.wikipedia.org/wiki/Uhl%C3%ADk
https://cs.wikipedia.org/wiki/Avogadrova_konstanta

Conversion factors

E€¢>KT

leV ~ 116045 K
1K ~ 9x10%eV

R& = 2.4789 kJ mol
RE/F =25.693 mV
2.3026RE/F = 59.159 mV
k&/hc =207.223 cm ™!

Va=R€/p 2.4465 X 1072 m* mol~! = 24.465 dm® mol

I''K 100,00 298.15 500.00 1000.0 1500.0

(KT/ke)lem™ 6950 207.22 347.51 659.03 1042.5

p =100kPa=1x10°Nm

latm = 101.325kPa=1.01325x 10°Nm 2=1.01325 x 10

I atm = 760 Torr (exactly)
1 Torr = 133.322 Pa (exactly)

I mmHg = 133.3224 Pa

1eV=1.60219x 1072 JA96.485 kJ mol*A8065.5 ¢cm

lem™ ' 2 1.986x10722J A 11.96 I mol~! A 0.1240 me\

he =1.98648 X 10% J cm

helk =1.43879 ¢cm K

g/ms == 9.8064 — 0.0259 cos {2(latitude)} = 9.811 at 50
lcal=4.184)

1 D (debye)=3.33564 X 107 Cm

IN=1Jm "= 10" dync

1] 10 erg

2000

1390

3 m

)
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Detail 0.1nm-1 km

Thermal (emitted) IR

Opacity is the measure of
impenetrability to electromagnetic

Atmospheric
Opacity
1
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The first recorded rvation was in northern |

Johannes Kepler began observing the luminous display while working at the
imperial court in Prague for Emperor Rudolf Il on October 17.31 It was
subsequently named after him because his observations tracked the object for an
entire year and because of his book on the subject, entitled De Stella nova in pede
Serpentarii ("On the new star in Ophiuchus's foot", Prague 1606).

It was the second supernova to be observed in a generation (after SN 1572 seen by Tycho Brahe in Cassiopeia). No further supernovae have
since been observed with certainty in the Milky Way, though many others outside our galaxy have been seen since S Andromedae and
SN 1987A in the Large Magellanic Cloud was visible to the naked eye.

Golden Age of Astro-plasma and Astro-chemistry “



http://en.wikipedia.org/wiki/Kepler%27s_Supernova#cite_note-2
http://en.wikipedia.org/wiki/Johannes_Kepler
http://en.wikipedia.org/wiki/Prague
http://en.wikipedia.org/wiki/Rudolf_II,_Holy_Roman_Emperor
http://en.wikipedia.org/wiki/Kepler%27s_Supernova#cite_note-3
http://en.wikipedia.org/wiki/SN_1572
http://en.wikipedia.org/wiki/Tycho_Brahe
http://en.wikipedia.org/wiki/Cassiopeia_%28constellation%29
http://en.wikipedia.org/wiki/S_Andromedae
http://en.wikipedia.org/wiki/SN_1987A
http://en.wikipedia.org/wiki/Large_Magellanic_Cloud

Astronomicka véz

socha Atlanta

EPP 2021 2Aa

Vé&z byla dokoncena v roce 1722. Na
vrcholu vézZe stoji socha Atlanta (olovéna
socha s zeleznou vnitini konstrukci, vaha
asi 600 kg, vyska 2,4 m). Atlas nese
nebeskou sféru (pramér asi 1,6 m, vaha asi
150 kg) s korouhvi.

(Pravdépodobné
Matyas Braun,
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nebeskou sféru (pramér asi 1,6 m, vaha asi
150 kg) s korouhvi.

(Pravdépodobné
Matyas Braun,




Golden Age of Astrochemistry

Byla zkonstruovana koncem 50. let 20. stoleti
Sergejem Koroljovem v Sovétském svazu. Byla

) ‘_‘..“\ vynesena 4. rijna 1957 19:28 UTC upravenou

s {l" ‘. dvoustupniovou nosnou raketou R-7, ktera byla

_— 8 ' - . z vojenské verze pro kosmonautiku upravena a

— k’\\ 7 pfejmenovana na raketu Sputnik. Odstartovala
CliyTHHK 7 z kosmodromu Bajkonur na Uzemi KazaSské

SSR. Vypusténa byla v ramci Mezinarodniho
geofyzikalniho roku.l2! Patii do kategorie

4. fijna 1957 /, / védeckych druzic.

Druzice méla sféricky tvar o priméru 58 cm a hmotnost 83,6 kg.

1957 - PES LAJKA

. 3 listopadu 1957 vyslal Sovétsky Sputn ik 2 508 kg
svaz na palubé druZice Sputnik 2
béz drah ih -
gzzoerﬁzrl:grl:o g?véuhgrt\\//r:)lrao— fenku LaJ ka

Lajku.
|« Zpatky na Zem se v8ak nevratila,

el R il 5 3. listopadu 1957 z kosmodromu Bajkonur.
| 2020

3 roov
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Golden Age of AStI‘OChemiStl"y Five-hundred-meter Aperture Spherical radio
: " Telescope (China: Tianyan, 2016 )

C(’ Herschel S - <l

United Kingdom Infrared Telescope B
Mauna Kea, Hawaii

g
Wl

Wb

i | ' . e j y
The Atacama Large Millimeter/sub-millimeter Array (ALMA)
8 Treti nebesky palac astronomical interferometer of radio telescopes

Tiangong, officially the Tiangong space station [ Atacama desertof northern Chile
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Hubble Space Telescope

From April 24, 1990 : Y

The Hubble Space Telescope is a space telescope that was
launched into low Earth orbit in 1990 and remains in operation

The telescope is operating as of 2019, and could last until 2030-2040.

Hubble is the only telescope designed to be maintained in space by
astronauts. Five Space Shuttle missions have repaired, upgraded, and
replaced systems on the telescope, including all five of the main
instruments. The fifth mission was canceled on safety grounds following
the (2003), but NASA administrator

approved the which was completed in
2009. The telescope was still operating as of April 24, 2020, its 30th
anniversary, - and could last until 2030—2040. ' One successor to the
Hubble telescope is the (JWST) which is
scheduled to be launched in late 2021.

Not actualized, approximation

Hubble ma potiZe, prestal fungovat ¢tvrty gyroskop, ktery
pomaha s orientaci teleskopu
08. 10. 2018

V patek se vesmirny teleskop Hubble ptepnul do tzv. safe modu
poté, co prestal fungovat jeden z gyroskopti, které teleskopu
pomahaji udrzet spravnou orientaci pii pozorovani vzdalenych cilt
ve vesmiru. Hubble mél celkem 6 téchto gyroskopi a potiebuje
nejméng tii pro optimalni operace. Dva vSak uz del$i dobu nefunguji
a dalsi nefunguje optimalné. Po odchodu ¢tvrtého tak zbyvaji pouze
dva funk¢éni gyroskopy. Operatofi mise nyni zkoumaji moZznosti,
kterymi uvést teleskop zpatky do plného provozu.

Pokud se nepodafi na dalku opravit porouchany gyroskop, hodlaji
operatofi vyzkouset onen tieti, ktery nefunguje optimalné. Aktualné
tak hledaji cesty, jak teleskop na dalku opravit, pokud se to
nepodafi, teleskop miize pracovat dal se dvéma, nebo dokonce
jednim gyroskopem. Je dokonce pravdépodobné, ze pokud se oprava
nepodaii, mise bude dale pokracovat pouze s jednim gyroskopem a
druhy bude ponechan jako rezerva.

Vsech Sest gyroskopt teleskopu Hubble bylo vyménéno pii posledni
misi astronautt k teleskopu v roce 2009. Po doslouzeni raketoplani
vSak teleskop nebyl astronauty navstiven a zatim se neplanuje zadna
podobna mise s novymi vesmirnymi lodémi, které by NASA méla
mit v nasledujicich letech k dispozici. Hubble je ve vesmiru od roku
1990.

Vesmirny teleskop Hubble - teleskop Hubble obihd Zemi od roku
1990 ve vysce asi 540 kilometrt.

ACTUAL October 6. 2021: The telescope completed 30 years in operation in April 2020 and could last until 2030-2040.

en.wikipedia.org/wiki/Hubble_Space_Telescope
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Wavelength (um)

Atmospheric windows in the infrared: Much of this type of light is blocked when viewed
from the Earth's surface. It would be like looking at a rainbow but only seeing one colour.
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Visible light .
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The James Webb Space Telescope (JWST) is a which conducts . As the
largest optical telescope in space, its high resolution and sensitivity allow it to view objects too old, ,
or faint for the . This will enable investigations across many fields of

and . such as observation of the . the . and detailed
atmospheric characterization of
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https://en.wikipedia.org/wiki/Hubble_Space_Telescope
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https://en.wikipedia.org/wiki/Population_III_star
https://en.wikipedia.org/wiki/Galaxy_formation_and_evolution
https://en.wikipedia.org/wiki/Potentially_habitable_exoplanet
https://en.wikipedia.org/wiki/Infrared_astronomy

~1/6 of mass Is interstellar

~1/2 of interstellar matter is molecular!

Milky Way has ~10° molecules!
Earth has only ~10°° molecules

Different views of the Milky Way (different wavelengths)



Hydrogen dominated plasma

Jupiter Aurora HST » STIS » WFPC2

PRC98-04 - ST Scl OPO + January 7, 1998
J. Clarke (University of Michigan) and NASA

Hydrogen plasma in Jupiter Aurora

Crab N e’bu'[a

PRCO00-15 - Space Telescope Science Institute - NASA and The Hubble Heritage Team (STSCI/AURA)

Crab Nebula

1994 -Supernova 1987A
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COMPOSITION OF THE COSMOS

Richard Payne (Arizona Astrophotography)



The Herschel Space Observatory was a space observatory built and operated by the
European Space Agency. , and was the largest
infrared telescope ever launched, carrying a 3.5-metre mirror and instruments
sensitive to the far infrared and submillimetre wavebands.

Herschel (red) and Hubble (blue) composite
image of the Crab Nebula. Credit:

ESA/Herschel/PACS/MESS Key Programme
Supernova Remnant Team; NASA, ESA and
Allison Loll/Jeff Hester (Arizona State Uni)

The Crab Nebula is the remnant of a supernova
explosion that was observed by Chinese

astronomers in the year 1054. "
Hubble Space Telescope

ArH+


http://sci.esa.int/science-e/www/object/index.cfm?fobjectid=53338

ArH+ ion in Crab nebula

12 December 2013
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Using ESA's Herschel Space
Observatory, a team of
astronomers has found first
evidence of a noble-gas based

molecule in space. A compound of

argon, the molecule was detected in
the gaseous filaments of the Crab
Nebula, one of the most famous
supernova remnants in our Galaxy.
While argon is a product of
supernova explosions, the
formation and survival of argon-
based molecules in the harsh
environment of a supernova
remnant is an unforeseen surprise.

SSArH*

The results described in this article are reported in **Detection of a Noble Gas Molecular lon, 3ArH", in
the Crab Nebula', by M. J. Barlow et al., published in Science, 342, 6163, 1343-1345, 13 December 2013.

DOI: 10.1126/science.124358213.

36ArH+ and 40



ArH+ ionty v Crab nebula Using ESA's Herschel Space Observatory

12 December 2013 40AY

The argon isotope found in the Crab Nebula

- is different from the one that dominates in
y* ' Earth's atmosphere, 4°Ar, which derives
’ from the decay of a radioactive isotope of

potassium (4°K) present in our planet's

A - | 36Af

\/ The Herschel data indicate that the argon
hydride found in the Crab Nebula is made
up of the argon isotope 3%Ar. This is the first

time that astronomers could identify the
36ArH™* 3B6ArH* " :

Isotopic nature of an element in a supernova

— ‘ remnant.
"‘ArH'l J=2-1 : "Finding that argon in the Crab Nebula
consists of 3Ar was not surprising because
SACH® Jeg-p OH" Ju2-1, Fu5/2- 3/?{ “ g N )‘ this is the dominant isotope of argon across
’ | O aTY 1/ | AR i Ay " the Universe.
it s e M } ok “And it's also the main argon isotope to be
e 3 e e " 9 poe -t v e synthesised in the nuclear reactions during
Frequency (GHz) supernova explosions, so its detection in the
Crab Nebula confirms that this iconic
On Earth, radioactive potassium-40 decays to argon-40 as the most common  nepula was created by the explosive death of
Isotope. In stars, nucleosynthesis mostly creates the lighter argon-36 and a massive star," explains Barlow.

argon-38. Multispectral Milky Way

Intensity
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Astrophysical detection of the helium hydride ion
HeH*

Rolf Giisten'*, Helmut ‘.’\"iesemeyer]. David Neufeld?, Karl M. Menten!, Urs U. Graf®, Karl Jacobs®, RBernd Klein', Oliver Riclken!,
Christophe Risacher® & Jiirgen Stutzki®

During the dawn of chemistry'-?, when the temperature of the young
Universe had fallen below some 4,000 kelvin, the ions of the light
elements produced in Big Bang nucleosynthesis recombined in reverse
order of their ionization potential. With their higher ionization
potentials, the helium ions He’* and He™ were the first to combine
with free electrons, forming the first neutral atoms; the recombination
of hydrogen followed. In this metal-free and low-density environment,
neutral helium atoms formed the Universe’s first molecular bond in
the helium hydride ion HeH™ through radiative association with
protons. As recombination progressed, the destruction of HeH™
created a path to the formation of molecular hydrogen. Despite its
unquestioned importance in the evolution of the early Universe, the
HeH™ ion has so far eluded unequivocal detection in interstellar space.
In the laboratory the ion was discovered® as long ago as 1925, but only
in the late 1970s was the possibility that HeH™ might exist in local
astrophysical plasmas discussed*”. In particular, the conditions in
planetary nebulae were shown to be suitable for producing potentially
detectable column densities of HeH™. Here we report observations,
based on advances in terahertz spectroscopy™ and a high-altitude
observatory'?, of the rotational ground-state transition of HeH" at a
wavelength of 149.1 micrometres in the planetary nebula NGC 7027.
This confirmation of the existence of HeH™ in nearby interstellar space
constrains our understanding of the chemical networks that control
the formation of this molecular ion, in particular the rates of radiative
association and dissociative recombination.

The deployment of the German Receiver for Astronomy at Terahertz
Frequencies (GREAT)" heterodyne spectrometer on board the
Stratospheric Observatory for Infrared Astronomy (SOFIA)'" has now
opened up new opportunities. Although the HeH" J= 1-0 transition at
149,137 um (2010.183873 GHz; ref. *') cannot be observed from ground-
based observatories, skies become transparent during high-altitude

ights with SOFIA. The latest advances in terahertz technologies have

We then computed the equilibrium abundance of HeH", including
the three reactions identified as being important in the layers in which
HeH" is most abundant™'*;

He +H— HeH + I
HeH" +& —He+H

HeH"+ H— H; +He




E—— 1 HeH" @ 250 keV
Science

Room-temperature -
Cite as: O. Novotny et al., Science I / experiments

10.1126/science aax5921 (2019) Electrostatic” 300K
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deflectors —
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Quantum-state-selective electron recombination studies Multilayer
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suggest enhanced abundance of primordial HeH" tm
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2018 Census of Interstellar, Circuamstellar, Extragalactic, Protoplanetary Disk, and
Exoplanetary Molecules
Brett A. McGuire'

. : Mational Radio Astronomy Observatory, Charlottesville, VA 22903, UUSA
~ Harvard-Smithsonian Center for Astmophysics, Cambridge, MaA 02138, USA

3. known Interstellar Molecules

Table 1

Commonly Used Facility Abbreviations Two-atom Molecules

Abbreviation Description 31 CH Ir:"L’ft‘i'h‘fH{ﬁ‘Ht‘,l
ALMA Atacama Large Millimeter/ submillimeter Array
APEX Atacama Pathfinder Experiment

Swings & Rosenteld (1937) suggested that an observed line
- — . o 370 .y A F1le
ARD Arizona Radio Observatory at A _ 13{1];\ h;u'"DLll'lhrlIT] (1937) using the }'.'Iml“t “ iison
ATCA Australian Telescope Compact Array Observ ‘_ltnr:"" in diffuse gds tn“"ﬂ-d_l a nmnﬁer of ‘*UF'ETEM“t B
BIMA Berkelev-llinois-Marvland Array stars might have been due to the “A «— “II transition of CH,
S0 Caltech Submillimeter Observatory reported in the laboratory by Jevons (1932) McKellar (1940)
FCRAOD Five College Radio Astronomy Observatory later identified several additional transitions in observational
FUSE Far Ultraviolet Spectroscopic Explorer data. The first radio identification was rf.‘pﬂl'tfd h}" R}"dhfﬁk
GBET Gireen Bank Telescope et al. (1973) at 3335 MHz with the Onsala telescope toward
IEAM Institut de Radicastronomie Millimétrigue more than a dozFen sources uging estimated fundamental
IRTF Infrared Radio Telescope Facility rotational transition frequencies from Shklovskii (1953),

I50 Infraved Space Qbservatory Goss (1966), and Baird & Bredohl (1971). The first direct
KFPMO Kitt Peak Mational Observatory

MWO Millimeter-wave Observatory

MEAQ Mational Radio Astronomy Observatory
OVRO Owens Valley Radio Observatory

PdBEI Flateau de Bure Interferometer

SEST Swedish-ES0 Submillimeter Telescope
SMA Sub-millimeter Array

measurement of the CH rotational spectrum was reported by
Brazier & Brown (1983).

3.64. H;

2;1;.-‘& :ru.'lx:r:!xll:rl,:rl.‘[iiell“};[f:f"‘:I:: Jorr Trifrcired A st roic iy First NuggEHtEEl s anHih]E nterstellar Inn]ec-u]e n M r-“'U“
UKIRT 'U“.lm'l!},\mdmn'Iutflmed Telescope o et al. (1961), Hy was detected 35 years later in absorption
- toward GL 2136 and W33 A by Geballe & Oka (1996) using

UKIRT to observe three transitions of the 1+ fundamental band

] ] near 3.7 pum. The laboratory work was performed by Oka
Charles University Prague (1980).




Molecules In interstellar space
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Cumulative number of known interstellar molecules over time.
Commissioning dates of major contributing facilities are noted with

7 8
CeH CHsCsN
CH,CHCN  HCOOCH;
CH4CH CH;COOH?
HCsN CH
HCOCH;  H,Cs
NH,CH; CH,OHCHO
¢-C2H,0
CH,CHOH

Cumulative Number of Detected Molecules

arrows. [McGuire 2018]

Not actualized, approximation
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Molecules In interstellar space

Not actualized, approximation actualized, approximation 202 1
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Nobeyama (1982) Figure 1. Cumulative number of known interstellar
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Not actualized, approximation (2018)
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Figure 6. Penodic table of the elements, absent the lathanide and actinide series, color-coded by number of detected species containing each element. For those
elements with detected ISM molecules, that number is displayed in the upper right of each cell.
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actualized, approximation (2021)
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Figure 10. Percentage of known interstellar molecules that
are neutral, cationic, anionic, radical species, or cyclic. Many
molecules fall into more than one of these categories (e
most radical species have a net neutral charge).




Interstellar medium

92.1% of nucleons in the universe are protons W ;e
7.8%0 are helium nuclei ! T <
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The astrochemistry game plan
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Figure 6. Comparison of obscrved abundances (red crosses) to_modeled

values of key species in diffuse clouds. Gray boxes show the range of
abundances calculated from the considered models (Table 2) and black lines
show abundances from the best-fit model “2X+C15" (30 K, solid line, and
90 K, dotted line).

(A color version of this figure is available in the online journal.)




Temperature scale should be logarithmic
Far Infrared Absolute Spectrophotometer (FIRAS)

Temperature scale inside hot sars

Inside the sun

cosmic microwave backgroumek eese

Stellar nebulae

Melting point of iron

Melting point of ice (°0 C)
Highest transition temperature
for a superconductor

Nitrogen liquefies
Hydrogen liquefies

Quter space
4He becomes superfluid

3He becomes superfluid
—

i 3
Lowest temperature obtained for *He

Trras = To=2.730 £ 0.001K

Lowest temperature for
electrons in a metal —

T=2.717 £ 0.003K

monopole and dipole components

Lowest temperature obtained

anisotropy 3.353+0.024 mK for nuclei in'a solid

absolute zero

The cosmic microwave background (CMB, CMBR), cosmology, is whichis a
remnant from an early stage of the universe, also known as "relic radiation". The CMB is faint

filling all space. It is an important source of data on the early universe because it is the oldest
electromagnetic radiation in the universe, dating to the . With a traditional
the space between stars and galaxies (the background) is completely dark. However, a sufficiently sensitive

shows a faint background noise, or glow, almost , that is not associated with any star, galaxy, or
other object. This glow is strongest in the region of the radio spectrum. The accidental

in 1965 by American radio astronomers and was the culmination of work

initiated in the 1940s, and earned the discoverers the 1978
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Uvod do teorie
plazmatu

Petr Kulhanek

Fermiho urychlovani druhého druhu

Piedstavime si. 7e ve vesmiru se pullﬂ‘-‘l i ndhodné nabité éastice v prostiedi mzné se
111e111a..1a..11 nmunctu.l-:vch pc ' stice hudc fu a tam odlaz:na od 111aunct1a..l

a mezi dasticemi se nl:|e1'1 uréité plw..cnto v ellm ryc hlm.ll ¢éstic, Ltcle nnhndnc 71aLah
energii z . piiznivych™ odrazit od magnetickych zrcadel. Tento mechanizmus nazyvame
Fermiho urychlovani druhého druhu a italsky fyzik Enrico Fermi se jim pokusil vys-
vetlit vysoké energis '

Obr. 17: Mlhovina Mravenec. Ve vnitini ¢asti je pole dipdlové, ve vn

maze v nahodnych polich dochazet k urychlovani éastic Fermiho me echanizmem. HST.
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Temperatures
and energies

Not actualized, approximation
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Parameters of laboratory plasmas

PLASMA AS A STATE OF MATTER

Tokamak @
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torch /
Cesium
compressed

. - " . 4
Cath by shock
CO2 laser y @ a ode # Boundaries / y Shoc

spot
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Thermoemission
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Physics of lonized Gases Figure 1.1 Parameters of laboratory plasmas.

Boris M. Smirnov
John Wiley&Sons 2001




Electron temperature and electron number density - PLASMA
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Parameters of plasmas found in nature
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Figure 1.2 Parameters of plasmas found in nature.




Electron and gas temperatures in plasmas

4 PLASMA IN NATURE AND IN LABORATORY SYSTEMS Dlﬁerence |n electron |On and neutral gaS
temperature in plasma

Argon laser

Equilibrium; relaxation time,

— Probability of interactions...

Qptical

dischargs Collisional frequency, Energy transfer

Phatoresonant . ' C rOSS Se Cti O n

Equilibrium

Thermoemission
converter 74

03 04 05

T 103K

Figure L3 Eleetron and gas temperatures of laboratory plasmas. The straight line
corresponds to the cquilibrium plasma whose clectron and gas temperatures are the
same,




Temperature in the ionosphere

Temperatures in the ionosphere
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lons in the terrestrial atmosphere
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92.1% of nucleons in the universe are protons
7.8% are helium nuclei !

Interstellar medium
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Interstellar medium, HD role
@ 10-50K

92.1% of nucleons in the universe are protons
7.8% are helium nuclei !

DENSE INTERSTELLAR
0.1% C,N,0,S,Si....

CLOUDS HD

Cosmic abundance

cosmicays q=? e

CnhHm..

H + e —%-neutral products
D/H ratio ~ 10 a (10K) = 222? § k (10 K) = 2?77

Hf —~-» H,D" —2>5 HD;, —2-> D,
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Observation of high population of deuterated molecules
The first detection of deuterated molecules were made in the early 1970s Observed enhancement of D in molecules

H,D Stark (1999) 1,0—14; transition of ortho- emission from young stellar object NGC 1333 IRAS4A.
H,D* Caselli (2003) detected towards L1544.
HD,* Vastel (2004) the first detection
CH,DOH... Parise (2003, 2004) have detected 4 isotopomers of deuterated methanol
NHD,/NH; Roueff (2000)
Loinard (2001) IS 0.005 in the cold cloud L134N and 0.03 in the low-mass protostar 16293 E
D,CO/H,CO Loinard  (2002)
Bacmann  (2003) Is between 0.01 and 0.4 in a low-mass protostars and prestellar cores
NH,D/NH, J. Hatchell (2003) high ratios~4-33% in protostellar cores
ND4/NH,|Lis (2002) |ratio ~1073 ;Iold dense Barnard 1cloud 309.6 f;%qglfgncy (g:lcz)) 310.2
(2002) Class 0 protostar NGC 1333 IRAS4A s R

M Observed ratio ~1073 3 :
statistical ratio ~ (D/H)3 111074 & Enhancement of 1011 N N Ww

' mww-mwl

Bamnard 1

L ratio ~103

bﬁ* s:.) "

-

0 5 10 15

‘ I p——— | ' Visg (km s~
Cosmic D/H ratio = 1-2x10° Lsr (km s7)
2: Spectrum of ND, towards the dark cloud B1.

(Lis et al. 2002 ApJ571L55)




High population of deuterated molecules

Species

Cosmic D/H = 10
" | XD/XH = 10°-10°
“.| XD, / XH, = 10

.. | XD,/ XH; =~ 1073

: ’
h’sa‘.
‘

Cosmic D/H ratio =1-2x10° &=

Observed ratio

NH,D/NH,

0.01

HDCO/H,CO

0.005-0.11

DCN/HCN

0.023

DNC/HNC

0.015

HD
N,D*
DNC
HDO
C,HD
CH,0D
CD,0H
NHD,
CH,CCD
HDS

H,D*
DCO*
HDCS
DCN
HDCO
CH,DOH

CH,DCN
L

D,S

D,H*

DCN
D,CS
DC.N
D,CO
CHD,0H
NH,D
CHD,CCH
C,D

Deuterated molecules that have been detected
in interstellar clouds as of February 2005.

Gas phase reactions,

C,DIC,H

0.01

DCO*/HCO*

0.02

N,D*/N,H*

0.08

DC,N/HC;N

0.03-0.1

HDCS/H,CS

0.02

lon-molecule reactions,

recombination

Grain surface reactions
Physics of condensation and evaporation from grain surface




Comets

H; +HD < H,D"+H,
H,D*+HD < HD; +H,
HD, +HD < D, +H,



Small differences in zero point energies
for deuterated molecules

H; + HD —— H,D" +H,

log (fractionation ratio)
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3: The enhancement in the fractionation of
primary ions relative to the HD/H, ratio as a
function of temperature in interstellar clouds
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Molecules in interstellar space

1919-1922 Heger discovers the DIBs

Nearly 100 years ago Mary Lea Heger discovered diffuse bands in the
spectra of stars due to some sort of material maybe molecules in the
space between stars and Earth. A map of the data from the Sloan Digital
Sky Survey, by a team from Johns Hopkins produced this map. Red
indicates areas with the most abundant DIB molecules, blue the least.
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Laboratory confirmation of Cgo™ as the carrier
of two diffuse interstellar bands

E. K. Campbell’, M. Holz', D. Gerlich® & J. P. Maier'

loh Signal

doi:10.1038/nature14566
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Fullerene solves an
interstellar puzzle

Laboratory measurements confirm that a ‘buckyball’ ion is responsible for two
near-infrared absorption features found in spectra of the interstellar medium,
casting light on a century-old astrochemical mystery. SEE LETTER P.322
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Observation of H,O" e
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Excited OH*, H,O™, and H30" in NGC 4418 and Arp 220 U, obihala Libratni bod
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* Herschel is an ESA space observatory with science instruments
provided by European-led Principal Investigator consortia and with im-
portant participation from NASA.

Mission  Planned: 3 years (2009-2012) 7,5 metru dlouhy a 4 m Siroky.

duration  Final, to 2013: 4 years, 1 month, 2 days Vazil 3400
ABSTRACT

We report on Herschel/PACS observations of absorption lines of OH*, H-O* and H:0™ in NGC 4418 and Arp 220. Excited lines of
OH* and H;O0* with Ejgyer of at least 285 and ~200 K, rc-qpectiwlx; are detected in both sources, indicating radiative pumpinﬂr and
location in the high radiation density environment of the nuclear regions. Abundance ratios OH*/H,O0* of 1 2.5 are estimated in the
nuclei of both sources. The inferred OH* column and abundance relative to H nuclei are (0.5-1) x 10'® em™2 and ~2 x 10-%, respec-
tively. Additionally, in Arp 220, an extended low excitation component around the nuclear region is found to have OH*/H,0* ~ 5-10.
H,0* is detected in both sources with N(H;0*) ~ (0.5-2) x 10'® cm™2, and in Arp 220 the pure inversion, metastable lines indicate
a high rotational temperature of ~500 K, indicative of formation pumping and/or hot gas. Simple chemical models favor an ionization
sequence dominated by H* — O* — OH* — H,0* — H;0", and we also argue that the H* production is most likely dominated by
X-ray/cosmic ray lonization. The full set of observations and models leads us to propose that the molecular 1ons arise in a relatively
Iow density (=10* em™) interclump medium, in which case the ionization rate per H nucleus (including secondary ionizations) is

> 107" s~!, a lower limit that is several x 10° times the highest current rate estimates for Galactic regions. In Alp 20, our lower
Imul for £ is compatible with estimates for the cosmic ray energy density inferred previously from the supernova rate and synchrotron
radio emission, and also with the expected ionization rate produmd by X- rays. In NGC 4418, we argue that X-ray 1onization due to
an active galactic nucleus is responsible for the molecular ion production.

Second part History of H3+
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Modeling observations of the
interstellar medium (ISM)

David Neufeld
Johns Hopkins University

Measuring the cosmic-ray
lonization rate with OH* and H,O"

Unlike C* and S*, O* does react with H, at low
temperature. But O is not ionized by UV
radiation longward of the Lyman limit, so OH*
and H,O* formation must be initiated by cosmic
ray ionization

H
Cosmic ray

H

Recent discoveries of
molecules in the diffuse ISM

OH* Wyrowski et al. 2010 APEX
SH* Menten et al. 2011 APEX
H,O0* Gerin et al. 2010 Herschel
HF Neufeld et al. 2010 Herschel
HCI* de Luca et al. 2013 Herschel
H,CI* Lis et al. 2010 Herschel
SH Neufeld et al. 2012 SOFIA
ArH* Schilke et al. 2014 Herschel

All hydrides with high frequency rotational transitions that
are unobservable from the ground or observable only from
superb submillimeter sites

0 — 02, OH*— 2. H,0*— 2. H,0*

H




Determining the molecular
fraction in the diffuse ISM

The OH*/H,0O" ratio reflects a competition between
reaction of OH* with H, and reaction with electrons

H
Cosmic rayl

He :
0 —  O*—2 ., OH*—2. H,0*— 2. H,0*
H

Observed OH*/H,0* ratios ~ 3 to 15 imply that only
2 —10 % of the H is typically in H
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OH™ Formation in the Low-temperature O™ (*S) + H, Reaction
Artem Kovalenko™, Thuy Dung Tran'®, S ednyk @, Sté€pin Roucka®, Petr Dohnal @, Radek Plagil
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Formation of H,O™ and H3;0™ Cations in Reactions of OH" and H,O™ with H,:
Experimental Studies of the Reaction Rate Coefficients from 7 = 15 to 300 K

Thuy Dung Tran®, Serhiy Rednyk®, Artem K enko @, St&pian Roucka®, Petr Dohnal @, Radek Plasil

shed 2018 February 7

+ H: AH = —-0.54¢V.

OH* + H, -5 H,0+ + H. AH = —1.02 eV,

HO" ~ H 2L H:0* +H. AH= —17eV

CR o H, H, H;
H— H" — 0" — OHT — H,O0t — H;0™.

CR . H, ., O . H L .
H — H: S, [—I; — OH™ — H,O™ — H;0™.
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Annu. Rev. Astron. Astrophys. 2016. 54:181-225

First published online as a Review in Advance on
July 22, 2016

Mal YVOHHC Ger ln DaVld A NCUfeld 3.4 The Annual Review of Astronomy and Astrophysies is
and Ja ler R GOICOCChCﬂ online at astro.annualreviews.org
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UV-driven chemistry — - Photons. CR

Electrons
— H,H",Hy H3", N, C*
-— PAH, PAH

\ - Fﬂtmgen Carbon

Figure 3

[llustration of the chemical network initiating the carbon, oxygen, and nitrogen chemistry in diffuse cloud conditions (ryy = 50 cm?,
Ay = 0.4 mag, x = 1). The black arrows show the reactions with H, H*, H;, H, C*, and N, with values of the endothermicity for the
reaction between N* and H; and for the charge exchange reaction between O and H*. Note that CH7 is formed in the slow radiatve
association reaction between C*+ and H,. The dashed blue arrows indicate the reactions induced by FUV photons or cosmic rays (CR).
Dissociative recombination reactions with electrons are shown with green dotted arrows. Purple arrows show the neutralizaton
reactions on dust grains and polycyclic aromatic hydrocarbons (PAHs). Adapted from Godard et al. (2014) with permission.
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