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Alt det vi IKKE ved
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Universets historie

Big Bang udvidelsen

13.8 milliarder år

Første stjerner omkring 
200 millioner år

Første atomer 
379.000 år

Udviklingen af galakser, planeter, etc.

Hubble- 
teleskopet

Big 
Bang
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Det tidlige universe



Første billede af Universet 
(snapshot af universet, 379.000 år gammelt)
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Hvordan så det ud før?



Det tidligste univers
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Universets bestanddele



Elementernes oprindelse
(august 2017 version)
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Der er også mange ting, som vi godt ved noget om, men hvor vores 
viden er begrænset og/eller med fejlagtige detaljer.

Historien om grundstoffernes oprindelse er et godt eksempel.



Stof vs. Antistof

E = mc2

Fra energi blev der i starten af Universet skabt lige store mængder stof 
og antistof, men af en eller anden grund “vandt” stoffet.



Ingredienser til stof i Universet

Cosmic Microwave Background as measured by Planck.

Hvad ved vi:
For hver 1 proton var der
omkring 1.000.000.000 fotoner!

Disse fotoner ser vi i den kosmiske
mikrobølge baggrundsstråling, som
skabtes ved annihilationen mellem
stof og antistof i det tidlige Univers.

Hvilke ingredienser kræves der for at få den krævede stof-antistof asymmetri?
Disse krav ("Sakharov betingelser”) er:
• Brud på Baryon number (B) bevarelsen.
• C- og CP-symmetribrud.
• 1. ordens faseovergang.
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… vi rammer en faktor 10.000.000 ved siden af



Galaksers rotation
Fritz Zwicky, 1898-1974 

Vera Rubin, 1928-2016



Galaksers rotation



Galaxy rotation
Mørkt stof får galakser til at rotere hurtigere, end man ville fra blot at betragte 
alt det “normale” lysende materiale i galaksen.

Credit: ESA

With Dark Matter Without Dark Matter

Galaksers rotation



Universets 
Udvidelse

Har det ændret sig over tid?

Ja, men ikke som vi 
forventede!!!

Inkluderes i Einstein GR, kvante-
beskrivelse: faktor 10120 forkert!

Hubbles observationer

Fjerne 
supernova

Nære 
supernova

Langsommere

Hurtigere
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Hvad består Universet af?
(…og hvordan ved vi det?)

Tre forskningsfelter observerer
Universet på hver deres måde:
• Kosmisk mikrobølgebagrund (CMB)
• Fjerne supernovae (SNe)
• Galakseformation (BAO)

Hver af felterne forsøgte at måle:
x) Andelen af stof i Universet
y) Andelen af energy i Universet

     …og de er enige!!!

Andel stof

A
nd

el
 e

ne
rg

i



Composition of the Universe
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Universets bestanddele

Vi ved det ikke!

Vi ved det 
SLET ikke!
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Universets maskiner
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Figure: Vancouver Sun

Figure: Cronodon
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kosmiske stråler 
(atomkerner)

Oprindelsen



kosmisk stråle 
(atomkerne)

foton

neutrino

Oprindelsen
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Nye budbringere?

Neutrinoer?
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Jorden og vandet
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Den blå planet
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Vandets oprindelse

21 OCTOBER 2011    VOL 334    SCIENCE    www.sciencemag.org 316

PERSPECTIVES

Watery Disks

PLANETARY SCIENCE

Rachel Akeson

The Herschel Space Observatory has detected 

a large reservoir of water stored as ice in the 

disk surrounding a nearby star.

ing of an action potential). In addition, an 
increase in cytoplasmic calcium concen-
tration could activate a protein kinase that 
modifi es (by phosphorylation) gap junction 
channels,which bridge electrically coupled 
neurons. Alternatively, partial replacement 
of nonrectifying gap junctions with rectify-
ing gap junctions (thus allowing electrical 
current to pass preferentially in one direc-
tion) is a possible mechanism.

The functional consequences of LTD 
produced by electrical synapses are of great 
interest. By producing asymmetrical changes 
of electrical coupling, the outbound connec-
tion of a group of bursting neurons will be 
stronger than the inbound connection from 
coupled neurons that did not burst. The func-

tional consequences resulting from the gen-
eration of asymmetry of electrical synapses 
within the TRN remains to be explored. The 
impact of reducing the strength of electrical 
synapses at the circuit level and their poten-
tial effect on rhythmic activity in the TRN is 
also of interest. In vivo, TRN neurons can 
switch between burst and tonic fi ring modes 
( 10). If these activities can induce LTD, one 
may expect to fi nd changes in the strength of 
electrical coupling in the TRN that correlate 
with different behavioral states during sleep 
and wakefulness. 
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        T
he paradigm for star formation is 
understood to center around the for-
mation of a rotating disk from a cloud 

of gas and dust. The circumstellar disk fun-
nels material onto the newly formed central 
star and also serves as a reservoir of mate-
rial from which a planetary system may arise. 
Determining the physical and chemical com-
position of these disks is necessary to under-
stand the formation and evolution of planets. 
Previous observations have detected the pres-
ence of molecules within the disk, thereby 
demonstrating an active chemical network. 
However, this chemistry is harder to trace in 
the majority of the disk where low tempera-
tures result in the molecules freezing out onto 
grains. On page 338 of this issue, Hoger heijde 
et al. ( 1) use the Herschel Space Observatory 
to detect cold water vapor in one of the closest 
young stars, TW Hydrae. The source of that 
water vapor is likely to be a large reservoir of 
ice grains.

In the past few decades, the basic physical 
information we have learned about circum-
stellar disks—their mass, size, and lifetimes—
come from observations of micrometer-sized 
dust grains within them. However, the vast 
majority of the material is gaseous, primarily 
molecular hydrogen. Transitions of molecular 
hydrogen are very diffi cult to observe, and the 
only H2 detections in disks are of warm gas 

in the center. Attention has therefore turned to 
other molecules such as CO, HCO+, and CN 
to trace the gaseous component.

Water is the main constituent of the 
mantles on grains found in the low-density 
medium that fills the space between stars 
and can serve as an oxygen reservoir in the 
gas phase. Thus, water may be one of the 
key components in the chemistry and ther-
mal balance of both the parent cloud and 
the circumstellar disk. Spectroscopic obser-

vations of water vapor from ground-based 
telescopes are hindered by water vapor fea-
tures in Earth’s atmosphere. In the inner disk, 
where water is present as hot vapor and can 
be observed from the ground, observations 
have shown water vapor at abundances above 
the levels measured in molecular clouds ( 2). 
These observations include the so-called 
habitable zone where terrestrial planets are 
believed to have formed in our solar system. 
However, most of the mass within the disk is 

NASA Exoplanet Science Institute, California Institute of 
Technology, Pasadena, CA 91125, USA. E-mail: rla@ipac.
caltech.edu

Rocky planetesimals Icy planetesimals

Snow line

 A frozen line of division. Interior to the snow line, planetesimals forming in the disk are rocky, while out-
side they are icy. In our solar system, this line corresponds to the divide between the inner terrestrial planets 
and the outer gas giants. C
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Vandets oprindelse

− 24 − 

 
 
 
Figure 1. The D/H ratios in the present Earth’s ocean (Lécuyer et al. 1998), protosolar 
H2 [nebula] (Geiss and Gloeckler 1998), carbonaceous chondrites [CCs] (Robert et al. 
2000), and three comets; [1] Hyakutake (Bockelée et al. 1998), [2] P/Halley (Eberhardt 
et al. 1995), [3] Hale-Bopp (Meier et al. 1998).

H2O

D2O
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Vandets oprindelse

Ceres
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Vandets oprindelse

CeresVi v
ed d

et ik
ke!



40

Liv på Jorden og evolution



Livet opståen på Jorden

41

Al liv vi kender
•kopierer sig selv
•befinder sig i en celle
•forbruger energi
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Al liv vi kender
•kopierer sig selv
•befinder sig i en celle
•forbruger energi

Kopiering
micelle

vesikel

Livet opståen på Jorden
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Kopiering

Livet opståen på Jorden



44

Livet opståen på Jorden
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Livet opståen på Jorden
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Livet opståen på Jorden



(Mulige) Ingredienser:
• Der skabes aminosyrer i solsystemet.
• Passende atmosfære og flydende vand.
• Rigtig temperatur og overskud af energi.
• Relativ stabilitet men også dynamikker.
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Ursupper	med	
aminosyrer	og	
nukleotider

RNA	verden

DNA	og	proteinerVi v
ed d

et ik
ke!

Livet opståen på Jorden
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Arter og artsdannelse
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Evolution og miljø
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Mennesket og vores forfædre
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Vores forfædre
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Hvor opstod Homo sapiens?

2010
300.000 år 
gammel H. 
sapiens fundet i 
Marokko

175.000 år 
gammel H. 
sapiens fundet i 
hule i Israel

Vi ved de
t ikke!

Tidligere: Rift 

Valley (Etiopien)

Bedre bud: Sydlige Afrika



Moderne menneskes udbredelse
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Population før 
migrationen 
over land??

Migration i Europa 
før stenalderen?

Denisova?

H. florensis
(‘hobbitterne’)??



Denisova: Neandertalerens kusine?
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41.000 år gammel 
fingerknogle

Hvem er de?? 



Moderne menneske i Europa
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For nylig (10.000 år - nu):
• Jæger samlere
• Landbrugsfolk
• Steppefolket (Yamnaya)

Tiden før mesolitikum:

Vi ved de
t ikke!



Jordens befolkning
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Jordens fremtidige befolkning

57

Vores bedste gæt 
er 10 mia…

…. men vi ved det 
reelt ikke…



Interplanetarisk civilisation??
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?
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Fremtidens svar?



Universets historie

Big Bang udvidelsen

13.8 milliarder år

Første stjerner omkring 
200 millioner år

Første atomer 
379.000 år

Udviklingen af galakser, planeter, liv, mennesker, etc.…

Hubble- 
teleskopet

Big 
Bang
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Universets spørgsmål…

Big Bang udvidelsen

13.8 milliarder år

Første stjerner omkring 
200 millioner år

Første atomer 
379.000 år

Udviklingen af galakser, planeter, liv, mennesker, etc.…

Hubble- 
teleskopet

Big 
Bang?
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?

??
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Tak for denne gang!
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Bonus: Exoplaneter
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Exoplaneter - en gylden æra?
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Hvor mange? Hvor store? Hvilke afstande?
Alder? Komposition? Atmosfære? Liv?
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Hvor mange? Hvor store? Hvilke afstande?
Alder? Komposition? Atmosfære? Liv?
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Exomåner
Exomåner skulle være små “hop” på de allerede små exoplanet signaler.

Interessant nok har man 
muligvis allerede set en 
exomåne (med gravitational 
lensing).


