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Figure 9.3 The redshift in the spectral lines from a distant galaxy (below) relative
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This series of photo illustrations shows the predicted merger between our Milky Way galaxy and the neighboring Andromeda galaxy.

& Credit: NASA; ESA; Z. Levay and R. van der Marel, STScl; T. Hallas, and A. Mellinger —
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Hubble's 1929 data
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Erdés was a mathematical prodigy. At three he could mul-
tiply three-digit numbers in his head, and at four he dis-
covered negative numbers. “I told my mother,” he recalled, 4
“that if you take 250 from 100, you get —150. My second When I was a child, the Earth was said

great discovery was death. Children don’t think they're ever to be two billion years old. Now
scientists say it's four and a half billion.

going to die. I was like that too, until I was four. I was in -
So that makes me two and a half billion.

a shop with my mother and suddenly I realized T was
wrong. I started to cry. I knew I would die. From then on,
I've always wanted to be younger. In 1970, I preached in

Los Angeles on ‘my first two and a half billion years in
mathematics.” When 1 was a child, the Earth was said to
be two billion years old. Now scientists say it’s four and a
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students at the lecture drew a timeline that showed me XEEZO'{Z'EO Iz, -*4 %zl\iﬁI*EQEWY
riding a dinosaur. I was asked, ‘How were the dinosaurs?’ TE?:E)'TZ'EO PR, X (EFIHAIFERZE25
Later, the right answer occurred to me: ‘You know, I don’t 257, "

remember, because an old man only remembers the very
early years, and the dinosaurs were born yesterday, only a FHMIIER

2012 > 14012
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hundred million years ago.
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Late Route

a. Gravitational Lensing (HoLicow)

b. Surface Brightness Fluctuations in Galaxies
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Figure 9.7 The inflationary epoch in the early universe.
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Figure 9.9 The cosmic background imager in the Atacama Desert, Chile. Image: CBI/Caltech/NSF.
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Figure 9.10 Boomerang observed fluctuations in the CMB that are consistent with space being
‘flat’ -(Above) Boomerang map. (Below) What would be observed with positively curved, flat
and negatively curved space. Image: The international BOOMERANG consortium.
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Dark Matter May be Smoother than Expected

Careful study of large area of sky imaged by VST reveals intriguing
result
7 December 2016

Analysis of a giant new galaxy survey, made with ESO's VLT Survey Telescope in Chile, suggests that dark matter
may be less dense and more smoothly distributed throughout space than previously thought. An international
team used data from the Kilo Degree Survey (KiDS) to study how the light from about 15 million distant galaxies
was affected by the gravitational influence of matter on the largest scales in the Universe. The results appear to be
in disagreement with earlier results from the Planck satellite.

Hendrik Hildebrandt from the Argelander-Institut fur Astronomie in Bonn, Germany and Massimo Viola from the Leiden
Observatory in the Netherlands led a team of astronomers [1] from institutions around the world who processed images
from the Kilo Degree Survey (KiDS), which was made with ESO’s VLT Survey Telescope (VST) in Chile. For their analysis,
they used images from the survey that covered five patches of the sky covering a total area of around 2200 times the size
of the full Moon [2], and containing around 15 million galaxies.
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Figure 9.11 NASA’'a Chandra X-ray satellite image of hot gas surrounding the galaxy NGC 4555.
Image: NASA/CXC/E.O’Sullivan et al.
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Figure 9.12 The Abell 2218 cluster imaged by the Hubble Space Telescope. Image: NASA,
A. Fruchter and the ERO team, STScl.
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MACS J0152.5-2852 MACS J0717.5+3745.

7
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Fig. 2.4—1. Dark Matter in Merging Clusters. Superposed images of galaxies (yellow / multicolor, from ground-based observato-
ries), X-ray gas (magenta, from the Chandra X-ray Observatory), and dark matter (blue, from Hubble Space Telescope weak lensing
observations) associated with six actively merging galaxy clusters. These coordinated observations by two Great Observatories have
set world-leading constraints on dark matter self-interactions (Harvey et al. 2016). Image from Chandra X-ray Center.
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Fig. 2: Simulations of formation of dark matter haloes ranging in size from Earth mass to clusters of galaxies
find a universal halo density structure spanning 20 orders of magnitude in mass (Credit: Sownak BOSE,
Center for Astrophysics, Harvard University)
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. Researchers have used the Dark Energy
FI rSt R esu Its fro m D Es I M a ke th e Spectroscopic Instrument to make the
largest 3D map of our universe and world-

M OSt P reCise M eas u re m e nt Of O u r leading measurements of dark energy, the
Expa n d i ng U n ive rse By Lagren Biron  mysterious cause of its accelerating

April 4, 2024 expansion Key Takeaways

- DESI mapped galaxies and quasars with unprecedented detail, creating the
largest 3D map of the universe ever made and measuring how fast the universe
expanded over 11 billion years.

+ This is the first time that scientists have measured the expansion history of
that distant period (8-11 billion years ago) with a precision of better than 1%,
providing a powerful way to study dark energy.

- With just its first year of data, DESI has surpassed all previous 3D spectroscopic
maps combined and confirmed the basics of our best model of the universe -
with some tantalizing areas to explore with more data.

DESI has made the largest 3D map of our universe to date. Earth is at the center of this thin slice of
the full map. In the magnified section, it is easy to see the underlying structure of matter in our

universe. Claire Lamman/DESI collaboration; custom colormap package by cmastro




Distance measurement relative to ACDM

DESI’s Hubble diagram plots a characteristic pattern — baryon acoustic oscillations, or BAO “bubbles” — at
different ages of the universe. The amount of dark energy determines how fast the universe grows, and
therefore the size of the bubbles. The solid line is how big Lambda CDM predicts the bubbles will be, while
the dashed line shows the prediction from a different model where dark energy evolves with time. DESI will
gather more data to determine which model is a better description of the universe. (Credit: Arnaud de
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The spots show small
temperature variations
in the background radiation.

Big Bang 400,000 years

SECRETS IN THE
BACKGROUND RADIATION

The universe was extremely hot and dense in its
earliest moments, the Big Bang. Since then, the
universe has been expanding, getting larger and
colder. Almost 400,000 years after the Big Bang, the
initial radiation began to travel through space. This
radiation still fills the cosmos and, coded into it, many
of the universe’s secrets are hiding. Using his
theoretical models, James Peebles was able to
predict the shape of the universe and the matter and
energy it contains (the below curve). His calculations
were a good match with later measurements of
background radiation.

Background radiation

The curve shows how many
spots there are of each size in
the background radiation

©Johan Jarnestad/The Royal Swedish Academy of Sciences

14 billion years

Dark

matter

Ordinary Dark
matter — energy

The first peak shows that the universe is
geometrically flat, i.e. two parallel lines
will never meet.

The second peak shows that ordinary
matter is just 5% of the matter and
energy in the universe.

The third peak shows that 26% of the
universe consists of dark matter.

From these three peaks, it is possible to
conclude that if 31% (5%+26%) of the
universe is composed of matter, then
69% must be dark energy in order to fulfil
the requirement for a flat universe,
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Accelerating Universe: Q= 1
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Figure 9.14 The scale size of the universe with time.
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Figure9.15 A time-line of the universe. Image: NASA/WMAP Science Team.
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WX Fr@h: Planck evidence for a closed Universe and a possible crisis for cosmology

{E& : Eleonora Di Valentino, Alessandro Melchiorri, Joseph Silk

HiF: Nature Astronomy REFEFARIMNEX DA TRNFEMEEREFNNEHARIENTE. SHRIENETHEN
ETTAR1CER, FHHUREREBH SIAERMNREE, MENEFHNFHRE, BEMNES,
fiMNARNEXEFEMEE KRBT . XEXFRESAMKOIES, BINMRES, E1NN
HEpEmEEBMtRREMNERBRFEFNER. ERENNBESR, XFNNREIIEM
RRR. REFBANSBIEND, FEOFHBREANELEMAIEITNRAZEESS%. UMER, EF
HPFIGIUARBTRFRE, MAR5.71,

AFRETE): 2019/11/04
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BIBEXTMR, FEZTEAEE—THFAN=4KE, MELt 2, EFTWMAPTDENFEHMEES
BTN ER, UR201BFEAR DENE —MEHIE, MEFREIL TR NLAMDA-CDMBFEE
FROEER, EIRMERA, FHEFIEN, EIEMNATMUIRE, KM REENSCEHEMNN,



e KiR: FHPNAMEMRSRERRBAFRZRENELRN FHNESH

“AR#R” (Big Rip) RIZIANNMREERENZREREN EIBMTMEMN, FEFENZES
HEAS. FTERERABRN, BEFENAMEKMAENR (EZENEEXT) KREALH
B, URBEERNRTSAHBRNT-IN"MRIEEE" (phantom dark energy) , B
AENBERENENEBMAMNEM, MMSHFERKNEZEHERER, KREMSE
SFEHYNABEYRARBAFARRENESKFHNES.

e XKAL: FHRERABBTAEANFE

“RELZ” (Big Chill/Big Freeze) B4R “HAM” (heat death) . XMERIZIANBEEF
HNEK, SHRENEEFRFILENME, TEEXRERE, RRSTBUZERNIE
ER. MEEEEBRNEL, FHEEHREME, HRLBELI-—MRERHNFEEHE
RS, BRMEAARNETE (BMREEKRE) , AINFHEEEDLEERE (EHKRIA
) £FTE (FT273158KE) , MMEAEMMELENEGBLEFE.

o Kifi%E: MRS NERESFERECLBKAXERYS

“Kift%E” (Big Crunch) RIZIANABATYERNSINFAFENEKEEZAMEE, MM
REFELREKARERE, ANERBZEXFREFTABAERE. P —FMa]aEEM
EFEARIENNBRSHBRREREE, MNTMESFELT " KIEE"E “XIR%E"H
KRB ZIHFE—MBAEROKS. MEBRTNFEZERNRE, FEAENBEEESER
£, MEENZESTYERN, ALEFHENEKASELE, "KRIfAR EFAKTEREN,
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R FHE (SR, H—F PEA)

MHBRERKFHEFNMARIEFAHMAR, EFHFERTNEEEXEENAE, BiEER
ERSWNNEEFR., LI, BENRKERNIER, MEZREHZIRE, EXTFEHRA,
RBREFGRARAZAABRN., SEREREKEASEFATENEILE, BNAMERKANQITLA,
WAMEFELZBXRET 4. BN, AMIBEARERE, REKEAEHARERFHOME—F]

BE?

EXTEERET, —RINBEREGNEME, EPRARKYENMEREFEE., XUREFH
EGMNELEEREERZ, I INEXRZETRAEZNTHIE - H=FMEE (Robert
Brandenberger) #IBEXEIEF XAKRKFHN KD -jR%% (David Wands) F1999F R EMFE K
BIRE . PERZERSEEMINKTERMARGREAT2007F R BB R RFEREE,

REZEEFAMBBEAKXBEFEHZFMAIRNDERERE., EXXEBEEGPH, KBREZHH
FEL4T—TRETRE, RSN, BEIE-—NZAFERED —MMRIVE, RERBEHANR
ERRKBIERAKMER., AR, REFRANUETAKBEFEEZNORINZLA, EBERT
BITRIUEFEHERAEEAMONTT R, #—FTHEDTRARKEEFEENELRE.
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Astronomy Picture of the Day

Discover the cosmos! Each day a different image or photograph of our fascinating universe is featured, along with a brief explanation written by a professional astronomer.

2018 October 7

The Scale of the Universe 2

:‘,:?:7

Use the scroll bar Click on objects
to zoom in and out. to learn more.
By Cary Huang

Technical support by Michael Huang
Copyright @ 2012 Cary and Michael Huang (hitpz//htwins.net)
Music - *Frozen Star" by Kevin MacLeod (http://incompetech.com)

The Scale of the Universe - Interactive
Animation Credit & Copyright: Cary & Michael Huang




The Scale of the Universe 2
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Our Story in One Minute
Video Credit & Copyright: MclodySheep, Symphony of Science, John Boswell; Music Credit: Our Story

Explanation: Do you have a minute -- to see the entire backstory of human existence? This thrilling video culls together multiple teasing video snippets in an attempt to
succinctly summarize our history. And sets it to music. Briefly depicted, from start to finish, is an artistic animation of the Big Bang, a trip across the carly universe, the
formation of the Earth and Moon, the emergence of multi-celled life and plants, the rise of reptiles and dinosaurs, a devastating meteor strike, the rise of mammals and
humans, and finally the rise of modern civilization. The minute movie ends with a fiyover of the modern skyscraper and a human standing atop a snow covered mountain.
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Cosmic Origins
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Albert Einstein: The most incomprehensible thing about the world is that it is comprehensible.
Yongquan Xue: The most incomprehensible thing to me is that | can go with you side by side. :)

The Universe, yours to discover!

FHBLKR, REEEE!



