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http://shop.nationalgeographic.com/ngs/product/maps/wall-maps/space-maps/the-milky-way-map%2C-laminated
http://shop.nationalgeographic.com/ngs/product/maps/wall-maps/space-maps/the-milky-way-map%2C-laminated




LARGE-SCALE STRUCTURE: GALAXIES ACCORDING TO REDSHIFT

The deeper astronomers look into the universe, the more they see that the
expansion of the universe has stretched light, shifting it toward the red end
of the spectrum. By measuring the amount of redshift, astronomers can
determine how far away a given galaxy Is.
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-
This map of 220,000 galaxies produced by the A
>

2dF Galaxy Redshift Survey Team shows the
filamentary structure of the universe, seen
when it is considered on a large scale

SOURCES: HUBBLE SPACE TELESCOPE; EUROPEAN SPACE AGENCY, ROYAL OBSERVATORY EDINBURGH



— XS E IR

SEZNIEPORRSE




b 6o
— A EXIEIRFRD TS [EDehn D)

S HLY X

Limli

4+

K . :
" .."\c : 3
» . - -
: >, ' o
’ ' * . . . . s
_ \ ' 4 " . . ;
. o‘- ‘ & .“ . "
e - \ s /
» 4 . .
N G i
G g ’ ' :
Galaxy Cluster Abell 2218 HST « WFPC2

NASA, A. Fruchter and the ERO Team (STScl, ST-ECF) « STScl-PRC00-08

RATOEDNUE EREOME RALAUHDODENME




— A XS E IR

SEZNIEPORE S

EFHE
_ SRR
s FiZDIEm Szt




2BV vy FEER

AZE I EHERGBESE, FHRBISELLEWL. 1ODLICKES.

v AtBOESESEEBULDAIRLS IETFHRISEL S.

A/BES5EBBLIEDMIRET LD M
b S !
RERR (AXVIN—5 Y ER) ~\
YERRIGRAERNTREVOD ? =N
(PAYY2191Y) RN
A ) A .}n}u\b
' HIZEZTVWBOHFEATVS DD ? ;:;:,0“
B (Y2L—F1VH-) B ")',;‘,”
BREMFEMISLSE, PEBORMED :’%’//
RESL ! — /]
R FE
EPRIXSKYZ (PAYY2151Y)

MR¥EE CEVWESTHBERELEW!
ARDERAT H1TRHBEATEET
AR, SRR (NS LILT—ILR)
MERRIEHAWFICEL>TEDIDOH?



FARBEDOEIRD1 D | ZiHFRER

Many-worlds interpretation

INTHREFBNTH D EEZDESIE, BHAZET
ST, EEMIPIELTWS KSBEDE.

Hugh Everett
(1930-82)

“Parallel world”
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FHIEIE (cosmological principle)
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Friedmann, Robertson, Walker, Lemaitre (1920s)
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Edwin Powell Hubble
(1889-1953)
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57 N7V 1929 FEIZFER LK.
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Einstein, 1947



6. FHA >> 6.3 EVINVIZEHEFHR

KD EFHEDIE

B RAARYR S, BEFNSBRFEELEZIET.
BHDIXUEDIE, INTOYMEEIRILF—HES
, ZECTRB.

/71

The Origin of Chemical Elements

R. A. ALPHER¥*

Applied Physics Laboratory, The Johns Hopkins University,
Stlver Spring, Maryland

AND

H. BETHE
Cornell University, Ithaca, New York

AND
G. Gamow

1946%, HED, 'FEINSESBEDOKD it e
T= ®4j{,u\ C D 7:‘_‘_ t g (:, %E:H%Feﬁ?ﬁ?b\éﬁzé S pointed out by one of us,! various nuclear species

must have originated not as the result of an equilib-

rium corresponding to a certain temperature and density,
n C \J\ > 7:_] but rather as a consequence of a continuous building-up

e Lo i process arrested by a rapid expansion and cooling of the
] 948-/EE, (04 B Y, rm,ﬂ%[%f_‘f, }#O)FEE*D,HH (L_ primordial matter. According to this picture, we must
imagine the early stage of matter as a highly compressed

EZ%*}Z&”ET\‘, a_/ T@ﬁ%bf? < BH%J neutron gas (overheated neutral nuclear fluid) which

started decaying into protons and electrons when the gas

Physical Review, 1948/4/|




19485, aBy, 'EESTEOTEBIC
@:5&&mﬁ,a~t@n§no<5n5J
v JI\ViES = a B r-Hayashi O
ITTHRERKIEECOHD 3B TR T
S DEL

BENERINZERDBEIC, BENIEF—FEDOXXINET DiF
HANH D EZBASHICLIE MM 14X, M v D) .
BE(CH T DIRAERDEIN (MOPBRRER) .

NCED

IQE ok B2

/0N

Ae

=T )L

EXR0OEEHERZETIVIELUE (REETIL, T

AR
i




NDOEFHEFE vs TEFHIE

19484, aBr, "'SEREEZEDFHVHAIICEIDIZRIGT, INTOITRNDLSS5ND]
19504, #, TEXUOHD 3 nET 75%75\’3< 5Nd,

LD,

LVIEFDOERAT—I 5k, FHERILISES
vs WEKODESAEMN S F, HIEREED T I0EE

==

E®FH;

=
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(1915-2001)
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CosTologlcal Microwave Background Radiation (CMB)
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Discovery of CMB, 1964

Arno A. Penzias (1933-)
Robert W. Wilson (1936-) -
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COBE®IEIC L S5CMBDAEIE

l Cosmic Background Explorer, 1992

Cosmic Microwave Background Spectrum from COBE JOhn C. Mather (.I 946_)
o ot George F. Smoot Ill (1945-)

Intensity [MJy/sr]
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Wilﬁinson Microwave Anisotropy Probe, 2002
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WMAP

Measures
Microwaves
From the
Universe

® The mean temperature of photons in the
Universe today is 2.725 K

® VVMARP is capable of measuring the
temperature contrast down to better than
one part in millionth
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WMAPHIEICE SCMBDEIE

Wilﬁinson Microwave Anisotropy Probe, 2002
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Planckf@EI£2ic & 5CMBDEIE

Planck, ESA, 2013
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Nobel Laureates in Physics: Japanese Laureates

FEREE—EE CKES) (2008)
RALFYPIEE E B ZICH T2 BRIONITEOBRNDOFER

At

INIRERL ) 1|80 3= (2008)
74— 7 D= FE T SHIEDHRNDOERDER

one half awarded to Yoichiro Nambu "for the discovery of the mechanism of spontaneous broken symmetry in subatomic
physics", the other half jointly to Makoto Kobayashi and Toshihide Maskawa "for the discovery of the origin of the broken
symmetry which predicts the existence of at least three families of quarks in nature".

Nobelprize.org

http://www.nobelprize.org/nobel prizes/physics/laureates/

XE8 (2008)


http://www.nobelprize.org/nobel_prizes/physics/laureates/2014/
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o MALS JOS16.1-2403 MACS 01%2.5-28%2 , MALCS JO717.5+374%
DEFLECTION OF LIGHT RAYS CROSSING THE UNIVERSE, EMITTED BY DISTANT GALAXIES . -

6.11: () SIHDY S 2L —a VEERIC, HOEDRTZ2MEAALN. 57—
Y — 2GRN K > T, HORBBBRORS VDD 5.
[http://www.ctht.hawaii.edu/News/Lensing/]

() M OERIC X 2 HE0M., ¥V 7 aRRRA A DM, BRiaisy—r<s—
DR RRT, F—I2F DA LEEZ>THMLT0E I LD 5,

[http:/ /hubblesite.org/newscenter/archive/releases /2015/10/full /]
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"Dark Matter" is now available everywhere in Japan.
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for the discovery of the accelerating
expansion of the Universe through
observations of distant supernovae.
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6. {HEFHRA >> 6.5 FHRDETILERD ZRADEAER
6.5.3 FH VYTV OEERiEH (CMB) DA p118

Cosmic Microwave Background (CMB)
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1st Stars
about 400 million yrs.

Big Bang Expansion
13.7 billion years




6. {HEFHRA >> 6.5 FHRDETILERD ZRADEAER
6.5.3 FH VY1V ORERES (CMB) DERA p118
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(Sloan Digital Sky Survey, SDSS)

2135 SRAOSMABIHES I 2L —Ta IZXB8U0MAEIE72DD. () SDSS H—_XA 12X 58T D 55
e 1.34 zER/zHD. SDSS i, dLRPSRR % 65 HMEL Oz 2 BHELTRL TS,
1.3 EHAEDHEEIC KR 1 AEULEDZ L — by 3 — )V (FEROER) dH-ICBR SN, () 2dFGR
P—_RAN L BHEMOGARK. BRD 22 HEMUEOHF % 2 BHEFTRLTVS. (FH) 3 1/:_7’A .
VIialb—variw) BEFEEREZUE TR LA S D. [Springel, Frenk, White D73 (2006)

655 1& @fEJ > % &8l (20006)




- XY oA« TI3YY
. JON -3 MR smm( (1997)

mlr B

léLAcK




BFHX{bttE>Y— 201 8FE

FHZUb & PIEF

SEBEEHERE (LAMWOEHE)

10B25H #A“BEETEHEGBLLBEN — T 77 —DXEEENDEE
11B22H XORKRY7F5—E — FHERDZEL

12B27H ERAZBRPLTWSOH — FHER R
1H24H BZEOHHET Ty Iik—)L — —REXTEIRH
2B28H HIXRBEDOIRIFLERDOHL) — =Fim

3H28H MHINTWBEDIE5%? — FHE

http://www.oit.ac.jp/is/shinkai/mainichi/



BHXbtEYY— 2019FE

FHIEE I TRHASNID

4H25H
5H23H
cR27H
(H25H
S8H29H
9H26H

SEBEEHERE (LAMWOEHE)

AXZFEFEYER HFARMNOEREET TCOERHDAE
XEFEE EARXGRAXERE | HERAEGMAEITIEDODNEZN?
2TV IR—)LERERERA | BEEAIEADEL?
BHEBRREEFEHR 6 D2D/INTA—F THEHINDIFEEFTH
PHIFH ERATFYE SRTETILAELS EY 7N LE]

SR EBHIESR VA1 VIidE TEFTL

L LDV

ml

http://www.oit.ac.jp/is/shinkai/mainichi/



