2. THmMRDERFR

1916%
9294
9461%
9654
9804

1992¢%

19904
TR FE

BAIF T HRDE

L L Izll L L

2

bR

FHBEEROFER (/\vy

~ —RRHEXERIIFEET IV

JJL)

EvO N\ ETILDIRIE (HED)
CMBDHERE (RUOTFTRX.J4ILY)

FHOXEENDHER

R AL 5 B B s D i AE

== = A

FHAMPHE S 2L— 3y

CMBEERP ST D&

5. BRYE. FTEHERN

i (COBE)

REF~ FERN\TA—FDHEERE

(BEIXR)LF—)

1



— A& FE X R FHRET LD ER

= 19164 : —fEHEXIH
s 1917%F: A 134V DBMFEHEETIL
= 1980FERKLIE: EZOIRILTF—FE

1
R, 3 Rg,|+AQ, =8zGT, —
FHEH BH  (EEOIRILE—FE?)
Grdor ToES—)

1 A
R,uv _ERQ'HV =87Z'G(Tﬂv _&[_Ggﬂv)

= FHEMOBAGRESLTISVIEBE

A=C—z5.2><1093g/cm3 & Q= A2 ~ 10"
hG 3H,
 FAIRFHEIERE: Q, ~0.7 WIS FRADEREGEADFT—I !

B89 B S D E 1L 5 p



2V)—FTUAER

Alexander Friedmann ~ Albert Einstein ~ Georges Edouard Lemaitre
(1888-1925) (1879-1955) (1894-1966)

—le +Ag, =8zGT, (FA42218314275ER)
2Y—F< AR THOHE  FHEN
“:D a(t) K A
H*(t) = —p()— TR
a(t) — a“(t) 3
Rr—IVI795— FHHEHEFBE

INYTJLINTGA—A
BRI ERDELS



TIRH91> 7vw7 )L (1889-1953)

s PUROAF EERICEI7ANRLENREZR DT TED
IEEARATEL. ZEADEEZEITHLADEANRNDENE
—cm:m %Jﬂ_LL,th,‘I’C&é_H&TLL (1923: )

’CL\%’)_J:’E%EL —T—EEnb\H éﬁbfb\é_&’&ﬁﬁl,ﬁllﬁ’]k
BASAZLT= (1929:-)
. NTURERLE7UROAS  1931FEICIIILYVILKRXE R

$E®t77’f|‘3{7'53 il L,t'?'f/ ARy

A [
T

g e r } http: //www mtwilson. edu/Hlstory
Eﬁ EIIEI’J B :



NI ILDER (1929)

s R ERANEFE RIS L TEE N> TS
s TOEREBREL, SRAIFETODEEREICLEEHIL TS

I\ LTELL .
Ho=558km/sec/Mpc (1?) . .
. I\ 7LD EE
v=H,d
Ny T IS INVT LT =
Ha70kmfsechp iiji ﬁEiEI )

ERREE R B %

5



INYTILDERIDREIR (1)
s HLZDIRARILZFEDHIDIZZiE T H(?)

I RTDOERAH
ERXDEARET
ML T, /D
ZDERIBZEEN
izl el n ] )
RS VA% 527 Iy SLER
Ziml=LEh inE
gILTL\S

B89 B S D E 1L 5



INYTIIVDERDEEIR(2)

s NV ILDERIZ. L DERAIRITHHLT
R TIFGE{FHEDOECTHEMYILD
ZDEBNE., BIZ@E 4 DRI DEE) TlE AL,
FEIAHLOP LG TEARELT—HREFEAICHE
iRL CTWZAZEZTTRRLTLVS

B89 B S D E 1L 5



o3— HET (1904-1968)

o —T—EEI@TL'.%O)A /ﬁ%gﬁﬁﬂ_;
%)f\( RyREYT NI
s o B I%O)'J'Fﬁ"f‘*tbf FEHIAY
D L OREREAOFEZTS
W) == « RFRME. FTEHHR. DT
e . AYMIERFEDOZIRD D EIC
H1=Y. BHTHEIILET
ATATE=HEKTHEEDIC,
EBN-BEEZxEL]:

B89 B S D E 1L 5 8




a B Y EEDREEI (Phys.Rev. 73, 1948, 803)

PHYSICAL REVIEW

Letters to the Editor

UBLICATION af brigf reports of imporfant dizcoveries

in plhysics may be secured by addressing Mem fo this
department. The closing dale for this depariment is five weeks
griar fo the dade of iszue. No proof will be sent Lo the authors.
The Board of Editors does not hold ttzell responsible for the
opinions expressed by fhe correspondents. Communicalions
shonld nof excerd 600 words in length,

The Origin of Chemical Elements

E. A, Arenpe® a

A pplied Physics Laborpbory, ns Hopkiny §Mmisersaty,
Silver Spwing, Maryland

aDr
il. BETIEFE: B

Caormell I winersaiy, Tthaca, ¥ew Vork
AN

Cr. (GAMOW
The George Washinglon L ndvernly, Waskinglon, I, (.
February 1B, 1948

VOLUME 73,

NUMBER 7

APRIL 1, 1944

We may remark at first that the building-up process was
apparently completed when the temperature of the neutron
gag was still rather high, since otherwise the ohserved
abundances would hawve been strongly affected by the
resonances in the region of the slow neutrons. According to
Hughes® the neutron capture cross sections of various
elements {for neutron energies of about 1 Mev) increase
exponentially with atomic number hallwayv up the periodic
system, remaining approximately constant for heavier
elements.

Using these cross sections, one finds by integrating
Eqgs. (1) as shown in Fig. 1 that the relative abundances of
various nuclear species decrease rapidly for the lighter
elements and remain approximately constant for the ele-
ments heavier than silver. In order to fit the caleulated
curve with the observed abundances® it is necessary 1o
assume the integral of pdf during the building-up period i=
equal to 53 10F g sec, fem.

Cn the other hand, according to the relativistic theory of
the expanding universe* the density dependenceé on time is
given by p==104/1% Since the integral of this expression
diverges acf =10, it 15 necessary (o assume that the building-
up process bepan al a certain time fa, satislving the
relation :




origin
of “B”

&8I T

The paper by Gamow and Alpher is generally known as the “afy paper.”
Quite apart from its content, the paper has a famous history, which has made
it part of the physics folklore. As it appeared in Physical Review, it was co-
authored by Bethe, although he did not, in fact, contribute at all. Gamow

recalicd the story behind the ¢py terminology as follows: “In writing up the
preliminary communication of this work, I was unhappy that the letter 5 was
missing between « and y. Thus, sending the manuscript for publication in
Phys. Rev., T put in the name of Hans Bethe (in absentia) between our names.
This was planned as a surprise to Hans when he would unexpectedly find his
name as co-author and 1 was sure that, being my old friend, and having a good
sense of humor he would not mind. What I did not know was that at that time
he was one of the reviewers for Pliys. Rev. and that the manuscript was sent to
him for evaluation. But he did not make any changes in it except to strike out
the words “in absentia™ after his namc. thus endorsing the idea and the re-
sults.”™ Gamow even tried to make Herman change his name to Delter so the
afly theory would become an afyo theory. Although Herman resisted the

smDIEALE

temptation, in a later paper Gamow referred to “the neutron-capture theory of
the origin of atomic species recently developed by Alpher, Bethe, Gamow and
Delter,” a reference which must have caused some confusion.” Bethe, who
was not foreign to this kind of fun, took the joke with good humor as Gamow
cxpected. As he later told Alpher and Herman, “I felt at the time that it was
rather a nice joke, and that the paper had a chance of being correct, so that [ did
not mind my name being added to it.”" The last word on the matter was added
by Gamow in 1960: “There was . .. a rumor that later, when the «3y theory
went temporarily on the rocks, Dr. Bethe seriously considered changing his
name to Zacharias.””’




Erraturn : Expanding Univerze and the
Origin of Elements
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n H.Kragh “Cosmology and controvers

= P.138 With the exception of Hayashi, no one outside
America contributed to the big-bang theory.
Furthermore, it is noteworthy that the physicists involved in
the program were East Coast or Chicago physicists with, In

mos_t CaSes, personal connections to Gamow.
SRR FE RO EILEE 11

ultra-unprecision cosmology
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n H.Kragh " Cosmology and controversy’

(Princeton Univ. Press, 1996)

s P.126 The assumption that the ylem consisted only of neutrons
simplified the picture of the earliest universe, but it was realized that
it was merely as an assumption. In early 1950, Chushiro Hayashi
of Nanikawa University in Japan reconsidered the question
and suggested that at the very high temperatures in the initial phase
of the expansion, other processes than radioactive neutron decay
should also be taken into account... Hayashi was the first of the
rather few physicists who took an interest in the work of
Alpher and Herman, and his contribution was important in indicating

a new insight into the isotropic composition of the early universe.
BRI T HRDEL R 12
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CMB: osmic icrowave ackground

s AEDFEZHI=9 FARIEENFEDEEEST 72

s VKD EFH(EVT/\Y) DA X

s RUODFTRED4IV D DEHIEIF R (1964F)I2&-
T.EYI N\ VEGHNHO ChREZS-

s 104DIEETRE2.TKOZESH DARIEILE—E

s EXHICI0FEEDREIEEFAE

s FHB/NSGA—FIZDODVTHOEERIFHRE

BT H R DE LR 13



CMB: #RDERE

s 1940FR(Zoa3—D AET (EVTIN\VF
BETILDEIIRE) LTDFEEENTE
DEBOHAEIL ., BRHWICEDEFEESE
&

s 19645 (2, RILFARFFDARN DT RED4
IWWODRNMBRFER (1978FE/—ARJLE)

Bell Labs/Lucent Technologies 12#tE &

A MEASUREMENT OF EXCESS ANTENNA TEMPERATURE
AT 4080 Mc/s

free from seasonal variations {July, 196d-April, 1965). A possible explanation for the
ilkinson

QO3 ) 1n a companion letter i this 1ssue,
A. A. PENzZIAS

E. W, Witson

May 13, 1965
BeELL TeELErrONE LABORATORIES, INC The Astrophysical Journal 142(1965)419
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CfA galaxy survey

(de Lapparent et al. 1986)
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2dF QSO survey
(http://www.2dfquasar.org
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CTA galaxy redshift survey: Las Campanas redshift survey:
Geller, da Costa & Huchra (1992) Schectman et al. (1996)
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