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PERIODNI SISTEM

DMITRIJ MENDELJEJEV 1869 — NAJVECE OTKRICE U ISTORIJI HEMIJE
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Z = atomski broj (broj
protona)

A = maseni broj (broj
protona + neutrona)




KAKO SU NASTALA ATOMSKA JEZGRA?

o Stvaranje jezgara =

Podrazumeva se da je
nastanak jezgara
iIstovremeno | nastanak
atomal
Kljuc = 2arna
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Laki elementi teze da se
spajaju, teski da se
cepaju
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DVA GENIJA RESAVAJU STVAR...

Ser Fred Hojl (1915-2001)

Georgij (Dzordz) Antonovic
Gamov (1904-1968) .
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GENIJE 1Z ODESE

o

o

Studirao kod Fridmana do 1925, potom
kod Bora i Raderforda

, 11 musketara“: Gamov |
e Lav Landau
e Dmitrij Ivanjenko
» Matvej Bronstajn

1931. postao najmladi Clan Sovjetske
akademije u istoriji — I zabranjeno mu da
putuje (!)

Dvaput pokusao da pobegne kajakom...

1933. prvi Solvejev kongres, dobija pomo¢
od Marije Kiri

Od 1934. Zivi u SAD, najpre GWU (Sent
Luis), a poslednjin godina UC (Boulder)

Poslednjih godina tezak alkoholicCar,
lznenada umire u Boulderu 1968.




VELIKO DELO...

o ResSenje problema kvantnog
tuneliranja

o Gamovljev faktor u alfa-
raspadu

o Nuklearni model kapi

o Nastanak SuncCevog
sistema

o Prvi sugerisao triplete u
DNK/RNK kao ,redi"

o Primordijalna nukleosinteza
o Veliki popularizator nauke!

GAMOW

George Gamow

THIRTY YEARS
THAT SHOOK
PHYSICS

The Story of Quantum Theory







e Sept2a “1663
Gamoty  Dacha
. 785 - sth Sereer
F Do D Rz s, e, ot
Sevck Thowu K you fov S img
e your paper om B °K vadielion,
JdT & ver Micely wvittem excypt
That ‘eav Y }’JI'S{-{JT)’ T -‘f‘tt:t'"ﬁuijr'e
Cuma:l;.i’a T R T'Gnn«.ry cn«f-_,whn. -
Viow Kyow s cuﬂ'ﬂ_:wmua&' -frvzf':wa-é'{ ¥
-""H.'LLL-J -Pfﬂrlf GLhug.ﬁn-F{b{ -(u/v Pua wa (944
(R Rev. 20, 592, 1946 5 78 , S0S, I48
Natuve 162, 6805 1946). 'Tf-._.'gﬂfaii:tnh
of e Mmumericed vofue of
Pyesemt(Yesicluc€) Tenm poe ventuve
ok Conx Joa Loumch w Alphey 3 levniau
papey ( 1R,n. Red. 78 1053, 194 ) whe
estimate it e °K, aud W

frn,'y J“’""’\PE—*"'( I(aug Dansk Ned Sels. 27 wel0), 1953)
wWidn ¢ catyaale OE Z7°K. S1mnm wy
: m}’ ].-'E-}JLJL_{_?' LJGDL( "CT-Eu"ﬁ'n“ ufUu-'-.r'Er;.:‘
{UI-L(.';-:\EU fcj ) .'2.—} Yo Cona il | ,i-“,:_{ {MJJ‘ wﬂ.
fe formule, gT=1.810 Fire K, encl
+C€/ aN L ﬁ;{u.j-rjl:.. f'-{;_'_: o
St with clmghty Dickc. A rwody GGamex

'TT‘I_W.}.J }-" =%}




afy TEORIJA

o Alferova doktorska
dizertacija

o Gamovljeva Sala sa
Beteom

o Zahvat neutrona kao
osnovni proces

o ,SVi hemijski elementi
nastali su za krac¢e vreme
nego sto je domacici
potrebno da skuva
rucak.”

o Hojl sreCu kvari: nema A
=5 (1 drugih masenih
procepa)!

o Bete — Zaharijus ©

FHYSICAL REVIEW VOLUME

Letters to the Editor

UBLICATION of brief reports of important discoveries
in physics may be secured by addressing them to this
department. The closing date for this depariment is five weeks
prior to the date of issue. No proof will be sent to the authors.

73, NUMBER 7 APRIL 1, 1948

We ma)' remark at first that the building-up process was

pleted when the ure of the
gas was snll rather high, since otherwise the observed
abundanees would have 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

The Board of Editors does not hold :-lsei,l" ible for the

P Iy with atomic number halfway up the periodic
system, ining approxi ly constant for heavier

opinions expressed by the cor
should not exceed 600 words in length.

The Origin of Chemical Elements

R. A, ALPHER®

Applied Physics I.abwmy The Jokns Hn-ahnx University,
Silver Spring, Maryland

AND
H. BeTue
Cornell Universily, Ithaca, New York
AND
G. Gasow
The George Washingion University, Washingiow, D, €.
February 18, 1948

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 dene.ur.y.
but rather as a cc 1 of a i
process arrested by a rapid expansion and cooling D( lhe
primordial matter. According to this picture, we must
imagine the early stage of matter as a highly compressed
neutron gas (overheated neutral nuclear fluid) which
started decaying into protons and electrons when the gas
pressure fell down as the result of universal expansion. The
radiative capture of the still remaining neutrons by the
newly formed protons must have led first to the formation
of deuterium nuclei, and the subsequent neutron captures
resulted in the building up of heavier and heavier nuclei. It
must be remembered that, due to the comparatively short
time allowed for this process,! the building up of heavier
nuelei must have proceeded just above the upper fringe of
the stable elements (short-lived Fermi elements), and the
present frequency distribution of various atomic species
was attained only somewhat later as the result of adjust-
ment of their electric charges by g-decay.

Thus the observed slope of the abundance curve must
not be related to the temperature of the original neutron
gas, but rather to the time period permitted by the expan-
sion process. Also, the individual abundances of various
nuclear species must depend not so much on their intrinsic
stabilities {mass defects) as on the values of their neutron
capture cross sections, The equations governing such a
buildi P process apg ly can be written in the form:

o= =123, (1)

where #; and oy are the relative numbers and capture cross
sections for the nuclei of atomic weight ¢, and where f(t} isa
factor characterizing the decrease of the density with time.

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

I and remain approxi constant for the ele-
ments heavier than silver. In order to fit the calculated
curve with the observed abundances® it is necessary to
assume the integral of p.df during the building-up period is
equal to 5X10* g sec. fem?®,

On the other hand, according to the relativistic theory of
the expanding universe! the density dependence on time is
given by p==10%/¢#. Since the integral of this expression
diverges at =10, it is necessary to assume that the building-
up process began at a certain time fo, satisfying the
relation:

_f:' (104/8)1=5 X 107, @)

which gives us £,=20 sec. and ps=2.5 % 10* g sec./em?. This
result may have two meanings: {a} for the higher densities
existing prior to that time the temperature of the neutron
gas was so high that no aggregation was taking place, (b)
the density of the universe never exceeded the wvalue
2,5 10° g sec./cm?* which can possibly be understood if we

50 100 50 00 F]
Fic. 1,
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Atomie weight
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HOJLOV ODGOVOR:
NUKLEOSINTEZA!

B2FH ¢lanak

o Jezgra nastaju u unutrasnjostima
zvezda termonuklearnom
fuzijom

o Ovaj proces se odvija u svim

vrstama zvezda, razlicitim
Intenzitetom

ZNEZDANA
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Synthesis of the Elements in Stars*
E. Marcarer Burnmgr, G. R, Burnmer, Witan A. Fowrer, ann F. Hovie

Kellogg Radiation Laboratory, California Instituic of Technology, Emd
Mount Wilson and Palomar Obse ies, Carnegie Tnstitition of W, y
Californic Instifute of Technology, Pasadena, California

“Tt is the stars, The stars ahove us, govern our conditions™;
{King Lear, Act IV, Scene 3)

but perhaps

“The fault, dear Brutus, is not in our stars, But in ourselves,”

(Judins Caesar, Act 1, Scene 2)
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OSNOVA PERIODNOG SISTEMA: “TROSTRUKA
ALFA"

o Hojl (1952): reakcija koja se mora odigrati

“He + “He + 4He — 12C + 2y
o Stopa reakcije ‘He B¢ He
o T3 (111) %<’
o @
12C

O Proton Y Gamma Ray




RAZNOLIKO POREKLO...

o...razlicitih elemenata!
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DETALJI STABILNOSTI

S equilibrium
C.O b ' process
He buming - N9 ~—A—

°Be

burnin = g -
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STANDARDNI SUNCEV HEMIJSKI| SASTAV

1) IgnoriSemo tamnu stranu (A, CDM) svemira!

2) Generalno opadanje sa atomskim brojem (H naj¢esci, U najredi)
3) Velike negativhe anomalije za Be, B, Li — umerena pozitivnha anomalija
oko Fe (,gvozdeni vrh), testerasta raspodela od parno-neparnog

efekta
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NUKLIDSKA MAPA

Prirodni nuklidi definiSu putanju maksimalne stabilnosti: za
male mase (N = Z), ali sa porastom A stabilni n/p odnos se
povecava do N/Z = 1.5.

W =table

W10 Gs

Am=1000s
=

4
m=
1004 =1

33

k)
k]

M

number of protons

0 50 N 100 150

number of neutrons




U DETALJIMA...

Half 1ife )
. otable RRECRRl 15 (3289 =30 |=4s]
3 100,000 yr
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PRIMORDIJALNA NUKLEOSINTEZA

TIME (sec)
1 Tond 10 o'2 108
T T T T T

o Prvi detaljni proracuni
Wagoner, Fowler and Hoyle

GEMERAL PROPERTIES OF UNIVERSAL MATTER
(NORMALIZED TO pg =2x1072% gm em™3 & Tg=3°K)

- oo
o Osnovni principl |
. . .. Hmm‘nom: MATTER
» Na veoma visokim T, neutroni i [ UNVERSE [UNIVERSE iy
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ALL CONSTITUENTS IN EQUILIBRIUM

« Odnos neutron;proton dat je sa e} O\
exp(-Amc?/kT) gde je Am g oor {10720
razlika u masi,a T temperatura ¢ Ty e g

0 . . s - ANNIHILATE _
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T (1 E ot l
,zamrzavaju“ (freeze- out, ~101° = .| | nﬁx
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DEUTERIJUMSKO ,,USKO GRLO"

» Kada jednom nastanu vece koli¢ine deuterijuma, teza jezgra nastaju veoma brzo
- Post-deuterijumske reakcije se odvijaju kroz jake kanale, sa velikim presecima i

visokim stopama reakcije
- Reakcije koje vode do helijuma su brze

n+p ->D+y
D+n - H+y
\dmm @ \ D+p — "He+y
@ ®®4’®®62m D+D— H+p
®/ Ty D+D— *He+n

wnirg O D+D— ‘He+y

pmt-:cn

‘H+p— ‘He+y

‘He+n — *He+y

'H+D— ‘He+n .

"He+ D — “He+ p




1/60

Minutes:

1

I _ [ =
] —— —
il I
. | |
i _“
- i
| ||
- i
| |
1 ; {4
P \4\...._.
C = —
=
=
~ s
e
T
5
=
o
3.
3
T il
4
[l
—]
i ¥ g = o =
— o o T = &
— — 28 = o
] [ | [ |

UOTIOBL] SSEN



DEUTERIJUM: KLJUC SVEGA

- : 3 &
o Kako se univerzum hladi, nat = 200s o s &
EXOERGIC DIRECTION —= < &
° p+n<—>d+v > “.;‘;:‘*Q W
o TR
o Deuteroni se grade ispod T~10° K S toy) /- (00) 7 Hox ¢
Pozadinski fotoni viSe nemaju energiju za He3 4 "1 He
povratnu reakciju (Ten) 7
i {He®, 2 p) --—[H93‘,pn]
e d+p—o3He+y %o, /o7 (tem 3
d+n—-3H+y (e} @4n) (0in) — <
™
d+d—3H+por3He +n oF o
 Brze reakcije tada vode do “He » (0,5) -
(i pomalo 7Li) : i:\ 1.0 o
- " - ~ \
o Ultimativno svaki neutron zavrsava — “\\¢,
b:_ ﬂ:\
kao “He! NN
. : : NEN
« “He frakcija ~1:8 po broju, 1:2 po masi x\}\

o Zapravo malo manje posto se neki neutroni
raspadaju!




STA DOBIJAMO?

o Konacne koli€¢ine °H, 3He, “He i ’Li zavise od
e neutronskog vremena zivota (mereno u laboratoriji)
0 885.7+0.8 s (PDG, 2004)

» broja vrsta neutrina (isto kao | CMB)
o posSto u because eri dominacije zracenja H? oc o, = p, + N, 0,
0 2.984+0.008 (kombinovani LEP eksperimenti)

 H (mereno astronomski: HST, WMAP)
o 728 km/s/Mpc (HST), 70.1£1.3 km/s/Mpc (WMAP)

Gustine bariona (tj. koncentracije protona+neutrona) |

90€AHd




POSMATRANJA LAKIH ELEMENATA

o Heljum 4
o spektri zvezda Pop. Il
« veliki faktor korekcije za zvezdanu nukleosintezu

o Helijum 3

» Meren u radio domenu (spinska linija

SHe* at 3.46 cm)

o Deuterijum

« linije se mogu razdvojiti od 'H

e ,astracija“ ga potpuno uniStava

 trenutno najbolje izmereni izotop L
o Litijum 7 !

e meren u spektrima hladnih zvezda

e proizvode ga i kosmicCki zraci

(,spalacija“), a unistavaju zvezde -
 rezultati nisu bas saglasni [ Prowima’cen

(,litjumska anomalija”)

Chasnals




VISOKOPRECIZNA KOSMOLOGIJA

Baryon density Qgh”

o 0.005 0.01 0.02 0.03
o Trenutni rezultati o f e DT -
Fields and Sarkar, PDG 2008 - N
o D/H = (2.84%0.26) x 10°® A = =
. N
e 7Li/H = (1.23+0.06) x 10710 N - =
o Ali moglo bi biti i za faktor 2 vise -3 -
» Y = 0.249+0.009 o, -
« 3He je izmeren samo u Mleénompt ¢ \ % ;
— sistematske greske suvise velike ey S~
da bi bio koristan —
o ‘Li je donekle nesaglasan %
e Ali mozda je uniSten U ranom SVeM 71y, e - g
u zvezdama Pop Il )| EEARmRE L I ;.__;:_,-_:.__;._-g
» D/H je saglasan sa WMAP Q, oo e é S
+ 0.018 <Q,h?<0.022 1 R

Baryon-to-photon ratio 1 X 10!
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Neutrinske generacije i BBN

D/H

SHe/H

"Li/H

10=10 10-9
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