Apuntes sobre la vida de Enrico Fermi

J. J. Ruiz-Lorenzo (UEx)

J. J. Ruiz-Lorenzo

Dep. Fisica, Universidad de Extremadura
http://www.unex.es/fisteor/juan

Badajoz, 6 de Marzo de 2009

Apuntes sobre la vida de Enrico Fermi

Fisica Estadistica



Enrico Fermi (1901-1954)

J. J. Ruiz-Lorenzo (UEx) Apuntes sobre la vida de Enrico Fermi Fisica Estadistica 2/24



Enrico Fermi (1901-1954)

@ Fisico italo-americano. Roma (29/Sept/1901)-Chicago
(28/Nov/1954)

J. J. Ruiz-Lorenzo (UEx) Apuntes sobre la vida de Enrico Fermi Fisica Estadistica 3/24



Enrico Fermi (1901-1954)

@ Fisico italo-americano. Roma (29/Sept/1901)-Chicago
(28/Nov/1954)

@ Se “laured” en la Scuola Normale Superiore di Pisa.

J. J. Ruiz-Lorenzo (UEx) Apuntes sobre la vida de Enrico Fermi Fisica Estadistica 3/24



Enrico Fermi (1901-1954)

@ Fisico italo-americano. Roma (29/Sept/1901)-Chicago
(28/Nov/1954)

@ Se “laured” en la Scuola Normale Superiore di Pisa.
@ Profesor de la Universidad de Florencia (1925-1926).

J. J. Ruiz-Lorenzo (UEx) Apuntes sobre la vida de Enrico Fermi Fisica Estadistica 3/24



Enrico Fermi (1901-1954)

@ Fisico italo-americano. Roma (29/Sept/1901)-Chicago
(28/Nov/1954)

@ Se “laured” en la Scuola Normale Superiore di Pisa.
@ Profesor de la Universidad de Florencia (1925-1926).
@ Alos 24 anos fue nombrado profesor de la Universidad de Roma.

J. J. Ruiz-Lorenzo (UEx) Apuntes sobre la vida de Enrico Fermi Fisica Estadistica 3/24



Enrico Fermi (1901-1954)

@ Fisico italo-americano. Roma (29/Sept/1901)-Chicago
(28/Nov/1954)

@ Se “laured” en la Scuola Normale Superiore di Pisa.
@ Profesor de la Universidad de Florencia (1925-1926).
@ Alos 24 anos fue nombrado profesor de la Universidad de Roma.

@ Estancias en el extranjero: Géttingen (con M. Born) y Leiden (con
Eherenfest).

J. J. Ruiz-Lorenzo (UEx) Apuntes sobre la vida de Enrico Fermi Fisica Estadistica 3/24



Enrico Fermi (1901-1954)

@ Fisico italo-americano. Roma (29/Sept/1901)-Chicago
(28/Nov/1954)

@ Se “laured” en la Scuola Normale Superiore di Pisa.
@ Profesor de la Universidad de Florencia (1925-1926).
@ Alos 24 anos fue nombrado profesor de la Universidad de Roma.

@ Estancias en el extranjero: Géttingen (con M. Born) y Leiden (con
Eherenfest).

@ Tuvo como estudiante postdoctoral en Roma a Hans Bethe.

J. J. Ruiz-Lorenzo (UEx) Apuntes sobre la vida de Enrico Fermi Fisica Estadistica 3/24



Enrico Fermi (1901-1954)

Fisico italo-americano. Roma (29/Sept/1901)-Chicago
(28/Nov/1954)

Se “laured” en la Scuola Normale Superiore di Pisa.
Profesor de la Universidad de Florencia (1925-1926).
A los 24 anos fue nombrado profesor de la Universidad de Roma.

Estancias en el extranjero: Géttingen (con M. Born) y Leiden (con
Eherenfest).

Tuvo como estudiante postdoctoral en Roma a Hans Bethe.
Premio Nobel de Fisica 1938.
"for his demonstrations of the existence of new radioactive

elements produced by neutron irradiation, and for his related
discovery of nuclear reactions brought about by slow neutrons”
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Enrico Fermi: Contribuciones cientificas
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Enrico Fermi: Contribuciones cientificas

@ Estadistica de Fermi-Dirac.
@ Teoria de la desintegracion 5.

@ Produccién de nuevos elementos radiactivos usando fuentes de
neutrones.

@ Primera reaccion nuclear controlada.
@ Construccién de la primera bomba atémica.
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Enrico Fermi (Publicaciones

JANVARY, 1932 REVIEWS OF MODERN PHYSICS VOLUME 4

QUANTUM THEORY OF RADIATION*
By Enzico Fer
UNIVERSITY OF ROME, ITALY
TABLE OF CONTENTS
Introduction
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INTRODUCTION

NTIL a few years ago it had been impossible to construct a theory of

radiation which could account satisfactorily both for interference phe-
nomena and the phenomena of emission and absorption of light by matter.
The first set of phenomena was interpreted by the wave theory, and the sec-
ond set by the theory of light quanta. It was not until in 1927 that Dirac
succeeded in constructing a quantum theory of rad; i
in an unified way both types of phenomena, In thi
the general formulas of Dirac's theory, and show its applications to several
characteristic examples (Part I). In the second part of this work Dirac's rela-
tivistic wave equation of the electron will be discussed in relation to the
theory of radiation. The third part will be devoted to the problems of the
general quantum electrodynamics, and to the difficulties connected with it.

oL delivered at “Theoretical Physics during the Summer Session
of 1930 at the University of Michigan.

87
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Enrico Fermi (ltalia)
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Enrico Fermi (USA)(I)
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Enrico Fermi (USA)(II)
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The Curve is Exponential(l)

"l couldn’t see the instruments," said Weil. "l had to watch Fermi every
second, waiting for orders. He face was motionless. His eyes darted from one
dial to another. His expression was so calm it was hard to read. But suddenly,
his whole face broke into a broad smile."

Fermi closed his slide rule—

"The reaction is self-sustaining," he announced quietly, happily. "The curve is
exponential."

The group tensely watched for twenty-eight minutes while the world’s first
nuclear chain reactor operated.

The upward movement of the pen was leaving a straight line. There was no
change in indicate a leveling off. This was it.

"O.K., Zip’ in," called Fermi to Zinn who controlled that rod. The time was
3:53 p.m. Abruptly, the counters slowed down, the pen slid down across the
paper. It was all over.

Man had initiated a self-sustaining nuclear reaction - and then stopped it. He

had released the energy of the atom’s nucleus and controlled that energy.
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The Curve is Exponential (ll)

Right after Fermi ordered the reaction stopped, the Hungarian-born
theoretical physicist Eugene Wigner presented him with a bottle of Chianti
wine. All through the experiment Wigner had kept this wine hidden behind his
back.

Fermi uncorked the wine bottle and sent out for paper cups so all could drink.
He poured a little wine in all the cups, and silently, solemnly, without toasts,
the scientists raised the cups to their lips - the Canadian Zinn, the Hungarians
Szilard and Wigner, the Italian Fermi, the Americans Compton, Anderson,
Hilberry, and a score of others. They drank to success - and to the hope they
were the first to succeed.

A small crew was left to straighten up, lock controls, and check all apparatus.
As the group filed from the West Stands, one of the guards asked Zinn:
"What’s going on, Doctor, something happen in there?"

The guard did not hear the message which Arthur Compton was giving
James B. Conant at Harvard, by long-distance telephone. Their code was not
prearranged.

"The ltalian navigator has landed in the New World," said Compton. "How

were the natives?" asked Conant. "Very friendly."
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Enrico Fermi: Profesor
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Enrico Fermi: Programador Informatico (MANIAC)
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Enrico Fermi: El dltimo Fisico Completo
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Enrico Fermi (tenista)
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Enrico Fermi: Epitafio
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Estadistica de Fermi-Dirac (Fermi)

@ Interesado en problemas en Mecénica Estadistica Cuantica
(1923-1925), e.g.:

“Sopra la teoria di Stern della costante assoluta dell’entropia in un
gas perfetto monoatomico” (1923).

“Sulla probabilitadegli stati quantici” (1923).

“Considerazioni sulla quantizzazione dei sistemi che contengono
degli elementi identici” (1924).

“Sull’equilibrio termico di ionizazione” (1924).

“Sopra la teoria dei corpi solidi” (1925).
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Estadistica de Fermi-Dirac (Fermi)

@ Interesado en problemas en Mecénica Estadistica Cuantica
(1923-1925), e.g.:

“Sopra la teoria di Stern della costante assoluta dell’entropia in un
gas perfetto monoatomico” (1923).

“Sulla probabilitadegli stati quantici” (1923).

“Considerazioni sulla quantizzazione dei sistemi che contengono
degli elementi identici” (1924).

“Sull’equilibrio termico di ionizazione” (1924).

“Sopra la teoria dei corpi solidi” (1925).

@ Pauli publica su principio de exclusion (1925).

@ Inmediatamente Fermi publica dos articulos:

Uno largo: “Zur Quantelung Des Ideales Einatomigen Gas” (1926)
Uno corto (5 paginas): “Sulla quantizzazione del gas perfetto
monoatomico” (1926).
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Estadistica de Fermi-Dirac (Fermi)

@ Usa un potencial arménico (en vez de un pozo cuadrado infinito)
para confinar el gas.
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Estadistica de Fermi-Dirac (Fermi)

@ Usa un potencial arménico (en vez de un pozo cuadrado infinito)
para confinar el gas.

@ Asume que solo puede haber un “atomo” en cada nivel cuantico.

@ Calcula correctamente los niveles de energia del oscilador
armoénico (mecanica cuantica antigua).

@ A altas temperaturas recupera la formulacién clasica. Ecuacion
de Stein y Tretode.

e S(T=0)=0.

@ Fermi asume que todos los &tomos obedecen el principio de
exclusion de Pauli: ahora conocemos que no es cierto.

@ Fermilo aplica al &tomo de Helio que es un boson.
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Estadistica de Fermi-Dirac

enzo (UEx)

Fermi) (Il

902

Zur des idealen
Von E. Fermi in Florens.

Gases?).

(Bingegangen am 24. Mirz 1026.)

Wenn der Nernstsche Wirmesats auch fur das ideale Gas seine Giltigheit be-
Balten soll, mul man annehmen, daf die Gesetse idealer Gase bei nicdrigen

in ciner Quantelung der Molekularbewegungen zn suohen. Boi allen Theorien der
Entartung werden immer mehr oder weniger willkirliche Annahmen iber das
statistische Vorhalten der Molekile, oder iber ihre Quantelung gemacht. In dor
vorliegenden Arbeit wird nur die von Pauli zuerst susgesprochene und sul zahi-
reiche spektroskopische Tatsachen begrindete Annahwe benutzt, dab in sinem

iystem nie zwei gleickwertige Elemente vorkommen konnen, deren Quantensahlen
vollstandig bereinstimmen. Mit dieser Hypothese werden dis Zustandsgleichung
und die innere Energie des idealen Gases abgeloitet; der Entropiewert fir groe

Temperaturen stimmt mit dem Stern-Totrodeschen therein.

In der klassischen Thermodynamik wird die Molekularwirme (bei
Konstantem Volumen)
¢

$rT (&)
gesetzt.  Will man aber den Nernstschen Warmesatz auch auf das
ideale Gas enwenden kbunen, so muf man (1) blof als eine Naherung
fir groBe Temperaturen ansehen, da ¢ im Limes for 7' = 0 verschwinden
mub. Man ist deshalb genttigt, ancunchmen, dab dic Bewegung der
Molekitle idealer Gase gequantelt sei; diese Quantelung dnfert sich bei
niedrigen durch gewis i so dab
sowobl die spezifische Wirme als auch die Zustendsgloichung von ihren
Klassischen Ansdriicken abweichen werden.

Zweck der vorliegenden Arheit ist, eine Methode fir die Quantelung
des idealen Gases darzustellen, welche nach unserem Erachten miglichst
unabhiingig von willkiirlichen Amnabmen iber das statistische Verhalten
der Gasmolekile ist.

Tn neuerer Zeit wurden zablreiche Versuche gomacht, die Zustands-
gleichung idealer Gase festzustellen®). Die Zustandsgleichungen der
verschiedenen Verfasser und unsere unterscheiden sich voneinander wnd

%) Vel. die vorlaufige Mitteilung, Lincei Rend. (6) 3, 145, 1926.

%) Vgl 2. B. A Binstein, Berl Ber. 1924, 8. 261; 1925, 3. 318; M. Planck,
ebenda 1995, S.49. Unsere Methode ist der Einsteinschen josofern vervandt,
als dio Anmabme der statistischon Unabhingigkoit dor Molekiile bei beiden
Methoden verlassen wird, obgleieh die Art der Abhingigkeit bei uns ganz anders
ist wie bei Einstein, und das Endergebnis fur die Abweichungen von der Klassischen
Zustandsgleichung sogar entgegengesetst gefunden wird.
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Estadistica de Fermi-Dirac (Fermi) (1V)

renzo (UEx)

gegeben.  Wir finden deshalb fiir P den Ausdruck

IAYEAYES [
= (R -=1(8) ®

Man bekommt die wahrsohsinlishston Werte der N, indem man das
Maximum von P mit den Kinschrinkungen (7) und (8) sucht. Durch
Anwendung des Stirlingschen Satzes kann man, mit fir mnseren Fall
geniigender Anniherung, schreiban:
log P = Sog( %) = — = (7,100 10g 2
og P = °f“'(‘\1>_ - (1, g5, + Glos =
Wir suchen also die Werte der N, welche (7) und (8) geniigen, und fiir
welche log P ein Maximum wird. Man findet:

F:A

a0

et =

s
wo « und § Konstante darstellen. Die vorige Gleichung gibt uns:

we—Ee
=y an

Die Werte von o und @ knnen durch die (leichung (7) und (8) bestimmt
werden, oder umgekehrt kaon wman ¢ und § als gegeben ansehen; denm
bestimmen (7) und (5) dio Gesamtzahl und die je unserer
Molekille. Wir finden nimlich

& e
r=Rergew | ;
W = 'l a2
W= E= gs(h Tt +rxr-“_’J
Die absolute Temperatur T des Gases ist eine Fuoktion von N
und ¥ oder anch von ¢ und §. Diese Funktion kann nach zwei Methoden
bestimmt werden, welche jedoch zum selben Resnltat fiihren. Man konnte
z B. nach dem Boltzmannschen Prinzip die Entropie

8= FlogP
setzen und dann die Temperatur nach der Formel
dW
=35
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Paul Adrien Maurice Dirac (1902-1984)
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Estadistica de Fermi-Dirac (Dirac) (1)

O the Theory of Quantum Mechanics.

By P. A, M. Dirac, St. John's College, Cambridge.

(Communicated by R, H. Fowler, F.R.8.—Reeeived Angast 26, 1026.)

§ 4. Theory of the Ideal (as.

The results of the preceding section apply to any system containing several
similar particles, in particular to an assembly of gas molecules. There will
be two solutions of the problem, in one of whieh the eigenfunetions are sym-
metrical funetions of the co-ordinates of all the molecules, and in the other
antisymmetrieal.

The wave equation for a single molecule of rest-mass i moving in free space is

(2 pd = W w4 =0

Wog® oyt ot cart
and its solution is of the form
Dorerss = BXP. & (g | atg8y 247 — B) b, (16)
where oy, oy, oy and B are constants satisfying

o+ og? - ag® — ERje® - mPet = 0.
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Estadistica de Fermi-Dirac (Dirac) (Il)

‘When y and 2 are also bounded hy 0 <y <2z, 0 <z < 2x, we find for the
number of waves associated with molecules whose energies lie between K and
4 dE the value

4
This value is in agreement with the ordinary assumption that the wave function
vanishes at the boundary. It reduees, when one neglects relativity mechaniecs,
to the familiar expression

(E2 — ') K dE.

g (R -
o (2m)! BdE, (18)

where B, = B — me® is the kinetic energy. For an arbitrary volume of gas V
the expression must be multiplied by V/(2w)°.
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Estadistica de Fermi-Dirac (Dirac) (lII)

We shall now work out, according to well-known principles, the equation of
state of the gas on the assumption that the solution with antisymmetrical eigen-
funections is the correct one, so that not more than one molecule can he associated
with each wave. Divide the waves into a number of sets such that the waves
in each set are associated with molecules of about the same energy. Let A,
be the number of waves in the sth set, and let 1, be the kinetic energy of a
moleeule associated with one of them. Then the probability of a distribution
(or the number of antisymmetrical eigenfunctions corresponding to distribu-
tions) in which N, molecules are associated with wavesin the sth set is

AL

W=, oot
N, —N) T

giving for the entropy
8=k log W = k2, {A, (log A, — 1) — N, (log N, — 1)
— (&, — N} [log (A, = N) — 1]},
This is to be a maximum, so that
0 = 88 = kX, {— log N, + log (A, — N,j} 8N,
= IX, log (A,/N, —1) . BN,,
for all variations 8N, that leave the total number of molecules N = XN, and
ihe total energy E = Z,1.N, unaltered, so that

8N, =0, E AN, =,
We thus obtain
log (AN, — 1) =« + @K,

where o and & are constants, which gives

(19)
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Estadistica de Fermi-Dirac (Dirac) (1V)

By making s variation in the total energy I and putting 5E/38 =T, the
temperature, we readily find that 8 = 1/ET, so that (19) becomes

e

This formula gives the distribution in energy of the molecules. On the Binstein-
Bose theory the corresponding formula is

A,
e BT ]

N, =

If the sth set of waves consists of those associated with molecules whose
energies lie between E, and ¥, 4 dE,, we have from {18) [where F, now means
the 1 of equation (18)],

A, = 2nV (2m)* B} dB, /(2mh)?,

where ¥V is the volume of the gas, This gives

w

and

A4V (2m)’ r B/dE,
0

[Er et BJET

+1
By eliminating o from these two equations and using the formula PV = iE,

where P is the pressure, which holds for any statistical mechanics, the equation
of state may he abtained.

The safuration phenomenon of the Einstein-Bose theory does not occur in
the present theory. The specific heat can easily be shown to tend steadily to
zero as T — 0, instead of first increasing until the saturation peint is reached
and then deereasing, as in the Einstein-Bose theory.
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