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1936

Enrico Fermi at 36

Edoardo Amaldi at 80

1988
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The discovery of neutron induced radioactivityThe discovery of neutron induced radioactivity



January-March 1934January-March 1934
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1933 Christmas holidays:

 Enrico Fermi and the other “ragazzi di Via Panisperna”

                                                              at Santa Cristina

March 1934: The Joliot-Curies discover artificial radioactivity

     induced by alfa particles

The Institute of Via Panisperna
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1934 : Fermi discovery was made with a Be-Rn source.1934 : Fermi discovery was made with a Be-Rn source.
Radon extracted at Laboratorio Fisico della SanitRadon extracted at Laboratorio Fisico della Sanitàà Pubblica Pubblica

The “Divine Providence”
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The third paper
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iodine isotopes

used in nuclear medicine
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The efficacy of slow neutronsThe efficacy of slow neutrons



October 20, 1934October 20, 1934
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October 1934: discovery of artificial
radioactivity induced by slow neutrons

Discovery:     Saturday 20.10.34 (*)

First paper:     Monday  22.10.34

Patent:     Friday      26.10.34

(*) A. De Gregorio : not on October 22!
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O. D’Agostino  E. Segrè E. Amaldi  F. Rasetti  E. Fermi

+ B. Pontecorvo = The boys of Via Panisperna



Writing the paperWriting the paper
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Emilio Segrè: “Enrico Fermi physicist” – 1970

Fermi dictated while I wrote. He stood by me; Rasetti, Amaldi and
Pontecorvo paced the room excitedly, all making comments at the
same time. The din was such that when we left, Amaldi’s maid
discreetly asked whether the evening guests were tipsy. Ginestra
Amaldi handed the paper to her boss at La Ricerca Scientifica  the
following morning.
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The patent to The patent to ““increase the production of artificialincrease the production of artificial
radioactivity with neutron bombardmentradioactivity with neutron bombardment””

Patent:       Friday 26 October because of
                              Orso Mario Corbino
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The American patentThe American patent
was deposited on October 3, 1935was deposited on October 3, 1935

Signatures are in different order:

Emilio Segrè

Uranium is explicitly quoted
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“To obtain radioactive
substances in quantities of
practical importance” 
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Fifty years laterFifty years later
“We were extremely pleased and amused, not so much

because a patent could result in a financial benefit for the

‘inventors’, but rather because a work, carried out with
great energy and dedication, only for its intrinsic merits,
had unexpectedly brought us to applications which, in

addition, would be mainly of a scientific and a medical

nature”

                                                        E. Amaldi – Phys. Report 1984
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December 2, 1942December 2, 1942
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Stagg Field - Chicago

Arthur Compton to   James Conant:

“The Italian navigator has landed in the New World.”
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The American patentThe American patent

American Patent: 3 October 35   Gabriello Giannini & Co.
2 July 40   granted

Request to the military 14 June  46   Giannini and L. Bernard
patent office of ORSD 0.45 M$

Request to the civil  13 October 48  Giannini and L. Bernard
patent office of USAEC 1,9 M$
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The American patentThe American patent

American Patent: 3 October 35   Gabriello Giannini & Co.
2 July 40   granted

Request to the military 14 June  46   Giannini and L. Bernard
patent office of ORSD 0.45 M$

Request to the civil  13 October 48  Giannini and L. Bernard
patent office of USAEC 1,9 M$

Trial against USA Government 15 August 50  Giannini and L. Bernard
               10 M$

Pontecorvo disappears 1 September  50

              November 52 : each inventor receives 28,000$
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Nuclear  physicsNuclear  physics



1935: E. Fermi and E. Amaldi in the Rome Institute1935: E. Fermi and E. Amaldi in the Rome Institute
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Springer 2004

UA:

Nuclear physics from the nineteen
thirties to the present day



1935: E. Fermi and E. Amaldi in the Rome Institute1935: E. Fermi and E. Amaldi in the Rome Institute
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Springer 2004

UA:

Nuclear physics from the nineteen
thirties to the present day



1935: E. Fermi and E. Amaldi in the Rome Institute1935: E. Fermi and E. Amaldi in the Rome Institute
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Springer 2004

UA:

Nuclear physics from the nineteen
thirties to the present day

29 May 1936: paper submitted to  Physical Review
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Medical isotopes and the ISS (*) Medical isotopes and the ISS (*) ““tubetube””

(*) ISS = Istituto Superiore di Sanità = Italian National Health Institutes
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Letter by D. Marotta to E. Fermi – 16.11.36

I nuovi orizzonti che ha aperto per la terapia dei tumori maligni la possibilità di fabbricare
sostanze radioattive artificiali in quantità considerevoli mi fa pensare alla convenienza che
l’Istituto di Sanità faccia il possibile per organizzare i mezzi tecnici per tali preparazioni. Prima
però di prendere in considerazione il progetto proposto dal Capo del Labratorio di Fisica di
questo Istituto desidererei avere il parere di Vostra Eccellenza.

The new vistas opened for tumour therapy by the possibility of  producing

large quantities of radioactive substances  convince me that  it is

convenient for ‘Istituto di Sanità’ to procure the technical means for

such productions.  However , before considering the project proposed by the

Chief of the  Physics Laboratory ( G. C. Trabacchi),  I would like to have the

opinion of Your Excellency.
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Domenico Marotta, Director of Istituto di Sanitá   (1936)Domenico Marotta, Director of Istituto di Sanitá   (1936)
and the Queen Maria Josand the Queen Maria Josèè of Savoia of Savoia
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Visits to  the States in 1935 and 1936Visits to  the States in 1935 and 1936

To obtain information on accelerators

1935: Rasetti  went to Pasadena and Berkeley

1936: Segrè went to Berkeley   (27-inch cyclotron)

1936:  Amaldi  went to Columbia and Carnegie Mellon
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““Probleme der AtomkernphysikProbleme der Atomkernphysik”” in Copenhagen in Copenhagen
June 1936: BohrJune 1936: Bohr’’s compound nucleuss compound nucleus

Pauli   Jordan  Heisenberg    Born   Meitner   Stern            Franck

Bohr   Rosenfeld  Amaldi  Wick
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The The ““tubetube”” was built on the last floor of Istituto di Sanit was built on the last floor of Istituto di Sanitàà

1934
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Lecture by Enrico Fermi  at Istituto di Sanità Pubblica
29 .5.1938

PROSPETTIVE DI APPLICAZIONE DELLA RADIOATTIVITÀ
ARTIFICIALE

“It can be forseen WITHOUT DOUBTS that the (new) radioactive
substances will find THERAPEUTICAL  APPLICATIONS similar to
the one of natural occurring radioactive substances.

Moreover and independently, the use of large quantities of
radioactive substances will open, I HOPE, the way to many
interesting studies in biology and chemistry through the use of
radioelements as ‘INDICATORS’ “

È da prevedere senz’altro che le sostanze radioattive artificiali troveranno un impiego
terapeutico analogo a quello delle sostanze radioattive naturale.

Ma anche indipendentemente da queste possibilità, l’uso delle sostanze radioattive
artificiali in quantità  rilevanti renderà possibili, io spero, anche molte interessanti ricerche
nel campo della biologia e della chimica, usando i radioelementi come “ indicatori”.
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Lecture by Enrico Fermi  at Istituto di Sanità
Pubblica 29 .5.1938

G.C. TRABACCHI – E.FERMI – D.MAROTTA
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The 1 MeV The 1 MeV Cockcroft-WaltonCockcroft-Walton

Built byBuilt by

Ageno, Amaldi,Ageno, Amaldi,

Bocciarelli, TrabacchiBocciarelli, Trabacchi

after Fermi left Italy in 1938after Fermi left Italy in 1938

The “tube”

Mario Ageno
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1947: First test of the optical theorem for neutrons by Bohr et al.
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Applications in medical physicsApplications in medical physics
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Radioactivity in diagnostics:Radioactivity in diagnostics:
SPECT = Single Photon Emission  Computer TomographySPECT = Single Photon Emission  Computer Tomography

Emilio SegrEmilio Segrèè

1936: Discovery of  technetium1936: Discovery of  technetium
with Perrierwith Perrier

1938: discovery of  1938: discovery of  99m99mTcTc
with McMillanwith McMillan  
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At BNL the « cow » was made productive

  Walter Tucker and Powell Richards

Rome - 9.5.11 - U. Amaldi

In reactors slow neutrons produce  

99Mo (66 h)  = 99mTc (6 h) + e-  + ν 

BNL

“generator”
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SPECT scannerSPECT scanner
85% of all nuclear medicine

examinations use technetium

produced by slow neutrons

in reactors

… liver

lungs

bones ……
Lead collimators to channel 

the gammas of 0.14 MeV

Rotating head
With detectors

0.14  MeV
gammas
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SPECT scannerSPECT scanner
85% of all nuclear medicine

examinations use technetium

produced by slow neutrons

in reactors

… liver

lungs

bones ……
Lead collimators to channel 

the gammas of 0.14 MeV

Rotating head
With detectors

0.14  MeV
gammas

SERIOUS PROBLEM:  AGING REACTORS
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Radioactivity in therapy: Cobalt-60 gammas spare the skinRadioactivity in therapy: Cobalt-60 gammas spare the skin

1943 - Bruno Pontecorvo joins the CANDU construction in Canada

1951 – first treatment at Victoria Hospital, London, Ontario

Roy Errington 

founder of MDS Nordion

Dr. Ivan Smith

Cobalt-60 (1.1  MeV gammas)

has been produced for 50 years  in CANDU reactors

by slow neutrons

build-up
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Radioactivity in cancer teletherapy

Cobalt source
2000
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10 million patients treated with cobalt
gamma rays

Important for developing countries
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My last recollection of Enrico FermiMy last recollection of Enrico Fermi



FermiFermi’’s last visit to Italy: summer 1954s last visit to Italy: summer 1954
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Varenna School of Phsics – Como lake

Lectures on pions and nucleons
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Pera di Fassa -  summer 1954Pera di Fassa -  summer 1954


