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The early yearsɬbeing a woman in Austria -Hungary and then moving to Berlin, Germany

Short biography of Lise Meitner (mostly basedÖÕɯɂ+ÐÚÌɯMeitner , A Life in PhysicsɂȮɯ4ÕÐÝȭɯof California 
Press, 1996):

Å Born on November 7, 1878 (as Elise) in Vienna, to a Jewishupper -classfamily in Austria -Hungary , as 
third out of 8 children

Å As women were not allowed to make higher studies at public institutions , shewas put in a 
ɂBürgerschuleɂɯÛÖɯstudy to becomea teacher in French. However , as shewas very talented in math
and physics, shethen made private studies in physics which allowed her to enroll at Vienna
University.

Å After basicuniversity studies with among others Ludwig Boltzmann as a very enthusiastic teacher, 
sheworked on her PhD.  Her thesis had Franz-Serafin Exner as advisor and the title wasɂHeat 
conduction in inhomogeneous bodiesɂ. Shewas the second woman to obtain a PhD in physics at 
Vienna University.

Å In 1907, shemoved to Berlin to attend lectures of the famous Max Planck, who allowed her to listen, 
despite having earlier rejected several other womenȭɯ%ÙÖÔɯɂLooking ÉÈÊÒɂȮɯautobiographic note by 
Meitner in 1964, ɂWhen I registered with Planck at the University in Berlin, so as to attend his lectures, he 
received me very kindly and soon afterwards invited me to his home. The first time I visited him there, he said 
to me, ά.ǳǘ ȅƻǳ ŀǊŜ ŀ 5ƻŎǘƻǊ ŀƭǊŜŀŘȅΗ ²Ƙŀǘ ƳƻǊŜ Řƻ ȅƻǳ ǿŀƴǘΚέ When I replied that I would like to gain some 
real understanding of physics, he just said a few friendly words and did not pursue the matter any further. 
Naturally, I concluded that he could have no very high opinion of women students, and possibly that was true 
enough at the time. He did, however, make me his assistant five years later, which not only gave me a 
springboard to really develop my scientific faculties, but also contributed greatly to my development as a 
ǇŜǊǎƻƴΦέ

Å Also in Berlin, she soon got in touch with the young chemist Otto Hahn, with whom she would start a 
30-year long collaboration on atomic and nuclear physics, and chemistry.

The house in ViennawhereLise Meitner
wasborn.  Photo: John Benzol
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Å The first papers of Meitner with Hahn were on new beta emitters in the radium series, thus in the 
new field of nuclear physicsȭɯ%ÙÖÔɯɂLooking ÉÈÊÒɂɯÉàɯ+ÐÚÌɯMeitner , 1964:

άIŀƘƴ ǿŀǎ ƻŦ ǘƘŜ ǎŀƳŜ ŀƎŜ ŀǎ ƳȅǎŜƭŦ ŀƴŘ ǾŜǊȅ ƛƴŦƻǊƳŀƭ ƛƴ ƳŀƴƴŜǊΣ ŀƴŘ L ƘŀŘ ǘƘŜ ŦŜŜƭƛƴƎ ǘƘŀǘ L ǿƻǳƭŘ ƘŀǾŜ ƴƻ 
ƘŜǎƛǘŀǘƛƻƴ ƛƴ ŀǎƪƛƴƎ ƘƛƳ ŀƭƭ L ƴŜŜŘŜŘ ǘƻ ƪƴƻǿΦ Χ ¢ƘŜ ƻƴƭȅ ŘƛŦŦƛŎǳƭǘȅ ǿŀǎ ǘƘŀǘ IŀƘƴ ƘŀŘ ōŜŜƴ ƎƛǾŜƴ ŀ ǇƭŀŎŜ ƛƴ ǘƘŜ 
institute directed by Emil Fischer, and Fischer did not allow any women students into his lectures or into his 
institute. So Hahn had to ask Fischer whether he would agree to our working together. I went to Fischer to hear his 
decision, he told me his reluctance to accept women students stemmed from his constant worry with a Russian 
student lest her rather exotic hairstyle result in its catching fire on the Bunsen burner. ΧOur work was to be 
ŎƻƴŦƛƴŜŘ ǘƻ ŀ ǎƳŀƭƭ ǊƻƻƳ ƻǊƛƎƛƴŀƭƭȅ ǇƭŀƴƴŜŘ ŀǎ ŀ ŎŀǊǇŜƴǘŜǊΩǎ ǿƻǊƪǎƘƻǇΤ IŀƘƴ ƘŀŘ ŦƛǘǘŜŘ ƛǘ ƻǳǘ ŀǎ ŀ ǊƻƻƳ ŦƻǊ 
ƳŜŀǎǳǊƛƴƎ ǊŀŘƛŀǘƛƻƴΦ Χ
.ǳǘ ǿƘŜƴ ǿƻƳŜƴΩǎ ŜŘǳŎŀǘƛƻƴ ǿŀǎ ƻŦŦƛŎƛŀƭƭȅ ǊŜƎǳƭŀǘŜŘ ƛƴ DŜǊƳŀƴȅ ƛƴ мфлфΣ CƛǎŎƘŜǊ ŀǘ ƻƴŎŜ ƎŀǾŜ ƳŜ ǇŜǊƳƛǎǎƛƻƴ ǘƻ 
enter the chemistry department. In later years, he was most kind in supporting me in every respect, and I have 
him to thank for the fact that in 1917, I was given the responsibility of setting up a department of radiation physics 
in the Kaiser Wilhelm Institute of Chemistry. Although it naturally took some time for matters to proceed this far, 
this is not to say that I was in any sense isolated. Admittedly, the assistants in the Chemistry Institute had no 
particular love for women students - it sometimes happened that if Hahn and I were walking together on the 
street and one of the assistants met us, he would say somewhat obviously, άGooddayΣ IŜǊǊ IŀƘƴΦέ

Å In 1917, Meitner and Hahn discovered the first long -lived isotope of the element protactinium , for 
which they were awarded the Leibniz Medal by the Berlin Academy of Sciences.

Å In 1922, Meitner discovered the cause of the emission of electrons from surfaces of atoms with 
'signature' energies, known as the Auger effect (named after Pierre Victor Auger, a French scientist 
who independently discovered the effect in 1923).

Å In 1926, Meitner became the first woman in Germany to assume a post of full professor in physics, at 
the University of Berlin.

Otto Hahn and Lise Meitner in 
the laboratoryat Berlin 
University, 1909 
(Max Planck Research 3, 2018. Photo: Archivesof
the Max Planck Society, Berlin)
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Å With Hahn, shecontinued her fruitful collaboration on nuclear physics (he as the expert chemist, she
as the physicist).

Å Their scientific collaboration lasted for more than 30 years. But then, in July 1938, shehad to escape
from Nazi Germany. 

Å Still, they had very frequent contact by letters, and their friendship seemsto have lasted.

Otto Hahn and Lise Meitner, in 1959 at his80th birthdayςshewasthen 81.
(Max Planck Research 3, 2018. Photo: Archivesof the Max Planck Society, Berlin)



2019-02-08
Lars Bergström, The Oskar Klein Centre, Department of physics, 

Stockholm University

Physics in the early 20th century

1895 ɬWilhelm Konrad Röntgen discovers X-rays (Nobel Prize in physics, 1901)

1896 ɬHenri Becquerel discovers spontaneous radioactivity (Nobel Prize in physics, 1903; shared with
Pierre Curie and Marie Curie, née Sklodowska ɁÐÕɯÙÌÊÖÎÕÐÛÐÖÕɯÖÍɯÛÏÌɯÌßÛÙÈÖÙËÐÕÈÙàɯÚÌÙÝÐÊÌÚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ
they have rendered by their joint researches on the radiation phenomena discovered                                      
Éàɯ/ÙÖÍÌÚÚÖÙɯ'ÌÕÙÐɯ!ÌÊØÜÌÙÌÓɂȺ

1897 ɬJoseph John Thomson discovers the electron (Nobel Prize in physics, 1906)

ȹƕƜƜƔɀÚɯɬDmitri Mendeleev introduced the first , incomplete, periodic system of elements. Was nominated
for the Nobel Prize in Chemistry 9 times in 1905-1907 but was not awarded.)

1900 ɬMax Planck formulated the quantum law of radiation (Nobel Prize in physics, 1918)

1902 ɬErnest Rutherford and Frederick Soddy showed that that elements could disintegrate and be 
transformed into other elements (Nobel Prize in chemistry to Rutherford alone , 1908)

1905 ɬAlbert Einstein formulates special relativity , and E = mc2. 

(Nobel Prize in physics, not for relativity , but for the photoelectric effect, 1921)

1920 ɬFrancis W. Aston constructs a massspectrograph, and makes the conclusion that the weight of the 
isotopes are very close to whole-number multiples of a unit (Nobel Prize in chemistry, 1922)

6



1920 ɬEddington notices ÚÛÖÕɀÚresult that the helium nucleus is lighter that 4 protons, and statesin an 
address to British Association for the Advancement of Science: Ɂ(ÍȮɯÐÕËÌÌËȮɯÛÏÌɯÚÜÉ-atomic energy in the 
stars is being freely used to maintain their great furnaces, it seems to bring a little nearer to fulfillment our 
dream of controlling this latent power for the well -being of the human raceɭÖÙɯÍÖÙɯÐÛÚɯÚÜÐÊÐËÌȭɂ

[1938-39 - Hans Bethe discovers the nuclear processes that keep the Sun burning 

(Nobel Prize 1967)]

1932 ɬJames Chadwick discovers the neutron (Nobel Prize in physics 1935)

1934 - Enrico Fermi and his colleagues discover that when neutrons are slowed down,                                   
the cross section on nuclei increases, leading to the discovery of many new radioactive                            
isotopes, many of which later were shown to be due to nuclear fission.

E. Fermi, Nobel Prize in physics, 1938; from the presentation speechby H. Pleijel, Chairman of the Nobel
Committee for physics: Ɂ%ÌÙÔÐɀÚresearches on uranium made it most probable that a series of new
elements could be found, which exist beyond the element up to now held to be the heaviest, namely
uranium with rank number 92. Fermi even succeededin producing two new elements, 93 and 94 in rank
number. Thesenew elements he called Ausenium and Hesperium ȱ We ask you now to receive the Nobel
Prize from the hands of His Majesty the King .ɂ[Unfortunately,neitherAuseniumnor HesperieumexistΧ]

(Actually, the citation from the Nobel Committee was more cautious: ɁÍÖÙhis 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.ɂȺ

2019-02-08 7
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1934 ɬIda Noddack (born Tacke) criticizes %ÌÙÔÐɀÚideas about elements heavier than uranium, 
and correctly speculatesin Ɇ.Õɯ$ÓÌÔÌÕÛɯƝƗɁȮɯ9ÌÐÛÚÊÏÙÐÍÛɯÍĹÙɯ ÕÎÌÞÈÕËÛÌɯ"ÏÌÔÐÌȮɯƘƛȮɯƚƙƗȯ
ɂWhen heavy nuclei are bombarded by neutrons, it is conceivable that the nucleus breaks up into 
several large fragments, which would of course be isotopes of known elements but would not be 
ÕÌÐÎÏÉÖÙÚɯÖÍɯÛÏÌɯÐÙÙÈËÐÈÛÌËɯÌÓÌÔÌÕÛȭɂɯAs there was no experimental or theoretical justification 
known at the time, this prophetic statement about fission was largely ignored ɬalso by Noddack
herself. (What would have happened if she had been taken seriously, and fission would have 
been discovered in Nazi Germany already then?)

1935 ɬCarl Friedrich von Weizsäcker, basedon work among others by Wigner, Gamow, 
Majorana, Wick, and Heisenberg, constructs a model of the atomic nucleus as a liquid drop , 
further improved by Bohr (Nobel Prize in physics, 1922, but for previous achievements, in atomic
theory). 
Modern version, with improvements , indicating the contribution to the binding energy (semi-
empirical massformula , or Bethe-Weizsäcker formula ) is the mathematical formulation of this
picture :

Source: Wikipedia

IAEA
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In the wordsof that
time, the packingis most
densefor Ironςthe 
έpackingfractionέ ƛǎ 
highestfor Iron.
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The enigma of neutron scattering on uranium

Fermi believed something like this would happen:

(One thought that heavy nuclei were stable, or could radiate electrons or alpha-particles only.)
But instead, in November 1938, O. Hahn and F. Strassmann(published in Naturwissenschaften) 
observed after very careful chemical studies that barium -56 had beencreated. After learning about
this in a letter from Hahn, Lise Meitner , who was now in Sweden sinceJuly 1938, proposed with her
nephew Otto Robert Frisch a new mechanism, fission, during a ski trip on new year 1939 in Kungälv 
near Göteborg, Sweden (Frisch also invented the word fission, on the suggestion of a biologist ): 

Or, by emission of electrons (beta-decay) 
nuclei with proton number greater than
92 would be formed (transuranium or 
eka-uranium, later Neptunium, found in 
1940).

9
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http://www.epsnews.eu/2016/12/eps-historic-site-the-home-of-lise-meitner-in-sweden/

Unveiling of the plaque by the President of the Swedish 
Physical Society, Anne-Sofie Mårtensson

έhƴ ǘƘŜ нфǘƘ of October(2016) more than 70 physicistsattendedthe 
inauguration of the second EPS historicsite in Sweden. [The first was
Tycho .ǊŀƘŜΩǎobservatoryin the islandof Ven]. 

The Uddmanskahouse in Kungälv, outsideGöteborg, is wherethe 
Austrian-Swedish nuclearphysicistLise Meitner wasstayingwhen
sheunderstoodthat it waspossibleto split an atomicnucleus.
By the time Lise Meitner visitedKungälv, shewasa refugee. 
As an Austrian-born Jewishscientist, shehadto flee from Germany
after the Anschlussof Austriato Nazi-Germanyin 1938.
The Christmasvacationin Kungälv that yearbecamea historicevent. 
It wasduringa snowywalk, togetherwith her nephewOtto Frisch, 
that they realisedthat the latestexperimental data couldbe 
explainedby a process knowntodayas nuclearfission. 

The story tells that sheworkedout the new equationsin the snow.ò
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From  (/ɀÚoral histories. Otto Robert Frisch Interviewed by: Charles Weiner at 
American Institute of Physics, New York City, New York, Wednesday, 3 May 1967
(https://www.aip.org/history -programs/niels -bohr-library/oral -histories/4616), about
the Meitner ɬFrisch discovery of the mechanism behind fission:

ɂAs I recall it, we met the evening before, and the next morning when I came down 
to breakfast I found LiseMeitner poring over that letter from Hahn and wanting to 
talk to me about it. I was trying to wave her aside and said, "Barium, I don't believe 
it. There's some mistake." And she sort of had to keep heading me off my magnet 
and saying that Hahn was too good a chemist to make a statement like that unless 
he was very, very sure of it. And then we sort of kept rolling this thing around and 
saying, "But it's impossible. You couldn't chip a hundred particles off a nucleus in 
one blow. You couldn't even cut it across. If you tried to estimate the nuclear forces, 
all the bonds you have to cut all at once. It's fantastic. It's quite impossible a single 
neutron could do that. "  έ

11

LiseMeitner receiving in 1966  the 
Enrico Fermi Prize she shared with 
Hahn and Strassmann. Dr. Glenn 
Seaborg is presenting the award, 
Otto Frisch is on the left. (IAEA 
Imagebank)

https://www.aip.org/history-programs/niels-bohr-library/oral-histories/4616
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Frisch, cont.:

έI'm trying to recall who did what, and that of course isn't easy. But it 
really was all very much give and take. I believe that it was either Lise
Meitner or me who figured out roughly the energy that would be 
given to two such fragments if they were pushed apart after having 
separated, pushed apart by that electrostatic field, and the results are 
well-knownτsomething like 200 MeV. And then LiseMeitner, who had 
the packing fractions in her head, worked out the energy which one 
might expect to be liberated and came up with a very similar number. 
That really got us excited because now we could see that it all hung 
togetherτthe process is possible in a classical framework; that it did 
not imply any passage through potential barriers, which of course with 
these enormous masses would have made it exceedingly unlikely. So 
then we really felt here we had an explanation and this was a totally 
new kind of processΦέ 

Lise Meitner lecturingin 1949.
Source: https:// www.researchgate.net/figure/Lise-
Meitner-1878-1968-lecturing-in-1949-Credit-
Courtesy-of-Theodore-von-Laue_fig10_227150274
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Meitner and Frisch published their interpretation of the Hahn-
Strassmannresults in a paper submitted to Nature, January 16, 1939 
(published Feb. 11).

Thus, they proposed for the first time (except the unsubstantiated
proposal by Ida Noddack ) a completely new reaction among nuclei: 
nuclear fission . They found , both by estimating the Coulomb repulsion 
of the two nuclei formed in the fisson process (Frisch) and the mass
formula (Meitner ) that the huge energy of 200 MeV must be released.

As more experimental evidence of fission was needed, Frisch, after
returning to Copenhagen where he worked in Niels !ÖÏÙɀÚgroup since
1935,quickly also measured the very high kinetic energy of the 
nuclear end products ɬaround 200 MeV. Frisch submitted the results
of his measurementsin Nature, also on January 16, 1939 (published
Feb. 18). This was the first clear demonstration of $ÐÕÚÛÌÐÕɀÚformula
E = mc2. 

www.mpg.de/11721986/Lise-Meitner

Lars Bergström, The Oskar Klein Centre, Department of physics, 
Stockholm University
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After Frisch telling Niels Bohr January 3rd about his and ,ÌÐÛÕÌÙɀÚtheory of nuclear fission, Bohr, who
was about to travel with the Sweden-America liner Drottningholm to USA January 7, is said to have
statedɂOh, what fools we have been! We ought to have seen that before. ɂɯ

After working out some implications of this new theory with his companion during the Atlantic 
crossing, Leon Rosenfeld, Bohr and in particular Rosenfeld fast spread the news of the German 
experimental and theoretical results in the USA. Within a few weeks a large number of laboratories had
verified the findings . Nuclear fission was written into science history ! 

www.salship.se/drott.php

The Sweden-Americaliner Drottningholm carriedBohr 
and Rosenfeldto New York startingJanuary7, 1939. It 
landedon West 57th Street pier in New York after 9 
days on Monday, 16 January 1939. Enrico and Laura 
Fermi were there to meet them. 

Niels Bohr (1885 ς1962)
Photo: Lagrelius& Westphal 
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Bohr participated in a conferencein Washington Jan. 26-28, where the Hahn-Strassman 
result was the highlight , and dominated the conference(which was really to be about
low temperature physics). A summary, written Feb. 1, mentioned ɂThe interpretation of 
these chemical experiments ... was suggested by Frisch of Copenhagen together with 
,ÐÚÚɯ,ÌÐÛÕÌÙȮɯ/ÙÖÍÌÚÚÖÙɯ'ÈÏÕɅÚɯÓÖÕÎÛÐÔÌɯ×ÈÙÛÕÌÙɯÞÏÖɯÐÚɯÕÖÞɯÐÕɯ2ÛÖÊÒÏÖÓÔȭɁ

Lise Meitner , was a baptized Lutheran Christian (as adult, in 1908), but according the 
Nuremberg racial laws of the Nazis shewas Jewish. As long as shehad Austrian
passport and working at a non-government Institute , shewasɂsafeɂɯÐÕɯGermany, but
after the Anschlussof Austria in March 1938 she was statelessand suffered all the Nazi 
era prejudice against Jewish scientists . Shethus had to escape, and aided by Hahn and 
two Dutch scientists, Dirk Coster and Adrian Fokker shetravelled ÈÚɯÈɯɂtouristɂɯwith
only two small suitcasesthrough the Netherlands, Denmark and arrived in Stockholm 
by August 1938. There, Niels Bohr had contacted his friend Manne Siegbahn (Nobel 
Prize laureate in physics 1924) who (it seemsreluctantly ) offered her a position at his
Institute .
She was then 60 years old, without equipment , did not know the language, and had
very few physicists in Sweden that knew her field to talk to. She kept very good
contacts with her collaborator of 30 years, Hahn , through letters, however. After Hahn 
and Strassmann had discovered barium in the fission process, Hahn immediately
wrote to her about the puzzling result , and this was the topic shediscussedwith her
nephew Otto Robert Frisch at the ski trip in Kungälv .

15

Manne Siegbahn
Image:  AIP Emilio SegrèVisual 
Archives, W. F. Meggers Gallery 
of Nobel Laureates Collection

Manne {ƛŜƎōŀƘƴΩǎInstituteς
todayusedby the Department of 
Literature and History of Ideas, 
Stockholm University.
Image: Stockholm University
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Lise Meitner ɬLooking Back, 1964:

άLƴ ǘƘƛǎ ǿŀȅΣ from 1934 to 1938, Hahn and I were able to resume our joint work, the impetus for 
ǿƘƛŎƘ ƘŀŘ ŎƻƳŜ ŦǊƻƳ CŜǊƳƛΩǎ ǊŜǎǳƭǘǎ in bombarding heavy elements with neutrons. This work finally 
led Otto Hahn and Fritz Strassmannto the discovery of uranium fission. The first interpretation of 
this discovery came from O.R. Frisch and myself, and Frisch immediately demonstrated the great 
release of energy which followed from this radiation.
But by then I was already in Stockholm. There, too, I was able to watch many interesting new 
developments in physics. It was mainly Oskar Klein, professor of theoretical physics in Stockholm, 
who in his friendly way helped me to understand the many new developments in the field of physics. 
Χ L can say that in Sweden too, physics has brought light and fullness into my life. What still gives 
ground for anxiety, of course, is what mankind will make of this newly won knowledge, which could 
come to be used for destruction on a tremendousscale. But I believe that here above all is not the 
place to be pessimistic, seeing that here in Vienna such close attention is directed, and so many 
efforts are being made, toward the peaceful solution of the very complicated problems with which 
the world is faced todayΦέ

Lise Meitner was employed from 1946 with ×ÙÖÍÌÚÚÖÙɀÚsalary in Sweden. One of her postdocs 1950-51 was Herwig
Schopperɬlater Director General of CERN. Sheretired , at age 75, in 1954, but continued to work with Sigvard Eklund 
(later head of IAEA) at AB Atomenergi. In 1960 shemoved to Cambridge to spend her last years with her nephew
Frisch, before shepassedaway at age 90, in 1968. Shehad, thanks to the initiative of the Swedish prime minister Tage 
Erlander, a lifelong Swedish retirement pension.

16
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Oskar Klein, 1894 ɬ1977

PhD Stockholm 1921
Assistant with Niels Bohr, Copenhagen 1921-22

Instructor , Ann Arbor, Michigan, 1922 -25
Lecturer Copenhagen 1926-30

Professor Stockholm University 1931-1962

Kaluza-Klein model, Klein paradox, Klein -Gordon 
equation, Klein-Nishina formula , Klein-Jordan 
quantization , Rydberg-Klein -Reesmethod for 
diatomic molcules, Kleins lemma for entropy, spin-1 
bosonsfor weak interactions, Alfvén -Klein 
cosmologyȮȱ

Oskar Klein, who wasJewish(hisfather wasthe chiefrabbi in Stockholm), 
wasborn in Stockholm. Hehada distinguishedcareer, beingNiels .ƻƘǊΩǎ
second assistant(Kramers wasthe first), and hada largenumberof first-
classpublicationswith manyeffectslinkedto hisname.

Of the several Jewish refugees he helped after the Nazi takeover 1933 can 
be mentioned Walter Gordon (of the Klein-Gordon equation) who fled from 
Hamburg to Stockholm in 1933. In 1943, Klein also aided inBohr's escape 
from Copenhagen.

And, Oskar Klein was one of the 16 years older LiseaŜƛǘƴŜǊΩǎ ōŜǎǘ 
connections in Stockholm to modern physics as it was evolving in the 
мфрлΩǎ ŀƴŘ слΩǎΦ

He was elected into the Royal Swedish Academy of Science 1945, and was 
member of the Nobel Committee for Physics 1954 - 1965.

At Stockholm University, we namedour excellencecentre(fundedfor the 
first 10 years, 2008 ς2018, by the Swedish Research Council) The Oskar 
Klein Centre for CosmoparticlePhysics. It now has some140 members
(faculty, postdocsand PhD students). Its current leader is HiranyaPeiris.

17
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Somemodern knowledge of atomic nuclei ɬwhere
does the uranium that Fermi, Hahn, MeitnerȮɯȱɯ
studied come from?

19
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How were the elements we seein nature produced? This is the modern theory:

The lightest , hydrogen and helium, were almost exclusively formed in the first
moments after the Big Bang, that took place some 13-14 billion years ago.

Then the universe was enormously compressedcompared to now, and the 
temperature so high that nuclear reactions could take place.

In the universe there was mix of neutrons       and protons     .

However , the proton as far as we know is stable (does not decay), whereas a neutron 
decayswith an average lifetime of 15 min into a proton, an antielectron, an a neutrino.

But there is a way for a neutron to survive ɬto hide in a nucleus! In the first seconds
to minutes after the Big Bang, light nuclei were created.

20
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The result: 24% Helium, 76% Hydrogen
is the final value! Agrees with direct
measurements.

ɂ!ÐÎɯ!ÈÕÎɯnucleosynthesisɂɯɯreaction network (can be solved numerically )

Big Bang Nucleosynthesis stopped here, as 
the universe becametoo dilute due to 
expansion. (Also, no stable nuclei with mass
number 5 or 8.)
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PLANCK 
Collaboration, 
2015

Strongestproof of the Big Bang scenario: The 
Cosmic Microwave Background (CMB) ɬa 
snapshot of the universe ÈÚɯÈɯɂÉÈÉàɂȮɯƗƜƔɯƔƔƔɯ
years after the Big Bang

The map shows the all-sky variation of the 
microwave temperature (2.73 K). Thesevariations are
extremely small, 1 part in 100 000, but the contrast is 
very much increased in the picture .
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The tiny 1/100 000 fluctuations of the temperature (and therefore the 
density) shown in the CMB were later amplified by gravity (by the 
way, only works if dark matter was also present), and stars started to 
form, made of the primordial gas of hydrogen and helium.

In the centre of stars, temperatures and pressures increased to the 
point that nuclear reactions could again take place, also e.g. effectively
fusion of three helium nuclei to carbon, nitrogen and oxygen ɬour
life -giving elements. The very denseand hot conditions in stars 
prevail for a very long time for small massstars (e.g., the Sun will
have a total lifetime of around 10 billion years). However , large mass
stars are generally much more short -lived . The Sun will end as a red 
giant (with a white dwarf at the centreȺȮɯÈÕËɯÛÏÌɯɂwindsɂɯȹplanetary
nebulae) of the giant envelope will spread heavier elements than
ÏÌÓÐÜÔȮɯÓÐÒÌɯ"Ȯɯ-Ȯɯ.ȮɯȱɯÐÕɯÛÏÌɯgalaxy.

Heavier stars are more short-lived and end their lifes in violent
explosions like supernovae spreading light and heavy elements. If the 
massis high enough, the remainder may become a black hole .

23

Molecular gas forms a spiral pattern around the 
red giant star LL Pegasi. Credit: ALMA, Hyosun
Kim
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What is the origin of the heaviest elements like uranium and gold? Best bet: Created by rapid neutron 
capture ȹɂr-×ÙÖÊÌÚÚɂȺɯÐÕɯmerging of neutron stars. Basedon gravitational wave-detected neutron star 
merger, GW 170817, and electromagnetic follow -up detections from a large number of telescopes:

 ÙÛÐÚÛɀÚɯÐÔ×ÙÌÚÚÐÖÕɯÖÍɯÑÌÛÚɯÖÍɯÔÈÛÌÙÐÈÓɯÍÙÖÔɯÍÐÙÚÛɯ
confirmed neutron star merger. Based on 
calculations by Stephan Rosswog, The Oskar Klein 
Centre , Stockholm, & al. 2017.
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Jennifer Johnson, www.sciencealert.com 
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Why did not Lise Meitner receive a 
Nobel Prize?
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Alfred Nobel 1833 - 1896
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 ÓÍÙÌËɯ-ÖÉÌÓɀÚɯ6ÐÓÓȮɯÚÐÎÕÌËɯÐÕɯ/ÈÙÐÚɯƖƛɯ-ÖÝÌÔÉÌÙɯƕƜƝƙ

The whole of my remaining realizable estate shall be dealt with in the following way: the 
capital, invested in safe securities by my executors, shall constitute a fund, the interest on 
which shall be annually distributed in the form of prizes to those who, during the 
preceding year, shall have conferred the greatest benefit on mankind. The interest shall be 
divided into five equal parts, which shall be given to: one part to the one who in the field 
of physics has made the most important discovery or invention ; one part to the one who 
has made the most important chemical discovery or improvement ȱ
It is my express wish that in awarding the prizes no consideration be given to the 
nationality of the candidates, but that the most worthy shall receive the prize.. .

Source: nobelprize.org
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The Process (defined in the bylaws):

ÅA Laureate has to be proposed - nominated!

ÅInvitation to nominate (deadline Jan. 31) to:

ÅRoyal Swedish Academy members

ÅPrevious Nobel Laureates

ÅNordic physics professors

ÅPhysics professors at selected universities

ÅPersons on special list (non-university)

ÅMembers of the Nobel committee

Self-ÕÖÔÐÕÈÛÐÖÕÚɯÈÙÌɯÕÖÛɯÈÓÓÖÞÌËȱ

2019-02-08
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How the 5-member Committee works today:

Evaluation (by committee members and assessment by external experts):
Prize-worthiness, possible citation for Prize

Yearly statement from the Committee to the Academy: 
Review of all fields of physics (public only after 50 years)

"ÖÔÔÐÛÛÌÌɯ×ÙÖ×ÖÚÈÓɯÉàɯÌÕËɯÖÍɯ ÜÎÜÚÛȮɯÊÈÕɯÉÌɯÈÊÊÌ×ÛÌËɯÖÙɯÙÌÑÌÊÛÌËɯÉàɯÛÏÌɯ ÊÈËÌÔàɀÚɯ
Physics Class, which meets twice in September

Recommendation to the Academy  

Final selection in Academy plenary session - Press conference around 30 min later. For 
physics, first Tuesday in October: www.kva.se, www.nobelprize.org

Prize Award Ceremony, December 10

2019-02-08
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Regulations:

Maximum 3 laureates
Divided Prize, or joint Prize
Deliberations secret for 50 y

In physics and chemistry, no Prize to organizations or large collaborations (yet). However, this can 
be decided by the Academy itself (as has been done in Norway for the Peace Prize).

As of 2018,

47 Physics Prizes have been given to one Laureate only.
32 Physics Prizes have been shared by two Laureates.
33 Physics Prizes have been shared between three Laureates.
3 Physics Laureates have been women (Marie Curie, 1903, Maria Goeppert-Mayer, 1963, Donna 

Strickland, 2018)
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Nobel Prize nominations of Lise Meitner :

Nominee in 48 nominations! (source: Nobelprize.org):

In Physics, 7 times before the 1944 Chemistry Prize for fission to Otto Hahn (all proposed a shared Prize 
between Hahn and Meitner, none for Frisch, one for Strassman; the earliest nominations 1924 and 1925 
were for the discovery of proactinium ).
After 1944, 22 times, by Compton (2 times), Coster, Franck (5), von Laue, Klein (3), Bohr, Hylleraas (2), 
Planck, M. de Broglie, L. de Broglie, Wergeland, Hahn, Hettner (2), Born (3), Rotblat (2). Of these, 10 were 
together with Frisch, 7 with Hahn, as were the 2 before 1938. Otto Hahn nominated Lise Meitner and 
Otto Robert Frisch once, in 1948.

In Chemistry, 14 times before the 1944 Chemistry Prize for fission to Otto Hahn (all proposed shared 
Prize between Hahn and Meitner).
After 1944, 5 times, by Fajans, Bohr (2), Dhar, Klein. Of these, two were together with Frisch, one with 
Seaborg, one with Walden, one Meitner alone. 

So before 1944 Lise Meitner had 21 nominations (all with Hahn, who had 15 in the same interval). After 
'ÈÏÕɀÚɯ/ÙÐáÌ, Lise Meitner had 27 nominations (22 in Physics), Hahn had 7 (all in Physics), Strassmann
had two, 1945, 1946 (both in Physics). Frisch had 13 (all 1945 or later), of which 11 in Physics, where 
Meitner had 22.

'ÈÏÕɀÚɯƕƝƘƘɯ-ÖÉÌÓɯ/ÙÐáÌɯÊÐÛÈÛÐÖÕȯɯɁÍÖÙɯÏÐÚɯËÐÚÊÖÝÌÙàɯÖÍɯÛÏÌɯÍÐÚÚÐÖÕɯÖÍɯÏÌÈÝàɯÕÜÊÓÌÐɂ. 32
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Nobel Prizes 1939 ɬ46 (source: Nobelprize.org):

Physics
The Nobel Prize in Physics 1938:
Enrico Fermi ɁÍÖÙɯÏÐÚɯËÌÔÖÕÚÛÙÈÛÐÖÕÚɯÖÍɯÛÏÌɯÌßÐÚÛÌÕÊÌɯÖÍɯÕÌÞɯÙÈËÐÖÈÊÛÐÝÌɯÌÓÌÔÌÕÛÚɯ×ÙÖËÜÊÌËɯÉàɯÕÌÜÛÙÖÕɯÐÙÙÈËÐÈÛÐÖÕȮɯ
ÈÕËɯÍÖÙɯÏÐÚɯÙÌÓÈÛÌËɯËÐÚÊÖÝÌÙàɯÖÍɯÕÜÊÓÌÈÙɯÙÌÈÊÛÐÖÕÚɯÉÙÖÜÎÏÛɯÈÉÖÜÛɯÉàɯÚÓÖÞɯÕÌÜÛÙÖÕÚɂ
The Nobel Prize in Physics 1939:
Ernest Orlando Lawrence ɁÍÖÙɯÛÏÌɯÐÕÝÌÕÛÐÖÕɯÈÕËɯËÌÝÌÓÖ×ÔÌÕÛɯÖÍɯÛÏÌɯÊàÊÓÖÛÙÖÕɯÈÕËɯÍÖÙɯÙÌÚÜÓÛÚɯÖÉÛÈÐÕÌËɯÞÐÛÏɯÐÛȮɯ
ÌÚ×ÌÊÐÈÓÓàɯÞÐÛÏɯÙÌÎÈÙËɯÛÖɯÈÙÛÐÍÐÊÐÈÓɯÙÈËÐÖÈÊÛÐÝÌɯÌÓÌÔÌÕÛÚɂ
The Nobel Prize in Physics 1940 ɬ1942: No Nobel Prize was awarded
The Nobel Prize in Physics 1943:
Otto Stern ɁÍÖÙɯÏÐÚɯÊÖÕÛÙÐÉÜÛÐÖÕɯÛÖɯÛÏÌɯËÌÝÌÓÖ×ÔÌÕÛɯÖÍɯÛÏÌɯÔÖÓÌÊÜÓÈÙɯÙÈàɯÔÌÛÏÖËɯÈÕËɯÏÐÚɯËÐÚÊÖÝÌÙàɯÖÍɯÛÏÌɯÔÈÎÕÌÛÐÊɯ
ÔÖÔÌÕÛɯÖÍɯÛÏÌɯ×ÙÖÛÖÕɂ
The Nobel Prize in Physics 1944:
Isidor Isaac Rabi ɁÍÖÙɯÏÐÚɯÙÌÚÖÕÈÕÊÌɯÔÌÛÏÖËɯÍÖÙɯÙÌÊÖÙËÐÕÎɯÛÏÌɯÔÈÎÕÌÛÐÊɯ×ÙÖ×ÌÙÛÐÌÚɯÖÍɯÈÛÖÔÐÊɯÕÜÊÓÌÐɂ
The Nobel Prize in Physics 1945:
Wolfgang Pauli ɁÍÖÙɯÛÏÌɯËÐÚÊÖÝÌÙàɯÖÍɯÛÏÌɯ$ßÊÓÜÚÐÖÕɯ/ÙÐÕÊÐ×ÓÌȮɯÈÓÚÖɯÊÈÓÓÌËɯÛÏÌɯ/ÈÜÓÐɯ/ÙÐÕÊÐ×ÓÌɂ
ȱ
The Nobel Prize in Physics 1963:
Eugene Paul Wigner ɁÍÖÙɯÏÐÚɯÊÖÕÛÙÐÉÜÛÐÖÕÚɯÛÖɯÛÏÌɯÛÏÌÖÙàɯÖÍɯÛÏÌɯÈÛÖÔÐÊɯÕÜÊÓÌÜÚɯÈÕËɯÛÏÌɯÌÓÌÔÌÕÛÈÙàɯ×ÈÙÛÐÊÓÌÚȮɯ
×ÈÙÛÐÊÜÓÈÙÓàɯÛÏÙÖÜÎÏɯÛÏÌɯËÐÚÊÖÝÌÙàɯÈÕËɯÈ××ÓÐÊÈÛÐÖÕɯÖÍɯÍÜÕËÈÔÌÕÛÈÓɯÚàÔÔÌÛÙàɯ×ÙÐÕÊÐ×ÓÌÚɂ

Maria Goeppert Mayer and J. Hans D. JensenɁÍÖÙɯÛÏÌÐÙɯËÐÚÊÖÝÌÙÐÌÚɯÊÖÕÊÌÙÕÐÕÎɯÕÜÊÓÌÈÙɯÚÏÌÓÓɯÚÛÙÜÊÛÜÙÌɂ
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