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But to sacr i f ice part ic le physics certainly 

does not mean that the resources wi l l go 
into something equivalent. CERN and 
related Laborator ies are a successful ven­
ture in physics, and they themselves re­
present just the t ip of the iceberg in terms 
of their total effect on physics. The ex­
istence of their excel lent exper imental 
fac i l i t ies and the high cal ibre of scient ist 
that they attract has an effect wh ich gives 
extra vital i ty, both d i rect ly and indirect ly, 
to physics depar tments in Universit ies 
throughout Europe. 

Also CERN is a successful venture in 
terms of the organizat ion of large scale 
sc ience. It is perhaps the most successful 
of all the efforts at European co l laborat ion. 
When there is much that has not suc­
ceeded, it wou ld be a pity to jeopard ize 
that wh ich has. 

Despite the ser ious problems wh ich in­
d iv idual countr ies seem to be confront ing 
one after another, Europe st i l l has colossal 
resources both mater ia l ly and intel lec­
tual ly. Part ic le physics is a comparat ive ly 
smal l but s igni f icant f ie ld where, at 
present, they are being successful ly 
appl ied. 

Professor Weisskopf spent several summer months 
at CERN working in the Theory Division. During 
his stay he has given three talks to the Summer 
Vacation Students under the title 'Fundamental 
Questions of Physics'. Some of the themes in 
his talks also appeared in the talk which he gave 
at the Inaugural Conference of the European 
Physical Society in April. The Proceedings will 
be published as a special issue of 'La Rivista 
del Nuovo Cimento' and can be purchased from 
Messrs. Editrice Compositori, Viale XII Giugno 1, 
40124 Bologna, at an estimated cost of $ 12. 

Reviewing the development of physics in 
the 20th century is indeed a dazzl ing ex­
per ience. Relativity, quantum theory, ato­
mic physics, molecular physics, the phy­
sics of the sol id state, nuclear physics, 
astrophysics, plasma physics, part ic le phy­
sics, al l these new insights into nature are 
ch i ldren of the 20th century. 

There was a def ini te change in the cha­
racter of physics at the turn of the century. 
The o lder physics was under the spel l of 
two fundamenta l forces of nature: gravi ty 
and e lect romagnet ism. The development of 
c lassical mechanics from GaHleo and New­
ton to Lagrange and Hamil ton had shown 
the val id i ty of the same natural law, the 
law of gravity, on earth and in the un i ­
verse. Electrodynamics, a ch i ld of the 19th 
century, reared by Faraday, Maxwel l and 
Hertz, was the f irst extensive appl icat ion 
of the f ie ld concept in physics; it revealed 
the impor tance of e lectr ic phenomena in 
matter. The discovery of the e lec t romag­
netic f ie ld as an independent enti ty in 
space, the spectrum of e lect romagnet ic 
waves, the e lectromagnet ic nature of l ight, 
are some of the greatest human insights 
into the natural wor ld . But the propert ies 
of matter were not understood at that t ime, 
they were not deduced f rom more ele­
mentary concepts, they were measured 
and expressed in the form of speci f ic 
constants of materials, such as elast ic i ty, 
compressib i l i ty , speci f ic heat, v iscosi ty, 
conduct iv i ty of heat and electr ic i ty, d ie lec­
tr ic and d iamagnet ic constants. 

The physic ists of the 19th century were 
not unaware of the importance of inter­
atomic forces for the determinat ion of 
mater ia l propert ies. But there was no way 
of te l l ing what the or ig in of these inter­
atomic forces was, and how to account 
for thei r strength or absence. The great 
var iety among the propert ies of the dif fer­
ent e lements was not considered a top ic 

for physic is ts; it was the task of the 
chemists to analyze and systematize them, 
as was done so successful ly a hundred 
years ago by Mendeleyev in his per iod ic 
system of e lements. The speci f ic features 
of the di f ferent species of atoms, thei r 
character is t ics opt ica l spectra, their che­
mical bounds, were known and cata logued 
by the chemists, but they were not cons i ­
dered a sui table subject for physic ists. 

The e lect ron was already d iscovered 
before 1900 and it became obvious that 
e lectrons must be essential parts of the 
atomic st ructure, but c lassical physics 
cou ld not give any clue as to the kind of 
s t ructure one should expect wi th in the 
atoms. The discovery of a quantum of 
e lectr ic charge, dominat ing all e lectr ic and 
opt ica l phenomena was the beginning of a 
long development, in wh ich deep insights 
into the essence of matter were ga ined. 
It behoves us to say, however, that the 
s ign i f icance of this unit of charge is st i l l 
a major r iddle today, a hundred years after 
its discovery. 

In physics, the 20th century t ru ly begins 
in the year 1900. This date is not an acc i ­
dent, it is the year of publ icat ion of Max 
Planck's famous paper on the quantum of 
act ion, the bir th year of quantum theory. 
It is impressive to contemplate the rate of 
progress in the f irst quarter of this cent­
ury: Planck's quantum of act ion in 1900, 
Einstein's specia l relativity theory in 1905, 
Rutherford 's d iscovery of a tomic s t ructure 
in 1911, Bohr 's quantum orbi ts and exp la­
nation of the hydrogen spectrum in 1913, 
Einstein's general relativity in 1916, Ruther­
ford 's f i rst nuclear t ransformat ion in 1917, 
Bohr 's explanat ion of the per iodic tab le of 
e lements (Aufbauprinzip) in 1922, the d is­
covery of quantum mechanics by de Bro-
gl ie, Heisenberg, Schrôd inger and Bohr in 
1924-26, the exclus ion pr inc ip le by Pauli in 
1925, the e lectron spin by Uhlenbeck and 
Goudsmit in 1927, the relat ivist ic quantum 
mechanics by Dirac in 1928, Hei t ler -Lon-
don's theory of the chemica l bond in 1927, 
the theory of metal l ic conduct iv i ty by 
Bloch and Sommerfe ld in 1930. Let us stop 
there, a l though the rate of progress by no 
means s topped in 1930; it went on for at 
least another ten years, before s lowing 
down to the relat ively s low pace of today. 

Among the great systems of ideas wh ich 
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were created in that per iod, relat ivi ty theo­
ry, specia l and general , has a place some­
what d i f ferent f rom the others. It was born 
in the 20th century as the brain ch i ld of 
one tower ing personal i ty. It is a new con­
ceptual f ramework for the uni f icat ion of 
mechanics , e lect rodynamics and gravity, 
wh i ch brought wi th it a new percept ion of 
space and t ime. This f ramework of ideas, 
in some ways, is the c rowning and syn­
thesis of 19th century physics, rather than 
a break wi th the classic t rad i t ion. Quantum 
theory, however, was such a break; it was 
a step into the unknown, into a wor ld of 
phenomena that d id not f i t into the web 
of ideas of 19th century physics. New ways 
of fo rmula t ion , new ways of th ink ing had to 
be created in order to gain insight into the 
wor ld of atoms and molecules, w i th its 
d iscre te energy states and character is t ic 
pat terns of spectra and bonds. 

These new ways of th ink ing were fo rmu­
lated and codi f ied in the midst of the 
th i rd decade of this century. The wave 
par t ic le dual i ty was proposed by de Bro-
gl ie in 1924, the equat ion for par t ic le-
waves was conceived by Schrôd inger in 
1925. In these years the concepts of quan­
tum mechanics were expressed and c r i t i ­
ca l ly analyzed in Copenhagen under the 
leadership of Niels Bohr, w i th the help of 
ideas of Heisenberg, Kramers, Pauli and 
Born . The ink of these papers was hardly 
dry when the new way of th ink ing was 
app l ied successful ly to explanat ions for 
a lmost al l a tomic phenomena that puzzled 
physic is ts s ince they had been d iscovered. 
The rules of quant izat ion of Bohr and 
Sommer fe ld , wh ich seemed arbi t rary when 
they were invented, turned out to be log i ­
cal consequences of quantum mechan ics ; 
a tomic spect roscopy became a deduct ive 
sc ience ; the semi-empir ica l Aufbaupr inz ip 
of Niels Bohr emerged logical ly f rom 
quantum mechanics, w i th the help of 
Paul i 's exc lus ion pr inc ip le. Mendeleyev's 
per iod ic table was easily exp la ined. A few 
years later, the chemica l bond was under­
s tood as a quantum mechanica l pheno­
menon, so was the st ructure of metals and 
of crysta ls. A var iant of a famous Church i l l 
s tatement can apt ly be appl ied to th is 
go lden age of phys ics : 'Never before have 
so few done so much in such a short 
time'. 

Let me ment ion three character is t ic 

features wh ich quantum mechanics has 
brought to ojur v iew of the atomic wor ld . 
First, it has in t roduced a character is t ic 
length and energy wh ich dominate the 
atomic phenomena, endowing them wi th a 
scale and a measure. The combinat ion of 
e lectrostat ic at t ract ion between the nu­
cleus and the electron on the one hand, 
the typ ica l quantum kinet ic energy of a 
conf ined e lectron on the other hand, 
def ine a length : the Bohr radius, and an 
energy: the Rydberg unit. The size of the 
atoms is determined by the length wh ich 
is the combinat ion h 2 / m e 2 of a few funda­
mental constants, the unit of charge e, the 
e lectron mass m, and the quantum of 
act ion h. The Rydberg unit is given by the 
combinat ion m e 4 / h 2 . Thus atomic sizes and 
energies are basical ly determined and 
expla ined. 

Second, quantum mechanics int roduces 
a 'morph ic ' t rai t , previously absent in 
physics. The electron wave funct ions re­
present specia l forms of patterns of s imple 
symmetry, character is t ic of the symmetry 
of the si tuat ion wh ich the electron faces 
in the at t ract ive f ie ld of the nucleus and 
of the other e lect rons. These patterns are 
the fundamenta l shapes of wh ich all th ings 
in our envi ronment are made. These 
shapes are d i rect ly determined f rom the 
f ie lds of force wh ich bind the electrons. 
Here quantum mechanics has created the 
concept of ideal identi ty. Two atoms are 
ei ther in the same quantum state, then 
they are ident ica l ; or in di f ferent ones — 
then they are def in i te ly non- ident ical . The 
cont inuous t ransi t ion between ident ical , 
almost ident ical and dif ferent has d isap­
peared. 

The th i rd feature is the use of quantum 
numbers for the character izat ion of quan­
tum states. Qual i ty is reduced to quant i ty : 
the number of e lectrons and the quantum 
numbers of a g iven state ful ly determine all 
propert ies of the atom in that state. Pytha­
gorean ideas are reborn here: the spec­
t rum of f requencies of an atom represents 
a character is t ic series of values, the typ i ­
cal chord of that atom, as it we re ; the 
'harmonies of the spheres' reappear in 
the wor ld of a toms. Kepler 's speculat ion 
of s imple geometr ica l and numerical rat ios 
between the sizes of planetary orbi ts in 
the solar system proved to be wrong , but 
it is reborn in the electron orbi ts of the 

atom, as a d i rect consequence of quantum 
mechanics . 

A fundamenta l problem of natural ph i lo­
sophy was solved by the discovery of laws 
wh ich give rise to speci f ic shapes and 
wel l -def ined ent i t ies. Clearly, Nature is 
basical ly made of such enti t ies, as our 
exper ience tel ls us every day; mater ials 
have character is t ic propert ies, iron re­
mains the same iron after evaporat ion and 
recondensat ion. The speci f ic propert ies of 
matter were the subject of chemistry be­
fore and not of physics. Quantum mecha­
nics explains these propert ies and thus 
has e l iminated chemist ry as a separate 
sc ience. 

The inf ini tely var ied, but wel l def ined, 
ways in wh ich atoms aggregate to larger 
units are now accessib le to a rat ional 
interpretat ion in quantum mechanical 
terms. A theory of the molecular bond 
came into being in wh ich electron wave 
patterns keep atomic nuclei together in 
the r ight arrangement. Since one again 
deals here wi th the interact ion of nuclear 
charges and electrons, the same sizes and 
energies must appear as in atoms, giv ing 
rise to interatomic d is tances of a few Bohr 
radi i and b inding energies of the order of 
e lectronvol ts . A tomic aggregates consist of 
two k inds of part ic les, heavy nuclei and 
l ight e lectrons, wh ich are bound to each 
other by mutual a t t ract ion. The interatomic 
d is tances are f ixed by the size of the 
e lect ron c loud, a length wh ich also can be 
regarded as the ampl i tude of the zero 
point osci l la t ion of the e lect ron. Because 
of the much heavier mass, the zero point 
osc i l la t ions of the nuclei in a molecule are 
much smal ler (the ratio is the square root 
of the mass rat io) ; hence the nuclei form 
a rather wel l local ized skeleton in mole­
cules and sol ids, a fact wh ich int roduces 
a s t ructura l feature into chemistry, and 
mater ial sc ience, w i th all its arch i tecton ic 
consequences. The quantum mechanica l 
descr ip t ion of a tomic aggregates leads to 
an understanding of all these mater ial pro­
pert ies and mater ial constants of wh ich 
c lassical physics co l lected empir ica l in ­
fo rmat ion . In pr inc ip le, all these constants 
that we ment ioned above can be predic ted 
and expressed in terms of the fundamental 
constants e, m, h and the nuclear masses. 

The wel l -def ined st ructure of the nuclear 
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Professor Weisskopf speaking at the Inaugural 
Conference of the European Physical Society in 
Florence. 

(Photo Torrini) 

f ramework in molecules is of specia l s ig­
n i f icance in macromolecu les, wh ich are 
long l inear arrays of molecular groups. 
The enormous number of di f ferent order-
ings of these groups, each order being 
wel l def ined and reasonably stable, is 
ref lected in the numerous species of l iving 
systems in our f lora and fauna, due to an 
intr icate copying and reproduct ion process 
wh ich has been unravel led dur ing the last 
decade. So chemistry, mater ial sc ience 
and molecular b io logy are d i rect descen­
dants of the quantum mechanics of e lec­
t rons in the Coulomb f ie ld of a tomic nucle i . 
The basic st ructures have a l imi ted stabi ­
l i ty measured in f ract ions of the characte­
r ist ic energy unit, the Rydberg. Perturba­
t ions of a strength of a few electronvol ts 
wou ld disrupt them. This is the tender 
wor ld of chemistry and bio logy wh ich is 
dest royed at temperatures h igher than a 
few electronvol ts as is the case in most 
stars. Matter, in the form in wh ich we are 
accustomed to see it, is a rare phenome­
non in the universe. There is more bet­
ween heaven and earth. 

The faint g low of radium in Mme Curie 's 
hand was the f irst indicat ion of the exist­
ence of other phenomena in matter. It was 
soon apparent f rom radioact ive processes 
that there must be much higher energies 
than the Rydberg unit relevant in the atom. 
Rutherford made use of these energies in 
order to penetrate into the st ructure of 
atoms, when he d iscovered the atomic 
nucleus by anomalous scat ter ing of a lpha-
rays in atoms. Incredib le as it may seem, 
he used the same tool only s ix years later 
(1917) in order to study the compos i t ion of 
the nucleus and found that some of its 
const i tuents are protons. A new wor ld of 

phenomena was d iscovered. However, the 
compos i t ion of the nucleus was only d is­
c losed f i f teen years later in the great year 
of physics, 1932. In that year Chadwick 
d iscovered the neutron, Fermi publ ished 
his theory of the radioact ive beta-decay 
and Anderson and Neddermeyer d iscover­
ed the posi t ron. Each of these three d is­
cover ies had far-reaching s ign i f icance. 

The existence of the posi t ron conf i rmed 
the val id i ty and depth of Dirac's relat iv ist ic 
wave equat ion (1927), one of the most 
remarkable examples of the power of ma­
themat ica l th ink ing. This equat ion — a 
marr iage of quantum mechanics wi th rela­
t ivi ty theory — demonstrated the necessity 
of the existence of an electron spin w i th 
its typ ica l magnet ic moment. In add i t ion , 
it exhibi ts a fundamental symmetry cor re­
spond ing to the existence of two types of 
matter, ord inary matter and ant imatter w i th 
equal propert ies but opposi te charges and 
other character is t ic quantum numbers. 

The discovery of the neutron as a con ­
st i tuent of the nucleus revealed the exist­
ence of a new force in Nature. It pointed 
towards a strong non-electr ic effect wh ich 
keeps neutrons and protons t ight ly bound 
wi th the conf ines of the nucleus. Here 
a manifestat ion of something new was ob­
served, a new force of nature wi thout any 
analogue in macroscopic physics. The 
st rong interact ions were d iscovered. 

Fermi 's theory of the beta-decay demon­
strated the existence of another in teract ion 
between elementary part ic les. A neutron 
can t ransform itself into a proton wi th the 
emission of a lepton pair — an e lect ron 
and a neutr ino. This is the so-cal led weak 
interact ion wh ich appears as a four th inter­
act ion, besides the gravi tat ional , e lect ro­
magnet ic and st rong. It is so weak that the 

t ime scale of its nuclear processes is of 
the order of seconds, days or years. Thus 
the year 1932 was the beginning of a new 
type of physics deal ing wi th the st ructure 
of the nucleus and its const i tuents, and 
work ing wi th hi therto unknown forces and 
interact ions. 

Let us return to the force between neu­
t ron and proton. Scatter ing exper iments 
have revealed a rather compl ica ted st ruc­
ture of th is force. It is shor t - ranged and 
attract ive, except for smal l d is tances of 
less than a Fermi when it becomes repul ­
sive. It is also strongly dependent on the 
relative spin or ientat ion of the two part ic les 
and on the symmetry of the wave funct ion . 
In this respect, as wel l as in respect to the 
repulsive nature at smal l d is tance, it re­
sembles the chemica l force between two 
atoms, an analogy to wh ich we wi l l return 
later. As an est imate of the strength of 
at t ract ion, let us compare it wi th the elec­
trostat ic at t ract ion wh ich wou ld be present 
if the neutron and the proton had oppos i te 
e lectr ic charges g and -g . It turns out that 
the nuclear at t ract ion is roughly equivalent 
to an e lect r ic at t ract ion between two oppo­
site charges of a size g ^ 3e. This infor­
mation a l lows us to est imate the approx i ­
mate size and energy of s imple nuclear 
systems by apply ing the same quantum 
mechanica l pr inc ip les as was done for the 
atom. Al l we have to do is to take the 
expressions for the Bohr radius and Rydberg 
unit and change e into g, and the e lect ron 
mass into the nuclear mass. We then ob ­
ta in the nuclear Bohr radius (h 2 /mg 2 ) of 
about 2 x 10~ 1 3 cm, and the nuclear Ryd­
berg (mgVh 2 ) of about 3 MeV. Nuclear 
systems are 10~5 t imes smal ler than atomic 
systems and the relevant energies are in 
the mi l l ion e lectronvol t region. 

Once the nuclear force was establ ished, 
quantum mechanics could be appl ied to 
the nucleus as a system of neutrons and 
protons. We f ind in nuclear physics a 
repeat per formance of atomic quantum 
mechanics, but w i th a di f ferent sca le of 
units. Nuclear energy level spect ra pre­
sented a s imi lar s t ructure to atomic spec­
tra, wi th the same kind of quantum num­
bers. One s igni f icant addi t ion appeared 
however, the isotopic spin quantum num­
ber. It or ig inates f rom the fact that the 
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nuclear force does not d is t inguish neu­
t rons f rom protons so that one should con­
s ider the two part ic les as equivalent states 
of a s ingle part ic le, the nuc léon. Thus a 
formal ly s imi lar s i tuat ion arises as wi th the 
two ord inary spin states of a fermion, and 
th is analogy led Heisenberg to the intro­
duc t ion of the important concept of isoto-
pic spin and its quantum numbers. 

The weak interact ions provide a process 
of changing a neutron into a proton and 
v ice versa, so that the spin analogy has 
also a dynamica l sense. The nuclear sys­
tem therefore is not an enti ty wi th f ixed 
numbers of neutrons and pro tons; all that 
is f ixed is the total number A of nucléons. 
Al l nuclei wi th equal A belong to the same 
quantum system and one f inds approx imate 
degeneracy and other typical relat ions be­
tween quantum states of nuclei wi th equal 
A, wh ich di f fer only by the replacement of 
neutrons by protons. 

There are many str ik ing s imi lar i t ies be­
tween atomic and nuclear st ructure. One is 
the per iod ic i ty of propert ies as a funct ion 
of the atomic number A, ar is ing f rom a 
s imi lar shel l s t ructure. The occupat ion 
numbers at wh ich the shel ls are completed 
are s l ight ly di f ferent because of the dif fer­
ent nature of the average potent ia l and 
because of the important role wh ich spin 
orb i t coup l ing plays in nucle i . The role of 
the noble gases, consist ing of high s tab i ­
l i ty and low react ion rates, is played in 
nuc lear physics by those nuclei for wh ich 
shel ls are comple ted. 

The analogy between atoms and nuclei 
is perhaps not thoroughly jus t i f ied. It is 
probably more correct to compare nuclei 
w i th molecules where the nucléons play 
the role of the atoms rather than the nuc le i . 
Why ? The force between nucléons is 
comp l i ca ted , both in its dependence on 
d is tance and on other propert ies. That 
fo rce is much more l ike the chemica l force 
between atoms, wi th its repulsive character 
at smal l d istances, its min imum of poten­
t ia l in between and its dependence on the 
symmetry of the wave funct ion. It is tempt­
ing to assume that, in analogy to the che­
mical force, the nuclear force is not a 
fundamenta l force such as the e lectrostat ic 
a t t rac t ion ; it may be a der ived effect of a 
more basic phenomenon residing wi th in 
the nuc léon, a residue of someth ing much 

more powerfu l and s imple, just as the 
chemica l force is a residue of the Cou­
lomb at t ract ion between electrons and 
nuclei w i th in the atom. 

Modern par t ic le physics has d iscovered 
much evidence for an internal st ructure of 
the nucléon but has not yet been able to 
interpret it. The most important evidence 
is the fact that the nucléon seemingly 
changes its state when bombarded wi th 
energet ic par t ic le beams. It can be exci ted 
to a large number of quantum states. These 
states form a level spectrum wh ich re­
presents a th i rd spectroscopy in wh ich 
exci tat ion energies are measured in GeV 
and not in MeV as in nuclei , or eV as 
in atoms. This level spectrum shows simi lar 
regular i t ies as the others, the same quan­
tum numbers appear wi th addi t ion of a n e w 
one in t roduced by Gel l -Mann and Nishi j ima, 
the hypercharge or strangeness. Transi t ions 
between the states occur again wi th emis­
sion or absorpt ion of l ight quanta and 
lepton pairs, but a new form of energy ex­
change was f ound : the absorpt ion or emis­
sion of mesons. The search for the internal 
s t ructure of the nucléon is one of the most 
chal lenging f ront iers of modern physics. 

The existence of exci ted states certainly 
points to some internal dynamics. The 
present ly known spectrum of these states 
exhibi ts certa in regulari t ies wh ich are 
vaguely related to those of a system con­
sist ing of three kinds of part ic les wi th 
half- integer sp in , somet imes referred to as 
'quarks ' or 'stratons' . In addi t ion, the 
regular i t ies in the spectrum of mesons — 
they also have been observed in many 
quantum states forming a spectrum — 
point towards a structure of mesons being 
made up of a pair of a quark and its ant i -
part ic le. In th is hypothet ical p icture, the 
mesons are the quantum states of a quark-
ant iquark system, in analogy to posi t ro-
nium, wh ich is an electron-posi t ron system. 

The quest ion of an internal s t ructure 
of the e lectron has not yet been opened. 
The most puzzl ing aspect of this quest ion 
is the existence of the heavy electron or 
muon, a part ic le wh ich , seemingly, is in 
every respect ident ical wi th the e lectron, 
except that it is 200 t imes heavier. It 
may be that the four known leptons — 
elect ron, muon, two types of neutr inos — 
represent the beginning of a more comp l i ­

cated lepton spect rum. A l though today the 
e lect romagnet ic interact ions of the elec­
t ron are extremely wel l descr ibed by the 
almost perfect theory of quantum elect ro­
dynamics, there remain grave quest ions 
regard ing the nature of the e lec t ron : the 
reason for the apparent uniqueness of the 
e lementary charge, the existence of the 
heavy e lect ron, the source of the e lectron 
mass and, last but not least, the nature 
of weak interact ions wi th their puzzl ing 
v io lat ions of establ ished symmetr ies, such 
as r ight- and lef t -handedness and matter-
ant imatter symmetry. 

Modern part ic le physics presents many 
chal lenging problems for the understand­
ing of the numerous unexpected pheno­
mena wh ich were d iscovered. Theoret ical 
understanding does not yet go very far, 
a l though theoret ica l physicists here con­
t r ibuted many ideas, models and analogies 
in order to corre late and systematize the 
weal th of exper imenta l mater ia l . There is 
no Rutherford of part ic le physics yet, but 
nei ther has its Niels Bohr appeared. The 
lack of success is not caused by any lack 
of intel lectual effort. The great insight into 
what goes on wi th in a so-cal led e lemen­
tary par t ic le is not yet at hand. 

(There is another var iat ion of Churchi l l 's 
remark: 'Never have so many done so 
little in so long a time'. The value of achie­
vement, however, must be measured in 
terms of the greatness of the task. Let me 
quote a favour i te story of Niels Bohr about 
a Br i t ish Lord te l l ing of his exploi ts in l ion 
hunt ing. When a young lady in the aud i ­
ence asked him how many l ions he caught, 
he repl ied 'None'. Whereupon the lady 
retorted 'Isn't that rather few'. The Lord's 
reply was : 'Not for lions'.) 

So far, we have sketched the develop­
ment of our knowledge of the structure of 
matter in the 20th century, f rom atomic 
physics to modern part ic le physics. Science 
develops not only in th is ' intensive' d i rec­
t ion towards smal ler sizes, h igher energies 
and towards phenomena and laws wh ich 
are h idden deeper wi th in the units of 
matter. There is also an 'extensive' d i rec­
t ion of development in wh ich the know­
ledge of the basic laws and propert ies of 
matter are appl ied to the understanding of 
broader f ie lds of enquiry. 

Modern physics of the sol id state can 
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give a detai led account of the behaviour 
of metals, semi-conductors and crystals of 
al l k inds. In part icular, the behaviour of 
sol id matter at very low temperature 
revealed phenomena such as supercon­
duct iv i ty, wh ich , for a long t ime, def ied all 
explanat ion. But also these phenomena 
together wi th the superf lu id i ty of certain 
l iquids at low temperature, turned out to 
be understandable and der ivable f rom the 
same basic assumpt ions about the quan­
tum nature of atomic dynamics. It took a 
long t ime unti l adequate concepts were 
found wh ich made it possible to formulate 
the main features of the quantum beha­
viour of systems wi th many const i tuents. 
Once such concepts were fo rmed, they 
helped not only to understand the strange 
behaviour of bulk matter at low tempera­
tures, but also some features in the beha­
viour of heavy nucle i , and these concepts 
served even to e luc idate some problems of 
quantum e lect rodynamics and other f ie ld 
theor ies. The appl icabi l i ty of new concepts 
in many f ields of physics is one of the 
grat i fy ing developments wh ich emphasize 
the unity of physics. 

New vacuum techniques, microwave de­
vices and strong magnet ic f ie lds make it 
possible to study plasmas, a form of matter 
at high temperatures and low pressure 
where most e lectrons are no longer in 
their atomic quantum orbi ts. This state of 
matter is very common in the universe, in 
the inter ior of stars as wel l as in the 
expanses of space. The behaviour of the 
plasma state is d ic tated by very s imple 
laws; the e lect romagnet ic interact ion bet­
ween nuclei and electrons. Quantum 
effects are negl ig ib le because of the high 
exc i ta t ion. Hence we are deal ing wi th the 
c lassical physics of e lectrons and nuclei 
wh ich , surpr is ingly, is more compl ica ted 
than quantum physics because of non­
l inear effects and var ious instabi l i t ies. 

An account of physics in the 20th cen­
tury wou ld be very incomplete wi thout 
ment ioning astrophysics. It is a sc ience 
born in this century and is the f ront ier of 
physics at extremely large distances, in 
contrast to part ic le physics, wh ich is the 
f ront ier of extremely smal l d is tances. There 
is good reason to bel ieve that the two are 
int imately related. There were two major 
insights wh ich have shaped this branch of 

sc ience. First, the recogni t ion of nuclear 
react ions as the source of stel lar energy, 
and second, the discovery of the expand­
ing universe. The f irst d iscovery has shown 
that nuclear reactions are inf ini tely more 
important for the product ion of energy than 
ord inary chemica l react ions. However, 
nuclear processes do not occur on earth 
wi th the except ion of those few radioact ive 
elements wh ich are the last embers left 
over f rom the great supernova explos ion 
in wh ich our terrestr ial matter was produc­
ed. We had to reproduce nuclear proces­
ses in our laborator ies in order to study 
them. The places in the universe where 
they occur at a large scale are the inte­
riors of the stars and the big star exp lo­
sions. It was no mean feat of man to 
recreate on earth processes wh ich natu­
rally are found only in the centre of stars 
and to make technical use of them, a l ­
though some of these uses have been 
destruct ive ones. 

The second discovery, the expansion of 
the universe, is myster ious and of funda­
mental s igni f icance. A new t ime and space 
scale appears. It is the t ime in wh ich the 
universe has expanded to its present state, 
an interval of approximately 10 1 0 years. We 
are very far f rom knowing what the uni ­
verse was l ike at the beginning of this 
t ime, but one fact is sure: the matter of 
our present universe was in a very di f ferent 
state at that t ime. The t ime interval also 
def ines a length (the d is tance that l ight 
travels dur ing that interval); it is the radius 
of the present universe, f rom beyond wh ich 
no message can ever reach us. It def ines 
a max imum size — about 10 1 0 l ight years 
— in wh ich our wor ld is embedded. 

The 20th century is to the universe what 
the 16th was to the ear th : Magel lan sai led 
around the planet and showed that there 
is a f in i te surface to it. We have learnt 
in this century that there is a f in i te un i ­
verse wh ich we can be in contact wi th and 
we have almost fa thomed its depth when 
stel lar objects were seen wi th a red shift 
of the order unity. 

Modern astrophysics has brought a new 
aspect into physics: the histor ical perspec­
t ive. Previously, physics was the sc ience of 
th ings as they are; astrophysics deals wi th 
the development of stars, of galaxies, w i th 
the format ion of the elements, w i th the 
expanding universe. There are many un­

solved quest ions in this history, many 
phenomena such as quasars, wh ich are 
unexpla ined, but part of this history is 
fair ly wel l understood. It is the part in 
wh ich stars are formed f rom a hydrogen 
c loud, e lements are formed by synthesis 
f rom hydrogen, stars are developing 
through di f ferent states — some ending as 
co ld chunks of sol id matter, others ending 
in t remendous explosions wh ich we observe 
as supernovas, somet imes leaving behind 
fast sp inning neutron stars. One of these 
explosions occur red in the year 1054 AD 
and left the famous Crab Nebula behind 
in wh ich we see the expanding remnants 
of the explos ion wi th a pulsar in the 
centre. 

The kinet ic energies produced when 
larger stars contract after their nuclear fuel 
is exhausted, are such that indiv idual pro­
tons reach energies of the order of a GeV, 
that is the energy of their rest mass. There­
fore high energy physics wi l l come into 
play at these stages of development and 
all the newly d iscovered phenomena of 
nucléon exci tat ion and meson product ion 
wi l l take place at a large scale, just as 
nuclear react ions take place at a large 
scale in the centre of ord inary stars. Per­
haps it is s igni f icant that such energies 
are reached when the gravi tat ional energy 
of a part ic le becomes of the order of its 
mass. This is the so-cal led Schwartzschi ld 
l imit, at wh ich the gravi tat ional f ie ld be­
comes cr i t ica l ly large and bends the local 
space such that l ight may not be able to 
leave, if our present ideas of gravi ty are 
sti l l app l icab le to such unusual condi t ions. 
This may point to a connect ion between 
high energy physics and gravi tat ional phe­
nomena. 

The cosmolog ica l aspects of matter 
reveal a certain ins igni f icance of e lectronic 
quantum physics in the universe. Only 
rarely is matter in a state where the quan­
tum propert ies of e lectrons around nuclei 
are of relevance. Mostly, matter is too hot 
or too d i lu te. But it is at those specia l 
spots where quantum orbi ts can be formed 
that nature developed its atoms, its aggre­
gates, its macromolecu les and its l iving 
objects . It is there where the greatest 
adventure of the universe takes place 
where Nature in the form of man begins 
to understand itself. 
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