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CURRICULUM VITAE
As every schoolchild knows, everything is made up from atoms. Every atomic nucleus is
made up from quarks – the smallest ‘building block’ there is. What acts as the cement,
binding the blocks together, is the ‘strong force’, also known as the ‘colour force’, which acts
between the quarks inside the proton and the neutron. However, unlike conventional forces
such as magnetism or gravity, where the effects are stronger the closer together the objects
are, the strong force works more like a rubber band, stronger – as if stretched – when the
quarks are apart, but relaxed when the quarks are in close proximity. Then the force is so
weak that they behave almost as free particles. This phenomenon is called ‘asymptotic
freedom’.
It was for this discovery that Gross, working with Frank Wilczek, and David Politzer, working
independently, were awarded the Nobel Prize in Physics, 30 years after the theory was
published in 1973 in a mathematical framework that came to be known as Quantum
ChromoDynamics, QCD. This was an important contribution to the Standard Model, the
theory that describes all physics connected with the electromagnetic force (which acts
between charged particles), the weak nuclear force (which acts in radioactive decay) and the
strong force.
David Jonathan Gross was born in Washington, DC, in 1941, the eldest of four sons and the
grandson of Jewish immigrants from Czechoslovakia-Hungary, and David’s fi rst ‘job’, at the
age of 11, was to proofread his father’s book, The Legislative Struggle: A Study in Social
Combat. His father helped write the US Employment Act of 1946 and accompanied the first
US diplomatic/aid packages to Israel in 1953. His mother was born in the Ukraine, moving to
the US after WWI, and was a chemistry graduate. The Grosses remained in Israel and David
became an avid reader and student, interested in physics and mathematics, soon exceeding
the knowledge of his teachers. He gained a BSc at the Hebrew University and went on to
take his physics doctorate from the University of California at Berkeley.
In 1966 he was nominated to the Harvard Society of Fellows and in 1969 he joined the
Princeton faculty as an assistant professor and stayed for 27 years. His students there
included his fellow laureate Frank Wilczek. After the discovery of asymptotic freedom, Gross
continued to work on QCD but in the early 1980s, he began to work on string theory and in
1984 discovered the heterotic string, which it was hoped might explain the Standard Model
– unifying all the forces of nature and confronting quantum gravity. In 1996 he accepted the
directorship of the Institute for Theoretical Physics in Santa Barbara. He has two children by
his fi rst wife, Shulamith Toaff and a stepdaughter with his second wife, Jacquelyn Savani.

This text and the picture of the Nobel Laureate were taken from the book: "NOBELS. Nobel
Laureates photographed by Peter Badge" (WILEY-VCH, 2008).
David Gross is part of the exhibition project "Sketches of Science" by Volker Steger
(http://www.mediatheque.lindau-nobel.org/pictures/35530/sketches-of-science-by-volkersteger#/19)
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David Gross' Sketch of
Science
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By Volker Steger
David Gross doesnʼt seem surprised at all when he is asked to make a
drawing of his Nobel discovery. Instead he does a great presentation,
big and colourful, that captures the essence of his discovery. Complete
with a title! Has he possibly done this before?
And in front of the camera he is a pro as well!
Die Frage, ob er bereit wäre, eine Zeichnung seiner mit dem
Nobelpreis ausgezeichneten Entdeckung anzufertigen, scheint
ihn überhaupt nicht zu überraschen. Stattdessen fertigt er eine
großartige Präsentation an, riesengroß und farbenreich, die die
Essenz seiner Entdeckung erfasst. Komplett mit Titel!
Hat er das möglicherweise schon mal gemacht?
Und auch vor der Kamera ist er einfach ein Profi!
Keeping Quarks Inside
by Adam Smith
Under normal conditions, quarks, the fundamental building blocks of protons and neutrons,
are never found out on their own. David Gross’s picture explains why. At the bottom right,
the triangular structure illustrates a proton (let’s say the nucleus of a hydrogen atom), made
up of three quarks. These quarks each possess a fractional charge (not the same as the
electric charges that we associate with electrons or ions), and these charges are known as
‘colours’. Each quark is seen to have a different charge (colour), and it is these colours that
give rise to the force field that holds them together; the so-called strong force.
Gross was awarded the Nobel prize in Physics for 2004 together with David Politzer and
Frank Wilczek for their discovery concerning this strong force, and in his drawing Gross
depicts both their discovery and the theory that was quickly developed to explain it.
Intrigued by the observation that the force between quarks appeared to be very weak when
they were close together inside the proton, but yet nobody had succeeded in pulling one
out, they set about trying to explain this behaviour. They concluded that the quarks must be
displaying a property they called ‘asymptotic freedom’, in which the force holding the
quarks together gets greater the further apart they are. This property is shown graphically
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top left, where ‘g’, the strength of the force, reduces as the distance between the quarks
reduces (expressed here by increasing energy). The term ‘asymptotic’ refers to the fact that
if you move the quarks infinitely close together, the force reduces to zero.
The idea of asymptotic freedom is counterintuitive; most of the forces we encounter, such
as electric or magnetic fields, work the other way around, getting weaker as distance
increases. But this property of the strong force explains why quarks are confined to the
interior of protons and neutrons and never found alone, since infinite amounts of energy
would be required to pull them out. This is the phenomenon referred to by the words
‘Infrared slavery’ seen at the bottom of the sketch, the word ‘infrared’ here meaning low
energy, hence large distances. Finally, the theory devised to explain the behaviour of the
strong force is called Quantum Chromodynamics (Qcd), the ‘Chromo’ referring to the colour
charges of the quarks.
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