Why the Renormalization Steven Weinberg
Group Is a Good Thing

My text for today is a paper by Francis Low and Murray Gell-Mann. It
is “Quantum Electrodynamics at Small Distances,” published in the
Physical Review in 1954.

This paper is one of the most important ever published in quantum
field theory. To give you objective evidence of how much this paper has
been read, I may mention that I went to the library to look at it again the
other day to check whether something was in it, and the pages fell out of
the journal. Also it is one of the very few papers for which I know the
literature citation by heart. (And all the others are by me.) This paper has
a strange quality. It gives conclusions which are enormously powerful;
it’s really quite surprising when you read it that anyone could reach such
conclusions: The input seems incommensurate with the output. The paper
seems to violate what one might call the First Law of Progress in Theoret-
ical Physics, the Conservation of Information. (Another way of expressing
this law is: You will get nowhere by churning equations. I'll come to two
other laws of theoretical physics later.)

I want here to remind you first what is in this paper, and try to explain
why for so long its'message was not absorbed by theoretical physicists.
Then I will describe how the approach used in this paper, which became
known as the method of the renormalization group, finally began to
move into the center of the stage of particle physics. Eventually I will
come back to the question in the title of my talk—why the renormaliza-
tion group is a good thing. Why does it yield such powerful conclusions?
And then at the very end, very briefly, I'll indicate some speculative
possibilities for new applications of the ideas of Gell-Mann and Low.

Let’s first take a look at what Gell-Mann and Low actually did. They
started by considering an ancient problem, the Coulomb force between
two charges, and they asked how this force behaves at very short distances.
There’s a naive argument that, when you go to a very high momentum
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