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This made me investigate the entire subject in great detail to find out what the trouble
is. I discovered in the process two things. First, I discovered a number of theorems, which as
far as I know are new, which relate closed loop diagrams and diagrams without closed loop
diagrams (I shall call the latter diagrams "trees”). The unitarity relation which I have just
been describing, is one connection between a closed loop diagram and a tree; but I found
a whole lot of other ones, and this gives me more tests on my machinery. So let me just tell
you a little bit about this theorem, which gives other rules. It is rather interesting. As a matter
of fact, I proved that if you haveadhgrﬂr\hlgs in it there are enough theorems
altogether, so that you can express any diagram with circuits completely in terms of diagrams

_with trees and with all momenta for tree diagrams in physically attainable regions and on
the mass shell. The demonstration is remarkably easy. There are several ways of demonstra-




There is another theory, more well-known to meson physicists, called the Yang-Mills theory,
and I take the one with zero mass; it is a special theory that has never been investigated
in great detail. It is very analogous to gravitation; instead of the coordinate transformation
group being the source of everything, it’s the isotopic spin rotation group that’s the source
of everything. It is a non-linear theory, that’s like the gravitation theory, and so forth. At
the suggestion of Gell-Mann I looked at the theory of Yang-Mills with zero mass, which has
a kind of gauge group and everything the same; and found exactly the same difficulty. And
therefore in meson theory it was not strictly unknown difficulty, because it should have
been noticed by meson physicists who had been fooling around the Yang-Mills theory. They
had not noticed it because they’re practical, and the Yang-Mills theory with zero mass
obviously does not exist, because a zero mass field would be obvious; it would come out
of nuclei right away. So they didn’t take the case of zero mass and investigate it -carefully.
But this disease which I discovered here is a disease which exist in other theories. So at
least there is one good thing: gravity isn’t alone in this difficulty. This observation that



Well, what then, now you have the difficulty; how do you cure it? Well I tried the
following idea: I assumed the tree theorem to be true, and used it in reverse. If every closed
ring diagram can be expressed as trees, and if trees produce no trouble and can be computed,
then all you have to doisto say that t}hw closed loop diagram is the sum of the corresponding
tree diagrams, that it should be, Finally in each tree diagram for which a graviton line has
been opened, take only real transverse graviton to represent that term. This then servee
1s the definition of how to calculate closed-loop diagrams: the old rules, involving a pr opagator
/%2 e ete. being superseded. The advantage of this is, first, that it will be gauge invariant,
econd, it will be unitary, because unitarity is a relation between a closed diagram and an
Pen one, and is one of the class of relations I was talking about, so there’s no diffienliv

bead 2T 2_ 1 .? 1T . =




when I made it gauge invariant. But then secondly, you must subtract from the answer,
the result that you get by imagining that in the ring which involves only a graviion
going around, instead you calculate with a different particle going around, an artificial,
dopey particle is coupled. to it. It’s a)vector particle, artificially coupled to the external
field, so designed as to correct the error in thi$ one. The forms are evidently invariant,

PDeWitt: Because of the interest of the tricky extra particle that you mentioned at the
end, and its possible connection, perhaps, wm of Dr Bialynieki-Birulas,
have vou got far enough en that so that you could repeat it with just a litile more detail?
The structure of it and what sort of an equation it satisfies, and what is its propagator?
These are techuical points, but they have an interest.

Feynman: Give me ten minutes. And let me show how the analysis of these tree
diagrams, loop diagrams and all this other stuff is done mathematical way: Now I will show
you that 1 too can write equations that nebody can understand. Before I do that I should
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