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QUANTUM THEORY OF GRAVITATION*
By R. P. FEvNMmaAN
(Received July”3, 1963)

My subject is the quantum theory of gravitation. My interest in it is primarily in the
relation of one part of nature to another. There's a certain icrationality to any work in gravi-
tation, so it’s hard to explain why you do any of it; for example, as far as quantum eflects
are concerned let us consider the effect of the gravitational attraction between an electron

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 | know are new, which Iﬂf&fﬂ_[)ll)ﬁilggp 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
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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 [ know are new, which relate closed loop diagrams and diagrams without closed loop
diagrams (I shall call the latte; 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 have a diagram with rings 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 1s remarkablv easy. There are several ways of demonstra-
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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
sroup 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
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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 investif:;aterl
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.
T ut this disease which I discovered here is a disease which exist in other_theories. So at
east there is one good thing: gravity isn’t alone in this difficulty. This observation that
g-Mills was also in trouble was of very great advantage to me; it made everything much
easier in trying to straighten out the troubles of the preceding paragraph, for several reasons.
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as the definiLion thow; oul *. gravl on to represent that term. This then Serves
i o ) 0 calculate closed-loop diagrams; the old rules involving a propac
1/%® +-ie etc. being superseded. The advantage of this is, first. that it jwﬂl he g;,_,,p- g
second, it will be unitary, because unitarity is a relation be;ween a closedj Ezu: .
open one, and is one of the class of relations I was talking about sc; thére’ ahm?fznd o
And third, il’s completely unique as to what the answer is- ther’e’s . arbsltno Iﬁ cuI‘tY.
around with different gauges and so forth, in the inside ring jas there was b fore. ddhnig
the plan. o as before. So that’s
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it no longer singular. That’s the first thing; I found it out by trial and error before,

when I made it gauge invariant. But then secondly, you must subtract from the answer,
ou get by imagining that in the ring which involves only a gravitpn

the result that
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
e« S = Fy - " .
field, so designed as to correct the error m this one. The forms are evidently invariant,

DeWitt: Because of the interest of the tricky extra particle that you mentioned at the
possible connection, perhaps, with some work of Dr Bialynicki-Birula,
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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 gravilpn
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

ﬂ _-d - - - - -
field, so designed as to correct the error m this one. The forms are evidently invariant,

-~ - - -

DeWitt: Because of the interest of the tricky extra particle that you mentioned at the
end, and its possible connection, perhaps, with some work of Dr Bialynicki-Birula,
have you got far enough on that so that you could repeat it with just a little more detail?
The structure of it and what sort of an equation it satisfies, and what is its propagator?
These are technical 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 1s done mathematical way. Now [ will show
you that I too can write equations that nobody can understand. Before I do that T should
like to say that there are a few properties that this result has that are interesting. First of
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