DAVID KAISER

Stick-Figure Realism: Conventions,
Reification, and the Persistence
of Feynman Diagrams, 1948-1964

Introduction:
Conventions, Habits, and
the Paths of Particles

IT was junE, 1961. THE DOZEN OR so theoretical particle physicists
in attendance at the “Conference on Weak and Strong Interactions” sat patiently
through the La Jolla heat as Geoffrey Chew strode confidently to the podium. The
tall and athletic Chew, rumored to have considered a career in professional baseball
instead of particle physics, was just then gaining momentum in his push for a break
from quantum field theory, the reigning theoretical framework at the time. “So that
there can be no misunderstanding of the position I am espousing,” Chew began,
“let me say at once that I believe the conventional association of fields with strongly
interacting particles to be empty.” “I have yet to see,” he continued, “any aspect of
strong interactions that is clarified by the field concept.” Chew focused on the so-
called strong interaction, a nuclear force between certain subatomic particles. The
theory used by most theorists when grappling with the strong interactions, quantum
field theory, simply left Chew cold: “I do not wish to assert (as does [Lev] Landau)
that conventional field theory is necessarily wrong, but only that it is sterile with
respect to the strong interactions and that, like an old soldier, it is destined not to
die but just to fade away.”!

Two years later, his war with quantum field theory in full swing, Chew delivered
an updated status report in a lecture at Cambridge University. He explained that
his new approach, dubbed S-matrix theory, was by then behaving just like a “new
mistress,” “full of mystery but correspondingly full of promise.” In contrast stood
the rival, quantum field theory. Previously cast as the dying and sterile “old soldier,”
it now appeared to Chew more like an “old mistress,” “clawing and scratching to
maintain her status, but her day is past.””

As he declared quantum field theory to be “sterile” and of passing status, Chew
began to build his own theoretical approach, S-matrix theory, directly upon a
scaffolding of Feynman diagrams. The diagrams had been developed by Richard
Feynman just over a decade earlier for exclusive service in field-theory calculations;
a generation of graduate students had learned in the interim how to use the dia-
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grams in highly specific, rule-bound ways as aids to their calculations within quan-
tum field theory. Yet now Chew and his many students and collaborators clung to
Feynman diagrams while seeking to drive a wedge between them and the particular
meanings these diagrams had previously held within quantum field theory. It is this
curious move—a ploy to extract the visual tool from its place within a “sterile”
theory and to reinvest these diagrams with newfound meaning and significance—
that motivates this paper.

The peculiar persistence of Feynman diagrams offers historians an unusual
window onto some functions of scientific illustrations. The visual nature of the con-
tested tool, and the many competing appropriations with which it was saddled, in-
vite comparison with several issues raised by art historians and art theorists about
the construction of “realism” in depictions of the natural world. This paper ex-
plores Feynman diagrams’ strange history during the middle decades of the twenti-
eth century through the lens of this art-historical scholarship.

Ernst Gombrich and Nelson Goodman both concluded that “realism” in art,
as exemplified by the Renaissance turn to linear perspective, remained merely one
kind of convention for rendering images and could lay no claim to being an especially
“accurate” or “natural” kind of representation of the world. Gombrich famously
attacked the notion of an “innocent eye” that could passively depict the natural
world on a canvas; instead, he insisted that the artist would “tend to see what he
paints rather than to paint what he sees.” Similarly, Gombrich reported that “the
starting point of a visual record is not knowledge but a guess conditioned by habit
and tradition.”® Taking his cue from Gombrich, Nelson Goodman proceeded to
even stronger conventionalist conclusions: “The ‘natural’ kinds are simply those
we are in the habit of picking out for and labeling” For Goodman, “Realism is
relative, determined by the system of representation standard for a given culture
or person at a given time. . . . Realistic representation, in brief, depends not upon
imitation or illusion or information but upon inculcation. . . . If representation is
a matter of choice and correctness a matter of information, realism is a matter of
habit.”* On Goodman’s telling, “realistic” representations constitute merely our
own “inculcation” and “habit” of drawing pictures a certain way.

Gombrich has consistently shied away from what he sees as Goodman’s “any-
thing goes” relativism and has sought instead to place learning and the acquisition
of skills at the forefront of any discussion of artistic conventions and genres. He
wrote in 1960 that “the study of the metaphysics of art should always be supple-
mented by an analysis of its practice, notably the practice of teaching,” explaining
further that “all representations are grounded on schemata which the artist learns
to use.”” Twenty years later, Gombrich expanded upon these notions, arguing that
it should be “ease of acquisition” of such representational skills and habits, rather
than any formal “nature-convention” distinction, upon which we should focus at-
tention.’ Joel Snyder likewise chided Goodman, arguing that “to attribute this priv-
ileging [of “realistic modes of depiction”] to familiarity does not explain the habit,
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the ease with which we ‘pick it up,” or its strength. We have all kinds of habits, some
of which are easy to break and others of which are like second nature.”” As W.J. T.
Mitchell has emphasized as well, chalking everything up to “habit” says nothing
about what makes certain habits special, lasting, or “realistic”’: “Rococo and man-
nerist painting, for instance, both employ stylistic and iconographic features that
were ‘standard’ and ‘familiar’ in their time. . . . But neither style counted as ‘realis-
tic’ in its own time.”® While likely agreeing with Goodman that “realism” in art
derives from conventions and not from some privileged, unmediated means of cap-
turing the world “as it is,” these critics all urge us to continue where Goodman left
off, seeking out why only certain habits get accorded “realist” status while so many
others do not. If realism arises always and only from habit, can we specify how and
why some habits get singled out as realistic?

Within science studies, several people have likewise debated whether scientific
diagrams and illustrations simply picture the world as it is or remain “social con-
structions.” After Bruno Latour and Steve Woolgar highlighted the central impor-
tance of “inscriptions” to scientific work, others produced case studies to demon-
strate the “constructed” nature of the diagrams: computer-enhanced images of
quasars can no more claim to speak in an unmediated, direct way about the outside
world than can Renaissance botanical woodcuts.® Though plausible, stopping here
is like equating all forms of written expression, from Romantic poetry to the federal
tax code, to “constructions.” Like the art historians’ responses to Goodman, our
next task within “post-constructivist” science studies is to begin to distinguish be-
tween kinds of “constructions”; the means by which the constructions make sense
for certain scientists at particular times and places; how they spread among large
scientific and nonscientific communities; and how these “constructions” can never-
theless be put to work in many situations, generating new ideas or providing a heu-
ristic scaffolding for others.'°

Drawing on both the art theorists and this work from science studies, this paper
addresses the tenacity of Feynman diagrams in the 1950s and 1960s, even as their
original meanings and embedding within a particular theory were being chal-
lenged. Part of the explanation for physicists’ persistent use of the diagrams does
derive from pedagogical inculcation of the sort highlighted by Gombrich and
Goodman. Yet, as Gombrich, Snyder, and Mitchell contend in their critiques of
Goodman, appeals to “habit” or “inculcation” alone do little to explain the physi-
cists” continued reliance upon these particular representational tools and not others
at this time. Some physicists interpreted Feynman diagrams as capturing reality
more directly or completely than other visual tools did, regardless of how standard,
familiar, or easy to use the other tools were. Attributions of “realism” for these phys-
icists, then, did not stick to all diagrammatic “habits” equally. Feynman diagrams
held, for this community at this time, certain “realist” associations not shared by
other habit-forming, diagrammatic tools. The strength with which many physicists
clung to Feynman diagrams, during this period of theoretical debate and uncer-
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tainty, therefore may have derived from these specifically “realist” (and not merely
“habitual”) associations.

The next section of the paper introduces briefly some uses of Feynman dia-
grams within both quantum field theory and the S-matrix program, the “old” and
“new mistresses” of Chew’s lecture. This sketch reveals that strange things were
done with Feynman diagrams, well beyond their original meanings and uses. The
next three sections then place these diagrams within larger visual traditions, to try
to explain why the diagrams remained on theorists’ blackboards and in their stu-
dents’ problem sets even as other pieces of their theories came and went.

Feynman Diagrams in
Quantum Field Theory
and S-Matrix Theory

Inlate March 1948, twenty-eight young theoretical physicists were gath-
ered into the seclusion of a rural Pennsylvania hotel. Their mission, coming close
on the heels of their return from war work, was to find a cure for a theory whose
sickness had been plain for nearly two decades. By the early 1930s, it had already
become clear that the physicists’ scheme for treating the simplest of all fundamental
interactions, the coupling of electrons and photons that we see as electromagnetism,
could not be trusted with detailed calculations: in fact, in nearly every application
of quantum electrodynamics, the theory produced unphysical infinities instead of
finite numbers. Despite much work throughout the intervening years, physicists re-
mained handicapped, unable to produce sensible predictions or descriptions. The
organizers of this elite conference hoped that this second annual retreat would help
nudge the new crop of theorists in the right direction.!

Among the several presentations delivered behind the closed doors of the Po-
cono Manor was a lecture by the young American theorist, Richard Feynman.
Feynman drew simple stick-figure line drawings on the blackboard and explained
how these diagrams could be used as a mnemonic device when wading through the
increasing morass of corresponding equations; with them, the puzzling infinities
could be tamed systematically in a process called “renormalization.” Like most of
his colleagues and former teachers, Feynman approached the problem perturbatively:
solutions for complicated interactions could be approximated by adding higher-
and higher-order corrections to solutions of less complicated situations. The dia-
grams served as a means of keeping track of these higher-order correction terms.
The pictures, in other words, were a form of bookkeeping.'®

Freeman Dyson, at the time a graduate student at Cornell in close contact with
Feynman, quickly codified the so-called Feynman rules, which dictated how specific
features of the diagrams corresponded one-to-one with particular mathematical
expressions: a straight line in a diagram meant that a certain factor had to be in-
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