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The Lessons of Complementarity

By Ben Shenhar

"We must, in general, be prepared to accept the fact that a complete elucidation of one and
the same object may require diverse points of view which defy a unique description"

— Niels Bohr

"Do | contradict myself? Very well then, | contradict myself; | am large, | contain multitudes"

— Song of Myself, Walt Whitman

In 1959, novelist and former physicist C.P. Snow delivered his influential The Two Cultures
lecture at Cambridge University, sketching the outline of a problem that he had experienced
firsthand due to his background. In his lecture, Snow laments the emergence of two distinct
camps in Western intellectual society — scientists on one side and literary intellectuals on the
other - and the growing rift between them. Zigzagging between groups, Snow expresses
sorrow over the mutual incomprehension and even ridicule between the two, claiming that
the language of one camp may be less intelligible to the other than Tibetan. Nearly sixty years
onwards, my experience as an undergraduate student with one foot in each camp seemed no
more hopeful. During my undergraduate degree, | studied physics together with Amirim —the
Hebrew University's interdisciplinary honors program in the Humanities. The short shuttle ride
between the Givat Ram campus where | studied physics, and the Mount Scopus campus where
| studied humanities, felt like an interstellar journey between parallel universes with opposing
intellectual and moral traditions. With no change in sight for society as a whole, | hope to
alleviate this dreadful situation, at least for myself, by building a bridge between the two
camps. That is, | wish to present the concept of 'complementarity' in physics and illuminate
its relevance to the humanities, the social sciences, and indeed to life itself. Hopefully, this
bridge will encourage others, myself included, to search for similar links between the

disjointed camps, for | am certain they are to be found.

The story of complementarity begins at the start of the 20" century, when Newtonian
mechanics began to reveal its limitations in explaining the dynamics of bodies on the smallest

of scales. Consequently, a novel theory called "quantum mechanics" was slowly taking shape
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in order to account for new and unexpected experimental results. Quantum mechanics was,
and still is, a radical theory. It introduces concepts such as indeterminism and probability into
nature, thereby eroding age-old tenets as to how nature functions and what the requirements
are for a valid physical theory. Physicists and philosophers alike began to ponder on the
metaphysical and epistemological implications of such a theory. Among them was one Niels

Bohr.

Bohr, born in 1885, was a Nobel-prize winning physicist and an early pioneer of quantum
mechanics. A preeminent scientist, Bohr was nonetheless a philosopher at heart. He wrote
extensively on how to understand the mathematical formalism of this young theory and on
how to interpret puzzling, experimental results. Among other things, a set of particularly

boggling results led him to formulate what he called the Complementarity Principle.

The results were measured in an attempt to answer a fundamental question that Newton
himself had asked: is light a wave, or does it consist of particles? In classical physics, waves
and particles are two mutually exclusive physical entities —an object cannot be both. Physicists
were thus distraught when empirical evidence indicated that light may act as either a wave or
as a collection of particles depending on the experiment conducted. What does this mean? Is
light a wave or a particle? Both or neither? Bohr, rather than being disturbed by the ambiguity,
took satisfaction in it. Where others sought to resolve these 'contradictions,” Bohr sought to
reconcile them, viewing waves and particles as complementary descriptions of light. That is,
Bohr's wave-particle complementarity is based on the notion that waves and particles,
although mutually exclusive, are both necessary for a complete understanding of light. Bohr's
Complementarity Principle denotes a new logical relation wherein concepts may be
incompatible, but nevertheless must both be used to provide a complete description of the
situation. Hence, one may claim that light is both and neither a wave and/nor a collection of

particles.

Plato's cave analogy may prove helpful in unraveling this enigma. In this context, our mental
images of waves and particles are like 'shadows' of the 'real’ object of light. We never see light
as it truly is; rather, we see its 'shadows' as exposed to our experimentation methods. Imagine
different experiments to be analogous to different perspectives on the same shadows. From
here, the shadows look like particles, but from there, they look like waves. One important
lesson of complementarity that we may gather from this is that every observation is context-
dependent. This may sound trivial, but this statement has significant depth. Due to

complementarity, Bohr denied that light possesses inherent properties independent of
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observation. Light acquires wave-like properties in one experiment and particle-like
properties in another. Thus, the acquired properties depend no less on the observer than on

the observed. The line separating object and subject may not exist at all.

Far from remaining an esoteric aspect of quantum mechanics, Bohr envisioned his idea of
complementarity as forming a broader epistemological framework that could guide us in
other fields of science as well. Indeed, when | first learned of Bohr's Complementarity
Principle, | was struck by its universality; complementarity seemed to be all around me, not

just in wave-particle duality.

In the humanities, we seek to conduct research objectively, whether it be to accurately
interpret a particular thinker’s original intentions, or to unravel a historic process.
Complementarity challenges this objectivity, revealing that we, the researchers, are no less
integral to our research conclusions than the research-subject itself. If we follow Bohr's
conclusion that things acquire properties when observed, then we realize that the answers to
our questions do not exist prior to the questions themselves. We do not discover the answers
to our questions — we create them. Different ways of tackling the same problem may result in
different, complementary answers. How and what we look for influence the answers we
receive with no inherently 'correct’ way to do such things. Complementarity therefore
underscores the responsibility we have as researchers; we create the answers to our
guestions based on the way we formalize them, our methodology and our assumptions. Yet,
at the same time, by revealing the partiality and subjectivity fundamental to all of our research
conclusions, complementarity stresses the humility with which we must conduct ourselves as

researchers.

During the first year of my undergraduate studies, | participated in a course on Early
Christianity. Half of the course was dedicated to understanding Paul the Apostle; was he a
Jew, the first Christian, neither or both? Assuming complementarity, the method of probing
employed will lead us to receive different answers to this. Indeed, to this day, Paul’s identity
is still open to dozens of different interpretations. But which view is correct? Any researcher
who thinks their view of Paul or indeed of any other research question is exclusively correct,
has not internalized the concept of complementarity and, in my opinion, is missing the big
picture. The different definitions of Paul may seem contradictory, yet | find them to be

complementary. Any portrait of Paul that does not include one of them would be incomplete.

The analogy of Paul’s identity points to two more important lessons of complementarity that

are tied together. Like light, Paul is too multi-faceted to be fully captured by just one of our
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mental categories. Concepts are too complex and our mental constructs too narrow to
seamlessly fit each other. In this sense, we are like the blind men who seek to conceptualize
the elephant by touching it. One part of the elephant feels like one thing, the other feels like
its opposite — the elephant itself encompasses both and more. In the same vein, light is more
than a wave or a particle and Paul was more than a Christian or a Jew; no single perspective
exhausts reality, no approach, however clever, can provide all possible answers on its own,

and different perspectives may be valuable yet mutually exclusive.

Psychoanalysis pays tribute to these lessons of complementarity. The field is abundant with
contrasting psychodynamic theories, each dividing the human psyche and its internal forces
differently. Freud's Drive Theory is often at odds with newer Object-Relation theories, yet they
are utilized together to better explain human behavior. Moreover, many therapists draw
inspiration from a large variety of conflicting theories to aid their patients. Hard-headed
scientists may deplore this as incoherence, but a student of complementarity will recognize
that the psyche is perhaps the most complex object imaginable. Do we expect any single
theory to precisely capture the mind, and should we discard those that do not? The sum total
of our complementary psychodynamic theories enhances, and does not diminish our

understanding of the mind.

Cynics may identify the lessons of complementarity as physics-inspired postmodernism; truth
is relative, nothing is certain, etc. In my opinion, complementarity is different. Whereas
postmodernism is deconstructionist in nature, complementarity is reconstructionist in nature.
Where postmodernism seeks to erode our epistemological foundations and to expose our
beliefs as shams, complementarity seeks to restate our epistemological foundations, finding
truth in a whole greater than the sum of its divergent parts. The basic philosophical principle
of complementarity is that we must view the world in different ways to do it justice. Our
tendency to divide concepts into opposites is a fallacy that obscures the complexity and
beauty of all things. Complementarity is a deep wisdom that states that actor and spectator
are never separated, that the world works in marvelously complex ways, and that no matter
how clever or how broad-minded we think we are, our perspective is endlessly narrow

compared to the breadth of the world around us.

Long before studying quantum mechanics, | was often moved by the inherent closeness |
sensed between "opposites." Complementarity teaches that opposites are no more than

complementary representations of the same thing. Thus, Bohr forever engraved the motto
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"opposites are complementary" onto his coat-of-arms, together with the Eastern yin-yang

symbol.

Perhaps, more than anything else, complementarity reveals that the helplessness we often
feel when trying to comprehend the complexity of our world is simply a fact of life embedded
into the fabric of nature itself. Complementarity is a lesson in humility, forged from the study
of nature's inner workings and experienced in all aspects of life. It is a bridge that runs through
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