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CHAPTER OVERVIEW

11: Quantum Strangeness
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In the television show “The Big Bang Theory”, Dr. Sheldon Cooper describes the best use of his time as a scientist to “employ his
rare and precious mental faculties to tear the mask off of nature and stare at the face of God.” [1] And while the fictitious character
may have an inflated view of the magnitude of his research efforts, he is not in poor company in terms of the feelings that science is
a tool to be used to see the nature of God in nature itself. Albert Einstein is quoted as saying “Science without religion is lame.
Religion without science is blind.” [2] Another quote attributed to Einstein is, “I want to know God’s thoughts; the rest is just
details.” [3] Of course, Einstein claimed some familiarity with the intentions of the Creator when he quipped in a letter to Max
Born, “Quantum mechanics is certainly imposing. But an inner voice tells me that it is not yet the real thing. The theory says a lot,
but does not really bring us any closer to the secret of the "old one." I, at any rate, am convinced that He does not throw dice.” [4]
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Much has been made of Einstein’s opinions of God as a craps player. Through the 1920s and 1930s, Einstein and Niels Bohr had
many conversations on the ramifications of the quantum theory. In response to Einstein’s quip about a non-dice-playing deity, Bohr
is said to have responded, “Einstein, stop telling God what to do!”  Of course, Bohr was very well aware of the strangeness of the
quantum theory and how it shook the very roots of conventional wisdom about nature. Bohr is quoted as saying, “Anyone who is
not shocked by quantum theory has not understood it.” [5]

Naturally, Einstein found quantum theory quite shocking indeed. One of his earliest objections was that the quantum theory
required that one dismiss a deterministic view of the universe. The philosophy of Determinism states that if all is known about a
system at one point in time, then all can be known about that system at all points in time. Bohr, on the other hand, had no
difficulties in dismissing determinism in favor of a quantum theory. Eventually, the debate would focus on the indeterminacy
predicted by the Heisenberg Uncertainty Principle for complimentary variables (variables for which the corresponding quantum
mechanical operators do not commute, such as position and momentum.)
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In fact, the spirited (but mostly amiable) debates between Einstein and Bohr did the development of quantum theory an enormous
service. (not all of Bohr’s debates were amiable. Some of his discussions with Werner Heisenberg left Heisenberg reportedly in
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tears! Heisenberg said of these discussions, “Since my talks with Bohr often continued till long after midnight and did not produce
a satisfactory conclusion, ...both of us became utterly exhausted and rather tense.”) [6]

By poking at the forefronts of what the theory predicts and what it can not predict, the Bohr-Einstein debates pushed quantum
theory forward by enormous leaps. In this chapter, we will examine how various people have probed the “strangeness” of the
quantum theory and the bizarre behavior it predicts (or in some cases, the bizarre behavior that was discovered almost by accident.)
Much of the strangeness of quantum mechanics continues to be researched actively and colors such important topics as quantum
communications and quantum computing.
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