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XIS RIE 2 5, 193] RAFE FIPIRTIREFS,
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XRS5 R, AT BL:
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Mach-Zehnder F35{X

MZ T CaAEMHEDe T itieid, Bt By sUE M B4 KA T, DUG B ZERIBH MZ T
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NI— Bl B
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1
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AL (visibility) (58 S0

max min

V= p?nax — p(r)nin
Po T Po

WA, A pp =31+ w), pt =1(1—w), TV =w. B2 |y) M |[y/) ZRPES.
AR 2
y = arg (y|y)

Py, BE po BIVEME, XA y [EEHiZ y mod 27.

o, WADETEZREBARA TH#E LRESC ENMESREE [ (vly') | T TR PR, Mz
arg (Y |y') X RCFRLF HILTE MZ 35S H i (0 55K T LER.

T2 T ISR R AR NORE 76 B T BT AR (8] 1 2R 0, B ' TR 4 8] (LR A 2 BRI A2 4. B
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MZ FAH 2 MAETE,
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NI E TS DGR AiEs, BT BLRIRE .
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B AME SR BATANE € BB 2 (R R AR
RIS AL S AT E R AR
IR BS1 HA st — R sl B AR
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|H) —a|H)+b|V), |V)— —b*|H)+a*|V)
X |a? + b]? = 1. 1M BS2 {3%A/2 Hadamard ZHe. FEXFFN R, RN Do LR LEZ
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1
— E[1 + 2wlab*| cos(y + ¢ — )()]
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5.2 Which way
CAHIE, TRINZE Do A Dy LK BRI L7502

po == [l +Re(e™™ (y|U |y))].

N = N =

p1==[1=Re(e ™ (y|U |y))]
R FRR &AL, By =0,U =1, ok
Po = L, P11 = 0.

HAHNES Do HWRL, 1 Dy ALiCkBUEMRIT. Xhitt, BATATRES U Tl 1 PSRRI KR BB AL

D,
Mirror \
Dy
BS2
V)
H) @ 1) "
Mirror
BS1

T3, WA 7 KA BS2, A A MR TIRI R  —AR At T MZ T A, SRINEE Do 8 Dy A
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John Archibald Wheeler

Quantum Theory and Measurement,

edited by John A. Wheeler and Wojciech H. Zurek

With the final half-silvered mirror in place the photodetector Dy goes click-click as the successive photons arrive
but the adjacent counter (i.e., Dy) registers nothing. This is evidence of interference between the upper and
the lower beams; or, in photon language, evidence that each arriving light quantum has arrived by both routes.
In such experiments, Einstein originally argued, it is unreasonable for a single photon to travel simultaneously

two routes.

Remove the half-silvered mirror, and one will find that the one counter goes off, or the other. Thus the photon

has traveled only one route.

It travels only one route, but it travels both routes; it travels both routes, but it travels only one route. What

nonsense! How obvious it is that quantum theory is inconsistent!

In our own day we have learned to state the point even more sharply by way of a so-called delayed-choice
experiment. There we make the decision whether to put the final half-silvered mirror in place or to take it out

at the very last picosecond, after the photon has already accomplished its travel.

The dependence of what is observed upon the choice of experimental arrangement made Einstein unhappy. It

conflicts with the view that the universe exists “out there” independent of all acts of observation.

In contrast Bohr stressed that we confront here an inescapable new feature of nature, to be welcomed because
of the understanding it gives us. In struggling to make clear to Einstein the central point as he saw it, Bohr

found himself forced to introduce the word “phenomenon.”

In today’s words Bohr’s point and the central point of quantum theory can be put into a single,
simple sentence. “No elementary phenomenon is a phenomenon until it is a registered (observed)

phenomenon.”

It is wrong to speak of the “route” of the photon in the experiment of the beam splitter. It is wrong to attribute
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a tangibility to the photon in all its travel from the point of entry to its last instant of flight.

A phenomenon is not yet a phenomenon until it has been brought to a close by an irreversible act of amplification

such as the blackening of a grain of silver bromide emulsion or the triggering of a photodetector.

How can one contemplate indeterminism, complementarity and “phenomenon” without being reminded of the
words of Gertrude Stern about modern art?
“It looks strange and it looks strange and it looks very strange; and then suddenly it doesn’t look strange

at all and you can’t understand what made it look strange in the first place.”

Zeilinger, A., Weihs, G., Jennewein, T. and Aspelmeyer, M.

Happy centenary, photon,
Nature 433, 230-238 (2005)

When analysing quantum interference we can fall into all kinds of traps. The general conceptual problem is that

we tend to reify to take too realistically concepts like wave and particle. Indeed if we consider the

quantum state representing the wave simply as a calculational tool, problems do not arise.

In this case, we should not talk about a wave propagating through the double-slit setup or through a Mach-

Zehnder interferometer; the quantum state is simply a tool to calculate probabilities.

Probabilities of the photon being somewhere? No, we should be even more cautious and only talk about

probabilities of a photon detector firing if it is placed somewhere.

One might be tempted, as was Einstein, to consider the photon as being localized at some place with us just
not knowing that place. But, whenever we talk about a particle, or more specifically a photon, we should only

mean that which a “click in the detector” refers to.

5.3 BRI —RM
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