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sender. In sane sgcies 6 bird, for example,
acousic versatlity of sang is an indicatr of
male eproductive fines§ D, this my be
important for choice d mate and acounters
between members d the same self periph-
erally generated acousic structure requires
a less pecise moor control than @mplex
sound malulation controlled by the a&tion
of musdes, is it also @ghed differently by a
listener who is tying to work out the Quali-
tyOfahe singr?

The findings ae also bpractical impor-
tane for reseathers tying to quantfy the
quality of birdsang. Our assessmeof sang
complexity is ightly linked to our knowl-
edge d sound-poducing mehanisms, and
now that peripheral ontributions © sag
structure nust ke alded to the pidure, the
task hasé&come even more dhalenging.

Finaly, thee remains the geston of
whether nonlinear d/namics migt also fe
involved in sindng by othe species @ bird.
| suspect that, as the nes speals, mae
examples b nonlinear dfects ontributing

to the emporal and aousic patern in bird
vocalizatons will be descibed. Nonlineaiity
is also @l recognized in the fysiology of
the ruman \ocal agan, alleit often in con-
nection with voice disoders. But to those
who auffer from a oughness bvoice, it nust
be d little comfort to know that nanlineaiity
can also & a mehanism b enhane \ocal
properties. O]
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Quantum mechanics

Wher e the w eir dness comes fr om

Peter Knight

ore than 60 gais afer the famous
I\/I debate between Niels Bohr and
Albert Einstein on the natre d
quantum reality, a queston central to ther
debate N the naure d quantum interfer-
ence N has esirfaced. DYr, Nonn and
Rempe, eporting on pag 33 6 this issi€',
have usd an abm interferometer to shav
that Sorddinger® ©ncept of @étande-
mentO &ween the stags d patticles is the
key to wavebpaticle duality, and b under-

standing nuch that is veird atout quantum
mechanics. Tis is gite different from the
usual textbook explanaton of duality in
terms d unavoidable easirement distur-
baneDIt confirms that aetangement is
essatial in estabishing quantum weirdness
and in the energence d dassical ehaviour
atlargr scales.

Quantum entities can ehave like pati-
cdes @ waves, dpending an how they ae
obseved. They can Ie diffracted and po-

Figure 1Erwin Sdirddinger (left) and Nels Bohr. Bohr claimed that a manentum kick, imparted by
any measurement of particle position, muld explain the disapearance d quantum interference in

@wo-slitd exgiments. A nev experiment? shaws that this éect is bo smal, and the disapearance
must instead ke explainé using Shrédinger® étanglementO &ween quantum staes.
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duce interference paterns (wave kehaviour)
when they are alowed to tale different paths
from sane souce b a ditector N in the
usual xample, &ctrons o photons @
through two slits anddrm an inerference
pattern on the sceen behind. On the othe
hand, wth an appropriate detector put
along ;e d the paths (at a slit, pa the
guantum entities can b dtected at a par
ticular place and ime, as if the ae pint-
like paticles. Bit ary atempt to determine
which path is takn by a qiantum object
destoys the inerference patern. Rchad
Feynman cescibed this as the entral
mystery of quantum physics.

Bohr caled this \ague pinciple @mple-
mentarityQand eplaine it in terms d the
uncertainty principle, pu forward by Wern-
e Heisenberg, his psdoc at theime. In an
attempt to persuade Enstein that wavebpar
ticle duality is an esséial patt of quantum
mechanics, Bhr onstucted modes do
guantum measrements that shwed the
futility of trying to determine which path
was takn by a qgantum object in an inter-
ference eperiment. As s@n as eough
information is aquired for this determina-
tion, the guantum interferences nust \an-
ish, said Bhr, because apact of obseving
will impart unoontrollable mamentum
kicks b the quantum object. This is gant-
fied by Heiseberg® unertainty principle,
which relates unertainty in positional
information to unaertainty in mamentum
N when the msiton of an eutity is ©n-
strainad, the manentum must ke mndom-
ized to a ertain degree.

This &planaton in terms d the uner-
tainty principle has bcome a talismanof
same, lut it has I& others uneasyas it Vews
the meagrement and manentum kicks as
@caly realisicO N in othewords, as idat
ized dassical measements, ratha than
guantum mechanical fenomena them-
sdves. Tis is a dargous msition, and it
has lel to debate in this jounal between a
group entred on the Max-Plan& Institute
for Quanium Opticg and me in Aucklandf,
on whether momentum kicks ae neessay
to explain the tvo-slit experiment. Obvious-
ly, momentum is involved, because a difc-
tion patiern is a map bthe manentum dis
tribution in the experiment. But how is it
involved? & it everything, as Bhr would
have daimed?

This is the geston addressd by DY e
all, who hae stdied the inerference
fringes poduced when a leam d cold abms
is diffracted by standing wees dlight. Ther
interferometer displgys fiinges @ high con-
trast N but when they encode within the
atoms information as 6 which path is taén,
the fiinges disapear atirely. The internal
labelling of paths @es not gen need to be
real out to destoy the inerferences: dlyou
need is the ption of being able o real it out.

The ley to this nev experiment is that
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