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Up to now there seem to be no phenomenon which contradicts quantum theory. More-
over, recently, new applications of quantum mechanics are expected in an area known as
quantum communication, cryptography and computation. In the quantum information
processing of these applications, the EPR correlation arisen from the maximally entan-
gled states among constituent particles acts an essential and indispensable role. Therefore,
thorough understanding of these maximally entangled states is necessary both for the es-
tablishment of the foundation of quantum mechanics and for these applications. In this
talk, we want to report our recent investigations on the EPR problem, teleportation and
quantum communication with their experimental implementations.

§ 1. Two Spin 1/2 Particles (EPR Problem)
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States of Subsystems before Measurement
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State of 2 does not Change before and after the measurement in 1
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Law of Conservation of the Spin Angular Momentum
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Superposition of the Maximally Entangled Bell States
-a|<1>(='=))12 + bl‘I’(i))m

D1z = al®@®)y, +0[TH),, faf® + b* =1, (10)

D = 25l Th(al 80+ 11011, + el 1))
- %{(GIT)H-I’I¢>1)|T)2+(b|T)1+a|¢>1)li)2}{ (11)

a = b =1/+/2: factorizable
P12 = | )12( |
b= (o) = (1)t |+ (ab +aB)( D0 [+ 1D+ 100D, (12)

i,j=1,2andi#j
Measurement of S{!)

{ Pr = Proo = Tr (prage) = 3(| 1), (T 1+ 1 1)1 D),

o A 2 13)
P2 = P2,00 = Tr(l)(Pm,oo) = p2, (

proo(Lup) = T 1), (1 Ifraco)
= ORI )30t 1+ 0 1)y [ £ @bl (0 [+ BRI L)L 1), (19)

—116—



for (1, up)
Measurement of S
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Four combinations: 115, T1d2, 4112, 41d2
Probabilities: |a|*/4, |b]*/4, |b]*/4, |a|*/4

A new Method for Quantum Communication by two two-State Systems

§ 2. Three Spin 1/2 Particles (Teleportation)
Bennett’s Method
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Qubit(unknown state), Bell States
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Qubit and its Othogonal State
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Recomposition of the Subsystems 1,23 — 12,3
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State of 3 does not Change —+ Teleportation (Law of Conservation)
§ 3. Three Spin 1/2 Particles (Quantum Communication)
The Polarization of Photons
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coincidence count
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§ 4. Symmetric Teleportation in Time Reversal
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§ 5. Method for the Photon Counting
Incoming Single-Photon Modes: bl bl
' 50:50 beam splitter (BS)

Outgoing Modes: &, &
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