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A Simple Quantum Computer: Experimental Realization of Quantum

Computation Algorithms with Linear Optics

Shigeki TAKEUCHI'
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Fig.1 Optical Realization of the Deutsch-Jozsa quantum
computation algorithm with 4-bit input.
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Fig.2 Analysis of a Mach-Zehnder interferometer.
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Fig.3 Optical Realization of the Deutsch-Jozsa quantum
computation algorithm with 2*-bit input.
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| Fig.4 Experimental setup for the visibility measure-

ment with single-photon-state generated by para-
metric downconversion.
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Fig.5 Coincidence counts rate measured with changing
mirror position.

FREOTRABE T, Zhs0 28R ERI
FET B0, FIZIEY 7 FVNET R HEERDEES
WAHL, —ATT7 A RIRF2RETHIE, BRE
LTRoNGEEY, dEERCL2b0RDp, 7
NELHMEBROY 770 k35000 %K
BTES, RUYHOAFAER, Y7 IVEeT 4R
TDENTIBE — LRIZIGR L TR S 2 &R
RELTHS [15]. ¥ 7 FVHFiE, ©—A2EHE
T2V A=V X5, <475y rFEE
NEAREN, TREFETH LR, BEsh3,
ZORE SV R, T4 RIHTFORY VA LR



RS B RTEAVRETFHET VT Y XADEE

L 7z,

EEEREPR 5 1R T. BEE, 7 —0fE, #i
mhEEEE R OBRTH S, 7 -MNEN /4 ERR
B2l s cBAANEDLD, REESh3HLw
FE L ko TWwa, BB Y a— 7, WHEO/
WRE S WP 7 4 vy (LR 702.2nm,
EIE 0.26nm) WX ->THE D, ZOEBRTIE, 97%D
EYEY T4 (BEh vy MEERES Y MEDH)
BESNT, EVEV T 41X, 3. CRALNERTE
TFEEEEFT UGS, SEBROEMRRICHEY T 5.
EYED T 413, FSstoMEREEIOEROEE R Lo
THEE MDD, SEOERCHO=A vy T
WEHTR, EHREPBEREOMSICITAREL, EY
Y5 499.7%, FEHR I/4ERThEZREITEY Y
MRS S A E R L T3, EYEY T 438
ZOME L CET URRERE, 72 Yy 78
DS ENIE» & TR L, —EREEE T KRS
FELTWEZERBALTWR LEIONS,

Bz1E, B4 RUTSsHomie, 1/4 BRIR
LREEIERTEBATHRIE, 2EY PO A F 2.
Vap T NIV RLERE—HEFLVRNVTERE LI L
Wb, S8, EBIZACy bOFRAFaYay
FNUTY XACHIRT 570 74 FREELLHNS,
fp s —ERP, ANIBEMLZBEDOL 7 —FED
AT—) Y FEDWTHISRRED S,

5. € U

iy CiE, MEEERTFERCEETFHE VT
VAL EBEBRUCHARS HERODWT, ZTOHEHL
PR 2w, 1998 FEiwwk->T, 72V 47 b
(Kwiat) » bz LREOE 25T, hoEFHED
R HEEFHR U [16]. BEXERTO EAVE
HETIR, BFVYRAYOBRCHFIL THELRTF
DOEIFIEZTLES 1=, AT+ dOREABMEE
175 &5 e REERETHERHEEKR T 5 2 L 3RET
Bz, Lal, avbu— Ry Mk 5EERSE
B 2 EERD, TN, 3F2y hTHLER
EhANAS L, BETHEEPERNCHANIFREL
T, BN EZEFEAWEETFHET LT Y XADE
BIZMA2ZeE2 5,

BBIZ, FAF a2 Yay7ra) Xs0ppitsE
R ERAOFERCET 236, MR CER
DAY V7 x— FRETCOWATOHBER L E L
T, IWAEASIZG I RHR LT, .

(1]

(2]

(3]
(4]

(5]
(6]
7]
(8]

(9]

(10]

(11]

[12]

[13]

(14]
[15]

(16]

X [
D. Deutsch, “Quantum theory, the church turing princi-
ple and the universal quantum computer,” Proc. R. Soc.
London Ser. A 400, p.97, 1985.
R.P. Feynman, “Quantum Mechanical Computers,” Opt.
News, vol.11, p.11, 1985.
TERSE—, “FEREE TR, REAE, 1995
P.W. Shor, Proceedings 35th Annual Symposium on
Foundation of Computer Science, IEEE Press, 1994.
B. Schumacher, “Quantum coding,” Phys. Rev. A, vol.51,
p-2738, 1995.
D. Deutsch, A. Bareco, and A. Ekert, Proc. R. Soc.
London A, vol.449, p.669, 1995.
NSRS, “BTEHEBOER,” #ERZE, 1035, 1998
BT E.
1L Cirac and P. Zoller, “Quantum computations with
cold trapped ions,” Phys. Rev. Lett., vol.74, no.20, p.4091,
1995.
C. Monroe, D.M. Meekhof, B.E. King, W.M. Itano, and
D.]J. Wineland, “Demonstration of a fundamental quan-
tum logic gate,” Phys. Rev. Lett., vol.75, no.25, p.4714,
1995.
Q.A. Turchette, C.J. Hood, W. Lange, H. Mabuchi,
and H.J. Kimble, “Measurement of conditional phase
shifts for quantum logic,” Phys. Rev. Lett., vol.75, n0.25,
p-4710, 1995.
D. Deutsh and R. Jozsa, “Rapid solution of problems by
quantum computation,” Proc. R. Soc. London Ser. A,
vo0l.439, p.553, 1992.
S. Takeuchi, “A simple quantum computer: Experimen-
tal realization of the Deutsch Jozsa algorithm with lin-
ear optics,” Proceedings of FOURTH WORKSHOP ON
PHYSICS AND COMPUTATION: PhysComp96, 1996
(to be appeared in Physica D).
Bz, e ioTRRESNEFaty b L, E—FT
#FaxnzFaty MDY b —VF v ME, BX
E—AXT7) v ¥ iz ko CTEHTETH 5,
JCEFERE, L ORI T 5 RIEDOFIE—2 ETRE
FPHLELT,” IGHAYHE, volbl, nob, p.576, 1992.
AR, 87 2 MYy 7 HRE TN —ADHE,” B
YR SFHEMELE, vol.53, no.l, p.292, 1998.
N.J. Cerf, C. Adami, and P.G. Kwiat, “Optical simula-
tion of quantum logic,” Phys. Rev. A, vol.57, no.3, R1477,
1998.

(FBk 10 45 4 B 22 HEAY)

1993 FERRFEA IR e LERE
T. 1993 Xk D IRAE ¥ CEEBHICIREATIR
EWFgERT. 1995 & b, BlEeRifiREEESER
A TR 21 T L RS TREERRER I 3R
FETHEL, EFE¥ERAWEETFHED
EHWET 2HREETo T 5,

1651



