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Fig. 1. Simple diagram for input-output relation of

single beam splitter (BS).
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Fig. 2. Simple diagram for two-cascaded beam splitters.
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Fig. 3. Simple diagram for multi-cascaded beam splitters.
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JCIR 3 B &R — A B 70 iz R 2R PSR A,
FLSRARE 1) S\t 9% 2 AT AE Heisenberg 22 5t 7
AT 2, K 2 X T i 2 A Sk S AF LR 3R
¢, AT A N 9 2R T P RS AR U R 3 AR
BLERAT. ORI, FEIE ZAH DT, Ik S5 e ke YUl
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F6 TR 2R DL S SRAT 4 1 48 10 X B &4 TR
FFos M R RO 5, W 75 E 4 3] Schrodinger
Rt E R T A, 3T /E Schrodinger 43
5t fl Heisenberg 2 5t 11 5P ¥ E B &0 1, &1
T Heisenberg £: 5t AR #AE FE 5 Schrodinger 42
SRR RER G &, BRI F, Heisenberg 4 5t
HHE 35 ST 1) AR R A B S 45 21 Schrodinger
2R AR A A R R, X — T IR R
A Heisenberg £ 5 fll Schrodinger 22 5 A8 46 5¢ & 1
¥ B0 T EREM R, BIAT7E Heisenberg 225t H
HEAHEMRZR SR, B EEEENHT
Schrédinger £: 5%, 1M % | Schrodinger £ 5t 1 —
A A K S
BT UL B s AR R I RIS A

FERAF N IR BOR, ASCE Jeta th T 5AS0R Sy
B AT AE AR R R i) R R RO IE R IR B
HEMREBER. W, DR T A ZIBOLR
FEBMETT R R R R REM AL 5 BI85
TR, T B2 B ASE . A
TN RN Z AP 21 qubit & K & 24t 7
— PP R IEAR, B OGRS B AR A R 2 1t 2%
1 & G A R SRR IR AR AR A R FR B R s 42
7 — M7k A, BER T AR IR o B S
TE & 7125 R G & LSRN & T & 2 &
FARPRIR . R R B 88 IR R RIR,
AMER] DAAT R 25 tH 2 28 25 2 R 1) Schmidt 73 i,
T HL A A N AR M () AR FR S (F 40 T FR ORI
HARR) AR B A S, KRR, MDOLR
S EARNAEE BUS I I EA SRR g, FIH
PRI Gy 2 28 AT 1) IR R SR AR I 45 & 2% 1
A DA (S h oF S A, WS (0) (1), (2) 1Y
BN, AR BT E AT HE 2 HAR 2 P 2R 40
R RG. S5, Kt A sk
RAEG AR, 0N AR L 73 B AR b
.
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Abstract

Beam splitter, as a kind of linear optics instruments, has many applications such as in quantum optics and quantum
information, including the preparation of nonclassical quantum states and entangled state representation. In Heisenberg
picture, on the one hand, the relation of input-output of beam splitter can be easily obtained. Especially for the multi-
cascaded beam-splitters, the input-output relation can also be directly obtained by the input-output relation of single
beam splitter. On the other hand, we often need to calculate the probabilities of detecting photon number in many
cases, thus we need to turn into Schrodinger picture for simplifying our calculation. Based on the equivalence between
both pictures, the relation between transformation matrixes connecting these two pictures is derived. That is to say,
the transform matrix corresponding to the Schrodinger picture can be obtained by transposing the transform matrix
in Heisenberg picture. This concise relation constructs a bridge connecting two pictures and simplifies our calculation
in the Schrédinger picture rather than step by step. Using the relation between transform matrixes of both pictures
and combining the technique of integration within ordered product of operator, we further consider the coordination
representation, normally ordering form and exponential expression of single beam-splitter. Then we further examine
the coordination representation, normally ordering form and exponential expression of two-cascaded beam-splitters. As
a generalization, the method is extended to the case of multi-cascaded beam-splitters. These investigations provide
an effective way to prepare multi-mode entangled states and qubit states. In addition, a general method is shown of
obtaining the total operator and its normally ordering form as well as Schmidt decomposition of the linear systems
consisting of beam-splitters. As applications, 2-cascaded beam-splitters is used to generate a new quantum mechanics
representation and prepare the qubit states with the help of conditional measurement. The Schmidt decomposition of
three-mode entangled state representation can be directly obtained by the coordination representation of 2-cascaded
beam-splitters, which shows the property of entanglement. In addition, based on this representation we can clearly see
that when the input states of first beam splitter are two coordinate states, the output states cannot be entangled. This
implies that although the coordinate states are nonclassical, the entangled state can not be prepared either. The new
proposed quantum mechanics representation will be further used to investigate the optical transformations, including
wavelet transformation, Fourier transform, fractional Fourier transform, et al. Therelevant discussion will be our aim in

the future research.

Keywords: multi-cascaded beam-splitter, entangled state representation, technique of integration within

ordered product of operator, Schmidt decomposition
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