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According to the definition of the lowering and raising operators @ and &' of the
harmonic oscillator (}), we can define new operators which depend on two complex
parameters as follows:
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where

(2) [$,§1=—ih, [A,A1=1 and «*8+ f*a>0.

If we set o« = By, the above operators in the g-representation take the following form:
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which with the help of the definition of the operators (3) a(y) and a*(y) can be written as
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and y = p, + iy, py > 0.
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So instead of operators (1) it is sufficient to study operators (5).
In what follows we shall call operators (1) or operators (5) generalized Glauber op-
erators. We can extend these operators in a n-dimensional space, that is
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Operators (1) or, in general, the operators 4 + AI, At ax1 (I is the wunit
operator) are found in several physical problems (**) and especially in quantum-
mechanical nonstationary systems by the group of Lebedev Physics Institute with the
help of the integral of motion (°). They are also studied by DEKKER (¢) in the phase-
space quantization of the linearly damped harmonic oscillator.

All the known operators of Jannussis et al. (7), Canivell and Seglar (), Dekker and
even those of Yuen (?), which describe the two-photon coherent states, are particular
cases of operators (1).

For a fixed radiation mode with photon annihilation operators (1)
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YueN (8) defines the following operators:

(8) b=pa+vat, b=p*a’4+r*a, [a,a']=1
for a pair of ¢ numbers yu,» obeying

(9) (b, b'] = [u2—|pjp=1.

The generalized Glauber operators (1) with the help of the annihilation and crea-
tion @ and a* can be written ag
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Comparing the above operators with the operator of Yuen (°), we obtain the following
relations between the complex numbers («, 8) and (g, v):
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As we can see by relations (12) and (13), Yuen’'s operators are some particular
cases of the generalized Glauber operators and the generalized Glauber operators (1)
are a canonical linear transformation of the simple Glauber operators a and af. More
details about the canonical transformation can be found in Yuen’s (?) paper when it is
combined with the Von Neumann (*°) theorem which asserts that every canonical
transformation can be represented as a unitary one.

We can generalize operators (1) in the phase space with the help of the Wigner
operators
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Now it is possible to define the generalized operators in the phase space for arbitrary
complex constants «, §, y and 6:
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One readily proves the following commutation relations:
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(17
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The eigenfunctions and the eigenvalues of the number operator At 4 and the
coherent states of the lowering operator 4 are found in ref. (!) and in g¢-representation are
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with corresponding eigenvalues n = 0, 1, 2, ..., H,(x) are the Hermite polynomials. So

(**) J. VoN NEUMANN: Math. Ann., 104, 570 (1931).
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there is an orthonormal basis |n)> for which the following relations hold:

L Valn—

(19) AT Ay = njny,  ATn) = E«\/n Flin+ 1, Apm = i

|81

The coherent states of operator 4 are given as follows:

Al = 13,
TR [t e 1 pr 1 a8
2) |1 = LAY N o A+ vial _
0B T [ apr T 2T VR e ]
1 ©  an w( 'l')
— exp [~ 1| £ iy = exp [ 512 £ E0 N 0> - payoy

where D(4) is the displacement Weyl operator.
The pairs of operators (12) and (13) in the phase space have physical meaning, since
we can find the Casimir invariant
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as well as the charge operator @, which, according to SKAGERSTAM (!!), has the form
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Now we find the generalized coherent states of the operators @ and 4, A_ which have
zero commutator

23) [Q, 4:4-1=0.
The coherent states satisfy the following equations:
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According to ref. () the coherent states are
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where » is an integer.

(') B. SEAGERSTAM: Phys. Lell. 4, 69, 76 (1978); Phys. Rev., 190, 2471 (1979).
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According to ref. (*!) we can construct the following self-adjoint operators:
1
(27) C=A,4_+4t4r, D=-(a,4a_—atal
i

and the commutator of these operators is
(28) [0, D] = —iN.

The Casimir invariant N corresponds to the Hamilton operator of two uncoupled
harmonic oscillators with friefion as can be seen by comparing our results with the
paper of Kerner (12). With the help of the Schwarz inequality we obtain the produect
of the variances

(29) AC-AD>—<?,

where AC and AD are the dispersions of the operators ¢ and D in the state considered.
We call the operators of relation (1) generalized Glauber operators since by their
nature they discribe friction phenomena as is proved in ref. (1-2).

In addition, the operators on the Gauss plane which have been studied recently by
JANNUSSIS et al. (*3) are also special cases of operators (15) and (16). These operators
are of great physical importance because of the complex parameter y = y, 4 iy,, since
its real part y, represents the rotation rate, while its imaginary part y, the dissipa-
tion rate.

The generalized Glauber operators or that of Yuen’s have been used recently by
HEerstrOM (*4) for the study of the linear quantum channel with termal noise.

We think that the generalized Glauber operators will find many applications in
physics and particularly in the problem of the dissipate quantum systems as well as
in the problem of quantum noise.
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